MCDM methods:
2.2.1 AHP
Finding optimal locations for the installation of wind farms planned to produce electricity and hydrogen is a complicated task, which involves assessing different alternatives with the regard to multiple criteria (Coruhlu et al., 2022; Rekik & El Alimi, 2023). A comprehensive literature review of Multi-Criteria Decision-Making (MCDM) applications in sustainable energy planning context indicated that the Analytic Hierarchy Process (AHP) is the most applied technique (Demir et al., 2023; Halder et al., 2022; Koc et al., 2019; Noorollahi et al., 2022). AHP is a systematic technique developed to solve complex decision-making problems. This method allows the energy planning to occur with the participation of several stakeholders using pairwise comparison of evaluative criterion to find relative priorities (Ahmed & Faisal, 2020). 
The first step in implementing the AHP method is the identification of the appropriate criteria, which are conventionally grouped into three broad categories. Technical aspects were covered under the first category, economic aspects under the second category, and environmental aspects under the third category. In the AHP decision-making method, each criterion is compared in pairs to assess its relative importance against the others. The resulting matrix of pairwise comparisons is structured as shown in Equation (1).
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here,  represents the importance ratio between the  and the  criteria. Consequently, the relative importance of the  criterion to the  criterion is the inverse of the relative importance of the  criterion to the  criterion.
Comparisons are made between each option for every criterion and then between each criterion at one level and the criterion directly above it. Finally, each first-level criterion was compared with the main objective. Subsequently, the eigenvalues and eigenvectors of the matrix are calculated (Eq. 2). This process uses matrices that are constructed according to the importance scale. The priorities of the criteria calculated are the weights used to derive the priorities of alternatives under each criterion until the overall priority of each alternative with respect to the main objective is reached.
						(2)
here,  represents the largest eigenvalue of the pairwise comparison matrix , and is the relative weight vector of the criteria  which is proportional to the value of .
One of the main features of the AHP method is the assessment of consistency of the constructed matrix (Eq. 3). The consistency ratio (CR) is calculated as shown in Equation (4):
						(3)
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AHP derives the consistency ratio (CR) as the ratio of the consistency index (CI) of the matrix under consideration to the RI of a random matrix, in which judgments are entered at random and high inconsistency can be expected. If the CR is less than 0.1, the consistency of the matrix is acceptable; otherwise, all judgments need to be examined and revised.
In this study, AHP was used to assign weights to various criteria that influence wind-powered hydrogen plant site selection. The weights used in this study were derived from previous studies that applied AHP to renewable energy site selection, specifically for wind farms and hydrogen energy. Local spatial conditions of the region were considered, which dictate the influence and importance of each variable in relation to hydrogen energy. The region varied from place to place, and the expertise and knowledge of the researchers about the area played a key role in prioritising the variables.
2.2.2. VIKOR
VIKOR is a compromise-ranking MCDM method for solving multi-criteria decision-making problems with conflicting criteria. It is based on the concept of a "compromise solution”, which means that the selected alternative should be as close as possible to an ideal solution and should accommodate potential trade-offs among different criteria. This approach is especially useful when decision-makers seek a balanced solution rather than an extreme optimization of each criterion (Rezaei et al., 2021). Therefore, this method is suitable for hydrogen plant site selection because it involves compromise—balancing economic costs with environmental impacts. In VIKOR, we first determine the ideal and negative-ideal solutions for each of the criteria; the former constitutes the best possible solution, whereas the latter constitutes the worst. It then calculates two values for each alternative: the S value, which measures the overall distance from the ideal solution across all criteria; and the R value, which reflects the maximum individual criterion distance. A compromise index (Q) is then calculated as a weighted combination of S and R values with the use of a decision-making parameter, v, indicating preference for either the collective performance, S, or the worst-case criterion, R. The alternatives are ranked according to their values of Q; the lowest value of Q corresponds to the closest compromise to the ideal (Büyüközkan et al., 2024). Within the context of wind-powered hydrogen plant site selection, VIKOR allows for a detailed ranking of potential sites based on various, often conflicting, criteria such as environmental sensitivity, proximity to infrastructure, and cost. Balancing these factors, VIKOR helps identify a site that best represents an overall compromise, which aligns with sustainable deployment goals.
2.2.3. TOPSIS
TOPSIS is a ranking technique based on the notion that the best alternative must have the shortest distance from an ideal solution and the farthest distance from an anti-ideal or worst-case solution. The approach will be very useful where it is important that the best option is separated from the rest by relative proximity to an optimal condition. For wind-powered hydrogen plant site selection, TOPSIS is effective as it provides a quantifiable, clear ranking of sites based on their relative closeness to the ideal location (Khanlari & Alhuyi Nazari, 2022).
The TOPSIS process begins with the identification of ideal and negative-ideal solutions, as in VIKOR. The Euclidean distance of each alternative from the ideal solution (D+) and negative-ideal solution (D-) was calculated. An ideal closeness coefficient (Ci) was then calculated, ranging from 0 to 1, with higher scores indicating closer proximity to the ideal solution. The alternatives are then ranked based on their Ci values, with the site having the highest Ci being the most desirable (Rane et al., 2023). In wind-powered hydrogen plant site selection, TOPSIS is instrumental because it allows planners to quantify and order the suitability of a site according to multiple criteria, including wind power, water accessibility, land availability, and environmental constraints. Its clear, numerical ranking system helps decision-makers select the most optimal site, ensuring the efficient use of resources and alignment with sustainability objectives. 
2.2.4. SAW
The Simple Additive Weighting (SAW) method, sometimes called the weighted sum method, is a relatively simple MCDM technique that computes a weighted score for each alternative based on the importance of the criteria. SAW assumes that criteria can be aggregated additively and therefore is useful in situations where there is very little conflict between the criteria (Bachchhav et al., 2023). Its simplicity and ease of application make it especially advantageous in the selection of wind-powered hydrogen plant locations when decision makers prioritise an easy-to-interpret method for the evaluation of locations.
In SAW, the first step is to normalise the decision matrix such that the criteria become comparable. Subsequently, the weight for each criterion indicating its importance was assigned. The weighted sum is then computed for each alternative by multiplying the normalised criterion score by its respective weight and summing across all criteria. Alternatives are ranked based on their total weighted score with the highest score indicating the most favourable site (Ameri et al., 2018). SAW is especially useful for wind-powered hydrogen plant site selection when decision-makers seek a rapid and effective method of criteria aggregation, including cost, energy potential, and land availability. While it does not handle the conflicts between criteria as well as VIKOR or TOPSIS, SAW provides a clear ranking of alternatives, serving as a valuable benchmark for comparing results from more complex methods.
2.2.5. Weighted Overlay
Weighted overlay is an extremely powerful spatial analysis tool that combines multiple raster datasets, each representing a different criterion, to form one composite layer. This method is generally used in various decision-making applications, such as land suitability analysis, site selection, and environmental impact assessments. The weighted overlay technique assigns weights to each criterion, enabling decision-makers to give greater importance to some factors than others (Kodihal & Akhtar, 2024).
This process involves merging multiple criteria into a single decision layer. The first is the preparation and standardisation of raster data layers for different factors, such as wind power, slope, and proximity to roads, through the reclassification of values to a common scale for comparison. Weights are then assigned to each criterion based on their importance; the sum of all weights must be 1. An overlay operation is performed by multiplying the reclassified values for each raster by its weight and summing across all layers for each pixel. The result is a composite layer, in which each pixel represents the combined influence of all criteria. This layer is often reclassified again to identify areas with high suitability for a specific purpose, such as optimal sites for development (Das & Vema, 2023). This method allows decision makers to prioritise factors and make data-driven, spatially informed decisions.
Table S1 
Final criteria weights after AHP analysis
	N
	Variables
	Sub- Variables
	Points
	Weights 

	1
	

Wind Speed
(m/s)
	>8
	10
	

33.40%


	
	
	7 - 8
	8
	

	
	
	6 - 7
	6
	

	
	
	5 - 6
	4
	

	
	
	4 - 5
	2
	

	
	
	<4
	Restricted
	

	




2







	




Land cover
/Land use
	Barren land (Exposed Soil, Exposed Rocks, The Foots of the Mountains Hills is Barren, Snow Covers)
	10

	





18.99%


	
	
	Grass land, Shrubs Land
	8
	

	
	
	Sediments of valleys Land
	4
	

	
	
	Forests
	3
	

	
	
	Summer Vegetables and Demo Beans
	3
	

	
	
	Crops land
	2
	

	
	
	Orchards
	2
	

	
	
	Cultivated Crops
	2
	

	
	
	Water Bodies (Lake, Rivers)
	Restricted
	

	
	
	Paved Roads
	Restricted
	

	

3
	

Power lines
	0 - 5000
	10
	

13.59%


	
	
	5000 - 10000
	8
	

	
	
	10000 - 15000
	6
	

	
	
	15000 - 20000
	4
	

	
	
	20000>
	2
	

	

4
	

Slope %
	0% - 7%
	10
	

11.05%


	
	
	7% - 14%
	8
	

	
	
	14% - 21%
	6
	

	
	
	21% - 24%
	2
	

	
	
	24% >
	Restricted 
	

	


5
	

Water Bodies
	0 - 100
	Restricted 
	


8.38%


	
	
	100 - 2000
	10
	

	
	
	2000 - 6000
	8
	

	
	
	6000 - 12000
	6
	

	
	
	12000 - 16000
	4
	

	
	
	16000>
	2
	

	

6
	
Terrain
Elevation (m)
	<500
	10
	

5.93%


	
	
	500 - 750
	8
	

	
	
	750 - 1000
	6
	

	
	
	1000 - 1500
	4
	

	
	
	1500 - 2000
	2
	

	
	
	>2000
	Restricted
	

	

7
	Residential areas
	0 - 500
	Restricted 
	

4.67%


	
	
	500 - 2500 
	10
	

	
	
	2500 - 5000
	8
	

	
	
	5000 - 10000
	5
	

	
	
	10>
	3
	

	


8
	

Transportation Lines
	0 – 100
	Restricted 
	

3.99%


	
	
	100 - 1500
	10
	

	
	
	1500 - 3000
	8
	

	
	
	3000 - 5000
	6
	

	
	
	5000 - 7000
	4
	

	
	
	7000>
	2
	



