
1 INTRODUCTION  

1.1 State of offshore wind in Ireland 

Offshore wind in the UK is a world-leading industry 
in terms of installed capacity, which is approaching 
7.5GW as of September 2018. A further two off-
shore sites are in the construction phase, off the 
coast of Lincolnshire, the Hornsea 1 and 2 projects. 
Hornsea 1 is expected to be operational by 2020 and 
will have a capacity of 1.2GW (approximately 171 x 
7MW turbines), the world’s first offshore wind farm 
to produce over a Gigawatt of power. Hornsea 2 was 
given consent to be constructed in August 2016 
(Crown Estate, 2013) (Court & Grimwade, 2014) 
(Crown Estate, 2018).   
 
While the UK has an abundance of offshore wind 
farms, Ireland currently has one offshore wind farm 
producing power. This is the Arklow Bank Wind 
Park located at approximately 52.8°N 5.95°W in the 
Irish Sea, as shown in Figure 1, and is owned and 
operated by GE Renewable Energy (Crown Estate, 
2018). Figure 1 also shows the locations of the on-
shore wind farms in the Republic of Ireland. There 
are number of sites under consideration at various 
stages of implementation from planning to concept 
and development. The lack of offshore wind farms 
around the Republic of Ireland provides an excellent 
opportunity to apply a developed methodology pre-
sented in this report to determine suitable sites for 
floating offshore wind implementation. There are a 
number of sites allocated for planning and concept 
that are discussed as part of the rationale. 

Ireland currently has 25 offshore wind farm projects 
of which 2 currently operating, none where con-
struction has progressed enough to connect the tur-
bines and generate electricity, none are in the build 
phase, and 3 are either consented or have applied for 
consent. As demonstrated by Figure 2 (4COffshore, 
2020a) (4COffshore, 2020b) (IWEA, 2020). 
Furthermore, Offshore wind energy is at the heart of 
Ireland’s offshore wind plan that will cut CO2 emis-
sions in the electricity sector by two-thirds and in-
crease the renewable energy share of electricity de-
mand to 70% by 2030 from its current 35% (KPMG, 
2018) (IWEA, 2020). 
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1.2 Purpose 

The aim of this research is to apply a MADA meth-
odology for application to the selection of a suitable 
site for Floating Offshore Wind (FOW) farms 
around Ireland. This will be conducted through a 
number of objectives which are reflected in the steps 
of the methodology outlined in Section 3. These ob-
jectives focus on outlining specific areas of the Re-
public of Ireland to apply the methodology. To out-
line a suitable set of qualitative criteria to identify 
restricted zones, i.e. areas that cannot be utilized for 
FOW development due to environmental or legisla-
tive restrictions. To outline further criteria and gath-
er data relative to these criteria in order to apply the 
multiple-criteria decision-making algorithm and 
conduct the quantitative analysis. Subsequently, ide-
al sites for FOW implementation shall be outlined 
and validation of the model can also be conducted. 

2 BACKGROUND 

2.1 Floating offshore wind  

Offshore wind has been identified as one of the lead-
ing technology options to decarbonize Ireland’s en-
ergy system, with deployment expected to reach 3.5 
GW by 2030, depending on Ireland’s broader energy 
mix and carbon reduction strategy (Department for 
Business, Energy & Industrial Strategy, 2019). 
While the UK is the current market leader in off-
shore wind power, with ~7.5 GW of installed capaci-
ty (as previously stated), Ireland’s first, and only, 
operational Offshore wind farm was installed in 
2004; the Arklow Bank Wind Park (James & Ros, 
2015). This wind farm, like much of the UK’s farms 
(except Hywind Scotland) consists of a conventional 
fixed- bottom foundation technology located in rela-
tively shallow water depths (<60m) and near to 
shore (<30km)  (IWEA, 2020) (4COffshore, 2020b). 
As installed capacity increases and the availability of 
near-shore sites is exhausted, it is inevitable that 
wind farms will need to be developed further from 
shore in deeper water. This poses great technical 
challenges and efforts to reduce costs. Hence, the 
application of FOW is gaining momentum along 
with unlocking the potential in near-shore deep wa-
ter sites at a lower cost of energy than far-shore 
fixed- bottom locations (Halkyard, 2005) (IRENA, 
2016).  
Therefore, it can be said that FOW is well suited to 
some areas of Ireland, in particular the West Coast 
where the water depth increases rapidly further into 
the Atlantic. A combination of high wind speeds, 
abundant near-shore deep water sites, and the ability 
to leverage existing infrastructure and supply chain 
capabilities from the Large ports along the South 
and West coasts create the requisite conditions to 
position Ireland as a world leader in floating wind 
technology(IPORES, 2014) (KPMG, 2018) (Wind 
Europe, 2018). 
 

2.2 Offshore site selection methods and State-of-

the-Art 

 
During the planning and development of offshore 
wind farms, the technical aspects and the design of 
the wind turbine structures tends to be at the fore-
front. However, the identification of areas where the 
energy resources are sufficient, and the environment 
is ideal for offshore wind development can be 
somewhat overlooked when considering floating de-
vices. This can result in poor site selection which 
can be damaging not only in terms of underestimat-
ed economic performance and subsequent stake-
holder conflict, but also in terms of the effects on lo-
cal eco-systems and habitats, as well as societal 

Figure 2. Locations of offshore wind farm projects around Ire-

land. 



issues and dissatisfactions (Court & Grimwade, 
2014). 
 

In many literature studies relating to site selec-
tion, Geographical Information Systems (GIS) are 
commonly applied to the issue of renewable energy 
resource analysis and site selection. Developers 
might typically employ GIS at a number of stages, 
from screening a whole region to identify suitable 
sites, down to the point of designing array and de-
tailed cable layouts. On a more general scale, na-
tional and regional assessments have been reported 
in the literature. For example, (Cradden, et al., 2016) 
examined a wide range of issues surrounding site se-
lection for offshore renewable energy platforms and 
demonstrated the use of GIS with additional tools to 
assess multiple sites with multiple selection criteria. 
Similarly, (Fonseca, et al., 2018) have developed a 
methodology for comprehensive evaluation of feasi-
ble areas for floating offshore wind farms, useful to 
support the strategic spatial planning around the 
Madeira Islands utilizing marine spatial techniques 
based on GIS. The work conducted by (Fonseca, et 
al., 2018) is part of the Interreg project; ARCWIND, 
as is the research presented in this paper. In addition 
to this (Goke, et al., 2018) applied Marxan for test-
ing the influence of different energy production tar-
gets on the site selection of suitable offshore wind 
production areas in the Baltic Sea. In this case 
Marxan was used as a support tool to identify suita-
ble sites for offshore wind power, along with an in-
formed Marine Spatial Planning (MSP) decision 
making approach. 

While the research presented in this paper is fo-
cused on the Irish offshore wind market, the meth-
odology can be applied to any area of the world giv-
en sufficient input data. This is key as there has been 
an increase in the offshore wind development in 
Asia (Kim, et al., 2013) (Gadad & Deka, 2016), par-
ticularly China and South Korea (Liu, et al., 2016) 
(Liu, et al., 2017) . There are a number of studies re-
lating to site selection for floating offshore wind in 
this area, such as work presented by (Kim, et al., 
2018) where a decision-making support tool was ap-
plied that can be used to select the most preferable 
sites for offshore wind farms on the southwest coast 
of South Korea. Their decision-making tool ana-
lyzed social, environmental, and economic factors 
using various databases and assessed the suitability 
of sites for offshore wind farms. Similarly, Kim, et 
al. 2016 presented an offshore wind farm site selec-
tion strategy and applied it to a case study around Je-
ju Island. They also utilizes multiple-criteria assess-
ment in their research by dividing the criteria 
considered for offshore wind farm site selection into 
four categories: i) energy resources and profitability,  
ii) conservation areas and view protection, iii) hu-
man activities, and iv) the marine environment and 
ecology. 

Further sites selection methodologies have also 
been presented in literature, such as the method de-
veloped by (Mytilinou, et al., 2018) for site selection 
on the UK for fixed platforms considering the 
Round 3 available zones in the UK. This methodol-
ogy utilizes some MADA approaches through the 
application NSGAII and two variations of TOPSIS. 
(Mytilinou, et al., 2018) subsequently determined 
optimum solutions and ranked them based on ex-
perts’ preferences. Similarly, (Chaouachi, et al., 
2017) have also developed a methodology for re-
newable energy site selection through an MADA 
approach. They proposed a new framework for off-
shore wind farm site assessment based on multi-
criteria selection through application of the Analyti-
cal Hierarchy Process (AHP).  

All of the literature examined in this research ap-
plies two key methodologies, MSP through GIS or 
MADA or, in some cases, a combination of the two. 
What separates the research presented here with oth-
er methodologies is it utilizes a conditional binary 
formula to exclude sites in a given region based on 
an initial set of exclusion criteria, outlined in Section 
4.2. Then a MADA methodology is applied to areas, 
in a given region that pass the initial conditional as-
sessment. Furthermore, this research applies the Ev-
idential Reasoning (ER) approach in the MADA as-
sessment.  

The ER approach is a generic evidence based 
MADA approach for dealing with problems having 
both quantitative and qualitative criteria under vari-
ous uncertainties including ignorance and random-
ness. Furthermore, ER has been applied to Environ-
mental Impact Assessment (EIA) (Wang, et al., 
2006), which is a key factor in FOW site selection. 
However, ER has yet to be applied as a site selection 
methodology for FOW, which is where the novelty 
lies within this research. Similarly, the methodology 
also incorporates logistical and environmental as-
sessments in order to provide input data to the ER 
algorithm.  

3 METHODOLOGY 

3.1 Rationale 

As the Atlantic Arc also includes Ireland, a number 
of sites where hypothesized based upon a number of 
factors, such as, areas already outlined for con-
cept/planning of offshore wind farms, areas that are 
mostly in >60m of water and that are in proximity of 
a sufficient grid connection. A number of areas were 
initially identified based upon the location of a suffi-
cient grid connection. A number of these areas are 
located in the Irish Sea which is already heavily 
congested and contains a number of already allocat-
ed sites. These sites include an expansion of the al-
ready commission Arklow Bank Wind Farm. 



Furthermore, the areas off the south coast of Ireland, 
in the vicinity of the city of Cork were also initially 
investigated. While the water is much deeper in this 
location, there are also a number of sites allocated 
for offshore wind farm implementations, including a 
site for FOW. These sites are also in the con-
cept/planning phase, as shown in Figure 2. 
Finally, areas off the west coast of Ireland were in-
vestigated. There are two sites currently under con-
struction or at early concept/planning off the coast of 
County Mayo, as shown in Figure 2. One of these 
sites is an Atlantic Marine Energy Test Site 
(AMETS) to facilitate testing of full-scale wave en-
ergy converters in an open ocean environment. The 
other is part of AFLOWT (Accelerating market up-
take of Floating Offshore Wind Technology), where 
the plan is to develop a full scale FOW turbine by 
2022. However, this site in the concept/planning 
stage is in shallow water and is focused more on the 
testing of the design rather than the selection process 
for a full-scale farm. Furthermore, the grid connec-
tions in this region of Ireland are not sufficient to 
cope with the addition of a FOW farm without major 
modifications. On the other hand, there are a couple 
of sufficient sub-stations located at Galway (Cashla) 
and at the Shannon Foynes River (Prospect). 
What is also apparent around the Galway Bay area is 
the allocation of a small testing site for renewable 
energy in very shallow waters, and also a site near 
Bertraghboy Bay, called Sceirde (Skerd) Rocks. 
This site has had a consent application submitted so 
far for 20 × 5MW turbines (100MW capacity). 
Given all of the various factors relating to each area 
around Ireland, it was concluded that a large area off 
the coast of Galway would be investigated for FOW 
implementation. This was due to the fact that i) there 
are no large sites currently in concept, planning or 

under considerations, ii) there are good grid connec-
tions in close proximity, iii) there is a larger area off 
the coast with a greater water depth that the other ar-
eas, and iv) it fulfils the criteria of being part of the 
Atlantic Arc region for the ARCWIND Project.  

3.2 Research Framework 

When developing a decision-making methodolo-
gy, it is important to clearly define the domain that it 
is to represent. The criteria must be appropriately al-
located, which careful attention being paid to what 
each criterion shall represent and where they shall 
rank in the evaluation hierarchy. The fundamental 
part of developing a coherent decision-making 
method, with the ability to deliver coherent results, 
lies in its evaluation hierarchy and the allocation the 
belief degrees and weights. To ensure that a coherent 
method is established, knowledge is obtained 
through reviewing literature. There are a number of 
steps involved in the procedure for applying a deci-
sion-making algorithm to a problem. Having a num-
ber of steps is key for maintaining consistency 
throughout the process and offers and element of 
confidence to the final analysis. There are key ele-
ments that the procedure must follow, and these el-
ements shall be outlined in the following sections. 
Figure 3 also outlines the methodological framework 
utilized in this research. 

4 ANALYSIS  

4.1 Scope and Domain 

In order to determine the size and location of the 
larger area for analysis, further conversations and 

1. DETERMINE SCOPE AND DOMAIN 

Outline a large area for evaluation and di-

vide into individual grid squares 

Identify and apply initial criteria to ex-

clude sites that are unavailable for FOW 

2. DETERMINE EVALUATION CRITERIA 

FOR MADA 

Outline the individual criteria for applica-

tion in the analysis 

Outline the evaluation hierarchy by out-

lining the general and basic criteria. 

3. DATA GATHERING 

Outline a suitable set of evaluation grades. 

Develop belief degrees and weights for 

the criteria based on the evaluation criteria. 

4. APPLICATION OF MADA ALGO-

RITHM 

Aggregation assessment through Eviden-

tial Reasoning 

Analysis of aggregation and ranking of 

potential FOW sites 

5. VALIDATION 

Validation of the MADA analysis through 

the application of axiom testing 

Figure 3: Methodological framework for FOW site selection 



meetings were held with experts in the area of re-
newable energy and the legislation that surrounds 
implementing an offshore wind farm. These conver-
sations led to the selection of an area off Gal-
way/Shannon Foynes Bay, which was divided into 
grids. This site can be seen in Figure 4, where red is 
the Irish Mainland and blue is inland water (Galway 
Bay and the River Shannon). The area shown in 
Figure 4 is approximately 100km East to West (9.4o 
– 10.9o West) by 110km North to South (52.4o – 
53.4o North). This area has subsequently been divid-
ed into 440 individual grid squares, each approxi-
mately 5km×5km, with an area of approximately 
25km2. These grids have been allocated a reference 
code depending on their location in the larger area. It 
can be seen that there is a scale running west to east 
from A to T, and a scale running north to south from 
1 to 22. Hence, the most North-Westerly grid is ref-
erenced as Site A1. For further reference to the site’s 
location, the Irish Mainland can be seen on the right 
side of Figure 4, with the River Shannon located at 
the bottom right. 

4.2 Identification and application of initial 
evaluation criteria 

Before the process of ranking each individual site 
in the area in terms of its suitability for FOW im-
plementation, the area must first be evaluated 
against an initial set of criteria specific to the area of 
the coast of Ireland to determine unsuitable areas. 
This part of the analysis is mainly qualitative and 
identifies a range of criteria to initially exclude areas 
from later evaluation. Similarly, some criteria in-
volve met-ocean data, where areas will be excluded 
if they regularly experience extreme environments, 
i.e. consistently large waves or high wind speeds. 
The set of criteria is outlined in  

 
Table 1, along with an explanation as to why the 

criteria is necessary and being applied to this re-
search. This process is conducted in Microsoft Excel 
utilizing the IF and binary functions to produce a 
grid identifying the areas for further analysis. Figure 
4 shows the large area outlined for the study along 

with the results of the binary analysis in Excel where 
the any area allocated a “1” is suitable for further 
analysis, and “0” indicates that the area fails in the 
assessment of one or more of the initial criteria.  

 
Table 1: Outlines of the initial evaluation criteria for determin-

ing suitable sites for FOW off Galway Bay 

 

 

4.3 Quantitative analysis criteria and evaluation 
hierarchy 

This section of the methodology involves filtering 
possible criteria that are relative to the description 
and the objective. For this problem, the criteria were 
devised from literature studies based upon the key 
requirements of FOW implementation. It is neces-
sary to keep the criteria to a sensible number at this 
stage to avoid over complications when applying the 
decision-making algorithm. 

In order to apply the ER algorithm to the decision 
of the most suitable site for FOW implementation, a 
set of variables and a hierarchical structure of gen-
eral and basic criteria must first be defined. The var-
iables and hierarchical structure are based upon the 
initial evaluation criteria but apply a more intricate 
quantitative approach with an increased number of 
criteria. In this analysis, there are three general crite-

Criteria Description 

Land Mass (y1) 

Any areas that include land masses such as the Is-

land of Orkney. The location of this criterion is de-

termined through the application of navigational 

charts and interactive maps (Bist LLC, 2019).   

Wrecks (y2) 

In this instance a shipwreck is the remains of a ship 

that has been wrecked and remains on the seabed. 

(legislation.gov.uk, 1973) (legislation.gov.uk, 

1979) (Bist LLC, 2019).  

Fisheries (y3) 

Most commonly, a fishery (aquaculture or aq-

uafarming) is an area designated for the raising 

and/or harvesting of aquatic organisms and is de-

termined by some authority as a fishery. Therefore, 

these areas are to be avoided due to the legislative 

and legal implications attached (European Union, 

2013) (Marine Institute, 2019).  

Shipping Lanes (y4) 
This criterion includes the avoidance of shipping 

lanes in the allocated area.     

Marine Protection Area 

(MPA) (y5) 

MPAs are geographically distinct zones for which 

conservation objectives can be set. (EEA, 2015) 

(EEA, 2019) (Marine Scotland, 2019) (Bist LLC, 

2019). 

Aquatic habitats (y6) 
Marine habitats are habitats that support marine 

life.  

Minimum Depth (m) (y7) 

Some floating designs have a draft of more than 

60m, therefore the minimum depth of the sites is to 

be 100m. Fixed offshore wind structures operate to 

a maximum of 50-60m water depth (Bist LLC, 

2019).  

Wind Potential (m/s) (y8) 

The wind potential will feature in the further analy-

sis however, for the initial evaluation, sites will be 

excluded if the wind speed is consistently outside 

of the range for cut-in and cut-out speeds of a tur-

bine. cut-in speed of 4m/s and a cut-out speed of 

25m/s. the rated speed is 11.4m/s. (Ifremer, 2019).  

Extreme Wave Height (m) 

(y9) 

The extreme wave height shall exclude any areas 

with a Significant Wave Height (Hs) of ≥8m. 

(Ifremer, 2019).   

Figure 4: The final result of the application of all initial evaluation crite-

ria outlined in Table 1 



ria outlined and thirteen basic criteria, as shown in 
Figure 5.  

4.4 Outline suitable evaluation grades 

A sensible set of evaluation grades was estab-
lished to maintain consistency throughout the prob-
lem-solving process. In the end five grades are se-
lected in order to accurately determine each 
individual site’s suitability and to assist with the 
qualitative to quantitative assessment. 

Subjective judgements may be used to distinguish 
one alternative from another in terms of qualitative 
criteria. However, in this research it is possible to 
use objective data to determine the belief degrees. 
For example, to evaluate the Logistics the data may 
suggest that the logistics of a site is poor, average or 
Excellent. In this case the terms poor, average and 
excellent represent clear grades of the criteria, How-
ever, when applying a MADA approach such as Ev-
idential Reasoning, three evaluations grades are not 
sufficient (Yang & Xu, 2002) (Ren, et al., 2005). 
Therefore, five evaluation terms have been outlined, 
with Hn denoting the nth evaluation grade. This is 
demonstrated by Equation 1: 

𝐻𝑛 = {𝑃𝑜𝑜𝑟 (𝐻1), 𝐼𝑛𝑑𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑡 (𝐻2),  

𝐴𝑣𝑒𝑟𝑎𝑔𝑒 (𝐻3), 𝐺𝑜𝑜𝑑 (𝐻4), 𝐸𝑥𝑐𝑒𝑙𝑙𝑒𝑛𝑡 (𝐻5)}   (1) 

Logistics is not an easy criterion assess directly, 
so it is defined by four basic criteria, as previously 
stated.  Hence, by assessing the basic criteria, the 
general criteria can also be assessed.  

4.5 Obtain data to develop the belief degrees and 
relative weights 

The Pairwise Comparison (PC) and Analytical Hier-
archy Process (AHP) methodologies and calcula-
tions are not demonstrated here, however some ap-
plications and examples can be found in the 
following studies (Loughney & Wang, 2017) (Saaty, 

1980) (Saaty, 1990) (Saaty, 1994) (Ahmed, et al., 
2005) (Koczkodaj & Szybowski, 2015) 

Before the analysis can be conducted, the weights 
of each criterion, both general and basic must be de-
termined. The weights of the criteria are calculated 
through Pairwise Comparison (PC) and AHP, and 
are determined by qualitative assessment from ex-
pert judgement, through the use of questionnaires. 

As outlined previously, three general criteria are 
considered, which are Logistics, Metocean and Fa-
cilities & environment. These criteria are generic 
and difficult to assess directly, therefore, sets of 
basic criteria are required. Five experts and their 
judgements were used to complete the qualitative 
questionnaire across the discipline of offshore wind 
structure and farm development within industry. The 
five experts are to remain anonymous, however, 
their expertise and experience are outlined as fol-
lows. All 5 experts are currently in the employment 
of fixed and floating offshore wind structures and 
turbine development companies located within the 
Atlantic Arc region. All experts have a degree classi-
fication to MSc or PhD level and have 5 or more 
years’ experience within the offshore renewable en-
ergy industry. Table 2 shows the weights of each cri-
teria. The belief degrees are obtained through the 
application of navigational charts, literature review 
and databases. The completed belief degrees for 1 of 
the 43 sites in the analysis for the basic criteria, un-
der the general criterion logistics, are demonstrated 
in  

Table 3.  
Table 3 is an example of part of the complete data 

table which consists of 5 grades for each 13 basic 
criteria, for all 43 sites in the analysis. 

4.6 Aggregation assessment through Evidential 

Reasoning algorithm 
Forty-three sites were determined from the applica-
tion of the initial exclusion criteria are ranked based 
upon their performance in the decision-making anal-
ysis. The overall belief degrees of each site were de-
termined and ranked in terms of their suitability for 
FOW implementation. These utility intervals are 
ranked from greatest to smallest. The  
 
Table 2: Calculated weights for the general and basic criteria for use 

in the analysis of the sites off the west coast of Ireland 

General criteria Weights Notation Weights 

E1 17.56% 

e1 32.12% 

e2 23.84% 

e3 44.04% 

SUM 100.00% 

E2 51.50% 

e4 36.97% 

e5 33.44% 

e6 24.41% 

e7 5.18% 

SUM 100.00% 

E3 30.94% 

e8 6.69% 

e9 6.88% 

e10 27.22% 

e11 4.24% 

Figure 5: Evaluation Hierarchy for the available sites for FOW off the 

coast of Galway Bay 



e12 27.74% 

e13 27.22% 

SUM 100.00% SUM 100.00% 

 
Table 3: An example of a generalized decision matrix for site selec-
tion assessment with basic criteria belief degrees 

Basic Criteria 
Beliefs Site 

C22 

Evaluation 

Grade 
Grading Scale 

Vicinity to All 

Ports (Mainte-

nance + Installa-
tion) 

0 Poor ≤ 175km 

0.5 Indifferent 150km ≥ x < 175km 

0.5 Average 125km ≥ x < 150km 

0 Good 100km ≥ x < 125km 

0 Excellent >100km 

Sub-Station vi-

cinity 

0.5 Poor ≤ 175km 

0 Indifferent 150km ≥ x < 175km 

0 Average 125km ≥ x < 150km 

0.5 Good 100km ≥ x < 125km 

0 Excellent >100km 

Depth 

0 Poor <50m 

0 Indifferent 50m ≤x< 100m 

0.5 Average 100m ≤x< 150m 

0.5 Good 150m ≤x< 250m 

0 Excellent ≥ 250m 

 
site with the greatest value is the most suited for 
FOW implementation. The utility ranking method is 
to be outlined here but for further information re-
garding the application of the ER algorithm can be 
found at the following references  (Li & Liao, 2007) 
(Ren, et al., 2005) (Yang, 2001) (Yang & Xu, 2002) 
(Wang, et al., 1995). 
It is important to note that changing the aggregation 
order does not change the final results in any way. In 
other words, the criteria can be aggregated in any 
order and the same result would still be achieved. 
This process is applied to all of the 43 outlined sites, 
for all basic and general criteria through the applica-
tion of the Intelligent Decision System (IDS) soft-
ware.  

4.7 Utility Ranking 

The criteria must be ranked based upon their ag-
gregated belief degrees from the ER algorithm. Sup-
pose the utility of an evaluation grade, Hn, is denoted 
by u(Hn). The utility of the evaluation grade must be 
determined beforehand, with u(H1) = 0 and u(H5) =1 
assuming there are five evaluation grades (Yang, 
2001). If there a lack of information available then 
the values of u(Hn) can be assumed to be equidistant, 
as shown by Equation (2): 

       𝑢(𝐻𝑛) = {𝑢(𝐻1) = 0;  𝑢(𝐻2) = 0.25;  𝑢(𝐻3) = 0.5;  𝑢(𝐻4) =

0.75;  𝑢(𝐻5) = 1}                                                                                        (2)  

The estimated utility for the general and basic cri-
teria, S(z(ei)), given the set of evaluation grades is 
given by Equation (3) (Yang & Xu, 2002): 

       𝑢 (𝑆(𝑧(𝑒𝑖))) = ∑ 𝑢(𝐻𝑛)𝛽𝑛

𝑁

𝑛=1

(𝑒𝑖)                                (3) 

In Equation (2) the term 𝛽𝑛(𝑒𝑖) determines the 
lower bound of the likelihood, that ei is assessed to a 
grade Hn (Yang, 2001). 

4.8 Results 

The utility assessment is conducted for each indi-
vidual site to determine the overall suitability for 
FOW implementation.  Table 4 demonstrates the 
utility ranking of the overall suitability of the sites 
for FOW implementation. For the locations of each 
site see Figure 4. 
 
Table 4: Overall assessment results for the 43 identified sites off the 

west coast of Ireland 

Rank value Loc. Rank Value Loc. 

1 0.6193 F16 23 0.5692 I17 

2 0.6171 G15 24 0.5662 E22 

3 0.6148 G14 25 0.5662 E20 
4 0.6111 G13 26 0.5662 E21 

5 0.6088 H15 27 0.5657 G18 

6 0.6047 H14 28 0.5653 I16 

7 0.6004 D20 29 0.5640 G1 

8 0.6002 D22 30 0.5637 F22 

9 0.5985 D21 31 0.5637 F20 
10 0.5983 F17 32 0.5637 F21 

11 0.5978 D19 33 0.5637 F19 

12 0.5900 C22 34 0.5631 E19 
13 0.5846 G17 35 0.5619 F18 

14 0.5835 I15 36 0.5595 G2 

15 0.5820 H18 37 0.5578 H21 
16 0.5802 G16 38 0.5578 H22 

17 0.5780 F2 39 0.5562 G22 

18 0.5780 F1 40 0.5552 G21 
19 0.5770 E18 41 0.5532 G19 

20 0.5757 I18 42 0.5504 I21 

21 0.5707 H17 43 0.5421 I22 
22 0.5707 H16     

 
The potential offshore sites for the site off the 

west coast of Ireland are ranked based upon their 
overall performance from the aggregation and utility 
assessments. It can be seen that site F16 is deemed 
to be the most favorable of the 43 potential sites. 
This is not unexpected as this site has ranked con-
sistently in the top 10 across the three general crite-
ria. However, some sites in the Top 10 overall have 
not consistently ranked high in the other general cri-
teria. This is clearly where the relative weights of 
the general criteria has had an effect on the outcome. 
This influence can be seen in the aggregated assess-
ment as site G14 ranks 12th and 19th in terms of 
metocean and Fac. & Env. suitability but ranks 1st in 
terms of logistics. Similarly, the criterion of met-
ocean accounts for more than 50% of the weighing 
in this assessment. Therefore, the combination 
weighting has a great effect on the outcome as the 
site A14 ranks 3rd in terms of overall suitability. This 
is also evident by the fact that two of the sites (G13 
and G15) that ranked outside of the top 10 in the two 
highly weighted criteria, also ranked in the top 5 for 
overall performance. This effect of the combined 
weighting of the general criteria can be seen across 
the analysis and results.  

Therefore, it can be said that the top 5 sites in the 
region off the northern coast of Scotland are:  

F16 > G15 > G14 > G13 > H15 



It can be seen from Figure 6 that the top 5 sites are 
located in the central area. Furthermore, there is a 
colour coded representation (Green = Best to Red = 
Worst) which highlights which areas collectively 
suitable for FOW implementation and those that are 
not. Therefore, it can be seen from Figure 6 that the 
most suitable collective area is in the center of the 
region, which collectively follows with the locations 
of the top 5 sites. The results clearly demonstrate 
that moving further out from the center of the region 
hinders suitability for FOW implementation. This is 
due to a number of factors: firstly, they are in closer 
proximity to a number of restricted areas and land-
marks, secondly as one progresses east, the depth 
reduces due to proximity to the coast, and thirdly, if 
one moves out to the west of the center of the re-
gion, the wind condition becomes less hindered and 
the water is deeper but the sites run the risk of be-
coming too far from a sub-station connection and 
from ports. 

4.9 Validation 

This case study was validated against a 4-axiom 
benchmark test. This procedure gave some valida-
tion to the model by fulfilling the 4 axioms. These 
axioms are named as follows:  
The independence axiom: where a general criterion 
must not be assessed to an evaluation grade, Hn, if 
none of the basic criteria, under the general criterion, 
are assessed to Hn..  
The consensus axiom: where the general criteria 
should be precisely assessed to a grade Hn, if all of 
the basic criteria in E are assessed to Hn.  
The completeness axiom: Where if all basic criteria, 
under a general criterion, are completely assessed to 
a subset of evaluation grades, then the general 
criteria should be completely assessed to the same 
subset of grades.  
The incompleteness axiom: where if an assessment 
for any basic criterion in E is incomplete, then the 

assessment for the general criterion should be 
incomplete to a certain degree.  

5 CONCLUSIONS 

This research set out to apply a MADA methodolo-
gy for suitable site selection for floating offshore 
wind farms on the west coast of Ireland. The meth-
odology was applied to a large area off of Galway, 
where a set of 9 evaluation criteria was applied to 
exclude sites that were not suitable for FOW and 
further analysis. This identified 43 out of 440 sites 
within the outlined region. These sites were again 
quantitatively analyzed against 3 general criteria 
(Logistics, |Metocean and Facilities & Environment) 
with 13 basic criteria, as outlined in Section 4. This 
analysis and aggregation utilizing the ER algorithm 
allowed for the ranking of the 43 sites off the coast 
of Galway. 
It was determined that the most suitable site in Ire-
land is F16 (approximately 52.72O N 10.53O W) 
along with 4 adjacent sites (G15, G14, G13 and 
H15) in the center of the larger outlined region.  
The ER approach establishes a nonlinear relation-
ship between an aggregated assessment for general 
criteria and an original assessment of basic criteria. 
This approach was combined with Pairwise Compar-
ison and AHP to determine the relative weights of 
each criterion. The numerical analysis of the re-
search dealt with the design selection problem out-
lined previously with key information and data taken 
from literature, various databases and subjective rea-
soning (PC and AHP). It has demonstrated that the 
ER approach can accurately be used as a viable deci-
sion-making tool in the site selection for floating 
offshore wind farms.  
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