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ABSTRACT

Indonesia’s rising energy demand and continued reliance on coal highlight the need 
for a structured pathway to expand renewable energy in line with national targets and 
the United Nations (UN) Sustainable Development Goals (SDGs). This study examines 
the relative importance of key criteria aecting renewable energy development in 
Indonesia using the Analytic Hierarchy Process (AHP). Expert judgments were collected 
through an online questionnaire and synthesized using pairwise comparisons to derive 
weights for criteria and sub-criteria. A total of 53 renewable energy experts, including 
policymakers, industry representatives, researchers, and non-governmental organiza-
tion (NGO) members, participated in the study. The ndings show that environmental 
and economic dimensions are the most inuential criteria, with land-use conicts, 
environmental impacts, and inadequate waste management emerging as the most 
critical environmental concerns. This study contributes by establishing SDGs-aligned 
decision-making foundation that integrates expert insight with transparent weighting
to guide policy design to accelerate Indonesia’s renewable energy transition.

ARTICLE HISTORY 
Received 30 March 2026 
Accepted 12 August 2026 

KEYWORDS
Renewable energy; Analytic 
Hierarchy Process (AHP); 
SDGs; Indonesia

1. Introduction

Indonesia, as a rapidly developing nation, faces a critical juncture in transforming its energy sector toward 
sustainability as the country’s energy demand is rising rapidly with economic and population growth, yet 
its energy mix remains dominated by fossil fuels with coal accounting for about 60% of the power 
generation mix (Tureah 2025). The government’s declared vision of net-zero emissions by 2060 under-
scores the urgency of accelerating renewable energy deployment (Government of Indonesia 2022). 
According to Yudha and Tjahjono (2019), policies and programmes have been introduced such as the 
National Energy Plan and sectoral roadmaps, but implementation has lagged, and the pace of renewable 
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uptake remains slow. IESR (2024) notes that Indonesia’s renewable energy deployment remains well 
behind the target of 23% share by 2030, citing inadequate leadership and a weak enabling framework. 
Furthermore, the Climate Transparency (2024) report nds major structural bottlenecks in regulatory 
design, grid integration and nance meaning despite policies, the system has not delivered at the 
expected rate.

Eective renewable energy strategies in Indonesia must account for regional variations in resource 
availability, infrastructure, and local governance (ADB 2020b). According to Sindhu, Nehra, and Luthra 
(2016) the absence of context-specic decision-making evaluation often results in renewable energy 
projects failing to meet expected outcomes or experiencing reduced community acceptance. Thus, a 
context-sensitive approach is crucial to realise Indonesia’s renewable energy potential fully. Aligning 
renewable energy planning decisions with UN SDGs adds another layer of complexity particularly SDG 7 
which targets aordable, reliable, sustainable, and modern energy for all (UN 2015).

Despite the potential of various renewable energy technologies in Indonesia, policy makers currently
lack a structured and context-specic evaluation that accounts for Indonesia’s complex sociocultural, 
economic, environmental, political, and technological realities (Sambodo et al. 2022; Sekaringtias, Verrier, 
and Cronin 2022). In the Indonesian context, recent studies continue to highlight that renewable energy 
development remains constrained by policy, nancing, infrastructure, implementation, and socio- 
environmental barriers (Aditya, Wijayanto, and Hakam 2025; Apriliyanti, Nugraha, and Overland 2026; 
IESR 2026). However, despite these contributions, limited attention has been given to systematically 
prioritising the criteria inuencing renewable energy development in Indonesia and explicitly linking these 
priorities to the SDGs. Therefore, a clear research gap remains in systematically weighting and prioritising 
renewable energy development criteria in a way that reects Indonesia’s political, economic, technical, 
socio-cultural, and environmental realities.

To address this gap, this study aims to determine the relative importance of criteria inuencing 
renewable energy development in Indonesia using Analytic Hierarchy Process (AHP) which quanties 
expert judgements through systematic pairwise comparison to support renewable energy prioritisation and 
planning. The specic objectives are: (1) to identify the key criteria and sub-criteria inuencing renewable 
energy development in Indonesia; (2) to determine the relative importance of these criteria using expert- 
based AHP analysis; (3) to align the prioritised criteria with relevant SDGs; and (4) to provide an expert- 
informed basis for renewable energy planning and future decision-making studies on renewable energy 
prioritisation in Indonesia. This paper focuses on identifying and weighting context specic criteria that 
reect Indonesia’s unique sociocultural, economic, environmental, political, and technological landscapes. 
By laying this groundwork, the paper contributes to a more structured and context aware decision-making 
aligned with Indonesia’s sustainable energy transition and broader SDGs targets.

Therefore, the novelty of this study lies in its context-specic AHP-based prioritisation of renewable 
energy development criteria in Indonesia. While previous studies have examined renewable energy 
barriers and decision-making approaches in broader energy contexts, limited research has systematically 
weighted Indonesia-specic renewable energy development criteria by integrating expert judgement, 
multidimensional factors, and SDG alignment. This study contributes to the literature by producing 
transparent and replicable criteria weights that reect Indonesia’s political, economic, technical, socio- 
cultural, and environmental realities.

2. Literature review

Indonesia’s transition toward a cleaner energy system faces gap between ambitious national targets and 
slow implementation, as Resosudarmo, Rezki, and Eendi (2023) observe that high investment needs and 
rigid system structures continue to constrain reform. Siregar (2022) argues that institutional fragmenta-
tion, nancing bottlenecks, and inconsistent policy enforcement have hindered renewable energy deploy-
ment, leaving installed capacity below the trajectory required to meet national targets. Aditya, Wijayanto,
and Hakam (2025) contend that, although sectoral roadmaps exist, implementation gaps persist, reecting 
the tension between political ambition and operational capacity. Wibisono et al. (2024) nds that 
renewable energy project failures have not only reduced capacity additions but also shaped stakeholder 
perceptions of risk, institutional credibility, and political will.
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Langer, Quist, and Blok (2021) emphasise that Indonesia possesses substantial solar, hydro, geothermal, 
and biomass resources, yet utilisation remains far below the country’s potential. Ghazali et al. (2025) argue 
that deployment is shaped not only by resource availability but also by community acceptance, local 
economic conditions, and institutional capacity, which can hinder project scaling across regions. At the 
sub-national level, Sambodo et al. (2022) identify bureaucratic complexity, inconsistent regulations, 
limited technological readiness, and socio-cultural factors as key barriers to low-carbon development. 
Erdiwansyah et al. (2022) argue that existing instruments such as feed-in taris, power-purchase agree-
ments, and subsidy structures have not delivered strong investment signals due to regulatory uncertainty 
and frequent policy change. More broadly, Adrian et al. (2023) highlight fragmented governance, weak 
institutional coordination, and uneven regional capacity as persistent obstacles to scaling renewable energy 
nationwide, indicating that policy coherence and grid readiness remain uneven across regions.

ADB (2020a) notes that renewable energy options involve trade-os such as solar is highly scalable but 
constrained by land-use and intermittency; hydropower can provide stable output but raises environ-
mental and social concerns. Pambudi et al. (2024) and Aditya, Wijayanto, and Hakam (2025) argue that 
geothermal is reliable yet requires high upfront investment and specialised expertise. From a social 
perspective, Wüstenhagen, Wolsink, and Bürer (2007) propose that social acceptance should be treated 
as a core criterion because opposition can derail otherwise feasible project. Devine‐Wright (2005)
illustrates how place-based identity and attachment can shape resistance to wind developments. 
Reecting these realities, Siregar (2022) argues that technology prioritisation in Indonesia should integrate 
political/regulatory, economic, technical, socio-cultural, and environmental criteria to reect geographic 
diversity, institutional complexity, and socio-economic disparities.

Figure 1 illustrates ve overarching challenges, namely political, environmental, economic, technical, 
and socio-cultural that inuence the trajectory of renewable energy development. These challenges 
represent widely recognised barriers within Indonesia’s renewable-energy sector. Halimatussadiah et al. 
(2022), Sambodo et al. (2022), and Bhattacharyya (2018) argue that political and institutional risks such as 
bureaucratic complexity, land disputes, corruption, and inconsistent tari/policy signals undermine 
investor condence. Wu et al. (2020) and Kim, Kim, and Kim (2019) nd that limited engineering 
capability and unreliable partners performance contribute to delays and technical risks. Egli (2020) and 

Figure 1. Challenges inuencing renewable energy development. Source: authors composition.
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Sambodo et al. (2022) observe that high upfront costs and limited access to aordable nancing remain 
major barriers to private participation, while Malhotra et al. (2017) and Ouedraogo (2019) highlight socio- 
cultural constraints including skills shortages and community opposition. Environmentally, Wu et al. 
(2020) and Qiu et al. (2020) note that ecological disturbance and extreme events can undermine project 
viability.

Regulatory factors were incorporated to address institutional/political and policy issues more compre-
hensively as Chambers and Partners (2024) report that the absence of a dedicated Renewable Energy Law 
remains a key constraint, with the draft New and Renewable Energy Bill still under parliamentary 
discussion. Maulidia et al. (2019) and Setyawati (2020) argue that land-use conicts particularly for 
solar and wind are exacerbated by complex tenure systems and competing priorities. In addition, 
Weckend, Wade, and Heath (2016) warn that inadequate recycling and disposal systems create end-of- 
life waste risks for solar PV and batteries. These challenges provide a contextual foundation for under-
standing renewable energy development in Indonesia and inform the analytical structure adopted in the
subsequent evaluation.

Recent studies show that renewable energy decision-making increasingly requires structured, multi- 
criteria, and context-sensitive approaches. For example, Sugumar and Anglani (2025) developed a 
decision-support framework for renewable energy siting in microgrids by integrating MCDM, geographi-
cal conditions, resilience, and SDG considerations. Zarate-Perez (2025) also proposed a decision-support 
model using a genetic algorithm to select renewable energy technologies based on sustainability criteria. 
These studies demonstrate the growing importance of structured context-sensitive approaches in renew-
able energy planning. However, the relevance of such approaches becomes particularly important in 
country-specic contexts where renewable energy development is shaped by complex institutional, 
economic, and socio-environmental conditions. Indonesia, for example, continues to face persistent 
barriers in renewable energy development. Halimatussadiah et al. (2024) identied fossil lock-in, unsup-
portive policies, regulatory uncertainty, and weak planning–procurement linkages as key barriers to 
renewable energy procurement in Indonesia. Similarly, IESR (2026) highlights that Indonesia’s renewable 
energy market remains constrained by nancing barriers, limited public support, and uncertainty in the 
project pipeline. More recently, Apriliyanti, Nugraha, and Overland (2026) discuss Indonesia’s failed 
energy transition by highlighting nancing challenges, justice concerns, and broader structural issues 
aecting decarbonisation. These studies show that Indonesia’s renewable energy transition is not only a 
technical issue, but also a multidimensional policy, economic, institutional, social, and environmental 
challenge. However, much of the existing literature remains descriptive or focuses on broad transition 
barriers rather than systematically prioritising Indonesia-specic renewable energy development criteria. 
This creates the need for a structured decision-support approach that can translate expert judgement into 
clear priority weights for policy and planning.

Decision-making for renewable energy selection and prioritisation requires balancing political/regula-
tory, economic, environmental, technical, and social criteria. Amer and Daim (2011) argued that decision- 
making approach in developing countries must integrate technical feasibility with policy and institutional 
constraints, while Burke and Stephens (2018) emphasised that political dynamics and power structures can 
shape technology choices beyond purely technical assessments. Although Multi Criteria Decision Making 
(MCDM) methods oer structured comparison across diverse criteria, Wang et al. (2009) and Gonzalez 
et al. (2015) argue that many approaches remain too generic to capture nuanced local conditions. Bohra 
and Anvari-Moghaddam, 2022) and Demir, Chatterjee, and Pamucar (2024) observe that model sensitivity 
and limited incorporation of local context or stakeholder heterogeneity factors that can shift rankings 
substantially. Similarly, Xue et al. (2023) suggest that key social and policy variables are often simplied or 
omitted, reinforcing the case for context-aware and participatory MCDM. Estévez, Walshe, and Burgman 
(2013) argue that energy project planning requires methods that integrate social, environmental, and 
economic considerations and meaningfully engage stakeholders, a view that Buyukozkan and Karabulut 
(2017) support. Scholars such as Wilkens and Schmuck (2012) and Grafakos, Enseñado, and Flamos
(2017) emphasise that participatory MCDM methods can integrate stakeholder perspectives throughout 
decision cycle.

AHP is widely acknowledged as a robust and eective method for weighting and decision-making, 
particularly in complex scenarios involving multiple conicting criteria (Saaty 1980 cited in Aoki et al. 
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2016). Its ability to integrate both qualitative and quantitative data through pairwise comparisons is 
regarded by Saaty (2008) as a central strength, allowing decision-makers to assign relative importance with 
clarity and consistency. In addition to AHP, several alternative decision-support and analytical approaches 
have been used in energy planning, including TOPSIS, PROMETHEE, ELECTRE, DEMATEL, ANP, 
fuzzy-AHP, GIS-based spatial analysis, optimisation models, and machine-learning-based predictive tools. 
Previous reviews show that MCDM methods are widely applied in renewable energy planning because they 
allow decision-makers to evaluate alternatives using economic, technical, environmental, social, and 
policy-related criteria (Bohra and Anvari-Moghaddam, 2022; Kaya, Çolak, and Terzi 2019; Wang et al. 
2009). AI and machine-learning models can support forecasting, demand prediction, price modelling, 
resource assessment, and technology-performance prediction, while MCDM methods are more suitable for 
structuring expert judgement and comparing complex qualitative and quantitative criteria. Recent studies 
have also applied other decision-support models, including genetic algorithms for renewable energy 
technology selection and SARIMA/MLP approaches for electricity market price prediction (Gupta,
Chakrabarty, and Kumar 2023; Zarate-Perez 2025). However, since the purpose of this study is to prioritise 
context-specic renewable energy development criteria rather than predict future energy output, electricity 
prices, or resource availability, AHP was selected as the most appropriate method. Its use is particularly 
relevant because this study relies on expert judgement to determine the relative importance of multi-
dimensional criteria aecting renewable energy development in Indonesia. Building on these insights, this 
research applies AHP as a systematic approach to derive criteria weights for renewable energy prioritisa-
tion in Indonesia, thereby fullling the study’s aim.

3. Methods and materials

This study combines qualitative expert judgements with quantitative weighting and ranking by utilising 
AHP to support more transparent, inclusive, and exible decision-making in the context of renewable 
energy planning (Saaty 2008; Sindhu, Nehra, and Luthra 2016). Ishizaka and Labib (2009) highlight that 
AHP is widely used for well-informed decision-making, particularly because it incorporates linguistic 
input eectively. The key steps in applying AHP framework include (1) building the hierarchy, (2) 
conducting pairwise comparisons, (3) calculating relative weights, (4) checking for consistency, and (5) 
synthesising the results (Waris et al. 2019) as seen in Figure 2.

3.1. Data collection

To facilitate systematic data collection, the AHP questionnaire was embedded in a custom-built web-based 
platform as we can see in Figure 3. The platform was developed using a Python–Flask backend and a web- 
based interface built with HTML, CSS, and JavaScript. Experts were asked to evaluate pairs of criteria 
through structured comparisons using Saaty’s 1–9 scale. The platform allows experts to input pairwise 
comparisons remotely, automatically calculates consistency ratios, and stores responses for real-time 
aggregation.

AHP is a subjective decision-making tool tailored to handle complex problems without the need for 
large, statistically representative samples (Waris et al. 2019). Unlike conventional quantitative methods 
that depend on statistical inference, AHP emphasises informed judgement and expert input rather than 
generalisability (Saaty 1980 in Zaidi, Shae, and Rahim 2022; Ishizaka and Labib 2009). One of AHP’s 
strengths lies in its exibility regarding sample size, as it does not require statistical validity through large 
datasets (Baby 2013; Kamaruzzaman et al. 2017). Instead, the focus is placed on the expertise, consistency, 
and quality of responses (Darko et al. 2018). Previous research has successfully used AHP with as few as 
ten, six, ve, three, two, or even a single expert response (Kamaruzzaman et al. 2017; Waris et al. 2019). 
Therefore, this study engaged 53 expert respondents from the Renewable Energy sector in Indonesia.

Data were collected between 15 August and 4 October 2025 through a structured expert survey
administered online using the study’s web-based decision-support platform where participants reviewed 
standardised instructions and denitions, then completed the rating tasks directly in the platform. The 
authors were responsible for (i) designing the questionnaire, (ii) recruiting participants, (iii) administering 
the survey and monitoring submissions, and (iv) cleaning and analysing the dataset. This study was 
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conducted in accordance with institutional ethical standards and received approval from the relevant 
institutional ethics committee. Written informed consent was obtained electronically from all participants 
before participation. Participants were informed of the study objectives, the procedures involved, and their 
right to withdraw at any stage.

Participants were recruited using purposive sampling, targeting stakeholders ranging from policy makers, 
industry, Non-Governmental Organisation (NGO), and others with minimum 3 years’ experience in renewable 
energy planning, policy, and project development. Invitations were distributed via professional networks such 
as Linkedin and direct outreach to eligible individuals. This is appropriate for AHP because the study aimed to 
obtain informed expert judgement rather than statistical representativeness. Bias was minimised through 
standardised instructions, clear denitions, anonymized participation, and data-quality screening. The web- 
based questionnaire was designed to require respondents to complete all required pairwise comparison elds 
before submission, therefore incomplete responses could not be submitted through the system. AHP responses 
were checked using the consistency ratio (CR) which measures whether the pairwise comparison judgements 
are logically consistent and acceptable for deriving reliable priority weights.

AHP questionnaire in this study drew on a heterogeneous group of stakeholders involved in Indonesia’s 
renewable-energy decision ecosystem. In terms of roles, policy makers accounted for 26.42% of respon-
dents, followed by NGO representatives (18.87%), industry practitioners (11.32%), and consultants 

Figure 2. Flowchart for AHP methodology. Source: authors composition.
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(7.55%). The remaining 35.85% were categorised as others comprises of researchers, renewable-energy 
business managers (3.77%), academics, think-tank or research-institute sta, and PV developers/investors. 
The respondents in this study were experienced professionals specically, 35.85% reported 3–5 years in the 
eld, 41.51% had 5–10 years, 16.98% had 10–15 years, and 5.66% reported more than 15 years. Regarding 
decision-making activities, 37.74% reported involvement in other decision types, 32.08% in strategic 
planning (setting national targets), 16.98% in project-level decisions involving approvals and permits. 
Multiple selections were permitted; therefore, percentages may exceed 100%. In terms of technology focus, 
respondents most frequently worked with or prioritised solar (96.23%), followed by hydropower (39.62%), 
wind (33.96%), and bioenergy (22.64%).

3.2. Establishment of criteria and sub-criteria

The criteria and sub-criteria were developed by combining insights from the literature with ndings from a 
preliminary questionnaire distributed to 80 renewable energy stakeholders in Indonesia, which captured 
perceived challenges across political/regulatory, nancial, technical, socio-cultural, and environmental 
dimensions. Table 1 presents the rened criteria set, with overlaps removed and dimensions consolidated 
to form a structured hierarchy for AHP evaluation.

3.3. Hierarchy structure

AHP begins by structuring the decision problem into a hierarchy, usually consisting of three levels: the 
goal (Level 1), main criteria (Level 2), and sub-criteria (Level 3). Figure 4 presents the hierarchy used in 
this study. The goal of this AHP hierarchy is to prioritise the criteria and sub-criteria inuencing 
renewable energy development in Indonesia. The framework focuses on identifying the relative impor-
tance of political/regulatory, economic, technical, socio-cultural, and environmental criteria and their 
associated sub-criteria. Renewable energy technologies are not ranked in this paper, rather the weighted 
criteria developed here provide a decision-making foundation for future technology prioritisation.

3.4. Pairwise comparison

Pairwise comparison is a core feature of AHP, enabling decision-makers to systematically compare criteria 
or alternatives two at a time with respect to their relative importance or preference toward achieving a 

Figure 3. Pairwise comparison scale (1–9) of web-based AHP questionnaire interface. Source: authors composition.
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dened goal. Instead of evaluating all elements at once, AHP simplies the judgement process by asking 
users to focus on just two elements in relation to a higher-level criterion typically using a numerical scale 
from 1 (equal importance) to 9 (extreme importance), as introduced by Saaty (2008) as seen in Table 2. 
This process is repeated across all combinations in the set, creating a pairwise comparison matrix for each 
level of the hierarchy. The matrices are then used to calculate priority vectors, which reect the relative 
weights of each criterion or alternative. This allows both subjective and objective factors to be quantied in 
a consistent way. Ä

Ç
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The matrix ‘A’ shown above captures the relative importance or judgements of alternatives in an n x n 
format, where ‘n’ denotes the total number of items being assessed. Each aij represents the pairwise 
comparison rating between the ith and jth criteria or alternatives.

4. Analysis and results

4.1. Calculating relative weights

This step involves determining the relative importance of each criterion and sub-criterion within the 
decision hierarchy. Table 3 presents the results of this stage. The column ‘Criteria Local Weight’ shows the 
relative importance assigned to each main criterion. The environmental dimension received the highest 
weight (0.310), indicating that experts considered ecological concerns to be most critical for renewable 

Table 1. Criteria and sub-criteria for renewable energy prioritisation in Indonesia.
Criteria Sub-criteria Description

Political/ Regulatory Regulatory & Policy Uncertainty Frequent changes in regulations or policies aecting projects such as 
unattractive regulated tari

Bureaucratic Challenges Complicated procedures and delays in permits or approvals
Political Instability Risks from elections, government changes, strikes, or unrest
Corruption Bribery or non-transparent processes impacting project progress
Absence of Dedicated Renewable Energy 

Law & Regulatory Structure
Lack of legal certainty through sector-specic laws and supportive 

enforcement. 

Economic Lack of Investment & Financing Lack of investors and limited access to aordable nance.
Construction Delay & Overrun Costs Cost overruns, expensive technology, high maintenance costs.
High upfront cost Large initial investment is required to start a project, such as for 

equipment, installation, and infrastructure
Lack of Incentives Insucient incentives to attract funding and lack of support for new 

technologies. 

Technical Lack of technology reliability Lack of maturity of technology and risk of technical failures
Lack of Skill & Capacity Unavailability of skilled personnel, capacity for operation and 

maintenance, and reliability of contractors and project partners.
Lack of R&D Limited training and research development capacity
Safety Hazard Safety hazards and adequacy of training and standards 

Socio Cultural Low Social Acceptance Resistance or support from local communities
Poor Awareness & Perception Lack of public understanding and acceptance of renewable energy 

benets
Resistance to Change Unwillingness to adopt new, clean technologies

Environmental Natural Hazards Unexpected events like oods, earthquakes, volcanic eruptions
Environmental Impact Negative eects on local ecosystems and habitats
Land-use conicts Renewable energy projects such as solar and wind power require large 

land areas, causing disputes with agriculture, forestry, and conservation 
priorities

Inadequate waste management from 
renewable energy projects 

Improper disposal and insucient recycling facilities for solar photovoltaic 
(PV) panels and batteries, results in environmental pollution and health 
hazards, undermining public condence and potentially delaying 
renewable energy projects in Indonesia.

Source: authors composition. 
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Figure 4. Hierarchical structure of renewable energy prioritisation decision making in Indonesia. Source: authors 
composition.

Table 2. Saaty rating scale.
Degree of importance Denition

1 Equal importance
3 Moderate importance
5 Strong importance
7 Very strong importance
9 Extreme importance

Source: adopted from Saaty ( 2008). 
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energy development in Indonesia. By contrast, Political/Regulatory factors were weighted lowest (0.117), 
though still regarded as relevant to the overall decision framework.

Within each criterion, the ‘Sub-criteria Local Weight’ values represent the distribution of importance 
across its underlying factors. For instance, under Environmental, ‘Land-use conicts’ (0.357) and 
‘Inadequate waste management’ (0.254) emerged as the most inuential sub-criteria. Similarly, within 
Socio-Cultural, ‘Poor awareness and perception’ (0.447) was ranked highest, underscoring the challenges 
of limited public understanding and engagement in renewable energy adoption.

4.2. Checking for consistency

Sugumar and Anglani (2025) state that ensuring the logical consistency of pairwise comparisons is a 
critical requirement in the AHP to maintain the credibility of the decision-making outcome. Consistency 
Ratio (CR) of 0.10 or less is generally considered acceptable, and values above this threshold suggest the 
need to revise the pairwise comparisons (Saaty and Vargas 1991, cited in Waris et al. 2019). However, 
subsequent studies note that this criterion can be overly restrictive for larger or more complex matrices. 
Indeed, Saaty himself indicated that while CR < 0.10 is ideal, values up to 0.20 may be considered tolerable 
in certain contexts (Wedley 1993). Alonso and Lamata (2006) similarly argue for more exible thresholds 
in large-scale applications. The Consistency Ratio (CR) is calculated using the Consistency Index (CI) and 
the Random Index (RI).

CI n
n

=
1

max

λmax refers to the largest eigenvalue derived from the pairwise comparison matrix, while n indicates the 
total number of criteria considered for each alternative. The Random Index (RI) provides a benchmark 
value corresponding to the number of criteria (n). The Random Index (RI) was obtained from Saaty’s 
standard RI lookup table according to matrix size (Saaty, 1980): RI = 0.58 for n = 3, 0.90 for n = 4, and 1.12 
for n = 5.

RI xn
n

= 0. 9
1

Thus, CR is CI divided by RI:

CR CI
RI

=

Table 3. Local weight for main criteria and sub criteria.
Criteria Criteria local weight Sub-criteria Local weight

Political/Regulatory 0.117 Regulatory & Policy Uncertainty 0.209
Bureaucratic Challenges 0.137
Political Instability 0.181
Corruption 0.186
Absence of Dedicated Renewable Energy Law & Regulatory Structure 0.287

Economic 0.254 Lack of Investment & Financing 0.205
Construction Delay & Overrun Costs 0.234
High upfront cost 0.271
Lack of Incentives 0.289

Technical 0.180 Lack of technology reliability 0.256
Skill & Capacity 0.290
Lack of R&D 0.302
Safety Hazard 0.153

Socio Cultural 0.139 Low Social Acceptance 0.297
Poor Awareness & Perception 0.447
Resistance to Change 0.255

Environmental 0.310 Natural Hazards 0.107
Environmental Impact 0.282
Land-use conicts 0.357
Inadequate waste management from renewable energy projects 0.254

Source: authors composition. 
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The CR value is used to assess whether the pairwise comparison matrix has an acceptable level of 
consistency.

The web-based AHP questionnaire required respondents to complete all pairwise comparison elds 
before submission. Therefore, no incomplete AHP questionnaires were included in the nal dataset. The 
study applied the Aggregation of Individual Judgements (AIJ) approach. The nal dataset consisted of 53 
valid expert responses. Pairwise comparison judgements were aggregated using the geometric mean 
method, and the consistency test was conducted on the nal aggregated group matrix. In group AHP, 
individual judgements can be aggregated to form a collective group judgement, and AIJ is one of the 
established approaches for synthesising group preferences (Forman and Peniwati 1998; Ossadnik, 
Schinke, and Kaspar 2016). Under this approach, the pairwise comparison values provided by the 
respondents were aggregated into a group pairwise comparison matrix using the geometric mean 
method. The geometric mean is commonly used for aggregating pairwise comparison judgements 
because it preserves the reciprocal property of AHP judgement matrices (Aczél and Saaty 1983; 
Forman and Peniwati 1998; Gass and Rapcsák 1998). For each pairwise comparison cell, the aggregated 
group value was calculated as:

ikjjjj y{zzzza a=ij
group

k

m

ij
k

m

=1

1/

where aij
group is the aggregated group judgement for the comparison between element i and element j, aijk

is the judgement provided by respondent k, and m is the number of respondents. The geometric mean 
was used because it preserves the reciprocal property of AHP pairwise comparison matrices. After the 
group matrix was formed, the priority weights were calculated from the aggregated matrix. The 
consistency test was then conducted on this nal group pairwise comparison matrix. Therefore, the 
reported Consistency Index (CI), Random Index (RI), and Consistency Ratio (CR) represent the 
consistency of the collective expert judgement, not separate individual respondent matrices. 
Individual responses were not excluded based on respondent-level CR values because the analysis was 
conducted at the aggregated group level.

The aggregated group matrix produced CI = 0.004, RI = 1.12, and CR = 0.003. Since the CR value is 
below the conventional threshold of 0.10, the collective pairwise judgements were considered highly 
consistent.

4.3. Calculating global weight and overall ranking

The nal stage of AHP involves aggregating the relative values of each sub-criterion across all levels of the 
hierarchy. This synthesis combines normalised local priority vectors with the relative weights of their 
parent criteria, producing the global weights of each sub-criterion. The aggregation begins at the lowest 
level of the hierarchy and proceeds upward toward the overall goal. The resulting global weights represent 
the overall contribution of each sub-criterion to the decision objective. The global weights of all sub- 
criteria sum to one, ensuring that the outcomes are directly comparable.

Table 4 summarises the results, presenting the ranking of all sub-criteria. The ndings reveal that 
environmental concerns dominate stakeholder priorities, with land-use conicts ranked as the most critical 
sub-criterion (global weight 0.111, 1st overall). This is followed by environmental impact (0.087, 2nd) and 
inadequate waste management from renewable energy projects (0.079, 3rd), underscoring how ecological 
sustainability and land issues are central considerations for renewable energy development in Indonesia.

From an economic perspective, the most pressing challenges were lack of incentives (0.074, 4th), high 
upfront cost (0.069, 5th), and construction delay & overrun costs (0.059, 7th). These results reect the 
nancial barriers that continue to hinder renewable energy projects, alongside concerns about insucient
supportive economic policies. Within the socio-cultural domain, poor awareness and perception (0.062, 
6th) emerged as a signicant barrier, surpassing low social acceptance (0.041, 12th) and resistance to change 
(0.035, 13th). This suggests that stakeholder education and community outreach remain under-addressed 
yet highly inuential aspects of project implementation.
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The technical dimension was led by lack of research and development (0.054, 8th), followed closely by 
lack of skill and capacity (0.052, 10th) and lack of technology reliability (0.046, 11th). These ndings 
highlight concerns about whether Indonesia possesses the necessary capacity, expertise, and knowledge 
base to scale renewable energy eectively. For the political/regulatory category, none of the sub-criteria 
appeared among the top ten overall, though issues such as absence of a dedicated renewable energy 
law & regulatory structure (0.033, 15th) and regulatory and policy uncertainty (0.024, 17th) remain notable. 
The relatively lower ranking of these factors suggests that, compared to environmental, economic, 
and technical considerations, political challenges are seen as less immediate, even though they remain 
important structural barriers.

Finally, corruption (0.022, 18th), political instability (0.021, 19th), and bureaucratic challenges (0.016, 
20th) were assigned the lowest global weights, indicating that stakeholders may perceive them as less 
inuential compared to broader systemic and environmental issues. Overall, the results highlight that 
while political and regulatory issues are acknowledged, environmental, nancial, and awareness-related 
challenges are prioritised by stakeholders as the most pressing factors to renewable energy development in 
Indonesia. This reects a nuanced perspective in the Indonesian context, where sustainability concerns and 
nancial feasibility outweigh purely bureaucratic or governance-related obstacles.

4.4. Assessment criteria alignment with SDGs

Figure 5 illustrates the alignment between Indonesia’s core decision-making criteria for renewable energy 
development and the relevant United Nations (UN) SDGs, highlighting how national priorities correspond 
to global sustainability targets. The political and regulatory dimensions are linked to SDG 7 (Aordable 
and Clean Energy) and SDG 16 (Peace, Justice, and Strong Institutions), as fragmented governance, 
inconsistent policies, and the absence of a comprehensive Renewable Energy Law hinder investment 
condence and institutional eectiveness. Economic factors relate to SDG 7, 8 (Decent Work and 
Economic Growth), and 10 (Reduced Inequalities), since nancing barriers, fossil-fuel subsidies, and 
cost competitiveness shape aordability and inclusiveness, while renewable industries oer opportunities 
for green employment and equitable growth. Socio-cultural aspects align with SDG 7 and 10, emphasising 
community participation, awareness, and fair energy access as prerequisites for inclusive transitions, 
especially in marginalised regions. Technical criteria connect to SDG 7 and 9 (Industry, Innovation and 
Infrastructure), reecting the need for improved grid integration, R&D capacity, and skilled labour to 
foster innovation and domestic manufacturing. Environmental dimensions correspond to SDG 12 

Table 4. Ranking of factors that inuencing the development of renewable energy in Indonesia.

Criteria
Criteria local 

weight Sub-criteria Local weight Global weight Overall ranking

Political/Regulatory 0.117 Regulatory & Policy Uncertainty 0.209 0.024 17th

Bureaucratic Challenges 0.137 0.016 20th

Political Instability 0.181 0.021 19th

Corruption 0.186 0.022 18th

Absence of Dedicated Renewable Energy Law & 
Regulatory Structure

0.287 0.033 15th

Economic 0.254 Lack of Investment & Financing 0.205 0.052 9th

Construction Delay & Overrun Costs 0.234 0.059 7th

High upfront cost 0.271 0.069 5th

Lack of Incentives 0.289 0.074 4th

Technical 0.180 Lack of technology reliability 0.256 0.046 11th

Skill & Capacity 0.290 0.052 10th

Lack of R&D 0.302 0.054 8th

Safety Hazard 0.153 0.028 16th

Socio Cultural 0.139 Low Social Acceptance 0.297 0.041 12th

Poor Awareness & Perception 0.447 0.062 6th

Resistance to Change 0.255 0.035 13th

Environmental 0.310 Natural Hazards 0.107 0.033 14th

Environmental Impact 0.282 0.087 2nd

Land-use conicts 0.357 0.111 1st

Inadequate waste management from renewable 
energy projects

0.254 0.079 3rd

Source: authors composition. 
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(Responsible Consumption and Production) and 13 (Climate Action), underscoring that renewable 
expansion must be environmentally responsible, balancing emissions reduction with ecosystem protection. 
This mapping demonstrates the multidimensional nature of renewable energy planning both context- 
sensitive and globally aligned with the 2030 Agenda for Sustainable Development.

The highest-ranked environmental sub-criteria have direct implications for Indonesia’s SDG imple-
mentation. Land-use conicts and environmental impacts indicate that renewable energy expansion must 
be integrated with spatial planning, environmental safeguards, and community consultation to support 
SDG 12 and SDG 13. Inadequate waste management from renewable energy projects further highlights the 
need for circular-economy policies, recycling infrastructure, and end-of-life management regulations for 
solar PV panels and batteries. Economically, the high ranking of lack of incentives and high upfront costs 
suggests that Indonesia’s progress toward SDG 7 and SDG 8 requires stable nancial incentives, risk- 
sharing mechanisms, and investment-support schemes. The ranking of poor awareness and perception 
also indicates that SDG 10 and SDG 7 implementation should include public education, inclusive 
engagement, and locally sensitive communication strategies to ensure that renewable energy benets are 
understood and accepted across dierent communities. Therefore, the AHP results provide not only a 
ranking of barriers but also practical guidance for aligning renewable energy policy with Indonesia’s SDG 
commitments.

4.5. Sensitivity analysis

Table 5 presents the sensitivity analysis of AHP results, showing how the global weights of the main 
criteria and sub-criteria change under dierent priority settings for the environmental dimension. 
Sensitivity analysis was conducted to examine the robustness of AHP results under varying weights of 
the environmental criterion, given its recognised importance in renewable energy development. The 
baseline (normal) column reects the original weight distribution derived from stakeholder judgements, 
while the subsequent scenarios (Env: 0.1, 0.2, and 0.3) illustrate the reallocation of weights when 
progressively greater emphasis is placed on environmental considerations.

The environmental criterion was selected for sensitivity analysis because it received the highest baseline 
weight in the AHP results and contained several of the highest-ranked sub-criteria, including land-use 
conicts, environmental impact, and inadequate waste management. Three scenarios were tested by
assigning the environmental criterion weights of 0.10, 0.20, and 0.30 to represent low, moderate, and 
high environmental-priority conditions. In each scenario, the remaining total weight was redistributed 

Figure 5. Assessment criteria alignment with SDGs. Source: authors composition.
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proportionally among the other four criteria according to their original relative shares. This ensured that 
the total criteria weight in each scenario remained equal to 1.00 while preserving the relative structure of 
the non-environmental criteria. The purpose of this analysis was to examine whether the ranking of sub- 
criteria showed variation when environmental priority was reduced or increased.

This sensitivity analysis is crucial to test the robustness of the AHP evaluation and to explore how 
shifting policy priorities might alter the ranking of challenges in renewable energy development. By 
increasing the weight assigned to the environmental dimension, the analysis highlights which sub-criteria 
remain consistently important and which ones rise or fall in priority depending on the scenario.

At the criteria level, the relative importance of economic and environmental dimensions showed the 
largest uctuation under dierent scenarios as illustrated in Figure 6. For instance, in the base case the
economic criterion carried a weight of 0.254, which increased to 0.331 under the environmental 0.1 
scenario, before stabilising around 0.257 at environmental 0.3. While, political/regulatory and socio- 
cultural dimensions displayed relatively minor shifts across scenarios, suggesting that their inuence on 
prioritisation outcomes is comparatively stable.

Table 5. Sensitivity analysis of AHP results.

Criteria Normal Env: 0.1 Env: 0.2 Env: 0.3 Sub-criteria
Local 

weight

Normal 
global 
weight

Global 
weight 

(Env 0.1)

Global 
weight 

(Env 0.2)

Global 
weight 

(Env 0.3)

Political/ 
Regulatory

0.117 0.153 0.137 0.119 Regulatory & Policy 
Uncertainty

0.209 0.024 0.031 0.029 0.025

Bureaucratic Challenges 0.137 0.016 0.021 0.019 0.016 

Political Instability 0.181 0.021 0.028 0.025 0.022
Corruption 0.186 0.022 0.028 0.025 0.022 

Absence of Dedicated 
Renewable Energy 
Law & Regulatory 
Structure

0.287 0.033 0.044 0.039 0.034 

Economic 0.254 0.331 0.294 0.257 Lack of Investment & 
Financing

0.205 0.052 0.068 0.060 0.053 

Construction Delay & 
Overrun Costs

0.234 0.059 0.077 0.069 0.060

High upfront cost 0.271 0.069 0.090 0.080 0.070
Lack of Incentives 0.289 0.074 0.096 0.085 0.074

Technical 0.180 0.235 0.209 0.183 Lack of technology 
reliability

0.256 0.046 0.060 0.054 0.047

Skill & Capacity 0.29 0.052 0.068 0.061 0.053
Lack of R&D 0.302 0.054 0.071 0.063 0.055 

Safety Hazard 0.153 0.028 0.036 0.032 0.028

Socio Cultural 0.139 0.181 0.161 0.141 Low Social Acceptance 0.297 0.041 0.054 0.048 0.042 

Poor Awareness & 
Perception

0.447 0.062 0.081 0.072 0.063 

Resistance to Change 0.255 0.035 0.046 0.041 0.036 

Environmental 0.310 0.1 0.2 0.3 Natural Hazards 0.107 0.033 0.011 0.021 0.032 

Environmental Impact 0.282 0.087 0.028 0.056 0.085 

Land-use conicts 0.357 0.111 0.036 0.071 0.107 

Inadequate waste 
management from 
renewable energy 
projects

0.254 0.079 0.025 0.051 0.076

Source: authors composition. 
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A more detailed picture emerged at the sub-criteria level as seen in Figure 7. The rankings of several 
sub-criteria remained highly consistent across all scenarios, indicating their robustness regardless of weight 
adjustment. High upfront cost and Lack of incentives consistently ranked among the most critical
economic barriers. Land-use conicts and Inadequate waste management from renewable energy projects 
remained dominant within the Environmental category, with their global weights increasing signicantly 
as environmental importance was raised.

Figure 6. Sensitivity analysis of criteria weight. Source: authors composition.

Figure 7. Sensitivity analysis of sub criteria. Source: authors composition.
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In contrast, certain political and socio-cultural sub-criteria, such as Regulatory & Policy Uncertainty 
and Poor Awareness & Perception, demonstrated moderate sensitivity. Their global weights and relative 
ranks shifted under higher environmental scenarios, reecting the trade-os between environmental and 
governance-related priorities. The sensitivity analysis conrms that the overall prioritisation structure is 
robust, with top-ranking barriers such as high upfront costs, lack of investment, and land-use conicts 
consistently maintaining their importance across all tested scenarios. However, the observed shifts in 
economic and environmental weights highlight the policy relevance of emphasising ecological sustain-
ability. When greater emphasis is placed on environmental considerations, barriers such as land-use 
conicts and waste management gain relative importance, potentially reshaping stakeholder decision- 
making priorities.

The sensitivity analysis provides insights into the dynamic interactions among political, economic, 
technical, socio-cultural, and environmental challenges. It demonstrates how policy shifts particularly 
those aimed at strengthening environmental protection can reshape the prioritisation of risks and inform
more adaptive decision-making strategies for renewable energy project development in Indonesia.

This nding underscores the need for a balanced policy framework, while nancial and regulatory 
challenges remain central, long-term renewable energy deployment in Indonesia will increasingly depend 
on resolving environmental and land-related constraints. The consistency of results across scenarios 
supports the reliability of the framework and shows that it can adjust to dierent weighting assumptions.

5. Discussions

The ndings of this study highlight the multidimensional nature of renewable energy development 
challenges in Indonesia. By applying AHP, stakeholder judgements were systematically converted into 
quantiable weights, enabling a clear ranking of critical barriers. The results indicate that environmental 
concerns dominate stakeholder priorities, with land use conicts, environmental impacts, and inadequate 
waste management from renewable energy projects consistently ranking as the most critical sub criteria. 
This outcome underscores the increasing recognition that ecological sustainability and land related issues 
are central to the country’s renewable energy transition based on the global weight ranking where these 
environmental criteria have the highest ranking compared to other criteria. The results reinforce that 
ecological safeguards must be integrated from the outset of project planning rather than treated as 
compliance obligations.

Economic barriers such as lack of incentives, high upfront costs, and construction delays also featured 
prominently as the economic criteria are ranked the second highest. The ndings suggest that while Indonesia’s 
renewable targets are ambitious, their realisation hinges on more eective scal instruments such as feed-in 
taris, blended-nance schemes, and risk-mitigation facilities that can attract private capital. The relative 
importance of these economic criteria underlines the need for a policy shift from short-term subsidies toward 
long-term nancial stability mechanisms aligned with SDG 8 (Decent Work and Economic Growth).

Interestingly, sociocultural barriers, particularly poor awareness and perception, emerged as more 
inuential than often assumed, suggesting that stakeholder education and public engagement are 
under-addressed yet crucial for project acceptance. In Indonesia, where land tenure complexity and 
local governance vary regionally, participatory planning and continuous public communication are 
essential to prevent resistance and foster equitable access, aligning with SDG 10 (Reduced Inequalities).

Technical challenges such as technology reliability, R&D gaps, and skill shortages were ranked mid-tier, 
reecting concerns over the readiness of Indonesia’s domestic innovation capacity and workforce to scale 
up renewable energy, limiting its ability to localise technology and sustain operational reliability. By 
contrast, political and regulatory challenges, while acknowledged, were ranked lower overall, with issues 
such as corruption and bureaucratic delays perceived as less immediate compared to economic and 
environmental barriers. This result may reect a shift in stakeholder perceptions, where governance 
challenges are seen as structural but not the most pressing obstacles in the short term. Rather, their
inuence is foundational in creating and enabling environment for the higher-ranking environmental and 
economic factors to be eectively addressed. It is important to recognise the role of institutional and 
governance capacity in shaping renewable energy outcomes. Although political and regulatory factors 
ranked comparatively lower in this framework, their inuence should not be underestimated. International 
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experience suggests that regulatory clarity and institutional coordination often serve as enabling conditions 
that amplify the eectiveness of nancial and technical interventions. For Indonesia, the relatively lower 
ranking of governance related criteria may reect stakeholders’ perception that such challenges are already 
embedded within broader structural issues, rather than immediate bottlenecks. Nevertheless, without 
addressing regulatory uncertainty and the absence of a comprehensive renewable energy law, other 
measures such as incentives or technical upgrades may have limited long-term impact. This underscores 
the need to interpret lower-ranked factors not as insignicant, but as background conditions that can 
determine the sustainability of interventions.

Another implication emerging from this research is the centrality of stakeholder engagement and public 
awareness in supporting renewable energy transitions. The relatively high ranking of socio-cultural barriers, 
particularly poor awareness and perception, suggests that community-level acceptance and understanding 
remain critical for project success. This nding showing that even technically viable and nancially attractive 
projects can face delays or cancellations when local communities feel excluded or inadequately informed. For
Indonesia, where renewable energy projects intersect with land ownership and competing development 
priorities, inclusive consultation and social campaign can reduce resistance while building public trust. 
Embedding these social dimensions into national planning frameworks not only improves the feasibility of 
projects but also strengthens alignment with the Sustainable Development Goals.

Sensitivity analysis further reinforced the usefulness of the framework. When the Environmental criterion 
was weighted more heavily, environmental sub criteria such as land-use conicts and waste management 
became even more dominant. However, the overall ranking structure showed some variation, with economic 
and environmental factors consistently important. This pattern suggests that the prioritisation framework is 
responsive to dierent weighting assumptions, strengthening its reliability as a decision-support tool. 
Importantly, the observed shifts between economic and environmental dimensions also highlight the trade- 
os that policymakers must navigate between nancial feasibility and ecological sustainability.

Taken together, these results illustrate that Indonesia’s renewable energy transition is constrained not only 
by economic and nancial barriers but also by systemic environmental challenges. AHP-derived prioritisation 
oers a replicable evidence base to inform targeted interventions: (1) strengthen ecological safeguards within 
project licensing; (2) develop stable, transparent nancial incentives; (3) institutionalise stakeholder engage-
ment; and (4) build long-term technical capacity. By aligning these priority areas with the Sustainable 
Development Goals, particularly SDGs 7, 8, 9, 12, and 13, the study provides a structured foundation for 
more coherent and sustainable energy governance. AHP framework thus contributes not only a context-specic 
methodological application but also a strategic policy lens through which Indonesia can navigate its complex 
renewable-energy transition. Also embedding AHP framework within a web-based interface enhances its policy 
relevance by transforming a theoretical prioritisation model into a practical decision-support instrument. 
Policymakers can use the tool to update weights as new priorities emerge, compare stakeholder perspectives 
over time, and eventually integrate performance-based rankings to inform technology selection. This dynamic 
capability addresses a long-standing gap in Indonesia’s energy planning landscape, where existing instruments 
remain largely static and paper based. Furthermore, the alignment of identied criteria with SDGs demon-
strates that renewable energy prioritisation is not only a national development concern but also a contribution 
to broader global sustainability objectives.

6. Implications of the study

This study oers implications beyond the ranking of criteria by showing how expert-based prioritisation 
can inform renewable energy governance, planning, and stakeholder engagement in Indonesia. The 
weighted criteria provide an evidence-based direction for identifying where policy attention, institutional 
support, and implementation resources should be concentrated. The implications can be understood 
across political, practical, and social dimensions.

6.1. Political implications

From a political perspective, the ndings suggest that renewable energy development requires stronger 
institutional consistency and clearer policy direction. Even though political and regulatory factors were not 
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ranked as the most dominant barriers, they remain essential for creating a stable environment for 
investment and project implementation. Improved coordination between national and regional authori-
ties, clearer legal instruments, and more consistent policy enforcement could reduce uncertainty in 
renewable energy planning. This means that political support should function as an enabling platform 
that allows nancial, environmental, and technical strategies to be implemented more eectively.

6.2. Practical implications

Practically, the study provides a structured prioritisation framework that can help policymakers, project 
developers, and energy planners identify which barriers require immediate attention. The high ranking of 
land-use conicts, environmental impacts, waste-management issues, lack of incentives, and high upfront 
costs indicates that renewable energy planning should integrate environmental safeguards, nancial 
support mechanisms, and risk-reduction strategies from the early project-development stage. The AHP
framework can also be adapted into a decision-support tool to assist stakeholders in comparing priorities 
transparently and updating criteria weights as policy conditions change.

6.3. Social implications

The social implication of this study is that renewable energy development should be treated not only as a technical 
or economic transition, but also as a community related process. The ranking of awareness and perception-related 
issues indicates that public understanding can inuence the success of renewable energy initiatives. Therefore, 
project developers and policymakers need to strengthen communication with communities, explain project 
benets and risks clearly, and involve local stakeholders earlier in the planning process. This can help build trust, 
reduce misunderstanding, and support more inclusive renewable energy development in Indonesia.

7. Conclusions

This study utilised AHP framework to assess the relative importance of political/regulatory, economic, 
technical, sociocultural, and environmental factors shaping renewable energy development in Indonesia by 
integrating expert judgements. The framework oers a context-responsive approach for identifying the 
most signicant criteria hindering the country’s renewable energy development. The ndings suggest that 
environmental and economic challenges are the most critical, particularly land-use disputes, inadequate 
waste-management systems, and high initial investment requirements. Sociocultural and technical issues 
are also substantial inuence, whereas political and regulatory constraints, though still relevant, were 
ranked lower in comparison. Sensitivity analysis further demonstrated the variation in the results under 
dierent weighting assumptions, reinforcing the framework’s reliability and underscoring the importance 
of environmental considerations in policy decisions.

This study extends previous work by providing a structured weighting of these barriers using expert- 
based AHP analysis using local context-specic criteria and by explicitly linking the criteria to the SDGs. 
Compared with broader MCDM studies that focus mainly on technology selection, this study focuses on 
the criteria that shape renewable energy development before technology prioritisation occurs. This is 
important because renewable energy planning in Indonesia requires not only the selection of appropriate 
technologies but also a clear understanding of the political, economic, social, technical, and environmental 
conditions that inuence project success. The study therefore provides a foundation for future renewable 
energy prioritisation, including the development of a web-based decision-support tool.

The ndings also show that environmental concerns are no longer secondary considerations in renewable 
energy planning. Land-use conicts and waste-management issues ranked highly, indicating that renewable 
energy development must be managed carefully to avoid new environmental and social problems. This 
supports the argument that renewable energy transition should not only focus on increasing installed capacity
but also on ensuring sustainability, social acceptance, and long-term environmental responsibility.

Priority actions should therefore focus on resolving land-related challenges and improving waste- 
management mechanisms, complemented by nancial reforms such as enhanced incentives and investment- 
support measures. Strengthening public awareness and social acceptance is equally important to ensure that 
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renewable energy projects achieve not only technical and economic feasibility but also social legitimacy. 
Although governance factors received lower rankings, the development of more coherent regulatory structures 
remains necessary for policy certainty and institutional stability.

This study contributes to both academic and practical domains. Academically, this study extends 
existing literature by providing context-specic framework for renewable energy prioritisation that 
explicitly integrates global sustainability targets and local priorities. Practically, the research delivers 
actionable tool for policymakers and other stakeholders to foster more informed and contextually 
appropriate renewable energy strategies aligned with national and global sustainability targets. By estab-
lishing context-specic criteria and systematically prioritising them using AHP, this study provides a 
structured and replicable method for integrating multidimensional factors into renewable energy planning. 
It also oers a replicable model that other developing countries with similar renewable energy planning 
challenges can adapt to support their own sustainable development objectives.

This study has several limitations. First, the AHP results were derived from the judgements of renewable
energy stakeholders in Indonesia. This is consistent with the nature of AHP, which relies on informed expert 
assessment rather than large-scale statistical representativeness. Therefore, the ndings should be understood as 
reecting the considered judgements of a targeted expert group with relevant knowledge and experience in 
renewable energy sector. Second, the study focused on ve main criteria and selected sub-criteria derived from the 
literature and stakeholder input that are relevant to Indonesian landscape. Since renewable energy development is 
inuenced by dynamic factors that may change over time due to changes in policy direction, regulatory 
frameworks, nancial conditions, technological advancement, and socio-environmental priorities, the ndings 
of this study should be understood as context-specic to Indonesia and may not be directly applicable to other 
countries or regions. Therefore, future studies may expand and update the criteria to reect changing national 
conditions and emerging challenges in renewable energy sector in other regions or countries and include 
additional experts to provide further comparative insights into renewable energy development.

Future research can extend this study by integrating the AHP-derived weights with other MCDM 
methods such as TOPSIS, PROMETHEE, ELECTRE, or fuzzy-AHP to rank renewable energy alternatives 
such as solar, hydro, wind, geothermal, and bioenergy. In addition, the framework can be developed into 
decision-making support system that allows policymakers to update weights, compare scenarios, and 
visualise renewable energy prioritisation results dynamically.
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