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10 Abstract

11 China has begun to promote offshore photovoltaiccamstal areas taking its
12 advantages of saving land resources and proximitjoad centers. However, the
13  projects are bound to face a series of risk facdsrthe industry is in its infancy. This
14  paper conducts a risk assessment on offshore pbltamvpower generation projects
15 in China based on a fuzzy framework. Firstly, 18krfactors affecting offshore
16 photovoltaic power generation projects in China identified and classified into 4
17 groups. Secondly, a risk assessment model is cmbestt involving Hesitant Fuzzy
18 Linguistic Term Sets, Triangular Fuzzy Number andz#y Synthetic Evaluation.
19  Thirdly, this paper conduct an empirical study dfirta, and the result shows that the
20 risk level of offshore photovoltaic power generatfrojects in China is medium high.
21 Finally, some response measures are proposed. iBke index system and
22 corresponding countermeasures can provide a reeréor project managers to
23 allocate resources to prevent risk events. Besttles;isk assessment model can help
24  project investors to avoid too risky projects. ldddion, the risk assessment on
25 offshore photovoltaic power generation projectimna has not been discussed by
26  scholars yet. Thus, this paper contributes toitbeature and expand the knowledge.
27 Key words. Risk assessment, Offshore PV, Hesitant fuzzyuistgc term sets,

28  Triangular fuzzy number, Fuzzy synthetic evaluation
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29 1. Introduction
30 As the third renewable energy source in terms olb@l capacity, solar energy now
31 is a highly appealing source of electricity by meah photovoltaic (PV) systems that
32 cover the conversion of light into electricity ugisemiconducting materials that
33 exhibit the PV effect [1]. Solar PV power generafiowithout pollution and
34 greenhouse gas emissions once installed, is gronapigly and has become a leading
35 player in energy industry in China [2]. Whereingtimost typical form is the
36 large-scale centralized ground-based PV power piaainly located in the northwest
37 region including Xinjiang, Qinghai, Gansu, etc. Haer, more and more problems
38 have emerged in ground PV. For example, installatib PV panels on the ground
39 leads to large land occupancy, thereby bringing esgmnessure on agricultural
40 production [3]. At the same time, severe solarailment occurs because of weak
41  power consumption capacity in regions with adeqsatar resources [4]. In contrast,
42  the development of offshore PV power generationefeample is shown in Fig. 1) in
43 China has great advantages in overcoming such ershlOn one hand, China has
44 nearly 18,000 kilometers of continental coastlire], [and the installation of
45 large-scale centralized offshore PV generationlifes along the sea can greatly
46  conserve increasingly precious onshore land ressui©n the other hand, China’s
47 eastern coastal regions are economically develeptda high population density,
48 and the development of offshore PV power genergtimvides an ideal solution for
49 the growing power demand of these load centerfiowttthe need for long-distance
50 power transmission from northwestern regions. lditazh, installation of PV panels
51 at sea can reduce the temperature of PV moduldsiceethe dust adhesion of
52 components, and increase the energy conversiariegifly, resulting in more power
53 output than land PV [6]. Moreover, seawater comstavagnesium Chloride, which
54 could replace the highly toxic and pricy CadmiumidCide that is one of the key
55 components in PV panels [7].
56 At present, only several offshore PV power genenatprojects have been
57 completed and put into operation in the southeaastal areas of China, and some
58 other projects are at the preparatory or constintage. Table 1 shows part of their
59 information. It can be said that China’s offshon power generation is still in its
60 infancy. Corresponding core technologies are radftiimmature such as the central
61 inverterfeaturing the integration of the inverter, the sfammer and the switchgear.
62 Also, the market environment is not standardizedugh, and very little reference



63 information is available for new projects. On aaubaf these challenges, investors
64 and owners are bound to face a series of riskedmptocess of project construction
65 and operation. Thus, reasonable risk assessmenveaifbunded responses become
66 especially important in project life cycle includinhe feasibility study, construction,
67 operation and maintenance phase. Neverthelessistus has not drawn a widely
68 attention by researchers. When studying offshorepBWer generation, almost all of
69 them are concerned about the technical aspectafragt al. [8] put forward an
70 alternative based on flexible thin film PV thatdte and then concentrate on the
71 techno-economic appraisal of offshore PV systemectly on the waterline. Trapani
72 and Millar [9] assess the feasibility of offshoré that is integrated with the existing
73 fossil plant of the Maltese islands. Although Saéu al. [10] mention some
74 disadvantages and challenges of offshore PV wheneweng the floating
75 photovoltaic power plant, the corresponding analysivery limited and not deep
76  enough.
77 Tablel
78 Some offshore PV power generation projects in Chif@ource: Chinese National Energy
79  Administration: http://www.nea.gov.cn/)
NO. Project Name Capacity Stage
Fujian Zhangpu Zhuyu Offshore Photovoltaic Power Formal
1 i i 1x5MW .
Generation Project operation
Zhejiang Shepantu Mariculture Photovoltaic Power Formal
2 : _ 1x99MW _
Generation Project operation
Anhui Huainan Offshore Photovoltaic Power Generatio Formal
3 _ 1x40MW _
Project operation
Fujian Yunxiao Dongsha Offshore Photovoltaic Power Trial
4 _ _ 1x12MW _
Generation Project operation
Jiangsu Donghai Quyang Offshore Photovoltaic Power .
5 ) . 1x15MW+1x20MW  Construction
Generation Project
Jiangsu Nantong Rudong Mariculture Photovoltaic &ow )
6 ) . 1x10MW Preparation
Generation Project
Jiangsu Huaian Xiangshui Mariculture Photovoltagwver .
7 i i 1x10MW+1x40MW  Preparation
Generation Project
80 As for risk assessment on general PV power geoeratiojects, this issue has been
81 widely discussed by many scholars from differemteass, including the financial,
82 environmental, technical and management risk. kamgle, Luo et al. [11] conduct
83 an analysis of financing risks involved in distribd PV power generation in China
84 and put forward effective countermeasures. Mardtimi. [12] focus on the safety risk
85 in the process of photovoltaic installations anaycaut an assessment on PV systems
86 fire events. Prusty and Jena [13] accomplished aistessment of a PV integrated
87 power system by means of computing the over-limobpbilities and the severities of
88 events from a technical point of view. Liu et al4] put forward an improved
89 framework to conduct uncertainty assessment on-ggishected PV system with
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taking weather variability and component availapiinto consideration. Mateo et al.
[15] attach an importance to the influence of ppliowards PV industry and then
perform a quantitative assessment on this kindisisr It can be seen that these
researches are mainly conducted from a certainppetise and thus lack a
comprehensive insight into risk assessment of Ryepts. In addition to this, most of
them only assess individual risks and rank thenpkimvithout discussing the overall
risk level of a project. At the same time, offsh&¢ power generation projects have
their own unique characteristics, so it is essérntaestablish a risk assessment
framework with pertinence. That is to say, theatitun that there is a lack of literature
about overall risk assessment on offshore PV p@eeeration projects as well as a
targeted comprehensive index system provides apoalikd opportunity for the
research of this paper.

This paper aims to: i) identify and analyze thd fectors that have an impact on
offshore PV power projects in China and ii) assekseoverall risk level of offshore
PV power generation projects in China. The origipalf this paper comes from the
following three aspects: i) an index system, fakrassessment on offshore PV
projects in China, is established through a deeyyais of previous studies, actual
projects and expert opinions; ii) a risk assessmedel is proposed for offshore PV
power generation projects based on Hesitant Furryuistic Term Sets (HFLTS) and
Triangular Fuzzy Number (TFN), which could well kéathe fuzziness arehhance
the reliability; iii) risk response measures inamaiing management ideas are put
forward for each risk factor aiming at improving magement efficiency and quality.
The contribution of this study are multifacetedthjough the above work, this paper
can contribute to the literature of renewable eyeggneration and expand the
knowledge of risk management; ii) the establishedex system for offshore PV
power generation projects can help risk managedenstand each risk factor better
and thus ensure smooth implement of projectswiiih awareness of the overall risk
level, project decision makers is able to make @mpate decisions and avoid too
risky projects; iv) the countermeasures for eask factor can provide a refererae
management inspiration for policy makers and cpweding practitioners.
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Fig. 1. An example of offshore PV power generation. (Seu8plar Tribune:
https://solartribune.com/offshore-solar-new-enesgportunity-coastal-communities/)

The remainder of this study is structured as foflofection 2 reviews the research
status of HFLTS, TFN and ANP in existing literatiré&ection 3 analyzes the risk
factors that have an impact on offshore PV powereggion projects in China and
constructs a corresponding criteria system. Secti@stablishes a risk assessment
model for offshore PV power generation projectsctifa 5 conducts an empirical
study of China. Section 6 givesping strategies for each risk. Finally, Section 7
concludes this paper and proposes limitations.

2. Literaturereview

Multiple-criteria decision-making (MCDM) problem,saa sub-discipline of
operations research, concerns structuring andrgphbiecision and planning problems
involving multiple criteria. The issue of risk assment have been identified as a
typical MCDM problem with uncertainty by many scad [16-18]. There are two
main reasons for the uncertainty of decision-makinfprmation. Firstly, risk
assessment of a project is usually conducted ipldmaing and feasibility study stage,
which can only be based primarily on pre-estimatwih future circumstances.
Therefore, uncertainty emerges in the process sk assessment. Secondly, the
judgement of some decision-making information iskriassessment relies on
experience and knowledge of experts, with ambigeiyisting in such a thinking
mode. Hence, the MCDM methods to handle imperfeeigue and imprecise
information play a key role in the rationality aadcuracy of risk assessment. Several
tools, such as fuzzy logic [19] and fuzzy sets tii@0] have been successfully
appliedto address this issue. Nevertheless, there is gréattde these methods when
two or more sources of vagueness appear simultahedtor this reason, some other
generalizations and extensions of fuzzy sets haen lntroduced including type-2
fuzzy sets, intuitionistic fuzzy sets and interfakzy sets [21-24]. However, the
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experts who are involved in the MCDM problem definender uncertainty cannot
easily provide a single term as an expression eitr thpinions sometimes because
they may think of several terms at the same tineaAesult, the theory of hesitant
fuzzy is introduced. Hesitant fuzzy sets (HFS) \est put forward by Torra [25] to
manage situations where experts hesitate betweenadealues to assess an indicator,
alternative or variable, providing a very interegti extension of fuzzy sets.
Nevertheless, similar situations may occur in datlie settings so that experts think
of several possible linguistic values or richer reggions than a single term. To solve
this weakness, Rodriguez et.al [26] put forward HELTS method to provide a
linguistic and computational basis to increaseritieness of linguistic elicitation and
the use of context-free grammars by using comparatierms. To illustrate the
advantaged and superiority of the HFLTS method,omparison has been made
among basic fuzzy set theories, extended fuzziheeries, the HFS and the HFLTS,
as shown in Table 2. The HFLTS method has beenestuahd applied by many
scholars. Chen et al. [27] propose proportional H&4 and a probability
theory-based outranking method for MCDM problemad.iet al. [28] research
correlation coefficients of HFLTSs in the proce$gjoalitative decision making and
illustrate it applicability and validation. Wang at. [29] employ linguistic scale
functions to conduct the transformation between ligiige information and
guantitative data when the HFLTS is used in muiteda decision-making. Proved to
be an effective tool for complex and vague MCDM iemvment, the HFLTS method
is employed in this paper to assign evaluationrmfdion by experts to each risk
factor that has an impact on offshore PV power geima projects, thereby meeting
the linguistic expression flexibility requiremerftexperts.

Table 2

Comparison between different fuzzy methods.

Method Description

basic fuzzy sets Accords with the human cognitive habits

(fuzzy logic, fuzzy sets Depict the fuzziness

extended fuzzy sets Accords with the human cognitive habits

(type-2 fuzzy sets, intuitionistic Depict the fuzziness

fuzzy sets, interval fuzzy sets Handle several vagueness resource simultaneously

Accords with the human cognitive habits
Depict the fuzziness

Handle hesitant fuzzy information
Accords with the human cognitive habits
Depict the fuzziness

hesitant fuzzy sets

hesitant fuzzy linguistic term sets Handle several vagueness resource simultaneously
Handle hesitant fuzzy term

<~ Handle multi-hesitant fuzzy terms

I T T R S R S T T

After assigning evaluation informatido indexes, how to transfer the linguistic
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assessment terms into the computational form bes@niestion. Fortunately, fuzzy
numbers provide a solution. The fuzzy number, segaization of a regular and real
number, does not refer to one single value buteratih a connected set of possible
values, and each possible value has its own wéghtveen 0 and 1, called the
membership function. After years of developmengréhhave been many different
branches of fuzzy numbers. The TEN, firstly progbbg Zadeh [30] in 1965, is one
of them. The TFN consists of lower bound, uppernagband most possible value,
with the advantage of containing more informatiansituation expression than the
traditional fuzzy number. In recent years, the TRAs been applied to MCDM
problems by many researchers the purpose of making decisions more in lindwit
real-life situationsSamantra et al. [31] employ the TFN to conduct askessment on
metropolitan construction projects associated witkertain characteristics. In order
to evaluate the benefits of investing in safety sneaes for pipelines, Urbina and
Aoyama [32] use the TFN as a tool to deal with utadety. Gul et al. propose a new
Fine-Kinney-based risk assessment framework ushmy TFN, enabling group
decision-making to be well solved under uncertanvilenment. When studying
groundwater resources management, Ren et al. [3elop an inexact
interval-valued triangular fuzzy based multi-atiré preference model, which takes
vagueness in parameter values into consideraibno et al. [34] develop some
hesitant triangular fuzzy aggregation operators gvestigate their application to
MCDM problems, with an illustrative example to shtve validity of these operators.
It can be seen that the TFN is able to handle ti@DM problem with vague
information well. Therefore, introducing the TFN risk assessment on offshore PV
power generation projects has theoretical religléind practical significance.

The weight reflects the relative importance of maigator in the evaluation process.
Selecting an appropriate method to determine thghtvés important for obtaining a
reasonable result in risk assessment. Analytiahiély process (AHP) is a commonly
used method of weight calculation, with each elemerthe hierarchy considered to
be independent of all the others. However, in vealld cases, there is
interdependence among the items and the altersatiVeerefore, it is almost
impossible for indicators to be completely indepartd and correlations between
indicators must be taken into consideration wheerdaning their weight value. The
analytic network process (ANP) method, put forwaydSaaty [35], has provided an
effective approach to addressing this issue. #bie to well handle interdependence
between indicators by obtaining the composite wsighrough the development of
super matrix. The ANP method has been widely agpte solving the MCDM
problems by many scholars, especially the risk mameent problem [36-39]. Thus,
the ANP method is utilized to calculate the weighftgndicators in this paper.

Based on the review above, the applicability anaesgority of the risk assessment
model proposed in this paper can be explicitlyestafThe established framework,
including HFLTS and TFN considering correlation$vieen the risk factors under the
fuzzy environment, possesses the following advastag HFLTS can allow experts
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to evaluate a risk factor more flexibly when theye desitant between several
linguistic terms; ii) TEN is a powerful tool to ergss various kinds of uncertainties
involved in the offshore PV projects due to theomplicated and changeable
environment; iii) the ANP method can take into agtothe non-negligible fact that
indicators associated with risk assessment hauwelatons.At present, there is no
literature that makes such a combination of HFLTEN and ANP in the risk
assessment field. Thus, the introduction of théseet methods simultaneously plus
the idea of group decision making can significamtlgaden and deepen the research
on the fuzzy theory and the MCDM theory.
3. Criteria system of risk assessment on offshore PV projectsin China

Identification of risk factors is an essential prisite to implement risk
management and achieve project success[40]. Airatnglentifying the risks that
have an impact on offshore PV projects, a threp-stethod is adopted in this paper.
In the first step, a thorough analysis of previaigdies is conducted, and the
literature search is carried out according to tieding boundaries. First, the Web of
Science, Elsevier-Science Direct, Taylor & Franared CNKI are chosen as the
academic databases to be used for literature semrdhselection because they
included articles in a broad scope. Then, considethe fact that almost no research
on offshore PV power generation has been carrigd ‘B¥/offshore wind power
generation’ is determined as the search keywordexfmand the searching scope.
Following this, we select journal papers publistoeer the period between January,
2005 and June, 2018 when PV/offshore wind poweegion went through a boom.
Finally, 38 qualified papers are identified. In thecond step, this paper conduct an
analysis of some offshore PV projects that are detag or still under construction,
to identify and understand possible risk factors.cAosen projects are conducted in
China because the aim of this paper is to assesssthlevel of China’s offshore PV
power generation projects. In the third step, twofgssors from the field of PV
power generation and project management respecavelinvited to give opinions on
the risk factor list obtained by the first two stegs well as the factor grouping. They
point that the meanings of ‘high equipment purchasst’ and ‘interest rate increase
risk’ are both included in risk ‘high initial invesent’ so it would be better to delete
the two risk factors. At the same time, they hdid viewpoint that feelings of the
public should be taken into consideration dew odbncept of human-centered. As a
result, the risk ‘Visual effect risk (C34)’ is adtleAfter the three steps, the criteria
system of risk assessment on offshore PV projec@hina is finally established and
classified into four categories, as shown in Fig. 2
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Criteria system of risk assessment on offshore Rjepts in China

[

\

Micro-economic risk
(C1)

Technical risk
(C2)

Environment risk
(C3)

Management risk
(C4)

High initial investment
(C11)

High operation and
maintenance cost
(C12)

Unreasonable site
selection and planning
(C21)

Inappropriate PV panel
structure design
(C22)

Financing risk
(C13)

Improper cable
connection (C23)

Unclear feed-in tariff
policy (C14)

Technical introduction
risk (C24)

Onshore supporting

Solar resource risk
(C31)

Harsh marine
environment
(C32)

Construction quality
risk
(C41)

Marine ecological
damage
(C33)

Equipment maintenang
risk
(C42)

Visual effect risk
(C34)

Inexperienced staff
(C43)

condition risk (C25)

Fig. 2. Index system of risk assessment on offshore P}¢giin China
3.1 Micro-economicrisk (C1)

i) High initial investment (C11)

Considering the complexity of the design and macrtufing process due to higher
performance requirements, the offshore PV poweeggion project would be faced
with higher costs of solar panels compared with tireund one. Moreover,
underwater cables have high requirements on cantstru technology and
professional equipment, increasing the capital qunes of initial investment of the
project as a result [41].

i) High operation and maintenance cost (C12)

The operation cost of offshore PV power generat®mapproximately ten times
more than that of other conventional fossil-fuetdxh power generation projects
during the first ten years of its operational phd$s. As time goes on, the equipment
tends to suffer from deformation, metal corrosioml anaterial aging deterioration
easily for various reasons in the marine envirortmerhich virtually leads to
maintenance cost increase.

iii) Financing risk (C13)

As mentioned above, the offshore PV power generataguires a relative large
scale of funding. Therefore, the financing procesgarticularly essential for the
smooth development of the project. The financirgk niefers to the uncertainties
arising from financing activities such as financiggarantees, financing structure
design and financing channel selection [42]. As dffshore PV power generation
technology in China is still in the infant stageerte could exist great obstructions and
risks in the financing process considering the gueaertainties in future benefits.
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iv) Unclear feed-in tariff policy (C14)

As the most direct manifestation of whether a mbie profitable, the feed-in tariff
is directly related to the income of offshore PMvgo generation projects. However,
there is no specific tariff policy for offshore Bdwer generation in China at present,
which would lays uncertainty in the revenue of pingject.

3.2 Technical risk (C2)

i) Unreasonable site selection and planning (C21)

Site selection and planning is a critical step taluhe successful development of
offshore PV systems. However, the selection prosessdves many aspects such as
solar resources, distance to load center and gealogonditions [43], and thus it
becomes risky. The improper offshore PV plant sigey not only be unable to meet
electricity demand and have a negative impact ofept benefits but also give rise to
failure to start construction as scheduled.

i) Inappropriate PV panel structure design (C22)

The content of PV panel structure design contaistsuce between the PV panels,
dimensions and tilt angle of PV panels, the nundfamits to be installed and so on
[44]. Inappropriate PV panel structure design wekd to inadequate utilization of
solar radiation and sunshine duration. That isatg & there is no scientific PV panel
layout design for offshore PV systems, the maxinproduction efficiency cannot be
guaranteed consequently.

iii) Improper cable connection (C23)

Under the gravitational effect of celestial bodittgre is a periodic fluctuation in
the seawater in coastal areas, which is calledrmotida [45]. This phenomenon brings
the offshore PV projects another risk, that is, mtiee seawater falls back, the pulling
force of its downward movement makes the cable avemwith it. If the cable
connection between the shore inverter and PV paselgell as the connection mode
of the nodes are designed in an improper mannerinftuence of tides on the cable
lines cannot be coped with well.

iv) Technical introduction risk (C24)

At present, the development of offshore PV powaregation projects in China is
not mature enough. The research on core technasoggufficient and relies heavily
on imports. When the foreign technology does naicm&hina’s actual situation due
to different geographic conditions and staff caligbthe introduction of technology
will become one of the risks for the offshore Pgjpct.

v) Onshore supporting condition risk (C25)

Onshore supporting conditions refers to the faverdbctors conducive to the
construction, operation and maintenance of theeptsjincluding the traffic condition,
electrical transmission and distribution systemugd;hithe traffic condition should be
considered because of its influence on the largepatent transportation along the
coast. Moreover, there is also a need to analyz¢heh the onshore power grid or its
future planning can meet supporting requirements.

3.3 Environment risk (C3)
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i) Solar resource risk (C31)

When conducting the planning and design for anhoffis PV power generation
project, the amount of generated power is usuatyrmated based on the local daily
radiation and monthly radiation. However, in actopkration, the radiation in the
area cannot meet the requirements of the powerggoe voltage if there are adverse
weather conditions such as continuous rain or cléadhe same time, haze, dust and
other obstructions in the atmosphere also dimitiighpower output [46]. Besides,
climate change may pose a risk to the predictiath@fsolar resource in the long-term.
Thus, the power system maybe cannot achieve expegeteeration volume, thereby
affecting project profits.

i) Harsh marine environment (C32)

Since the coastal areas of China are often attaokégohoons in summer, the farm
construction may be very difficult, and componemisy suffer serious damage in the
operation. In addition, the coastal area of sowhé&zhina features a subtropical
monsoon climate. The salt brought by prevailingdtaea breeze will cause serious
salt spray corrosion and affect the durability & fodules. Moreover, stress and
vibration usually occurs in offshore PV plants ogvito wind, waves and other
external forces, which will cause micro-cracks M Rodules. It is worth noting that
the shifting of climate change may result in aggtenn of extreme ocean weather
such as the increasing frequency of typhoons ilmn&hiaused by the La Nina
phenomenon [47], bringing a great challenge tooffehore PV projects.

iii) Marine ecological damage (C33)

Owing to the large scale of offshore PV farms, diegelopment and construction
process will inevitably have a certain impact oa tharine ecological environment.
For example, the laying of submarine transmissetries will make seabed sediments
float and thus influence the reproduction of plamktAdditionally, the projects will
directly occupy the coastal habitat of birds anfkaftheir nesting and breeding.
These damages to the marine ecosystem may incwsibiop from environmental
protection agencies or environmentalists.

iv) Visual effect risk (C34)

Although the light transmittance of tempered glémsPV modules is high, the
reflection phenomenon still cannot be completelgid®d, which may cause a visual
impact on coastal residents. In Japan, a PV potaéps was sued for compensation
by nearby residents because of its light refle¢tresulting in considerable economic
losses. Besides, large-scale PV power farms alsergee visual impacts on the
coastal landscape.

3.4 Management risk (C4)

i) Construction quality risk (C41)

PV cell modules will reach a very high direct-curevoltage through series
connection, which is much higher than the safeagat[48]. Due to the large number
of lines, open-circuit and short-circuit may ocaluring construction. Therefore,
guality problems may be caused in the constructiage if there is a lack of good
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management.

i) Equipment maintenance risk (C42)

As equipment used for PV power generation projectduding solar panels,
inverters and transformers are all large high-teghipment, mistakes often occur in
daily maintenance, resulting in equipment failurel &conomic loss. Besides, the
special marine environment will also bring diffitek and risks to maintenance.

iii) Inexperienced staff (C43)

Most of the employees involved in the offshore RWjgcts are from the ground
mounted PV industry. As the work environment chanfyjem onshore to offshore,
they ordinarily have the limited professional knedde and work experience towards
the marine environment, which would be risky to scrtent.

4. A risk assessment model for offshore PV power generation projects
Step 1. Determining the correlation and weight of criteria

Obviously, there are differences in the importarofeeach criterion in risk
assessment. Thus, the relative criticality of cat@eeds to be reflected by the weight.
At the same time, some correlations exist betwéenctiteria. For example, harsh
marine environment i.e. risk C32 would cause coorof PV panels and thus
increase maintenance costs i.e. risk C12. Takief suuation into consideration, the
ANP method is adopted to determine the weight wérma in this paper. Firstly, the
internal dependency relationship is analyzed an@raened. Then, the pairwise
criticality comparison is performed among critenah the 1-9 scale method, and the
judgement matrix can be obtained. Finally, the $upecision software is employed
as the tool to achieve the weight calculation.

Step 2. Defining the linguistic term set and obtaining HIELTS

The risk assessment on offshore PV power generptimgects is so complicated an
issue involving quite a lot factors that expertswgat easily provide a single
evaluation term as expression of their knowledge may hesitant between several
ones towards a criterion. Fortunately, as mentioakdve, the HFLTS method is
capable of handling this situation. Thus, the HFIth&hod is employed in this paper
to give criterion evaluation information so as éaluce information loss and improve
decision-making accuracy. The basic definitions apédrations of HFLTS are shown
as follows [26].

Let S:{ $.K, §} be a linguistic term set. Then, an HFLTH, , is an ordered

finite subset of the continuous linguistic terms ®f Let G, be a context-free
grammar that generates linguistic expressions septed by HFLTS. The elements of

G, :(VN,VT, l, P) are defined as follows:

v o (primary term) ( composite term
- (unary relation ( binary relatign(, conjuneti)

1)
V; ={Iower than, greater than, between, a&K sg}

| OV,
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Then, the linguistic expression$ produced byG,, are transformed into HFLTS
by means of the transformation functidr;, . Let E;, be a function that transforms
linguistic expressionsll obtained by G, into HFLTS Hg, where S is the
linguistic term set used bys,, :

Es, MMOLHg

The linguistic expressions that are generated Ingube production rules will be
transformed into HFLTS in different ways accordingheir meaning:

a) B (s)={s/ 50 % 2)
b) Ee, (lesstharg)={g /50 S ands< b (3)
c) E, (greaterthag)={s &0 S ands> ,} (4)
d) EGH(betweers andﬁ):{ s kO S angs |\ < j}s (5)

Step 3. Transforming the HFLTS into triangular fuzzy numbe
In order to expressing expert imperfect knowledgealécision-making utilization
more effectively, the triangular fuzzy number iphgd in this risk assessment model.

%{Oz(aL,aM,a") represents a triangle fuzzy number if its membprstegree

function is expressed mathematically as followd:[49

0 x<a
(x-a")/(d" - &) d< x 4
(@ -x/(a - a") d'< x &

0 x> a’

HeX) = (6)

where gt gM < g’ . gt and qu are the lower bound and upper bound,
respectively.
Let Hy be a HFLTS provided by an expert group towardsska factor. Suppose

that there arem linguistic terms within it. Then, the HFLTS can tobensformed into
triangular fuzzy numbers as:

wzseiselse)

where h;; represents the aggregated value of a criterioterims of HFLTS by an

expert.
Then, the HFLTS can be aggregated as:

hy = (3 cigsi) = (3 ciggt, Y cigd, > cigd ) 8)
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where h; represents the aggregated value of a criterioterims of HFLTS by an

expert.
Step 4. Aggregating triangular fuzzy numbers of expertssldasn FIOWHA operator
The risk assessment on offshore PV power generatigiects studied in this paper
is a group decision making problem in which a grafpexperts provide their
evaluation terms for a risk factor. To achieve dlggregation of experts’ opinion, this
paper adopts the fuzzy induced ordered weightedhdwaic averaging (FIOWHA)
operator based on triangular fuzzy number. TheoWalg contents give the basic
concepts and steps.

Let %{?%{SK %’ be a set of triangular fuzzy numbers that neebdet@ggregated.
Then the FIOWHA operator is defined as [50]:

FIOWHA,, ((u, #),(u,. %) K (u, ) = L 9)

where %9 :[rJ.L,r].M ry ] ,and w=(w, w,K ,w)" is a weight vector associated with

the FIOWHA operator that satisfies 0[0,] and >'w, =1. g, is the second

=1
vector ¥ in <ui,?/.°> of the i" largest element iru (i=1,2K n) that ranks from

the largest to the smallest. The first vectgr in <ui ,%> is called the order induced

vector.
Step 5. Aggregating triangular fuzzy numbers of criteriaéad on FSE method

In order to handle the risk assessment on offsRd@ower generation projects, a
multi-criteria uncertainty ambiguity problem thatvolves subjective judgment of
experts, the fuzzy synthetic evaluation (FSE) matie adopted in this paper to
aggregate triangular fuzzy numbers of each critettoobtain the overall risk level of
the project. The fuzzy synthetic evaluation prodgestivided into three phases. Firstly,

the first-level evaluation vectoR; consisting of triangular fuzzy numbers of criteria

within each group is established as:
Mg
R, =| M (10)
h\:ij
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Secondly, the second-level evaluation vectBr including triangular fuzzy

numbers of every group is obtained by fuzzy synghegeration, as shown below:

hy,
hci:VVciORi:(Wil K Vyu')o M (11)
hcij
h.,
R=| M (12)
h;

where W; is the weight of each risk factor within every gypo.

Thirdly, the overall risk level of the project reisented by TNFs is calculated as:

h,
R=WoR=(w K w)o| M{=(F ) (13)
hy

where W, denotes the weight of each risk factor group.

Step 6. Defuzzification of the triangular fuzzy number

Through the above steps, the risk level of offsHvepower generation projects is
expressed in the form of triangular fuzzy numberoider to get a more intuitive and
easy-to-understand result, the similarity degreeinisoduced for defuzzification
treatment in this paper. The similarity degree etmvtwo triangular fuzzy numbers
can be calculated as [51]:

Jat-BHa" B |+]a” - £
3

Sd(a,B) = (14)

where a =(a*,a",a") and B=(B".8".B") are two triangular fuzzy numbers,

and Sd(a,ﬁ) represents the similarity degree betwe#nand SB. Thus, which

risk level the evaluation result is closer to can determined by the principle of
maximum similarity.
5. Empirical study

In this section, the risk assessment on offshorepBWer generation projects in
China is carried out through the model proposedSecttion 4. First of all, a
guestionnaire survey is performed to obtain thesireq basic data for achieving the
objectives of this study. The questionnaire coesligtf three parts. In the first part, the
definition of each risk factor is given as a refere in case that experts cannot
understand the meaning of a certain risk well.hi@ $econd and third parts, experts
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are requested to give weights and evaluation teespectively towards each risk
factor, which will be described in detail latersRiassessment on offshore PV power
generation projects in China requires first-handorimation, extensive project
experience and rich knowledge of correspondingd$ielThus, the standard for
selection of target respondents included two aspédtaving in-depth knowledge in
PV power projects as well as a good understandooyitarisk management of this
field; ii) Having been involved in at least onessfbre power generation project with
rich experience of risk management in such projestsording to above standards,
18 qualified experts are invited, and their genariirmation is summarized in Table
3.

Table 3

General information of the experts.

Organization of experts
Power generation company Power construction companylcademic sector

Percentage 44.4% 33.3% 22.2%
Number of PV power projectsthat expertshave participated in

1-2 34 5 or above
Percentage 38.9% 44.4% 16.7%
Number of offshore power projectsthat expertshave participated in

1-2 34 5 or above
Percentage 50.0% 38.9% 11.1%
Project risk management experience of experts

5 years or below 6-10 years 11-15 years 16 yeaabare

Percentage 16.7% 38.9% 27.8% 5.6%

5.1 Weight deter mination

As mentioned above, the second part of the quesiom is to invite experts to
determine weights of criteria. Brainstorming isfiy held within the invited experts
to analyze correlations and conduct pair-wise cammpas between risk factors and
risk factor groups. The risky degree of each doteis determined by the 1-9 scale
method in the light of experts’ experience and judgt. After pairwise comparison
matrixes are obtained, the weight of each critegan finally be obtained by the
Super Decision software when meeting the consigtegguirement. The correlations
between criteria and weights of criteria are shawhable 4 and Table 5 respectively.

It can be seen from Table 4 that each risk factou has a correlation with the
others. Among them, C3 has the most influence baratsk groups, followed by the
C2, C4 and the C1. Accordingly, the risk factorshivi the C1 are affected mostly by
other risk factors, which means that it is dominarthe risk assessment process. This
has been fully reflected in the weight values showifable 5, i.e. C1 take up the
largest weight. To be more specific, high operadond maintenance cost is attached
the most importance to within C1, with the weightt3484. As for C2, C3 and C4,
the risk that accounts for the largest proport®mmshore supporting condition risk,



507 solar resource risk and equipment maintenance riskpectively. Their common
508 feature is that they will directly affect projeatfits.



509 Table4
510 The correlations between criterion.

Micro-economic risk (C1)

Technical risk (C2)

Environment risk (C3)

Management risk (C4)

Cll Cl2 C13 Cl4 C21 C22 (C23 C24 C25 C31 C32 C33 C34 ca1 c42 C43
c11 \ \ \ V V \ \ \ \ \ \
o1 c12 \ \ \ \ \
Cc13 \ \ V \ \ \ \ \
cl4
c21 V V V \ \ \ V V V
c22 V V V V \ \ V V V
c2 c23 v v v v v v
C24 \ \ V V \ \ V \ \ \ \ \
C25 \ \ V V \
c31 V \ V \ \ V V V V
3 Cc32 \ \ V \ V \ V V V V
c33 \ \ V V
C34 V \ \
c41 \ \ \ \ V \ \ \ \
C4 c42 v v v v v
c43 \ \ V \ \ \ \ \




511 Table5
512  Weights of criterion.

c11 0.09367
c1 c12 0.34084
(0.404) c13 0.25382
cl4 0.31167
c21 0.20808
c22 0.23436
c2
c23 0.07628
(0.165)
c24 0.17972
c25 0.30155
C31 0.49852
c3 C32 0.28521
(0.154) C33 0.0648
C34 0.15147
ca1 0.26367
c4
ca2 0.51473
(0.278)
c43 0.2216

513 5.2 Data collection

14 The third part of questionnaire survey aims atemihg evaluation information to
515 pe used in subsequent calculations. The 18 expetdivided into three groups, and
516 every expert group are requested to give theirgaunt about the risky level towards
517 each factor by way of linguistic expressions. Birghe linguistic term set that is used
518 py the context-free gramma®, is set as {sO = Very Low (VL), s1 = Low (L), s2 =
519 Medium Low (ML), s3 = Moderate (M), s4 = Medium HigMH), s5 = High (H), s6
520 =\Vfery High (VH)} in this paper. Then, correspongiHFLTSs are generated from the

521 Jinguistic term set according td%;, described in Section 4. Table 6 shows the

522 inguistic expressions and corresponding HFLT Sthieythree expert groups.

523 5.3 Transformation of HFLT S into triangular fuzzy number

524 Here the triangular fuzzy number is adopted acogrdo seven linguistic terms
525 with their semantics. Fig. 3 shows the lower valmédle value and upper value of
526 the seven terms [52yVherein, the y-axis represents the membership degfreach
527 triangular fuzzy number, and the x-axis represéiésvalue of a set of triangular
528  fuzzy numbers in accordance with semantics of évers linguistic terms.

529 Thus, the terms can be converted as follows:

>0 5:(0,0,0.19 5 ( 0,017,033,
S=:5:(0.17,0.33,05 5 (- 0.33,0.5,057 ,
5,:(0.5,0.67,0.88 5 (- 0.67,0.83,15, ( : 0.83)1,
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Based on Eq. (7), the transformation of HFLTS itdangular fuzzy number is
conducted. Here we take the HFLTS of Cl14 by Groumslthe example. Its
corresponding triangular fuzzy number is calculasd

%(0.5+ 0.67+ 0.83

M = %(0.67+ 0.83% ), |=( 0.67,0.83,0.p

:—:;(0.83+ 1+ 3

Similarly, the triangular fuzzy number of otherteria by each expert group can
also be calculated. The results are shown in Table

So S S S $4 S Ss

0 0.17 0.33 0.5 0.67 0.83 1
Fig. 3. Set of seven terms with its semantics

5.4 Aggregation of expert opinions

Before conducting the aggregation of expert groop#ion, the weighting vector
associated with the FIOWHA operator is determined0a25, 0.5, 0.25) firstly. Then,
according to the calculation method described ictiSe 4, the aggregated results can
be obtained, as show in Table 7.
5.5 Fuzzy synthetic operation of risk assessment

In this step, triangular fuzzy numbers of eachecitin is aggregated based on the
FSE method. Here the risk group ‘Micro-economi&’ris taken as the example. Its
risk fuzzy composition operation is performed by Ed):
(0.5,0.667,0.838
(0.583,0.749,0.868 _
(0.25,0.416,0.581
(0.543,0.708,0.8p

Evaluation vector of other risk groups can alsedleulated and the results are:

h, =W, 0 R, =(0.094,0.341,0.254,0.3)® ( 0.478,0.644,0.

h., =(0.415,0.581,0.72p, h, =(0.333,0.485,0.62f h, =(0.511,0.677,0.83p
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Then, the overall risk evaluation result of offsh®&V power generation projects in
China can be calculated according to Eq. (13):
(0.478,0.644,0.7p
(0.415,0.581,0.725
(0.333,0.485,0.697
(0.511,0.677,0.830

R=Wo R =(0.404,0.165,0.154,0.2]8 ( 0.455,0.619,0)

5.6 Defuzzification process
Through the comparison between the overall riskluaten result and the
evaluation term as shown in Fig. 4, it can be d$khanthe result is between ‘Moderate’
and ‘Medium high’. To determine the certain overalk level, the similarity degrees
between the evaluation result and the two termseazalculated through Eq. (14):
R -s' |+ R - ¢'|+| R-
_1|o.455-o.3{3+| 0.619-0.5| 0.765-0¢
3

=0.887
_ RS R S R
3
_,[0455-0.6+| 0.610-0.67| 0.765-0):
3

Sd(R )

=0.946
The similarity degree betweeR and S; is 0.887, lower than that betweeR
and S,. Thus, the overall risk level is closer 8, according to the principle of
maximum similarity. That is to say, the risk lewl offshore PV power generation
projects in China is medium high.

So S S S3 R s S5 Ss

\
/ \

0 0.17 0.33 0.455 0.5 0.67 0.765 0.83 1
Fig. 4. The overall risk evaluation term

5.7 Discussion
According to the risk assessment result in Sediénthe risk level of offshore PV
power generation projects in China is medium higith the degree of membership
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standing between 0.455 and 0.765. Specificallynth@agement risk appears to own
the highest risk level compared with the otherdhtigk groups., which is consistent
with the view of Gatzert and Kosub that managenmenst be taken seriously in the
project implement process for those industries Hrat at the infant stage because
relevant experience is usually insufficient in sudituations [53]. The
micro-economical risk group ranked second, indicathat the capital and profits of
targeted projects are faced with great threatschiatlenges. As for the technical and
environmental risk groups, their risk level areoattanding between medium and
medium high, with a requirement of enough attentiod relevant control. In the next
section, this paper will give corresponding respgosfategies towards single risk
factor based on the assessment results.
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Table6
Linguistic expressio@ndHFLTS towards each criterion.

Group 1 Group 2 Group 3

Linguistic expression HFLTS Linguistic expression HFLTS Linguistic expression HFLTS
C11 between MH and H {s4, s5 between M and H {s3, s4,s5 between M and MH {s3, s4
C12 greater than H {s5, s6 greater than MH {s4, s5, sb between ML and M {s2,s3
C13 between ML and M {s2,s3 between M and MH {s3, s4 between L and ML {s1, s2
C14 greater than MH {s4, s5, sb between ML and MH {s2,s3, s between MH and H {s4, s5
C21 greater than H {sb, s6 between L and M {s1,s2,s3 between L and ML {s1, s2
C22 between M and MH {s3, s4 between ML and M {s2,s3 between L and ML {s1, s2
C23 between L and ML {s1,s2 between M and H {s3, s4, s5 between L and M {s1, s2,s3
C24 between MH and H {s4,s5 between ML and M {s2,s3 greater than H {s5, s6
C25 between ML and MH {s2,s3,s4 greater than MH {s4, s5, sb greater than H {s5, s6
C31 greater than MH {s4, s5, sb less than ML {s0, s1, s2 between L and ML {s1,s2
C32 greater than H {sb, s6 between MH and VH {s4, s5, sb less than L {s0, s
C33 less than ML {s0, s1, s2 between ML and M {s2,s3 greater than MH {s4, s5, sb
C34 betweenL and M {s1,s2,s3 greater than H {sb, s6 between ML and M {s2,s3
C41 between L and ML {s1, s2 between M and H {s3, s4,s5 between M and MH {s3, s4
C42 greater than H {sb, s6 between MH and H {s4, s5 between M and H {s3, s4, sb
C43 between ML and M {s2,s3 between M and H {s3, s4,s5 greater than MH {s4, s5, s6
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Table7

Triangular numbers of each criterion.

Group 1

Group 2

Group 3

Aggregated results

C11
C12
C13
Cl4
c21
Cc22
Cc23
C24
C25
C31
C32
C33
C34
C41
C42
C43

(0.585,0.75,0.915)
(0.75,0.915,1)
(0.25,0.415,0.585)
(0.667,0.833,0.943)
(0.75,0.915,1)
(0.415,0.585,0.75)
(0.085,0.25,0.415)
(0.585,0.75,0.922)
(0.333,0.5,0.667)
(0.667,0.833,0.943)
(0.75,0.915,1)
(0.057,0.167,0.333)
(0.167,0.333,0.5)
(0.085,0.25,0.415)
(0.75,0.915,1)
(0.25,0.415,0.585)

(0.5,0.667,0.833)
(0.667,0.833,0.943)
(0.415,0.585,0.75)
(0.333,0.5,0.667)
(0.167,0.333,0.5)
(0.25,0.415,0.585)
(0.5,0.667,0.833)
(0.25,0.415,0.585)
(0.667,0.833,0.943)
(0.057,0.167,0.333)
(0.667,0.833,0.943)
(0.25,0.415,0.596)
(0.75,0.915,1)
(0.5,0.667,0.833)
(0.585,0.75,0.922)
(0.5,0.667,0.833)

(0.415,0.585)0
(0.25,0.415%).58
(0.085,0.23.5)
(0.585,0.927)
(0.085,0.25,0.415)
(0.085,0.23.5)
(0.167,0.383,0
(0.75,0.915,1
(0.75,0.915,1
(0.085,0.235)
(0,0.085,0.25)
(0.667,0(8933)
(0.25,0.415,0.585)
(0.415,0.585)0
(0.5,0.667,0.833)
(0.667,0.88a3)

(0.5,0.667,0.833)
(0.583,0.749,0.868)
(0.250,0.416,0.584)

(0.543,0.708,0.86)
(0.292,0.458,0.604)

(0.25,0.416,0.584)
(0.209,0.375,0.541)
(0.543,0.708,0.854)
(0.604,0.77,0.888)
(0.223,0.375,0.527)
0.511,0.667,0.784)
(0.306,0.458,0.612)
(0.354,0.52,0.668)
(0.354,0.522,0.687)
(0.605,0.77,0.916)
(0.479,0.645,0.799)
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6. Management inspiration

As it can be seen from the result that the riskll@¥ offshore PV power generation
projects in China is medium high, it is necessaryake effective risk management
measures to ensure the smooth implementation aagbmable profits of the risky
project. Although risk response measures have drdzeen discussed widely,
offshore PV power generation projects have theim awiqueness and general
measures are not entirely applicable. Therefoiis,ghper puts forward the response
strategy toward each risk factor based on the wewiditerature that focus on general
risk management plus the analysis of the charatitesiof offshore PV projects,
thereby achieving pertinence through such comhinati The targeted
countermeasures and suggestions for risk factogsgaren below, which could
provide a reference and management inspiratiopdbcy makers and corresponding
practitioners.

6.1 Micro-economic risk

i) High initial investment: Using a combination e€onomic sense and technical
knowledge to locate and eliminate unnecessary girosts, Value engineering (VE)
can effectively reduce costs. It is estimated thatapplication of VE can cut back the
initial investment of a construction project by 58 10% [54]. Thus, taking
advantage of VE provides an idea ¢oping with this risk.

i) High operation and maintenance cost: Firstlyedictive technology can be
applied to improve the performance of PV moduléq.[$hen electronic components
can be upgraded to improve the reliability of PvtpaAdditionally, application-based
support system can simplify the maintenance prodesshe three methods are able
to effectively reduce the cost of operation andntesiance.

iii) Financing risk: Reasonable financing structdesign is a key step to reduce the
financing risk [56]. Another core link of the project financing risk nagement is the
corresponding relationship between the projectitivag risk and the parties involved
in the project, so that a risk constraint system lba formed to ensure the overall
stability of project financing.

iv) Unclear feed-in tariff policy: From the perspige of government, management
departments and policy makers need to formulateldhg-term price policy as a
guideline of price regulation so as to promote diegelopment of the offshore PV
industry. From the perspective of project ownehngytshould pay close attention to
policy trends and refer to tariffs in similar indss.

6.2 Technical risk

i) Unreasonable site selection and planning: Astioead above, offshore PV farm
site selection is a multiple attribute decision ke involving resource factor,
economic factor, environment factor and some oth&te combination of GIS
technology and MCDM methods, proved to be an dffectool to improve site
selection and planning reliability [57, 58], can Wndized in offshore PV projects to
avoid this risk.
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i) Inappropriate PV panel structure design: PVealaitructure planning is a basic
but important work in the design stage, experierqmedessionals should be invited to
take part in this process. Befgueoduction, the simulation algorithm can be adopted
to find design defects and thus improvement camaeée correspondingly. Moreover,
panel structure design of land-based PV projecssis worth referring.

iii) Improper cable connection: Since even smalcks caused by improper
connection can destroy the cable after many ygamject developers should pay
attention to the design of the cable connectiorkintpthe ocean tide effect into
consideration, cables should be connected in axgg#roand more endurable form
compared with land-based PV power generation pisjec

iv) Technical introduction risk: On one hand, thellection of intelligence
information should be strengthened for better mhiiciion screening. On the other
hand, it is better for the project owner to impeéechnologies that are in the
development or growth stage of their life cycle.clBuechnologies can be more
capable of adapting to different environments.dégible, the root technology is the
best choice.

v) Onshore supporting condition risk: In the sitdestion process, terrain and
transportation conditions should be studied in ctds® unfavorable supporting
conditions impede the implementation of the projedVhen necessary,
accommodation roads must be built for large equigmglso, the project developer
should actively communicate with grid companiegitigure the supporting of onshore
power grid.

6.3 Environment risk

i) Solar resource risk: There is a saying in thaustry that PV projects live at the
mercy of the weather, which means that solar eneaypitions directly determine
project benefits. As a result, preliminary reseaothradiation data is particularly
important. Through climate speculation, the chawgin a year and the long-term
trend of solar energy resources can be calcul&®f Besides, field observation is
also indispensable for the sake of conducting apasison with calculated data and
ensuring a solid resource analysis.

i) Harsh marine environment: To deal with the osron caused by the marine
environment, the protection of surface materialsutth be strengthened, such as the
formation of a protective film by electroplatingnd the use of stainless steel
anti-corrosion materials. From the macro perspectiv is necessary for Chinese
government to detect and record the weather isdgheastern sea area and establish
its own database in preparation for large-scalesldgwnent of offshore PV power
projects.

iii) Marine ecological damage: First of all, theaphing and site selection of
offshore PV farms should be as far away as posdibla the habitats, breeding
grounds, and migratory routes of marine life ard$iDuring the construction period,
marine environmental protection warning mechanisoul be established to ensure
that problems can be solved in the bud. After tteget is completed, the responsible
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party must apply for the environmental quality iesfion and acceptance to the
environmental protection department. The above oreascan reduce the resistance
from environmental protection agencies or environtaksts.

iv) Visual effect risk: In response to this rislctar, site selection would better try
to avoid the marine wetland ecology area so asmaffect the natural beauty. At the
same time, light reflections should be tested imaade in order to make possible
adjustments.

6.4 Management risk

i) Construction quality risk: A quality managemepian should be formulated
firstly with clear accountability according to theharacteristics of offshore PV.
During the construction stage, each step shouldnbstrict accordance with the
scientific construction process so that the cow$itva quality can be strictly
controlled. The quality inspection after projectrguetion cannot be ignored, either.

i) Equipment maintenance risk: The smart energpagament platform is a new
concept that relies on the internet of things,fiardi intelligence and big data
analyticsto achieve digital operations. PV offshore power gatien projects can
utilize this concept to realize intelligent opeoatiand maintenance and thus avoid
equipment maintenance risk to some extent. In mahditthe knowledge of
maintenance management under special marine envanoinshould also be studied.

iii) Inexperienced staff: Multiple measures shoblel taken to cultivate a skilled
team. Firstly, it is necessary to conduct emplolyaaing courses with respect to
theoretical knowledge of offshore PV power by meahghysical explanation and
practical operation. Secondly, the personnel wheehgarticipated in offshore wind
projects can be absorbed into the team. Finallthenlong run, cooperation between
companies and academics ought to be strengthenedtizate excellent engineers
and project managers.
7. Conclusions

This paper carries out a risk assessment on ofsRbr power generation projects
in China, and the main conclusions are as follajv&n evaluation index system is
constructed in the foundation of previous studaesyal projects and expert opinions.
16 risk factors influencing offshore PV power gexiem projects in China are
included, and they are divided into four categqrieamely the micro-economic risk,
the technical risk, the environment risk and thenaggement risk. ii) The risk
assessment model is established. In this model:AME method is employed to
determine index weights considering the interretaghip; the HFLTS method is
introduced to assign assessment information to fégtors; the TNF method is
utilized to transform the linguistic terms into antputable form; the FIOWHA
operator is adopted to aggregate the TNFs of eaphretowards a risk factor; the
FSE method and the principle of maximum similaatg used to calculate the overall
risk level. iii) The established model is applied the empirical study, namely to
calculate the risk level of offshore PV power gatien projects in China, which is
medium high as the result shows. The empiricalysilldstrates the applicability of
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the model. iv) Countermeasures and suggestionsaoh risk factor are put forward
to guarantee the smooth implementation and reas®padiits of the risky projects.

However, there are still some limitations and stmriings in this paper. For one
thing, the identification of risk factors cannot perfect, and inevitably, there will be
some omissions because of limited available inféiona\We will continue to collect
more information for the improvement of the indarasystem. For another thing,
different decision makers hold different attitudesvards risks, and this difference
may lead to absolute opposite decision results soras. Therefore, we will take the
risk preference of decision makers into considersitn future research.
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Appendix

The calculation process of the weight of each iaicthrough the Super Decision
software can be summarized as follows:

i) According to the constraint relations among aadors in Table 4, the ANP model
diagram of risk assessment of offshore PV poweregdion projects can be
established.
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1. Anindex system is established for risk assessment on offshore photovoltaic power
generation projects.

2. A risk assessment model is put forward based on hesitant fuzzy linguistic term sets,
triangular fuzzy number and fuzzy synthetic evaluation

3. Correlations between criteria are analyzed to construct the analytic network process
structure

4. An empirical study of Chinais conducted.

5. Effective response strategies are proposed towards each risk.



