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Abstract  

     The spatial assessment criteria system for hybridizing renewable energy sources, 

such as hybrid solar-wind farms, is critical in selecting ideal installation sites that 

maximize benefits, reduce costs, protect the environment, and serve the community. 

However, a systematic approach to designing indicator systems is rarely used in 

relevant site selection studies. Therefore, the current paper attempts to present an 

inclusive framework based on content validity to create an effective criteria system 

for siting wind-solar plants. To this end, the criteria considered in the related literature 

are captured, and the top 10 frequent indicators are identified. The Delphi technique 

is used to subject commonly used factors to expert judgments. Other factors are 

considered according to expert recommendations. In this context, the assessment tool 

was a combination of questionnaires and interviews with experts from scientific 

backgrounds that reflect the measurement target. The item-level content validity index 

(I-CVI) is applied along with the modified Kappa statistic (k*) to analyze expert 

ratings and suggestions. The results demonstrate the superiority of 9 and 4 commonly 

used factors and the suggested factors, respectively. The 13 criteria have achieved 

high agreement among experts at I-CVIs ≥ 0.78 and k*s > 0.76. The conclusion can 

be drawn that the modified Kappa statistic used in this analysis has a more significant 

effect on eliminating irrelevant factors. The current methodology and consequences 

might pave the way for making informed decisions to locate wind and solar farms. 

 

Keywords: wind-solar farm, content validity, Kappa statistic, evaluation criteria 

system, site suitability.  

 

1. Introduction 

     The depletion of fossil fuel reserves, rising fuel prices, and rising environmental concerns 

have increased renewable energy use (RE) in recent years [1]. Wind and solar energy are the 

most promising technologies among the various RE sources as they are the fastest growing and 

most mature [2], [3]. Due to the resource fluctuation of single solar or wind energy plants, wind-

solar hybrid farms are usually preferred [4]. Such farms increase energy reliability, reduce 

development costs, and decrease energy storage needs [5]. Nevertheless, highly efficient pre-

planning is required, and informed decisions about selecting suitable construction sites should 

be made. The decision is commonly based on multiple and varied factors covering the project's 

technical, economic, environmental, and social aspects, which are addressed by multi-criteria 

decision-making (MCDM) methods [6]. Thus, careful consideration should be given to 

              ISSN: 0067-2904 

mailto:gs58663@student.upm.edu.my


Sachit et al.                                                   Iraqi Journal of Science, 2024, Vol. 65, No.1, pp: 567- 582 

568 

designing a criteria system with efficient content compatible with wind and solar energy to 

ensure the success of such hybrid farms. 

 

     The MCDM efficiency of RE farms is not significantly affected by the increase or decrease 

in the number of evaluation criteria adopted but by whether the criteria system is relevant and 

effectively influences the decision-making outcomes [7], [8]. Therefore, several techniques 

have been applied in the literature to design related criteria systems. Preliminarily, after the 

defined goal, assessment factors are considered based on a review of similar studies [9], [10]. 

Literature statistics-based indicators can reflect the author's experience and the merits of some 

implemented renewable energy projects. However, redundant factors are introduced in the 

literature [11]. As another effective method for selecting criteria, expert judgment has been 

widely considered [12], [13]. Expert opinions can refine the literature-based criteria systems 

and rate them reasonably. Other methods of designing indicator systems have rarely been 

recorded in the relevant publications, either stand-alone or integrated with the abovementioned 

methods. Characteristics of study areas, data availability, national regulations, etc., were 

considered, as shown in Table 1. 

 

Table 1: Methods for selecting criteria considered in the literature. 

Criteria selection based 

on 

References 

█ [4], [9], [10], [14], [15], [16], [17], [18], [19], [20], [21], [22], [23], [24],[25], 

[26] 

██ [2], [12], [27], [28], [29], [30], [31] 

███ [32] 

███ [11], [33] 

██ [34], [35] 

███ [1] 

███ [36] 

██ [37] 

█ [38], [39] 

██ [40] 

   █ Literature statistics     █ National regulations       █ Data availability 

   █ Expert judgments      █ Study area attributes     █ Authors' suggestion 

 

     Previous studies of site suitability assessment for wind-solar farms have sought to design 

their criteria systems based on various sources. However, to our knowledge, most papers have 

not disclosed any approach to validate these systems. Despite attempts by some researchers to 

refine the selected criteria based on experts' opinions, they also did not address the multiplicity 

and conflict of judgments issued. An exception to this statement is a study by Ali et al. [36]. 

Although the study applied the content validity index (CVI) to examine the experts' answers for 

each criterion questioned, it has not considered evaluating the entire content of the criteria 

system and the new factors that the experts might add.  It is worth noting that content validity is 

defined as the degree to which the assessment tool items relate and describe the targeted domain 

for a particular assessment purpose [41]. The term "assessment tool" refers to a specific manner 

of collecting data, such as questionnaires. All features of the measurement process, including 

survey items and response formats, are referenced in the items of an assessment tool. The 

domain indicates details of the subject utilized to present the measurement target information 

[42] . 
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     Against this backdrop, we believe a noticeable gap in the literature has not been filled. As 

such, the present research attempts to improve the practice by implementing the scale-level 

content validity index (S-CVI)  along with the modified Kappa statistic  (k*).  This way, 

unnecessary indicators that may waste time and resources are eliminated in the decision-making 

process. The paper also considers the complementarity of factors proposed by experts with 

commonly used elements in the relevant literature into a unified criteria system with good 

content. A case study was organized to design a criteria system for siting wind-solar farms to 

showcase the suggested framework performance more convincingly. It is the first report on 

creating a criteria system for assessing suitability for wind-solar plants. The rest of the paper 

describes the methodological framework that focuses on the content validity steps, findings and 

discussions, and extrapolated conclusions.  

 

2. Methodology  

     The methodology framework of the present study is demonstrated in Figure 1. The methods 

consist of extracting the commonly used evaluation criteria, refining the criteria system based 

on expert opinions, and calculating the content validity index. 

 
Figure 1: Flowchart of study design. 
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   2.1. Extract standard evaluation criteria 

     A comprehensive review of the considered factor system was conducted in the site suitability 

assessment research for wind and solar hybrid farms worldwide. The Quality, Similarity, and 

Latest (QSL) approach were used to select relevant publications. Mainly, criteria have been 

divided in most published papers into evaluation and exclusion factors [21], [34], [38]. 

However, some researchers have grouped the indicators based on the specific study objective, 

the decision-making methodology used, or the criteria data type. For example, [37] has 

separated factors into positive and negative. 

 

     In contrast, others have grouped criteria based on the type of data into quantitative and 

qualitative [36]. Regarding project management, criteria are divided into benefits,  

opportunities, costs, and risks (BOCR) [24]. Despite the variety of clustering methods, grouping 

based on evaluation and exclusion factors remains unavoidable since exclusion criteria are 

necessary to avoid unsuitable sites and thus reduce the research workload [43]. Furthermore, 

most indicators used in site suitability assessment for hosting wind and solar projects include 

restrictive and evaluative thresholds. 

 

     The evaluation criteria consider suitable alternatives for RE farm development [44]. They 

can classify or rank candidates that do not satisfy the exclusion criteria [45]. Therefore, 

evaluation criteria are mainly weighted. Previous studies have commonly divided the 

evaluation criteria into three main groups, namely, technical, economic, and environmental [1], 

[20], [32]. Other recent articles have added social factors to consider community acceptance of 

such projects [9], [36], [39]. In contrast, some authors have also considered risk factors [33], 

[39]. 

 

     Technical criteria directly affect the efficiency and performance of wind-solar farms. The 

most important technical criteria are the natural resource factors for wind and solar energy [46]. 

For photovoltaics, solar radiation is a critical indicator. More intense radiation is vital in 

increasing electrical energy production from available resources [47], [48]. Wind velocity, for 

wind turbines, is the most crucial natural resource in energy production [49]. Besides, 

acceptable wind speeds cool the PV cell [50]. Mehdi et al. argue that average wind velocity is 

inappropriate as an indicator [17]. Instead, wind density should be adopted as it is calculated 

based on three climatic factors: wind speed, air temperature, and air pressure. Nevertheless, this 

statement could increase the initial planning burden for wind-solar hybrid farms. Microsite 

selection wind density can be adopted to further site suitability assessment. 

 

     Economic criteria minimize costs incurred, which is often a crucial part of the decision-

making process in any operational project such as RE plants [51], [52]. Economic indicators 

have been discussed maturely in the literature, especially factors of infrastructure availability, 

such as distance to roads and power transmission grid. Land inclination (slope) has also been 

defined as one of the economic criteria in several articles. From an engineering perspective, a 

steep slope increases the installation costs of RE modules [34]. The slope has been included in 

technical criteria by other researchers. They reported that investigating the optimum tilt angle 

would improve the efficiency of photovoltaic generation [12]. Some relevant publications 

considered land price, construction cost, and electricity demand as economic sub-criteria [37]. 

Environmental protection is one of the primary reasons behind the trend toward RE 

investments. Thus, a set of environmental factors has attracted the interest of researchers and 

decision-makers. Land use/land cover (LULC) has been considered an environmental criterion 

since RE developments might destroy fertile land or affect biodiversity [35]. Remote arid lands 

with low use-value have been recommended in many published papers as being highly suitable 
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for wind-solar installations [1], [40], [53]. Nevertheless, some authors have suggested using 

LULC alongside exclusion criteria [16]. Other studies also discuss environmental criteria for 

visual and noise pollution caused by wind-solar equipment [11], [33]. Although there is an 

agreement to consider the environmental aspects of solar-wind farm planning, controversy still 

rages regarding the definition and whether they should be evaluated or excluded. 

 

     Social criteria reflect people's attitudes toward RE projects. Negative public views can lead 

to project implementation resistance [11]. In the broad literature, social criteria mainly consider 

the well-being of people near wind-solar farms. For instance, Algarín et al. [39] discussed 

people's reactions to visual pollution and landscape distortion caused by the deployment of 

wind turbines and photovoltaics. Population density is also a vital social criterion for siting 

wind-solar farms [11]. Thus, considering unemployment rates and the possibility of involving 

local people in investment can reduce people's rejection of such projects [18]. Based on the 

above classifications, Table 2 summarizes the evaluation criteria used in the relevant articles. 

 

Table 2: Evaluation criteria used in the literature of siting wind-solar farms. 
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2.2. Criteria system refinement 

     The best way to refine evaluation factors drawn from the literature is to subject them to 

experts' opinions. For this mission to be successful, correct practices should be followed in 

selecting an expert panel, designing the questionnaire, using the method of questioning, and 

content validation. 

 

2.2.1. Expert panel 

     Commonly, expert panels are chosen from different scientific backgrounds, reflecting the 

diversity of criteria to be refined [39]. In the present study, RE, engineering, the environment, 

and strategic management were among the disciplines of experts invited. These experts come 

from the academic and industrial sectors to make judgments based on a more comprehensive 

insight. 

 

     For content validation purposes, studies recommend that the number of experts is at least six 

and not exceed ten [55], [56]. Accordingly, nine experts with 8 and 20 years of experience have 

been appointed for this work. The relevant details of the experts are shown in Table 3. 

 

2.2.2. Questionnaire design 

     A questionnaire form should be carefully prepared to ensure that the expert panel 

understands the rating task. Experts must be given ample definitions of the content domain and 

the items within that domain [55]. In the current paper, the questionnaire form consists of three 

sections. The first section explains the specific study objectives and how to respond to the 

questionnaire. Then, in the second section, the evaluation criteria derived from the literature are 

exposed to the raters' judgments according to a recommended 4-point rating scale, which 1-

indicates not relevant, 2-somewhat relevant, 3-quite relevant, and 4-highly relevant [56]. In the 

last section, experts are encouraged to suggest new factors or give feedback that would improve 

the criteria system for the target case study. 

 

Table 3: Demographics of the experts involved in refining the criteria system. 

Expert No. Scientific background Sector Experience (year) 

1 Energy Engineering Academic 11 

2 Renewable Energy Planning Industry 8 

3 Geography and Regional Planning Academic 14 

4 Energy policies Industry 18 

5 RE and Strategic management Industry > 20 

6 Renewable Energy Planning Academic 10 

7 Energy Engineering Academic 16 

8 Environmental management Industry 12 

9 Renewable Energy Academic 8 

 

2.2.3 Questioning experts 

     Face-to-face interviews with experts are ordinarily preferred to obtain reliable ratings. This 

approach, however, is costly, time-consuming, and unsafe during the COVID-19 pandemic. 

Therefore, our work adopted the online interview approach and Google Forms to implement 

the questionnaire process. 

 

     The Delphi technique, used to converge the opinions of a group of experts, was followed 

over several rounds to collect ratings [42]. In the first round, items representing the top 10 
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evaluation criteria in the relevant studies were presented. Experts were asked individually to 

rate each item based on the adopted scale. Moreover, the experts were informed of other less 

frequent criteria in the literature and then asked if they had any suggested factors that could be 

added to the content. Based on the initial experts' answers, the questionnaire was updated by 

adding the new suggested criteria and the rating outcomes of the previous round. After that, the 

information is returned to the experts in a new rating round until they reach an agreement. 

 

2.2.4 Content validity index 

     The content validity index (CVI), an indicator of inter-rater agreement, is the most 

extensively used way to evaluate content validity for multi-item questionnaires. The CVI is 

divided into two forms: item-level CVI (I-CVI) and scale-level CVI (S-CVI) [55]. The 

advantages provided by CVI are ease of calculation, understanding ability, and unanimous 

attention rather than consistency. In addition to the content validity of the full scale, the CVI 

method can indicate information at the item level that can be used to include or exclude items. 

Another merit of the CVI method is the adjustment to a chance agreement where Polit et al. 

[57] succeeded in translating the item-content validity index (I-CVI) into a modified Kappa 

(k*) value. This index reflects the agreement among the raters that the item is relevant [58]. 

CVI-based content validity calculations can be summarized in the following steps:   

1. Re-coding experts' ratings from a scale of 1-4 to the boolean scale of 0 or 1, in which 1 

indicates expert agreement and vice versa. Ratings 3 and 4 falls into the value of 1, while 0 is 

given to ratings of 1 or 2. 

2. Compute I-CVI refers to the proportion of agreement about the relevance of each 

questionnaire item. Referring to equation (1), I-CVI is calculated as the sum of agreements (the 

number of experts giving agreement) divided by the total number of experts. 

I-CVI =
A

n
                                                               (1) 

Where: 

A=Total number of agreements   

n=number of experts  

3. Determine the kappa statistic (k*), which gives evidence regarding the agreement degree 

beyond chance. The probability of chance agreement (pc) should be computed using equation 

(2). Then, the binomial random variable equation (3) is used as follows: 

pc = [
n!

A!×(n−A)!
] × 0.5n                                               (2) 

 

k∗ =
ICVI−pc

1−pc
                                                              (3) 

     Agreement indicator of Kappa is Fair if k* = 0.40 – 0.59; Good if k* = 0.60 – 0.74; and 

Excellent at k* > 0 .74. 

 

4. Calculate the S-CVI, representing the average I-CVI values for all questionnaire items or the 

average proportion relevance rated by all experts as illustrated in equations (4) and (5), 

respectively. 

S-CVI = ∑ I-CVI / number of item                        (4) 

S-CVI = ∑ proportion relevance rating / n             (5) 

 

     Where: The proportion relevance rating is the mean relevance rating by an individual expert. 

Referring to Polit's recommendations, the content is considered to have excellent validity if the 

I-CVIs for its items are ≥ 0.78, k* values are > 0.74,  and the S-CVI is ≥ 0.90 [57]. 
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3. Results 

     This section summarizes the main findings from implementing the proposed framework to 

design a site suitability criteria system for wind-solar farms. First, the top 10 criteria used in the 

relevant site suitability assessment literature are explored. Following this, experts' opinions on 

standard or suggested criteria are investigated. Finally, the experts' judgments are examined 

based on the content validity indices.  

 

3.1. Refinement of the commonly used criteria 

     A survey of the relevant literature yielded 30 different factors that were considered to assess 

site suitability for wind-solar farms. However, not all criteria were used equally in the relevant 

studies. The researchers agreed to consider some indicators as indispensable while differing on 

others due to the characteristics of the different study areas. Figure 2 shows a list of the top 10 

criteria that were frequently examined in relevant publications. Four technical criteria are listed: 

solar radiation, wind speed, elevation, and air temperature. The slope, proximity to roads, 

proximity to transmission lines, and proximity to cities were also recorded among the standard 

economic criteria used. Furthermore, the criteria for land cover and natural disasters have taken 

place on this list.  

 

     The experts have provided significant ratings and suggestions that would refine the criteria 

system. As indicated in Table 4, there was high agreement among the experts regarding 

adopting the top 10 criteria extracted from the literature. They declared that these criteria are 

vital in planning wind-solar projects worldwide. However, the criterion of earthquakes did not 

meet the agreement of all experts.  Instead, many experts have suggested adopting the natural 

disaster criterion as a more comprehensive factor for various natural hazards, including 

earthquakes. Besides, many judges (≥7 out of 9) proposed using the cloud index, population 

density, and wind density. The cloud cover blocks a significant amount of solar radiation and 

differs from place to place worldwide. Moreover, the population density reflects the rate of 

energy demand that power plants have to meet. On the other hand, other suggested criteria, such 

as humidity, aspect, energy demand, and people's attitudes, have received some experts' support 

(≤5). From the short review above, it is noted that there is no complete agreement among the 

experts regarding the proposed criteria, which explains the importance of examining content 

validity to consider whether or not these criteria will be adopted.  

 

 
Figure 2 : Top 10 evaluation criteria in the relevant studies. 
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Table 4: The experts (e) ratings for refining the criteria system, where 1 indicates expert 

agreement and 0 denotes disagreement. 
Criterion e1 e2 e3 e4 e5 e6 e7 e8 e9 

T
o

p
 1

0
 C

ri
te

ri
a 

T1 Solar radiation 1 1 1 1 1 1 1 1 1 

T2 Wind speed 1 1 1 1 1 1 1 1 1 

T3 Land inclination (Slope) 1 1 1 1 1 1 1 0 1 

T4 Land cover/ Land use 1 1 1 1 1 1 1 0 0 

T5 Proximity to road 1 1 1 1 1 0 1 1 1 

T6 Proximity to grid 1 1 1 1 1 1 0 1 1 

T7 Proximity to city 1 1 1 1 1 1 1 0 1 

T8 Land altitude (Elevation) 1 1 1 1 1 1 1 1 1 

T9 Air temperature 1 1 1 1 1 1 1 1 0 

T10 Earthquakes 0 1 1 0 1 0 1 0 0 

S
u

g
g

es
te

d
 C

ri
te

ri
a 

S1 Unemployment 0 1 1 0 0 1 1 1 0 

S2 Cloud Index 1 1 1 1 1 1 1 1 1 

S3 Humidity 0 0 1 0 0 1 0 0 0 

S4 Natural disasters 1 1 0 1 1 1 1 0 1 

S5 Aspect 0 1 1 1 0 1 0 0 1 

S6 Electricity demand 0 1 1 0 1 0 0 1 0 

S7 Population density 1 1 1 1 1 1 1 1 0 

S8 Wind density 1 1 1 0 1 1 0 1 1 

S9 People's attitudes 0 0 1 1 0 1 1 0 0 

    

3.2. CVI and k* analysis 

     Referring to equations 1-3, the calculations of the content viability indices yielded valuable 

findings that can be observed in Table 5. Except for T10, all the top 10 criteria used in the 

literature had significant k* values, ranging from 0.76 to 1, indicating excellent agreement 

among the experts to adopt these factors in the targeted content. In addition, 4 of 9 suggested 

criteria have obtained excellent Kappa ratings, namely S2, S4, S7, and S8. While the S1 and S5 

had a fair rating, the rest of the proposed factors did not receive enough expert agreement to be 

rated on the Kappa statistic. As a result, of both criteria sources, only 13 criteria of k* ≥ 0.76 

can participate in creating content with excellent validity.  

 

Table 5: Calculations of the content validity indices for both criteria sources are considered in 

the present study. 
Criteria A 

Sum of 

agreements 

I-CVI 

proportion of 

agreements 

Pc 

probability of 

chance agreement 

k* 

kappa 

Decision 

T1 9 1.00 0.002 1.00 Excellent 

T2 9 1.00 0.002 1.00 Excellent 

T3 8 0.89 0.018 0.89 Excellent 

T4 7 0.78 0.070 0.76 Excellent 

T5 8 0.89 0.018 0.89 Excellent 

T6 8 0.89 0.018 0.89 Excellent 

T7 8 0.89 0.018 0.89 Excellent 



Sachit et al.                                                   Iraqi Journal of Science, 2024, Vol. 65, No.1, pp: 567- 582 

576 

T8 9 1.00 0.002 1.00 Excellent 

T9 8 0.89 0.018 0.89 Excellent 

T10 4 0.44 0.246 0.26 Out of rating 

S1 5 0.56 0.246 0.41 Fair 

S2 9 1.00 0.002 1.00 Excellent 

S3 2 0.22 0.070 0.16 Out of rating 

S4 7 0.78 0.070 0.76 Excellent 

S5 5 0.56 0.246 0.41 Fair 

S6 4 0.44 0.246 0.26 Out of rating 

S7 8 0.89 0.018 0.89 Excellent 

S8 7 0.78 0.070 0.76 Excellent 

S9 4 0.44 0.246 0.26 Out of rating 

   

     Finally, the thirteen criteria and their expert evaluations are shown in Table 6 to verify the 

whole substance of the criterion system. The verification results based on equations 4 and 5 

showed that S-CVI achieved a value of 0.9, corresponding to the recommended thresholds for 

content acceptance. Suppose the criteria are not filtered based on the excellent kappa threshold. 

In that case, the S-CVI value will be less than 0.9 at 0.75, indicating invalid content. The 

presented comparison demonstrates the significant role of the Kappa statistic in eliminating 

factors that weaken content. 

 

Table 6 : overall S-CVI results based on the criteria with an excellent Kappa Index. 
Excellent 

Criteria 

e1 e2 e3 e4 e5 e6 e7 e8 e9 A I-CVI 

T1 1 1 1 1 1 1 1 1 1 9 1.00 

T2 1 1 1 1 1 1 1 1 1 9 1.00 

T3 1 1 1 1 1 1 1 0 1 8 0.89 

T4 1 1 1 1 1 1 1 0 0 7 0.78 

T5 1 1 1 1 1 0 1 1 1 8 0.89 

T6 1 1 1 1 1 1 0 1 1 8 0.89 

T7 1 1 1 1 1 1 1 0 1 8 0.89 

T8 1 1 1 1 1 1 1 1 1 9 1.00 

T9 1 1 1 1 1 1 1 1 0 8 0.89 

S2 1 1 1 1 1 1 1 1 1 9 1.00 

S4 1 1 0 1 1 1 1 0 1 7 0.78 

S7 1 1 1 1 1 1 1 1 0 8 0.89 

S8 1 1 1 0 1 1 0 1 1 7 0.78 

Proportion 

relevance 

1.00 1.00 0.92 0.92 1.00 0.92 0.85 0.69 0.77 S-CVI 0.90 

S-CVI 0.90 

 

4. Discussions 

     Multiple and varied criteria are often involved in site selection problems, especially in RE 

planning. Each criterion considered increases the burden of data collection and analysis, even 

though not all criteria adopted in any decision-making problem are equally important. As a 
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result, the design of the effective indicators system has a vital role in reducing the effort, time, 

and cost when solving such problems, which was the key reason for conducting this study. 

 

     This paper provides an interesting framework to improve the practice of employing expert 

opinions in refining a criteria system derived from the relevant literature. Essentially, the 

framework was based on experts' judgments analysis according to content validity indices and 

modified Kappa statistics. The methodology was tested in designing an effective indicator 

system that contributed to siting wind-solar farms. The results concluded that the criterion under 

test could successfully exceed the threshold of the content validity index and achieve the Kappa 

Excellent category when it yields the agreement of 7 experts out of 9. Based on the preceding, 

13 criteria have succeeded in representing the indicators system for the adopted case study, as 

illustrated in Figure 3. 

 

     Broadly translated, our findings indicate that content validity indices can objectively 

contribute to refining criteria systems for MCDM problems. The non-compliance indices 

evidence it with a complete agreement among experts to include any criterion in the target 

system; this constraint has been considered in some relevant publications [2],[59]. It is worth 

mentioning that repeated expert surveys often reach a complete agreement. This cumbersome 

process may be tainted with bias. On the other hand, the indices adopted in this study have 

outperformed the half-plus-one empirical approach to judge the inclusion or exclusion of a 

criterion. The I-CVI and k* are simply neither flexible nor very strict. Instead, they adopt the 

number of agreements and the number of experts in a specific mathematical formula. 

 

     Interestingly, the greater the positive or negative agreement among experts to include or 

exclude criteria, the closer the k* value is to the I-CVI value, as displayed in Figure 4. This 

result highlights the potential of the Kappa value to adjust the chance agreement [57]. Lastly, 

the utilization of scale-level CVI in conjunction with the item-level CVI allowed validation of 

the entire domain, which is another merit of the proposed framework. 

 

 

 
Figure 3 : the valid criteria system for our case study. 
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Figure 4: Comparison of k* value and I-CVI for all studied criteria. 

 

     The results of this study are in line with previous studies in terms of the number of experts 

recommended and the adoption of the main criteria for solar and wind energy resources [2], 

[24], [30], [33], [36]. For instance, technical criteria such as solar radiation, wind speed, and 

temperature included in this study were present in all most similar studies indicated in Table 2. 

However, our system of criteria did not adopt factors that have been infrequently used in the 

literature, such as wind direction [11], sunny hours [18], [20], [34], air pressure [9], [14], [28], 

humidity [18], [38], etc. The reason for this discrepancy is the different methods used in 

designing the criteria systems and stakeholders' opinions. Furthermore, the characteristics of 

the study area often impose the adoption of specific criteria that are not common in the relevant 

literature. 

 

     This study has limitations in the criteria, the MCDM problem, and the study area.  The 

current work did not address the exclusion criteria where the proposed framework was applied 

to a decision-making problem regarding siting wind-solar farms. However, applying the current 

practice of designing a criteria system to any other decision-making process is easy. 

 

5. Conclusion 

     A framework for designing the specific criteria system was proposed involving three main 

stages: initial formation of criteria content based on the literature, refinement of the content 

based on expert opinions, and content validity analysis. A comprehensive survey of relevant 

articles was conducted to extract the top 10 commonly used factors in assessing site suitability 

for wind-solar plants. The current study used the Delphi technique to enhance the criteria 

system through the judgments of nine carefully selected experts. Finally, the I-CVI modified 

Kappa index, and S-CVI were applied to examine expert ratings at the item and domain level. 

Nine of the criteria that were judged and four that were suggested received an excellent Kappa 

value of ≥ 0.76. Moreover, the thirteen factors collectively achieved a value of 0.9 for S-CVI, 

forming a valuable content of the criteria system. The criteria reported were solar radiation, 

wind speed, air temperature, slope, elevation, landcover, proximity to roads, proximity to grid, 

proximity to cities, cloud index, natural disasters, population density, and wind density, which 

covered technical, economic, environmental, and social aspects. As a valid criteria system, the 

announced findings will shorten the time for researchers and planners to investigate the site 

suitability of such projects.  For future work, the current framework can be employed in 

designing criteria systems for various site suitability assessment problems. Including evaluation 

and exclusion criteria in the targeted content would also be interesting. 

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 S1 S2 S3 S4 S5 S6 S7 S8 S9

V
al

u
e

Overall Criteria 

I-CVI k*



Sachit et al.                                                   Iraqi Journal of Science, 2024, Vol. 65, No.1, pp: 567- 582 

579 

 

Acknowledgments 

     The authors acknowledge the facilities and support Universiti Putra Malaysia (UPM) 

provided. We are grateful for the expert contributions. The anonymous reviewers' comments in 

refining this manuscript are also greatly appreciated. 

 

Statements on compliance with ethical standards and standards of research involving 

animals 

     This article does not contain any studies involving animals performed by any authors. 

 

Disclosure and conflict of interest  

     The authors declare that they have no conflicts of interest. 

 
References 

[1] S. K. Saraswat, A. K. Digalwar, S. S. Yadav, and G. Kumar, “MCDM and GIS based modelling 

technique for assessment of solar and wind farm locations in India,” Renew. Energy, 2021, doi: 

10.1016/j.renene.2021.01.056. 

[2] S. Ali, J. Taweekun, K. Techato, J. Waewsak, and S. Gyawali, “GIS based site suitability 

assessment for wind and solar farms in Songkhla, Thailand,” Renew. Energy, 2019, doi: 

10.1016/j.renene.2018.09.035. 

[3] M. S. Sachit, H. Z. M. Shafri, A. F. Abdullah, A. S. M. Rafie, and M. B. A. Gibril, “Global Spatial 

Suitability Mapping of Wind and Solar Systems Using an Explainable AI-Based Approach,” ISPRS 

Int. J. Geo-Information, vol. 11, no. 8, 2022, doi: 10.3390/ijgi11080422. 

[4] J. R. Janke, “Multicriteria GIS modeling of wind and solar farms in Colorado,” Renew. Energy, 

vol. 35, no. 10, pp. 2228–2234, 2010, doi: 10.1016/j.renene.2010.03.014. 

[5] Y. S. Mohammed, M. W. Mustafa, and N. Bashir, “Hybrid renewable energy systems for off-grid 

electric power: Review of substantial issues,” Renewable and Sustainable Energy Reviews. 2014. 

doi: 10.1016/j.rser.2014.04.022. 

[6] M. Asadi and K. Pourhossein, “Neural network-based modelling of wind/solar farm siting: a case 

study of East-Azerbaijan,” Int. J. Sustain. Energy, vol. 40, no. 7, pp. 616–637, 2021, doi: 

10.1080/14786451.2020.1833881. 

[7] M. Shao, Z. Han, J. Sun, C. Xiao, S. Zhang, and Y. Zhao, “A review of multi-criteria decision 

making applications for renewable energy site selection,” Renewable Energy. 2020. doi: 

10.1016/j.renene.2020.04.137. 

[8] H. C. Lee and C. Ter Chang, “Comparative analysis of MCDM methods for ranking renewable 

energy sources in Taiwan,” Renewable and Sustainable Energy Reviews. 2018. doi: 

10.1016/j.rser.2018.05.007. 

[9] M. Asadi and K. Pourhossein, “Neural network-based modelling of wind/solar farm siting: a case 

study of East-Azerbaijan,” Int. J. Sustain. Energy, vol. 0, no. 0, pp. 1–22, 2020, doi: 

10.1080/14786451.2020.1833881. 

[10] E. O. Diemuodeke, A. Addo, C. O. C. Oko, Y. Mulugetta, and M. M. Ojapah, “Optimal mapping 

of hybrid renewable energy systems for locations using multi-criteria decision-making algorithm,” 

Renew. Energy, vol. 134, pp. 461–477, 2019, doi: 10.1016/j.renene.2018.11.055. 

[11] D. Jun, F. Tian-Tian, Y. Yi-Sheng, and M. Yu, “Macro-site selection of wind/solar hybrid power 

station based on ELECTRE-II,” Renew. Sustain. Energy Rev., vol. 35, pp. 194–204, 2014, doi: 

10.1016/j.rser.2014.04.005. 

[12] A. Koc, S. Turk, and G. Şahin, “Multi-criteria of wind-solar site selection problem using a GIS-

AHP-based approach with an application in Igdir Province/Turkey,” Environ. Sci. Pollut. Res., vol. 

26, no. 31, pp. 32298–32310, 2019, doi: 10.1007/s11356-019-06260-1. 

[13] S. M. Khazael and M. Al-Bakri, “The Optimum Site Selection for Solar Energy Farms using AHP 

in GIS Environment, A Case Study of Iraq,” Iraqi J. Sci., vol. 62, no. 11, pp. 4571–4587, Dec. 

2021, doi: 10.24996/IJS.2021.62.11(SI).36. 

[14] J. M. Álvarez-Alvarado, J. G. Ríos-Moreno, E. J. Ventura-Ramos, G. Ronquillo-Lomeli, and M. 

Trejo-Perea, “An alternative methodology to evaluate sites using climatology criteria for hosting 



Sachit et al.                                                   Iraqi Journal of Science, 2024, Vol. 65, No.1, pp: 567- 582 

580 

wind, solar, and hybrid plants,” Energy Sources, Part A Recover. Util. Environ. Eff., 2020, doi: 

10.1080/15567036.2020.1772911. 

[15] Q. Deltenre, T. De Troyer, and M. C. Runacres, “Performance assessment of hybrid PV-wind 

systems on high-rise rooftops in the Brussels-Capital Region,” Energy Build., 2020, doi: 

10.1016/j.enbuild.2020.110137. 

[16] A. Jain, P. Das, S. Yamujala, R. Bhakar, and J. Mathur, “Resource potential and variability 

assessment of solar and wind energy in India,” Energy, 2020, doi: 10.1016/j.energy.2020.118993. 

[17] M. Jahangiri, A. A. Shamsabadi, A. Mostafaeipour, M. Rezaei, Y. Yousefi, and L. M. Pomares, 

“Using fuzzy MCDM technique to find the best location in Qatar for exploiting wind and solar 

energy to generate hydrogen and electricity,” Int. J. Hydrogen Energy, vol. 45, no. 27, pp. 13862–

13875, 2020, doi: 10.1016/j.ijhydene.2020.03.101. 

[18] M. Rezaei, K. R. Khalilpour, and M. Jahangiri, “Multi-criteria location identification for wind/solar 

based hydrogen generation: The case of capital cities of a developing country,” Int. J. Hydrogen 

Energy, vol. 45, no. 58, pp. 33151–33168, 2020, doi: 10.1016/j.ijhydene.2020.09.138. 

[19] R. Deshmukh, G. C. Wu, D. S. Callaway, and A. Phadke, “Geospatial and techno-economic 

analysis of wind and solar resources in India,” Renew. Energy, 2019, doi: 

10.1016/j.renene.2018.11.073. 

[20] M. Asadi and K. Pourhossein, “Wind and Solar Farms Site Selection Using Geographical 

Information System (GIS), Based on Multi Criteria Decision Making (MCDM) Methods: A Case-

Study for East-Azerbaijan,” 2019 Iran. Conf. Renew. Energy Distrib. Gener. ICREDG 2019, no. 

Mcdm, pp. 11–12, 2019, doi: 10.1109/ICREDG47187.2019.190216. 

[21] A. Z. Dhunny, J. R. S. Doorga, Z. Allam, M. R. Lollchund, and R. Boojhawon, “Identification of 

optimal wind, solar and hybrid wind-solar farming sites using fuzzy logic modelling,” Energy, vol. 

188, p. 116056, 2019, doi: 10.1016/j.energy.2019.116056. 

[22] M. Jahangiri, R. Ghaderi, A. Haghani, and O. Nematollahi, “Finding the best locations for 

establishment of solar-wind power stations in Middle-East using GIS: A review,” Renew. Sustain. 

Energy Rev., vol. 66, pp. 38–52, 2016, doi: 10.1016/j.rser.2016.07.069. 

[23] W. Yun-Na, Y. Yi-Sheng, F. Tian-Tian, K. Li-Na, L. Wei, and F. Luo-Jie, “Macro-site selection of 

wind/solar hybrid power station based on Ideal Matter-Element Model,” Int. J. Electr. Power 

Energy Syst., vol. 50, no. 1, pp. 76–84, 2013, doi: 10.1016/j.ijepes.2013.02.024. 

[24] H. H. Chen, H. Y. Kang, and A. H. I. Lee, “Strategic selection of suitable projects for hybrid solar-

wind power generation systems,” Renew. Sustain. Energy Rev., vol. 14, no. 1, pp. 413–421, 2010, 

doi: 10.1016/j.rser.2009.08.004. 

[25] D. Neupane, S. Kafle, K. R. Karki, D. H. Kim, and P. Pradhan, “Solar and wind energy potential 

assessment at provincial level in Nepal: Geospatial and economic analysis,” Renew. Energy, 2022, 

doi: 10.1016/j.renene.2021.09.027. 

[26] S. Tekin, E. D. Guner, A. Cilek, and M. Unal Cilek, “Selection of renewable energy systems sites 

using the MaxEnt model in the Eastern Mediterranean region in Turkey,” Environ. Sci. Pollut. Res., 

2021, doi: 10.1007/s11356-021-13760-6. 

[27] C. T. Chu and A. D. Hawkes, “A geographic information system-based global variable renewable 

potential assessment using spatially resolved simulation,” Energy, 2020, doi: 

10.1016/j.energy.2019.116630. 

[28] R. I. Mukhamediev, R. Mustakayev, K. Yakunin, S. Kiseleva, and V. Gopejenko, “Multi-criteria 

spatial decision making supportsystem for renewable energy development in Kazakhstan,” IEEE 

Access, vol. 7, pp. 122275–122288, 2019, doi: 10.1109/ACCESS.2019.2937627. 

[29] H. M. Rizeei, B. Pradhan, and T. M. I. Mahlia, “GIS-based suitability analysis on hybrid renewal 

energy site allocation using integrated MODIS and ASTER Satellite imageries in Peninsular 

Malaysia,” 2018. 

[30] J. J. W. Watson and M. D. Hudson, “Regional Scale wind farm and solar farm suitability assessment 

using GIS-assisted multi-criteria evaluation,” Landsc. Urban Plan., vol. 138, pp. 20–31, 2015, doi: 

10.1016/j.landurbplan.2015.02.001. 

[31] M. Li, E. Virguez, R. Shan, J. Tian, S. Gao, and D. Patiño-Echeverri, “High-resolution data shows 

China’s wind and solar energy resources are enough to support a 2050 decarbonized electricity 

system,” Appl. Energy, vol. 306, p. 117996, Jan. 2022, doi: 10.1016/J.APENERGY.2021.117996. 

[32] N. Y. Aydin, E. Kentel, and H. Sebnem Duzgun, “GIS-based site selection methodology for hybrid 



Sachit et al.                                                   Iraqi Journal of Science, 2024, Vol. 65, No.1, pp: 567- 582 

581 

renewable energy systems: A case study from western Turkey,” Energy Convers. Manag., vol. 70, 

pp. 90–106, 2013, doi: 10.1016/j.enconman.2013.02.004. 

[33] W. Yunna and S. Geng, “Multi-criteria decision making on selection of solar-wind hybrid power 

station location: A case of China,” Energy Convers. Manag., vol. 81, pp. 527–533, 2014, doi: 

10.1016/j.enconman.2014.02.056. 

[34] E. Achbab, H. Rhinane, M. Maanan, and D. Saifaoui, “Developing and applying a GIS-Fuzzy AHP 

assisted approach to locating a hybrid renewable energy system with high potential: Case of Dakhla 

region-Morocco-,” 2020. doi: 10.1109/Morgeo49228.2020.9121891. 

[35] M. A. Anwarzai and K. Nagasaka, “Utility-scale implementable potential of wind and solar 

energies for Afghanistan using GIS multi-criteria decision analysis,” Renew. Sustain. Energy Rev., 

vol. 71, no. June 2015, pp. 150–160, 2017, doi: 10.1016/j.rser.2016.12.048. 

[36] T. Ali, A. J. Nahian, and H. Ma, “A hybrid multi-criteria decision-making approach to solve 

renewable energy technology selection problem for Rohingya refugees in Bangladesh,” J. Clean. 

Prod., vol. 273, p. 122967, 2020, doi: 10.1016/j.jclepro.2020.122967. 

[37] M. Rezaei, A. Mostafaeipour, M. Qolipour, and R. Tavakkoli-Moghaddam, “Investigation of the 

optimal location design of a hybrid wind-solar plant: A case study,” Int. J. Hydrogen Energy, vol. 

43, no. 1, pp. 100–114, 2018, doi: 10.1016/j.ijhydene.2017.10.147. 

[38] M. Sadeghi and M. Karimi, “GIS-based solar and wind turbine site selection using multi-criteria 

analysis: Case study Tehran, Iran,” 2017. doi: 10.5194/isprs-archives-XLII-4-W4-469-2017. 

[39] C. R. Algarín, A. P. Llanos, and A. O. Castro, “An analytic hierarchy process based approach for 

evaluating renewable energy sources,” Int. J. Energy Econ. Policy, 2017. 

[40] M. Barzehkar, K. E. Parnell, N. Mobarghaee Dinan, and G. Brodie, “Decision support tools for 

wind and solar farm site selection in Isfahan Province, Iran,” Clean Technol. Environ. Policy, 2020, 

doi: 10.1007/s10098-020-01978-w. 

[41] D. A. Cook and T. J. Beckman, “Current concepts in validity and reliability for psychometric 

instruments: Theory and application,” American Journal of Medicine. 2006. doi: 

10.1016/j.amjmed.2005.10.036. 

[42] Q. N. Hong et al., “Improving the content validity of the mixed methods appraisal tool: a modified 

e-Delphi study,” J. Clin. Epidemiol., 2019, doi: 10.1016/j.jclinepi.2019.03.008. 

[43] M. A. Jasim, H. Z. M. Shafri, A. Hamedianfar, and M. I. Sameen, “Land transformation assessment 

using the integration of remote sensing and GIS techniques: a case study of Al-Anbar Province, 

Iraq,” Arab. J. Geosci., 2016, doi: 10.1007/s12517-016-2697-y. 

[44] T. R. Ayodele, A. S. O. Ogunjuyigbe, O. Odigie, and J. L. Munda, “A multi-criteria GIS based 

model for wind farm site selection using interval type-2 fuzzy analytic hierarchy process: The case 

study of Nigeria,” Appl. Energy, vol. 228, no. July, pp. 1853–1869, 2018, doi: 

10.1016/j.apenergy.2018.07.051. 

[45] S. K. Hanoon, A. F. Abdullah, H. Z. M. Shafri, and A. Wayayok, “Comprehensive Vulnerability 

Assessment of Urban Areas Using an Integration of Fuzzy Logic Functions: Case Study of 

Nasiriyah City in South Iraq,” Earth, vol. 3, no. 2, pp. 699–732, 2022, doi: 10.3390/earth3020040. 

[46] M. S. Sachit, H. Zulhaidi, M. Shafri, and A. F. Abdullah, “Combining Re ‐ Analyzed Climate Data 

and Landcover Products to Assess the Temporal Complementarity of Wind and Solar Resources in 

Iraq,” 2022. 

[47] H. Z. Al Garni and A. Awasthi, “Solar PV Power Plants Site Selection: A Review,” in Advances in 

Renewable Energies and Power Technologies, 2018. doi: 10.1016/B978-0-12-812959-3.00002-2. 

[48] F. Y. Al-Aboosi, “Models and hierarchical methodologies for evaluating solar energy availability 

under different sky conditions toward enhancing concentrating solar collectors use: Texas as a case 

study,” Int. J. Energy Environ. Eng., 2020, doi: 10.1007/s40095-019-00326-z. 

[49] M. Kabak and S. Akalın, “A model proposal for selecting the installation location of offshore wind 

energy turbines,” Int. J. Energy Environ. Eng., 2021, doi: 10.1007/s40095-021-00421-0. 

[50] S. Mekhilef, R. Saidur, and M. Kamalisarvestani, “Effect of dust, humidity and air velocity on 

efficiency of photovoltaic cells,” Renewable and Sustainable Energy Reviews. 2012. doi: 

10.1016/j.rser.2012.02.012. 

[51] D. Kannan, S. Moazzeni, S. mostafayi Darmian, and A. Afrasiabi, “A hybrid approach based on 

MCDM methods and Monte Carlo simulation for sustainable evaluation of potential solar sites in 

east of Iran,” J. Clean. Prod., 2021, doi: 10.1016/j.jclepro.2020.122368. 



Sachit et al.                                                   Iraqi Journal of Science, 2024, Vol. 65, No.1, pp: 567- 582 

582 

[52] N. Enteria, H. Yoshino, A. Satake, R. Takaki, H. Ishihara, and S. Baba, “Benefits of utilizing on-

site and off-site renewable energy sources for the single family detached house,” Int. J. Energy 

Environ. Eng., 2016, doi: 10.1007/s40095-016-0205-5. 

[53] H. Obane, Y. Nagai, and K. Asano, “Assessing land use and potential conflict in solar and onshore 

wind energy in Japan,” Renew. Energy, 2020, doi: 10.1016/j.renene.2020.06.018. 

[54] M. R. Elkadeem, A. Younes, S. W. Sharshir, P. E. Campana, and S. Wang, “Sustainable siting and 

design optimization of hybrid renewable energy system: A geospatial multi-criteria analysis,” Appl. 

Energy, 2021, doi: 10.1016/j.apenergy.2021.117071. 

[55] M. S. B. Yusoff, “ABC of Content Validation and Content Validity Index Calculation,” Educ. Med. 

J., vol. 11, no. 2, pp. 49–54, 2019, doi: 10.21315/eimj2019.11.2.6. 

[56] L. David, “Instrument review: Getting the most from your panel of experts,” Appl. Nurs. Res., 1992. 

[57] D. F. Polit, C. T. Beck, and S. V. Owen, “Focus on research methods: Is the CVI an acceptable 

indicator of content validity? Appraisal and recommendations,” Res. Nurs. Heal., vol. 30, no. 4, 

pp. 459–467, 2007, doi: 10.1002/nur.20199. 

[58] E. Almanasreh, R. Moles, and T. F. Chen, “Evaluation of methods used for estimating content 

validity,” Res. Soc. Adm. Pharm., vol. 15, no. 2, pp. 214–221, 2019, doi: 

10.1016/j.sapharm.2018.03.066. 

[59] C. Li, C. Xu, and X. Li, “A multi-criteria decision-making framework for site selection of 

distributed PV power stations along high-speed railway,” J. Clean. Prod., 2020, doi: 

10.1016/j.jclepro.2020.124086. 

 

 


