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This systematic review examines the critical role of renewable energy in advancing the United Nations Sustain-
able Development Goals (SDGs). Despite the growing interest in the nexus between renewable energy and sus-
tainable development, comprehensive analyses remain limited. To address this gap, the present study analyzes
peer-reviewed articles to assess the scope, depth, and pathways through which renewable energy contributes to
the SDGs. The 17 goals are categorized into three relevant tiers: direct, indirect, and broader development link-
ages; based on their level of relevance to renewable energy. The findings highlight the central role of renewable
energy in ensuring access to affordable, reliable, and modern energy (SDG 7), while also facilitating progress in
climate action (SDG 13), economic development (SDG 8), public health (SDG 3), urban sustainability (SDG 11),
and social equity (SDG 10). Renewable energy offers a sustainable alternative to fossil fuels, reducing greenhouse
gas (GHG) emissions, and improving access to clean energy, especially in underserved and off-grid areas. How-
ever, its widespread deployment is hindered by high capital costs, technological challenges, regulatory fragmen-
tation, and social acceptance barriers. The review emphasizes the need for integrative policy frameworks, inclu-
sive governance, technological innovation, and multi-stakeholder partnerships to effectively integrate renewable
energy with broader sustainable development strategies.

1. Introduction

The adoption of the 2030 Agenda for Sustainable Development by
the United Nations in 2015 marked a global commitment to eradicating
poverty, reducing inequalities, improving access to essential services,
and safeguarding the planet [1]. Central to this Agenda are 17 inter-
lined and mutually reinforcing Sustainable Development Goals (SDGs)
and their associated targets, which aim to address the interconnected
dimensions of human well-being, economic growth, and environmental
protection [2]. Achieving these ambitious goals requires integrated and
cross-sectoral strategies that reflect the complex interplay among so-
cial, economic, and environmental systems [3,4].

Renewable energy has emerged as a critical enabler of sustainable
development, which has attracted increasing attention as the world
grapples with intensifying challenges of climate change, energy
poverty, and rapid urbanization [5,6]. Renewable energy technologies
such as solar, wind, hydro power, and bioenergy are crucial for decar-
bonizing energy systems and reducing global dependence on fossil fu-
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els, thereby addressing the world's most pressing sustainability issues
outlined in the SDGs. These technologies are instrumental for achieving
SDG 7 (universal access to affordable, reliable, sustainable, and modern
energy), as well as advancing SDG 13 (combating climate change and
its impacts), and SDG 11 (inclusive, secure, resilient, and sustainable
cities and human settlements). This interdependence has sparked grow-
ing academic interest in understanding the multifaceted contributions
of renewable energy to sustainable development [7-10].

Recent studies have explored the potential role of renewable energy
in improving energy security, particularly in regions lacking access to
conventional energy sources. By harnessing local renewable resources,
countries can reduce fossil fuels dependency, enhance energy re-
silience, and support environmental sustainability [11,12]. As global
urbanization intensifies, renewable energy integration helps in lower-
ing carbon footprints of cities, enhancing energy efficiency, supporting
sustainable infrastructure, and improving human quality of life
[13,14]. Renewable energy technologies also decrease energy cost and
improve environmental quality, while generating green jobs and stimu-
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lating local economies [15,16]. Furthermore, the transition to renew-
able energy plays a vital role in reducing GHG emissions, in line with
the target of the Paris Agreement to limit global warming to below
1.5°C[17].

However, several studies raise concerns about many persistent chal-
lenges to large-scale deployment of renewable energy and its contribu-
tion to sustainable development. These include high upfront investment
costs, technological limitations, weak policy and regulatory environ-
ments, and limited public awareness and social acceptability
[14,15,18]. The intermittent nature of wind and solar energy under-
mines grid stability and energy reliability [19]. Moreover, infrastruc-
ture deficits and financial constraints in low-income regions further
complicate energy transitions. Addressing these challenges necessitates
robust policy frameworks, targeted financial mechanisms, community
engagement, and inclusive governance models [20].

Nevertheless, there remains a significant gap in understanding how
renewable energy technologies advance the SDGs. While substantial re-
search has examined the direct contributions of renewable energy to
SDGs 7 and 13, there is a lack of holistic analysis exploring its broader
and more indirect influences on the full spectrum of SDGs. Much of the
existing literature remains fragmented, focusing on individual goals or
localized case studies, and lacks integrated perspectives that cut across
thematic, regional, and disciplinary boundaries [6-9,12]. Several re-
cent studies highlight the implications of not achieving the SDGs and
calls for expanded inquiry into the role of renewable energy [21,22],
digital technologies [23], and circular economy practices [24] in en-
hancing environmental performance and advancing sustainability tar-
gets of the SDGs. This fragmented coverage suggests a need for a more
comprehensive and integrated analysis of how renewable energy pro-
motes the realization of all 17 SDGs.

The study addresses this gap by conducting a systematic review of
peer-reviewed literature to assess, map, and synthesize the multidimen-
sional pathways through which renewable energy contributes to the
full spectrum of SDGs. The specific objectives are fourfold: (1) To syn-
thesize how renewable energy technologies contribute to the SDGs, and
classify the goals based on their degree of relevance; (2) to examine re-
gional and thematic patterns in the current literature on renewable en-
ergy contributions to the SDGs; (3) to identify key barriers and enabling
conditions affecting renewable energy deployment in pursuit of the
SDGs; and (4) to offer actionable, research-based policy recommenda-
tions for harnessing the potential of renewable energy in achieving the
SDGs. This review is justified by the fragmented nature of previous
studies, their lack of integration of environmental, economic, and social
perspectives, and little focus on the barriers and enabling factors affect-
ing the deployment of renewable energy in support of the SDGs.

By adopting a holistic perspective and using thematic analyses, this
review contributes to closing a critical knowledge gap. Unlike previous
studies that often focus on individual goals or case-specific evidence,
this paper offers a holistic perspective to map interlinkages across mul-
tiple SDGs. It moves beyond narrowly focused studies by synthesizing
technological, environmental, and socio-economic impacts of renew-
able energy adoption within the SDG framework. It adds to the growing
body of literature at the intersection of renewable energy and sustain-
able development by providing a systematic and integrative analysis of
how renewable energy technologies influence, and are influenced by,
the SDGs, and offers actionable recommendations for policymakers,
practitioners, and researchers seeking to align renewable energy pro-
grams with broader sustainable development agenda.

This study contributes to the developing field of sustainability sci-
ence by providing comprehensive, systematic analysis and synthesis of
how renewable energy contributes to SDGs, moving beyond the com-
monly studied direct linkages to exploring indirect and supportive rela-
tionships. This novel classification framework enables scholars to ex-
amine the integrated impacts of energy systems on development goals
from interdisciplinary perspectives, including environmental science,
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energy policy, urban planning, economics, and social equity. Addition-
ally, the paper identifies key research gaps such as regional disparities,
technological limitations, and governance challenges to renewable en-
ergy deployment and proposes more nuanced, context-sensitive, policy
recommendations. In doing so, it serves as a valuable resource for re-
searchers, policymakers, and development practitioners aiming to
leverage renewable energy in achieving sustainable development.

This study makes threefold contributions to knowledge, policy, and
practice. From a knowledge perspective, it advances scholarly under-
standing by systematically mapping the interlinkages between renew-
able energy and the SDGs using thematic analyses. These insights pro-
vide an evidence-based foundation for future interdisciplinary research
on clean energy transitions. From a policy standpoint, the study offers
targeted recommendations to guide governments and regulatory insti-
tutions in designing inclusive, long-term frameworks that support re-
newable energy investment, infrastructure, and social acceptance. In
terms of practice, the findings guide energy planners, development
practitioners, and urban stakeholders on implementing actionable
strategies for scaling renewable energy deployment, enhancing public
trust, and integrating clean energy into broader development planning.
Together, these contributions help bridge the gap between research and
real-world implementation, supporting a more equitable and effective
global energy transition.

2. Methodology

To systematically explore the relationships between renewable en-
ergy and the SDGs, this review adopted a structured and transparent
methodological approach grounded in PRISMA guidelines [25]. The re-
view adhered to these guidelines to ensure a comprehensive, repro-
ducible, and unbiased synthesis of literature, while enhancing the valid-
ity and reliability of the findings. Scopus and Web of Science were se-
lected as the principal databases for this review because of their exten-
sive and multidisciplinary coverage of peer-reviewed literature, while
Google Scholar was used for conducting preliminary searches, provid-
ing grey literature and other supporting contextual and background lit-
erature. Scopus and Web of Science indexed journal articles, and re-
views across fields such as social sciences, economics, energy studies,
and environmental sciences. [26]. The search framework was set in
such a way that it would identify studies that investigate the interaction
of renewable energy and the SDGs on broad themes within these disci-
plines. The search was limited to English-language journal articles and
review papers published between 2015 and 2025 to ensure a focus on
contemporary and policy-relevant research. The temporal scope of the
review was limited to the period 2015-2025. This timeframe was se-
lected because 2015 marks the official adoption of the 2030 Agenda for
Sustainable Development by the United Nations, including the estab-
lishment of the SDGs. The year 2025 represents the mid-to-late imple-
mentation phase of this agenda, providing a meaningful ten-year win-
dow to assess how renewable energy has been linked to the SDGs dur-
ing the first decade of their execution. This timeframe ensures that the
reviewed studies are aligned with the global policy context and contem-
porary discourse on sustainable development. The following search
queries were used.

2.1. Scopus

TITLE-ABS-KEY (("renewable energy" OR "green energy" OR "clean
energy" OR "sustainable energy") AND ("SDGs" OR "sustainable devel-
opment Goals") AND ("economic" OR "social" OR "environmental" OR
"pathways" OR "integration" OR "challenges" OR "barriers" OR "policy
recommendations")) AND (LIMIT-TO (DOCTYPE, '"re") OR LIMIT-TO
(DOCTYPE, "ar")) AND (LIMIT-TO (LANGUAGE, "English"))



A.L Almulhim and I.R. Abubakar

2.2. Web of Science

TS = (("Renewable energy" OR "Clean energy" OR "Green energy"
OR "Sustainable energy") AND ("Sustainable Development Goals" OR
"SDGs") AND ("Economic" OR "Social" OR "Environmental" OR "Path-
ways" OR "Integration" OR "Challenges" OR "Barriers" OR "Policy Rec-
ommendations")) AND LA = (English) AND (DT = Article OR
DT = Review)

This search queries were designed to ensure that the retrieved arti-
cles are at the intersection between renewable energy and sustainable
development. The keywords were carefully selected to reflect the vari-

Table 1
Table 1. Inclusion and exclusion criteria for the systematic review

Category Inclusion Criteria Exclusion Criteria
Publication Studies published between 2015 Studies published before 2015 or
year and 2025 after 2025
Language  Articles written in English Articles in languages other than
English
Study type Peer-reviewed articles, review Non-reviewed sources such as
papers, and credible grey blogs, informal websites,
literature (such as government  newspaper articles, or opinion
reports, policy briefs, theses, pieces
and dissertations).
Content Articles that explicitly examine  Articles that do not directly address
focus the relationship between the link between renewable energy
renewable energy and one or and the SDGs (e.g., generic energy
more SDGs studies or SDG studies unrelated to
energy).
Database Indexed in Scopus or Web of Studies not indexed in Scopus or
coverage Science WoS, unless included as credible
grey literature
Geographic Global; no regional limitations ~— —
scope

[ Tdentification of studies via databases and registers

Renewable and Sustainable Energy Reviews xxx (xxxx) 116679

ous dimensions of the interactions between SDGs and renewable en-
ergy, including economic, environmental, and social dimensions
[27,28]. Strict inclusion and exclusion criteria were used to guarantee
that the studies included in the review were high-quality, wide-
coverage, and pertinent. First, to ensure that the chosen studies fulfilled
the highest academic standards, peer-reviewed original and review pa-
pers were included [28]. Second, only articles published in English
were included, to make them consistent and convenient to extract data.
In addition, this review included grey literature such as government re-
ports, policy papers, theses, and dissertations, where relevant and cred-
ible, sourced from Google Scholar and websites of international devel-
opment agencies and organizations. Exclusion criteria ensured that
non-English publications, studies conducted outside of the 2015-2025
timeframe or that did not directly examine the association between
SDGs and renewable energy were excluded. These inclusion and exclu-
sion criteria are summarized in Table 1.

The search initially yielded 6,654 studies. After removing dupli-
cates, the remaining articles were screened by title, abstract, and key-
words for relevance. Full texts of potentially relevant studies were re-
viewed against the inclusion criteria. A total of 57 studies that survived
the eligibility process were ultimately included in the final synthesis.
Fig. 1 presents the PRISMA flow diagram illustrating the entire study
selection process, ensuring transparency and easy replication.

As shown in Fig. 1, a total of 6,654 records were initially identified
from Scopus (n = 3,619) and Web of Science (n = 3,035). After re-
moving duplicates (n = 4,368), 2,286 unique records remained for ab-
stract screening. Of these, 1,380 records (60.4 %) were excluded based
on the inclusion and exclusion criteria applied to abstracts, leaving 906
articles for full-text retrieval. Fourteen articles (1.5 %) could not be re-
trieved, and 835 full texts (93.6 %) were excluded after full-text assess-
ment. Ultimately, 57 studies were included in the final review. This out-

Records identified from®*;
Database

Seopus (n = 3619)
Wal (n=3035)
Total (n= 6654)

] | Identification

¥

Abstracts of the records

h 4

Records removed before screening:
Duplicate records removed (n = 4368)
Records marked as ineligible by automation
tools (n =)

Records removed for other reasons (n = 0)

screencd (n = 2286)

Reports sought for retrieval

4

Records excluded based on inclusion and exclusion
enternia check of the abstract of record (n = 1380)

(n=906)

Screening

Reports assessed for

Reports not retrieved
(n=14)

eligibility
{n = 892)

Studies included in review
(n=57)

Reports of included studies
(n=10)

Included

Records excluded based on inclusion
and exclusion criteria of the full text
records: (n =835)

Fig. 1. PRISMA flow diagram.
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come reflects the application of strict inclusion criteria focused on stud-
ies that directly address the relationship between renewable energy and
the SDGs during the 2015-2025 period.

A deductive content analysis method was employed to extract and
organize data systematically, using pre-established categories derived
from the objectives of the present study, as suggested in the literature
[29,30]. The categories were drawn from the literature review guide-
line, more specifically the nexus between renewable energy and the
SDGs. Through the application of this deductive approach, the analysis
ensured consistency in the types of data that were extracted, allowing
direct comparison across studies. A standardized data extraction form
was used to obtain the following information from each study: author
(s), year of publication, study design, SDGs addressed, and important
findings, as adopted in prior similar studies [31,32]. Studies were also
categorized by methodology, including systematic reviews, economet-
ric analysis, case studies, and modeling, allowing for thematic compar-
isons across approaches and drawing insights on how each study con-
tributes to the knowledge regarding the impact of renewable energy on
the SDGs. Data were managed and coded using MS Excel, and themes
such as economic impacts, barriers to adoption, policy recommenda-
tions, and integration pathways were identified. Thematic coding facili-
tated the systematic synthesis of the results, which acted to highlight
commonalities, trends, and lacunas among the studies [33-35]. Synthe-
sis in this study was primarily grounded on a thorough content screen-
ing of the selected literature for the determination of key findings [36].
This was performed following a clearly defined protocol, as described
in this section, for ensuring methodological soundness.

Several limitations were encountered during this review process.
One of the potential limitations was publication bias, wherein only pos-
itive or significant findings were published and therefore may distort
the results [37]. Another limitation was the language limit, whereby
only English-language articles were included, potentially excluding
valuable research published in other languages. Besides, problems were
encountered with the extraction of data, particularly for studies with
data in formats difficult to synthesize or compare. These were dealt
with by having as standardized as possible the extraction of data and
excluding studies without sufficient data to synthesize. Notwithstand-
ing these drawbacks, this systematic review offers a reliable, transpar-
ent, rigorous, and thorough summary of the literature on how renew-
able energy contributes to the SDGs, as well as setting a solid founda-
tion for future research and policymaking.

3. Results and analysis

This section provides a comprehensive synthesis of existing litera-
ture, identifying prevailing trends, dominant research themes, and gaps
in knowledge. This contextual groundwork informs an in-depth analysis
of studies on the interconnections between renewable energy and the
SDGs. The reviewed studies utilize a wide range of methodologies, in-
cluding econometric analysis, case studies, and bibliometric analyses,
with a focus on different regions such as the G20, ASEAN, BRICS, and
Sub-Saharan Africa. The key findings emphasize the key role of renew-
able energy in achieving SDGs, particularly SDGs 7 (Affordable and
Clean Energy), 13 (Climate Action), and 8 (Decent Work and Economic
Growth). Several studies also explore the challenges and opportunities
in the adoption of renewable energy technologies, examining eco-
nomic, environmental, and social impacts. Furthermore, these studies
propose policy recommendations for enhancing energy sustainability
(see Table 2).

Figs. 2 and 3 illustrate the temporal and geographical trends in
scholarly research on renewable energy and its contribution to the
SDGs. As shown in Fig. 2, research on renewable energy and the SDGs
has grown substantially over the past decade. From a relatively modest
output of less than five papers per annum between 2017 and 2020, the
number of publications has risen steadily from 2021 onward, peaking
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in 2024 and 2025, with 16 and 15 articles, respectively. This increase
suggests a significant surge in academic and policy interest in renew-
able energy's contribution to sustainable development, likely driven by
global sustainability agendas, technological innovation, and interna-
tional climate commitments.

As shown in Fig. 3, research activity related to renewable energy
and the SDGs is geographically concentrated in specific regions. China,
India, and several European countries (including Germany, the United
Kingdom, and Italy) demonstrate the highest publication frequencies,
highlighting their strong engagement in sustainable energy research.
Significant contributions also emerge from the United States, Australia,
and parts of the Middle East, reflecting growing global collaboration in
sustainability-oriented studies. In contrast, many regions in Africa and
South America exhibit limited representation, suggesting disparities in
research capacity, funding, and data availability across developing
economies. As a result, these trends offer a comprehensive view of the
field's evolution both temporally and geographically, highlighting key
centers of research activities and shifting global interests.

As shown in Fig. 4, the coverage of SDGs among the reviewed publi-
cations is highly uneven. The goals most frequently addressed are SDG
7 and SDG 13, which appear in 57 and 47 studies respectively, reflect-
ing a strong research emphasis on energy transition and climate mitiga-
tion. Moderate attention was given to SDG 9, SDG 8, and SDG 12, while
the remaining goals were less represented, often appearing in only two
or three studies. This distribution suggests that the research landscape
is primarily concentrated on environmental and technological sustain-
ability dimensions, with comparatively limited focus on social equity
and institutional development aspects (e.g., SDGs 1, 2, 5, 10, and 16).
The findings highlight both the dominant themes within current sus-
tainability research and the underexplored areas that require further
scholarly attention.

Finally, based on the systematic review and thematic synthesis of
the selected studies, we identified four key thematic domains that fre-
quently emerge in literature linking renewable energy and the SDGs.
These domains form the basis for categorizing the 17 SDGs into three
levels of relevance: direct, indirect, and broader development support.
The first domain centers on policy and planning for sustainable devel-
opment. This cluster aligns directly with SDG 7 (all five targets) and
SDG 9 (9.1, 9.2, 9.4, 9.5, and 9.a) and supports SDG 8 (8.2, 8.3, 8.4, 8.5,
and 8.9) and SDG 11 (11.1,11.2, 11.6, and 11.b) through its indirect in-
fluence. The second domain focuses on clean energy technologies and
transitions, underscoring innovation and system-wide decarbonization.
It directly supports SDGs 7, SDG12 (12.2, 12.5, 12.a, and 12.c), and
SDG 13 (all five targets), while indirectly contributing to education and
sustainable city initiatives. The third domain highlights environmental
impact and climate policy efforts, reinforcing links to SDG 13 and ex-
tending to SDGs 3 (3.8, 3.9, and 3.d), SDG 6 (6.1, 6.2, 6.3, 6.4, 6.a, and
6.b), SDG 14 (14.1, 14.2, 14.a, and 14.¢), and SDG 15 (15.1, 15.2, 15.3,
15.5, 15.a, and 1.b) through its emphasis on ecosystem protection and
environmental equity. Lastly, the fourth domain examines energy con-
sumption and utilization, reflecting the operational dimensions of re-
newable energy deployment. This cluster is directly related to SDGs 7
and 9, with additional links to SDG 2 and broader efforts toward inclu-
sive economic growth. Collectively, these domains demonstrate the in-
terconnectedness of renewable energy research with the SDG frame-
work. The visual network not only reveals overlapping priorities but
also validates the study's proposed classification of SDGs into direct rel-
evance (SDGs 7, 9, 12, 13), indirect relevance (SDGs 3, 4, 6, 8, 11, 14,
15), and broader development support (SDGs 1, 2, 5, 10, 16, 17). Addi-
tionally, the recurring thematic intersections observed across the re-
viewed studies underscore the deeply interconnected nature of renew-
able energy and sustainable development. These insights strengthen the
analytical framework of this review and provide a more comprehensive
understanding of the multifaceted contributions of renewable energy to
global sustainability goals.
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Table 2
Summary of the studies included in the review.
Author(s) | Jourmnal Mame Methodology Region Key Findings
. Explores the rele of energy transilion, green
[16] F“HT:““] Economelnc OECD icchmovation and eco-policy  simngency  for
i seessment | Analysis Countrics mitigating €O emissions, focusing on policy
frameworks for SDGs,
Rencwable and E fie Analyzes the efficacy of green innovations and
[87] Sustninable Energy Anshis Gllohal clean energy adoplion across 42 couniries,
Reviews o8 highlighting their impact on SDG 7 and 13.
Investigaies how education and renewable
185] Energy & | Empiarical ASEAN energy alTeet O0: emissions in ASEAN nations,
Environment Amnalysis Couniries showing that using renewable energy lowers
OOz emissions by 0.46%,
Evaluates the connection between sustainable
P Cruantitstive . energy and wrban development in EL nations,
13 Sustainabitity Analysis o illustrating the evolution of the relationship
between SIMGs T and 11,
Focuses on policy implementation and energy
Environmenial C bobal iransilion siralegbes o meel rencwable energy
189] Research Letiers Study g goals, emphasizing renewnble energy’s role in
reducing GHO emissions.
Analyzes the contnibution of Concentrated Solar
[14] Energy  Strategy | Bibliometric Global Power o SIMG 7, highlighting s rele in
Reviews Analysis sustainable energy and its links 10 economic and
soial S0Gs,
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Develops a framework for assessing energy
[ Energy Research & | Cualimtive Case Global projects’ impact an SDGs wing case shadies of
Social Science Srudy GERD and Hmkley Point O MNuclear Power
Saation,
Examines the outcoms: of rencwable encrgy on
[90] Froatiers in Energy | Economeiric Asia economic expansion and recommends green
Reseanch Analysis power and economic refomm measures 1o lower
Oy levels.
Analyzes renewnble energy's mele in reducing
. Econometnic . 0 ermussons m the GT, highlightng the effect
[l Rencwable EnCTgy | 4 nalysis \ShiEcantiee of rescarch and development costs, globalization,
and energy intensity,
R:rm:'mtlk and Sub-Saharan In:nlmiga.l:s how Power .-’|:l'rir.'-| and the SE4Al
[%] Sustminable Energy | Case Stwdy Afica initiative can create symergies for achieving SDG
Rawviews 7 im sub-Sakaran Africa.
Resounees, Life Cyele Examines renewable energy production systems
[91] Conservation & | Sustainability Glohal using life evele sustainability assessments 1o
Recycling Assessment achiewe S 7.
SWOT-AHP Analyzes emergy sustainnbility in the post-
[71 Applied Energy Hybrid Analysi Cilohal COVID-19 world, focusing on the renewable
- energy transition and DG 7.
Technolegecal Panel Data Examines the mole of rencwable energy on
[%2] Forecasting & Analysis Eurozone economic growih, concentrating on energy
Social Change ge sources and SDG 7.
. . . Investigates how energy, cconomic cxpansion,
193] f.ﬁ:ﬁ:l:nt {,L"“‘“'w“".": e | Global and environmental quality relate to one another
yst and how they help achieve SDGs 7, §, and 13.
Examines the causal relationships between the
Susizinable . BRICS BRICS countries’ usage of renewnble energy.
5] Development Conzal Analysis Mitions fimancial development, environmental
sustainability, and economic progness,
. . Examines how menewable energy and good
Sustainable Economelric Sub-Saharan . .
[94] . . governance might belp reduce energy poverty in
Development Analysis Africa Sub-Sakaran Africs.
Renewable and . Focuses on the energy-related behaviors of
[95] Sustainable Energy | pitioc | Oeveonng household occupants in developing countries and
Reviews ng their role in achieving 500G T and 504G 13,
Belt and Investigates the impact of remewable energy
Socizl  Metwork prodluct trde on S0G achievement scross Belt
[96) Rencwable Encrgy | o vsis E;"d ) and Road countries, highlighting trade patterns’
effect on energy acecss.
E e Assesses the remewable epergy  foodprint of
[&] Applied Energy Analysi Cilohal nations and o countrics can achieve SDG T by
i 2030 through encrgy consumption and policy.
Analyzes the need for harmonized indicators 1o
[57] Sustainabilie Systemic Regional amd track SDG and sustainable enerpy progress at the
o Analysis City Lewvels regional and gty bevel, facilitating maore effective
nsitorng.
Sustminable Energy Investignies challenges in achieving SIMG 7 with
(98] Technologies  amd | Case Sidy Cilobal emerging  technologies  amd  cross-border
Assessments electricity trade for susininable energy socess.
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T R Analyzes the role of cross-border electricity trade
[ | Renswable Encrgy R e Gilobal in promoding renewable energy. addressing
- intermitiency ond relinbility issues.
Anmalyzes the role of energy. environment, and
Sustainable . - Emerging economy-related pelicies in achieving DG 13,
(100} Devebopment Palicy Anstyeds Countries with a focus on emerging economies and their
environmental policies.
Renzwable nnd Portfolio Assesses the remewsble energy porfolio for
(1] Sustainable Encrgy Selocti Mexico Industry 5.0 18 Mexico, fbcusing on hydrogen,
Reviews - wind, and solar enengy solutions.
: Uses clustering analysis to assess energy market
[102] .ﬁﬁ'ﬁm? Em:ﬁ Clustering Gil progress waward SDG T across Gl couminies,
Axsenn FEIH Approach Couniries highlighting disparities in energy access and
sustaimahility,
: : Reviews energy-related interactions  between
[103] E“““'m‘::ﬂ ﬁ’“;‘w“""“ Global SDGs, cmphasizing positive and negative
e bl synergies in achieving SDG 7 and 13.
Empisical Gl Examines how education, rm'.:w:hlc energy, and
[104] Renewahle Energy Analysis =it ather elements affiect (02 emasssons and S0G 7
ks ki in G11 nations,
: . s Reviews the impact of cnergy access projects in
6] e Em:; Case Study ﬂunaiu' the 'E:'M Ed““&m';iﬂ“”ﬁ’"f“ﬁ g 7
: . cantributions enges in rural-urhan
Reviews AmeTicn | enengy disparity.
. Systematic Examines rencwable encrgy business models in
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Fig. 2. Annual distribution of reviewed publications, 2016-2025.

Fig. 3. Geographical distribution of reviewed publications.

3.1. Overview of renewable energy and global adoption

Renewable energy has emerged as an important solution to global
challenges such as climate change, energy security, and sustainable de-
velopment [38]. The accelerated deployment of technologies, such as
solar photovoltaic (PV), wind power, hydropower, and bioenergy, re-
flects a global transition towards cleaner energy systems [39]. The prin-
cipal drivers of this shift include decreasing costs of renewable tech-
nologies, supportive policy environments, and increasing public aware-
ness of environmental issues. Globally, renewable energy sources ac-
counted for approximately 29 % of electricity generation in 2020, with
solar and wind energy registering the highest growth rates [40]. Ac-
cording to the International Renewable Energy Agency, solar PV capac-
ity grew by more than 22 % on average annually over the past decade,
with the wind sector following closely with massive investments, par-
ticularly in offshore wind farms [41]. Despite this significant progress,
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the use of renewable energy remains uneven across regions. In Europe,
countries like Denmark, Germany, and Spain have achieved high levels
of renewable integration through policy instruments such as feed-in tar-
iffs, carbon pricing, and renewable energy targets. Denmark, for in-
stance, generated over 50 % of its electricity from wind energy as of
2022 [42,43], while Germany remains a global leader in solar and wind
installation, supported by its long-established policy frameworks such
as the Energiewende [44].

Asia presents a diverse renewable energy landscape. China, which
holds the world's largest installed renewable energy capacity, has made
significant investments in wind and solar energy, accounting for over
one-third of the world's total renewable energy capacity [45]. India is
rapidly expanding its solar capacity under the National Solar Mission,
although challenges such as grid integration and limited finance persist
[46]. In contrast many Southeast Asian countries remain heavily depen-
dent on fossil fuels, with renewable uptake in its initial stages owing to
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Frogusny of SDGS by publications

Fig. 4. Distribution of SDG coverage across publications.

weak policy framework and scarce financing instruments [47]. Sub-
Saharan Africa remains underreported in global renewable energy sta-
tistics, despite its vast solar potential. Infrastructure deficit, inadequate
access to capital, and political instability hinder renewable energy de-
ployment in most countries [48]. Nevertheless, off-grid solar systems
and mini-grids are being increasingly being implemented in rural areas,
particularly in Kenya, Rwanda, and Ethiopia [49]. In Latin America,
countries such as Brazil and Chile have made significant progress, pri-
marily in hydroelectric and solar power, respectively [50]. Brazil gener-
ates more than 60 % of its electricity from hydropower, while Chile has
emerged as a solar energy giant, due to its geographical advantage and
falling technology costs [51]. The Middle East and North Africa region,
traditionally reliant on fossil fuels, has recently accelerated investment
in solar energy, with countries like the UAE and Morocco leading high-
ticket solar initiatives, including Noor Ouarzazate and the Mohammed
bin Rashid Al Maktoum Solar Park [52-54].

Despite global progress, the pace of renewable energy is influenced
by geographical, economic, and political factors. Industrialized and
high-income countries tend to benefit from advanced infrastructure,
stable policy environment, and greater access to capital, while low- and
middle-income economies face challenges such as regulatory uncertain-
ties and limited access to capital [23]. Bridging this gap will require en-
hanced international cooperation, technology transfer, and finance in-
struments to accelerate renewable energy penetration globally. Gener-
ally, while the global trajectory of renewable energy adoption is
promising, equitable and widespread access hinges on overcoming re-
gional variation and augmenting deployment capacities worldwide.

3.2. Classification of SDGs by relevance to renewable energy

This classification of SDG linkages into direct, indirect, and broader
supportive categories is informed by the conceptual framing of multiple
impacts of renewable energy proposed by MakeSova and Valentova
[130], emphasizing the interconnected economic, social, environmen-
tal, and technical dimensions of renewable energy deployment. It also
builds on the systemic mapping approach developed by Grace et al.
[131], who used a Fuzzy Cognitive Mapping methodology to examine
how EU renewable energy policies and technologies influence both bio-

Category

diversity and the SDGs. Although their study primarily focused on bio-
diversity, their conceptual model revealed complex and multi-level
pathways through which renewable energy contributes to SDG out-
comes. These insights reinforce the need for a layered and structured
classification of renewable energy contributions across the SDG frame-
work.

Renewable energy plays a pivotal role in the advancement of SDGs
by tackling key environmental, economic, and social challenges [55].
Based on the synthesis of the reviewed literature, the 17 SDGs were
classified into three categories according to their relevance to renew-
able energy: The SDGs that are directly addressed or significantly influ-
enced by renewable energy deployment and climate mitigation efforts
are crucial for improving energy access, reducing emissions, and pro-
moting sustainable production (SDGs 7, 9, 12, 13). In addition, there
are SDGs that are indirectly impacted by renewable energy and climate
policies. Although these goals are not primarily centered on energy,
they benefit from the positive externalities of clean energy transitions
and environmental protection, leading to improvements in areas such
as health, economic development, and social equity (SDGs 3, 4, 6, 8, 11,
14, 15). While indirect SDGs involve measurable sectoral benefits from
renewable energy transitions (such as improvements in health and edu-
cation), broader development SDGs reflect systemic and institutional
impacts that are less immediate but critical for long-term resilience and
inclusion.

Lastly, there are SDGs that are broadly supported by the economic,
social, and institutional benefits of sustainable energy transitions. Al-
though these impacts are more indirect, they contribute to the develop-
ment of inclusive and resilient societies, fostering long-term societal
and economic well-being (SDGs 1, 2, 5, 10, 16, 17). While similar dis-
cussions on energy-SDG interlinkages have appeared in policy reports
by organizations such as IRENA and UNDESA, these typically address
selected goals or present general linkages without a structured classifi-
cation. This study contributes a novel synthesis by systematically cate-
gorizing all 17 SDGs based on their degree of interconnection to renew-
able energy, supported by a literature-driven framework and concep-
tual mapping.

Fig. 5 demonstrates that most research efforts are concentrated
within the ‘Directly' category (77.2 %), which includes SDGs closely

Percentage of total studies

Fig. 5. Percentage of total reviewed studies by SDG category.
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tied to energy, innovation, production, and climate (SDGs 7, 9, 12, and
13). These goals dominate the thematic focus of the reviewed studies,
reflecting strong scholarly attention toward technological and environ-
mental sustainability. The ‘Indirectly’ category (16.7 %) covering
SDGs related to health, education, water, work, and ecosystems repre-
sents a moderate portion of the research landscape, indicating sec-
ondary emphasis on social-environmental linkages. Meanwhile, the
‘Broadly’ category (6.2 %), encompassing foundational social and in-
stitutional goals (e.g., poverty, inequality, gender, peace, and partner-
ships), remains significantly underrepresented. Overall, this pattern
underscores the predominance of research on climate and energy-
oriented SDGs, with relatively limited engagement in broader socio-
economic and governance dimensions of sustainable development.

As illustrated in Fig. 6, this classification underpins the conceptual
framework developed in this study, clarifying how renewable energy
supports the SDG agenda through both targeted and systemic contribu-
tions.

3.2.1. SDGs directly connected to renewable energy

SDG 7 (Affordable and Clean Energy) is leading the global transition
towards renewable energy. Renewable technologies such as solar,
wind, small hydro, and modern bioenergy are expanding energy access
in cities and rural areas, contributing to ensuring universal access to
modern energy services (7.1) [7,9,56]. With declining costs and scal-
able deployment, renewables present a viable and cost-effective substi-
tute to fossil fuels, thereby increasing their share in the global energy
mix (7.2), especially in low-income and off-grid communities. These
technologies reduce energy poverty, enhance energy independence,
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and facilitate inclusive economic growth by electrifying homes,
schools, health centers, and businesses [57].

SDG 12 (Responsible Consumption and Production) is directly con-
nected with renewable energy since it focuses on minimizing the nega-
tive impacts of consumption and production patterns on the environ-
ment (12.1). By promoting sustainable energy systems that reduce re-
liance on fossil fuels, renewables support the conservation and effi-
ciency in the use of energy resources (12.2). Similarly, this goal facili-
tates the transition towards cleaner and renewable sources of supply
such as bioenergy and waste-to-energy, that minimize waste (12.5), re-
duce depletion of resources, and limit GHG emissions. Renewables also
enable the development of circular economies, where energy resources
are efficiently used, and waste is minimized, and ultimately contribut-
ing to more sustainable consumption and production behavior promot-
ing long-term environmental sustainability [58].

SDG 13 (Climate Action) is heavily dependent on the transition from
fossil fuel to renewable energy, which is crucial for enhancing energy
security and curbing GHG to strengthen the adaptive capacity to cli-
mate-related hazards (13.1) [10,59]. The energy industry is one of the
major GHG-emitting sectors, and its reduction through renewables is
necessary in order to achieve Paris Agreement targets and national en-
ergy policies, strategies and planning (13.2) [60]. Clean energy tech-
nologies lower the carbon intensity of electricity generation, reduce air
pollution levels, and enhance climate resilience via diversified and de-
centralized energy systems [61].

SDG 9 (Industry, Innovation and Infrastructure) benefits from the
inherent innovation nature of renewable energy systems [62]. Invest-
ments in renewables drive infrastructure development smart grids ex-
pansion, energy storage, and decentralized power generation, which

Fig. 6. Conceptual framework of renewable energy integration with the SDGs. Source: Authors.
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support economic development (9.1). It further increases industrial in-
novation by encouraging R&D (9.5), green technologies, manufactur-
ing, and digital energy solutions (9.4). Besides, investment in renew-
able energy infrastructure also generates jobs, improves technology,
and regional economic diversification [58,63,64].

3.2.2. SDGs indirectly related to renewable energy

While the most immediate and self-evident impacts of renewable en-
ergy on SDGs are related to SDG 7 (Affordable and Clean Energy), SDG
13 (Climate Action), and SDG 9 (Industry, Innovation, and Infrastruc-
ture), there are significant indirect impacts on other goals as well. SDG
11 (Sustainable Cities and Communities) in which urban areas can be-
come sustainable with the utilization of renewable energy to provide
basic services like off-grid power, improving energy-efficiency in build-
ing (11.1), mitigating urban heat islands, and providing cleaner trans-
port systems such as electric vehicles and light rails powered by renew-
ables (11.2). Apart from reducing environmental footprint, integrating
renewable energy into urban planning supports sustainable energy in-
frastructure to foster sustainable urbanization (11.3) and improve qual-
ity of life [65,66]. Also, renewable energy reduces the adverse environ-
mental impacts of cities by reducing pollution caused by using fossil fu-
els for power generation and transport (11.6)

SDG 6 (Clean Water and Sanitation) integrates renewable energy
into water treatment plants, such as solar-powered pumps, water purifi-
cation systems, desalination facilities, and wastewater treatment plants,
can increase access to clean water (6.1) and sanitation (6.2), particu-
larly in remote and off-grid locations, towards improving water quality
(6.3), achieving water-use efficiency (6.4) and sustainable water re-
source management [67,68].

SDG 3 (Good Health and Well-being) is also indirectly related to re-
newable energy. Renewables contribute to achieving universal health
coverage by powering rural clinics and hospitals, enabling healthcare
services such as surgeries, diagnosis, imaging, and the refrigeration of
drugs (3.1). They also lower air pollution and GHG emissions resulting
from energy generation and transportation. Improved air quality de-
creases the incidence of respiratory diseases, cardiovascular conditions,
and other diseases caused by fossil fuel-based energy production,
thereby contributing to reducing the number of death from air pollution
(3.2) and health risks (3.d) [69,70].

SDG 8 (Economic Growth and Decent Work) centers on decent
work, innovation, and resource efficiency for enhancing economic pro-
ductivity. The renewable energy sector is a key driver of green innova-
tion (8.2) and provides decent employment in manufacturing and in-
stallation to maintenance and research (8.3). This results in job creation
in local and marginalized communities (8.5), especially in those areas
that are transitioning away from the use of fossil fuels, towards inclu-
sive economic growth [71,72]. Similarly, transitioning to renewable en-
ergy helps decouple economic growth from fossil fuel dependence and
environmental harm (8.4).

SDG 4 (Quality Education) can be enhanced through access to af-
fordable and clean energy. Renewables can contribute to improved edu-
cational opportunities through stable electricity supply in primary and
secondary schools (4.1) to promote basic, technical and vocation educa-
tion (4.3), digital learning and entrepreneurial skills in the installation
and maintenance of renewable energy technologies (4.4). It also sup-
ports capacity building and awareness about renewable energy tech-
nologies [73,74].

SDG 14 (Life below Water) is also indirectly supported by renew-
ables. A shift to renewable energy reduces the extraction, processing,
and use of fossil fuels that contaminate oceans and waterways (14.1)
and minimizes their adverse impacts on marine and coastal ecosystems
(14.2). Green energy technologies like wind farms off coasts also bene-
fit marine life by powering without harming as traditional power gener-
ation does [75,76].
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SDG 15 (Life on Land) is supported by renewables when they reduce
the pressure on ecosystems caused by fossil-fuel extraction (15.1). So-
lar, wind, and biomass, which are modern energy technologies with
minimal land and forest footprint compared to traditional fossil fuels
extraction (15.2), help conserve natural ecosystems and biodiversity
[77,78]. Further, promoting sustainable energy generation can reduce
land degradation and deforestation caused by energy-intensive produc-
tion practices (15.3). All these SDGs are indirectly supported by renew-
able energy through environmental improvement, enhanced service de-
livery, economic opportunities, and contribute towards building a sus-
tainable future.

3.2.3. Broader SDGs enabled by general development

More broadly, renewable energy contributes to SDG 1 (No Poverty)
[79], SDG 2 (Zero Hunger) [80], SDG 10 (Reduced Inequalities) [81],
SDG 5 (Gender Equality), SDG 16 (Peace, Justice and Strong Institu-
tions) [82], and SDG 17 (Part strengthening institutional frameworks
[83]. Access to renewable energy improves livelihoods by enabling in-
come-generating activities (SDG 1.1) and reducing energy poverty
(SDG 1.2). Renewable energy also reduces time burdens of gathering
fuel especially for children and women (SDG 5.a) and creates opportu-
nities for greater participation in economic and civil life (SDG 5.1) [84].
By providing power for essential services like health care, education,
and communication, renewable energy promotes socioeconomic and
political inclusion of all (SDG 10.2), ensures equal opportunities and
energy access (SDG 10.3), and assists in creating stronger communities
and governance structures (SDG 16.3) [85]. Furthermore, renewable
energy encourages international collaboration, public-private partner-
ship, and technology transfer, which are central to SDG 17, closing gaps
among nations and accelerating global advances toward sustainability
[86]. This review recognizes that renewable energy serves as a founda-
tional lever for achieving the entire SDG framework. Its deployment
catalyzes sustainable development, positioning it as a cornerstone of a
sustainable, inclusive, and climate-resilient future.

4. Challenges and barriers to integrating renewable energy for
SDGs

Achieving the SDGs through renewable energy integration faces nu-
merous challenges across economic, technological, policy, social, and
environmental domains. These barriers are especially pronounced in
developing countries, where financial, institutional, and infrastructural
limitations hinder the widespread deployment of renewable energy so-
lutions [111,120-123]. Furthermore, large-scale renewable energy de-
velopments such as hydropower and wind farms involve environmental
compromises such as ecosystem disturbance and wildlife damage
[101,123[134]. Overcoming these barriers is fundamental to the attain-
ment of SDGs related to clean energy, climate action, and sustainable
development.

One of the foremost challenges to integrating renewable energy for
SDGs is the economic and financial constraint that many countries, par-
ticularly those in the developing world. Renewable energy projects,
such as wind turbine and solar panel infrastructure, typically demand a
large initial costs, which discourages investment [88,[135]. Although
the long-term benefits of renewables are reduced operation costs, rais-
ing the initial cost usually necessitates reliance on unaffordable subsi-
dies or loans that may not be sustainable in the long run [136]. Many
low-income countries also cannot access finances since they rely on
proceeds from fossil fuel exports. The financial limitations inhibit the
scalability of renewable energy, hindering the realization of SDGs in af-
fordable and clean energy [18,95].

Technological and infrastructural limitations also undermine the
use of renewable energy. The intermittency of renewable energy
sources such as solar and wind causes grid integration challenges, re-
quiring advanced storage solutions and flexible infrastructure, which
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are typically costly and underdeveloped [8,20,132]. Also, matching
supply and demand for smart grids and energy storage systems is diffi-
cult [137]. Most existing energy infrastructures are built for central-
ized fossil fuel systems and are ill-suited to accommodate the distrib-
uted nature of renewable energy [96,100]. This infrastructure deficit
delays the acceptance and scalability of renewable energy technologies,
thus slowing the achievement of SDG 7 (Affordable and Clean Energy).

The lack of coherent, stable, and supportive policies and regulatory
framework is another hindrance to the development of renewables. Pol-
icy and regulatory hurdles such as inconsistent energy policy and a lack
of incentives also impede the transition process, especially in nations
with highly developed fossil fuel sectors [93,133]. In many countries,
energy policies remain skewed towards fossil fuel sectors, thus making
it difficult to transition towards renewables [89,138]. Bureaucratic
lags, uncertain regulatory regimes, and inadequate incentives for in-
vestors and developers discourage private sector investment [139]. In
the absence of clear, long-term policy commitments and regulations, re-
newable energy transition remains slow [114]. Furthermore, policies
still subsidizing fossil fuels or failing to include carbon externality costs
also make renewables uncompetitive [140]. Overcoming these barriers
is vital for reaching SDGs related to clean and affordable energy.

Social acceptance and behavioral challenges are significant issues
undermining renewable energy deployment [133]. Public resistance to
renewable energy projects often stem from, typically due to cost, relia-
bility new technologies, and lack of familiarity about the long-term
benefits of renewables [59,87]. Fossil fuel-based societies may resist
change on grounds of job loss and economic insecurity [132]. Misinfor-
mation and traditional attachment to fossil fuels also contribute to re-
sistance [141]. Addressing such challenges requires inclusive public ed-
ucation, awareness campaigns, and policies for mitigating the socio-
economic impacts of energy transitions, such as retraining programs for
displaced workers [91,142].

While renewable energy is essential to sustainable development,
large-scale installations can pose environmental risks. Hydroelectric
power plants may destabilize marine ecosystems, displace indigenous
people, and degrade water quality [101,143]. Similarly, wind and solar
farms may harm wildlife biodiversity and lead to land degradation, es-
pecially in ecologically sensitive areas. The extraction and processing of
raw materials such as lithium and rare earth elements, critical for bat-
teries and wind turbines, have adverse environmental impacts
[134,144]. While renewable energy offers long-term benefits, these en-
vironmental costs need to be accounted for in project planning and im-
plementation to prevent adverse effects and ensure that projects align
with broader SDGs, including biodiversity conservation and community
resilience [103,110]. Some of the SDGs are illustrated in Table 3.

In summary, some of these challenges are economic and finance-
related such as high initial capital costs and inadequate financing, while
others are technology and infrastructure-related challenges such as in-
adequate grid infrastructure and energy storage capacity. Policy and
regulatory barriers such as lack of consistent policy support and blurred
frameworks also impede progress. Other barriers are social acceptance
and design problems, such as public protest and unawareness of the
benefits of renewables. In addition, large-scale renewable energy pro-
jects can induce environmental trade-offs, such as land use changes and
loss of biodiversity. Grid integration and intermittency are problems
created by the variability of renewable energy resources, whereas
geopolitical and market barriers, such as political resistance and market
uncertainty, complicated international cooperation. Lack of trained
workforce and cultural resistance to new technologies also inhibit the
transition to renewable energy. Finally, supply chain and resource bot-
tlenecks, including material availability and logistics constraints, hin-
der the effective implementation of renewable energy technologies.
These bottlenecks must be addressed holistically to enable successful
mainstreaming of renewable energy and its contribution towards
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achieving the SDGs. Table 3 summarizes these barriers, the affected
SDGs, and illustrative examples.

5. Discussion

The latest research trends on the integration of renewable energy
into the SDGs landscape show an overriding concentration on techno-
logical innovation, policy framework, and cost-effectiveness. Advances
in technologies such as solar PV, wind turbines, and energy storage sys-
tems have significantly lowered the cost of renewable energy signifi-
cantly, making it increasingly competitive with fossil fuels [150]. This
study findings classify the 17 (SDGs) into three levels of relevance to re-
newable energy: direct, indirect, and broadly supported through gen-
eral development goals.

A growing body of research now focuses on optimizing energy stor-
age technologies and devices, particularly batteries, and enhancing grid
integration through smart grids and decentralized energy systems
[151]. These advancements are designed to address the intermittency
challenge of renewable energy sources like wind and solar, which are
central to meeting reliable energy demands. Other research works have
increasingly examined the impacts of policy mechanisms such as car-
bon pricing, subsidies, and regulatory incentives on accelerating the
global transition to renewable energy [152]. The role of governance
and regulatory frameworks has also gain prominence in facilitating the
transition to clean energy [106,148].

Nonetheless significant knowledge gaps remain. One of the most no-
table is limited understanding of the socioeconomic impacts of renew-
able energy on local populations, especially in the developing world
where energy access remains is uneven [90,116]. While environmental
benefits of renewables are frequently studied, the long-term economic
implications for workers in fossil fuel industries and the overall transi-
tion to green jobs remain underexplored [153]. Moreover, interrela-
tionship between renewable energy and energy security, particularly in
regions vulnerable to geopolitical instability or infrastructural vulnera-
bilities, is largely an uncharted territory [116,119]. More studies are
also on the potential of decentralized renewable energy systems in rural
communities, focusing on their roles in fostering local capacity, creat-
ing employment opportunities, and building community-level re-
silience [154]. In Sub-Saharan Africa, renewable energy and good gov-
ernance are instrumental to energy poverty reduction [94]. Another
study of 10 selected Asian countries corroborates the significant contri-
bution of renewable energy towards economic growth, indicating that a
1 % increase in renewable energy consumption, raises GDP by 0.14 %
[116].

In comparing this research objectives with findings from the re-
viewed studies, several consistent themes have emerged. These include
the need for investing in renewable energy infrastructure, supporting
policy environment and utilizing technological innovations to reduce
system costs. For example, in the G7, OECD, and ASEAN countries, as
well as elsewhere [16,87,88,118,119], renewable technologies and pol-
icy support have significantly contributed to lowering CO, emissions
and attaining other environmental goals. While renewable energy is
central to achieving SDG 7 (Affordable and Clean Energy), many stud-
ies highlight persistent barriers to large-scale deployment in Asia and
Latin America such as financing difficulties, grid integration issues, and
limited social acceptance [15,88,100,112,138]. Similarly, in several
African communities, renewable energy access is hampered by unaf-
fordability, unfamiliarity with the business model, and low electricity
demand [105].

Additionally, there are pronounced disparities in how various na-
tions and regions have embraced the adoption of renewable energy. De-
veloped countries benefit from advanced technological capabilities and
stable policy environments, whereas developing countries often strug-
gle with financing and infrastructural limitations that hamper their
adoption of renewable energy [155]. This stark disparity aligns with re-
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Table 3
Challenges and barriers to renewable energy integration for SDGs.
Challenge/Barrier Iheseription Key factors/examples References

Limited financial resources
Eeomomie and financial | and high initial capital costs
consiraints hinder renewable  energy
developments.

Lack off advanced

Technolagical el technologies, sworage, amd

. d=cizesi infrasiruciun: irmpede storage limitations, inermittency, and | [36]
infrustruciure limitations able energy outdsted technology.
imtegration.

High capital costs, limited financing. and 9
paor financial incentives for rengwable 92/142]
CTRTRY.

I&,

Inasdequate grid infrastruciure, energy

Insufficient o meonsistent
Policy amd  regulatory | energy  policies  slow  the
barriers development of renewable
CRETEY.

Lack of clear regulsiory frameworks,
carbon pricing. and inconsistent policy | [10, 59]
SEIpp,

Public renstance and lack of
Social  acceplance  and | awareness abowt the benefis

Public opposition, job  loss  fears,
misinformation, lack of swareness about | [133-145]

{.'.I'l.a'llcng:; m iM:HIT.HI'rlH:
and | FEEWAble  energy ik
existing  grids  due
inlermiitency and variable
gencration.

Grid  indcgration
intermitiency issues

hehavioral challenges of renewable energy hinder

iits adontion. ihe benefits of renewables,

Megative cnvironmental Land wse changes and degradaiion,
Environmental trade-offs | impacis on biediversity and bindiversity loss, displacement, [146]
of large-scale projects lapd uwse from large-scale ecosystem  disrupiion  from  large-scale

renewable energy projects, hydroelectric dams, solor and wind fanms.

Intermittency of wind and solar power,
difficulty in balaneing grad supply and | [138]
demand.

International and regional
barriers, incleding  marke
Geopolitical and marked | instability, lack of
barriers cooperation, and  paolitical
resistance  hinder  global
energy frnnsition

Market instabality, national m,wmi.;u_nry
CAHICETIS, lack of  cross-harder | [147)
epaperation and frameworks.

Insufficient skilled
. .. | workforce o suppon Shormage of traimed  technicians,
Lack of skilled workforce rencwable CNETEY engineers, and other skilled professionals. [148]
deployment,

Culwral factors and local

Cultural and  behavioral | -0 e Oppose

Culrural  beliefz, raditonal energy
practices, and local resistance o new | [145.149]

Tescstance rencwable energy projocts. technologies.
Shorfages  of  materials,
logretical harriers amnil B . L
Supply chain and resource | manufaciurng capacily i‘a"?kl.uf r:: mam!;!cﬁ .dlmmlh':-_s.b:n 58
limitations affect the adopiion of ll:lg|115 1"7-5 ! T ring rencabie | |55
ik encegy echnologies.
technologics.

cent findings indicating that renewable energy deployment in the
Global South faces numerous structural and operational challenges
[23]. These include high capital and operational expenditures, intense
competition with fossil fuel-based energy sources, low levels of public
acceptance, weak institutional and policy frameworks, limited techni-
cal expertise, inadequate grid capacity, and insufficient energy storage
infrastructure. In addition to these socio-economic and institutional
barriers, environmental concerns have also been raised regarding the
ecological impacts of renewable energy infrastructure. This divergence
highlights the necessity for context-specific strategies that incorporate
financial instruments, technology transfer mechanisms, and capacity-
building programs [112].

Controversies also emerge regarding environmental trade-offs asso-
ciated with large-scale renewable energy initiatives [156]. Although re-
newable energy is environment-friendly alternative, initiatives like hy-
dropower, wind farms, and large-scale solar farms can adversely affect
ecosystems, biodiversity, and local communities [99,147]. The utiliza-
tion of enormous tracts of land for renewable infrastructure, especially
in ecologically fragile regions, raises valid concerns. The construction
and operation of renewable energy facilities have been associated with
the destruction of plant and animal habitats. For instance, one study re-
ported wildlife mortality and species displacement resulting from land
degradation and habitat loss during site preparation for renewable en-
ergy installations [146].



A.L Almulhim and I.R. Abubakar

Other documented barriers include the disorientation of flying birds
due to light reflections from PV panels (commonly referred to as the
"lake effect"), bird mortality from collisions with wind turbines con-
structed along migratory pathways, and disturbances to aquatic fauna
caused by seismic surveys and pile-driving activities during the devel-
opment of offshore wind power infrastructure [116]. In the Middle
East, barriers to renewable energy deployment include high implemen-
tation cost, lack of public awareness about the benefits of renewables,
grid integration, and cheap fossil fuels [157]. Similarly, in Turkey, a re-
cent study identified regulatory, financial, and institutional barriers as
major constraints to investments in renewables, due to lack of policy
coherence and institutional capacity, which indirectly hampers
progress on achieving SDG targets [158]. Another challenge is balanc-
ing environmental benefits of renewable energy with its potential eco-
logical impacts, which is crucial to ensuring sustainability and trade-off
between renewable energy production and biodiversity protection
[11]. Some studies conclude that attaining sustainable energy requires
national policies and strategies on renewable energy sources that inte-
grate with and contribute to the SDGs [159,160].

The present study deepens our understanding of the transformative
potential of renewables in achieving the SDGs, improves our knowledge
base, and advances theory, empirical research, and practice. Like prior
studies, this review emphasized the role of solar, wind, and mini-grid
solutions in expanding access to electricity, especially in off-grid and
underserved areas, such as rural areas of the Global South. It also pro-
vides evidence and supports that renewables can help scale up renew-
able energy deployment to increase their share in the global mix. Simi-
larly, technologies such as energy-efficient buildings and smart grids
can enhance energy efficiency via reduced energy losses and optimized
consumption, especially when integrated into urban infrastructure. In-
ternational cooperation and public-private partnerships to remove bar-
riers to renewable energy adoption, (such as technological limitations,
lack of funding, and policy gaps), and promoting investments and inno-
vations in renewables can contribute to achieving. Lastly, the paper
specifically examined how renewables can expand energy infrastruc-
ture in the Global South, improving energy security and sustainability.
It identifies the need for targeted interventions to build capacity and
upgrade technology.

6. Conclusion

This systematic review has provided a comprehensive synthesis of
the multifaceted role of renewable energy in advancing the United Na-
tions SDGs. The findings reveal that renewable energy technologies,
particularly solar, wind, hydropower, and bioenergy, not only play a
pivotal role in ensuring access to affordable and clean energy (SDG 7),
mitigating climate change (SDG 13), and fostering sustainable cities
(SDG 13), but also contribute significantly to advancing progress across
a broad range of social, environmental, and economic goals. The transi-
tion to renewable energy is therefore not merely a climate or energy is-
sue; it is central to achieving an integrated vision of sustainable devel-
opment, especially in the context of rapid urbanization, rising energy
demands, and increasing environmental pressures.

Despite notable technological advancement and declining costs, the
widespread deployment of renewable energy remains constrained by a
variety of systemic barriers. Key challenges include financial limita-
tions, infrastructural inadequacies, and issues of social acceptance, par-
ticularly in regions dependent on fossil fuels. Addressing these chal-
lenges requires more than innovation in technology and finance; it ne-
cessitates integrated policy frameworks, significant infrastructure in-
vestment, and inclusive approaches that foster public engagement and
trust. Enabling conditions such as public-private partnerships, robust
regulatory mechanisms, and socially inclusive policies are critical for
ensuring that renewable energy transitions are equitable and context-
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sensitive. The sections that follow elaborate on the policy implications
of the study and provide suggestions for future research.

6.1. Policy and practical implications
To advance the integration of renewable energy in support of the
SDGs, the following policy recommendations are proposed for govern-

ments, urban planners, and development practitioners.

@® Governments, private sectors and civil societies should
collaborate to accelerate renewable energy adoption. Through

partnerships, stakeholders can mobilize capital, scale-up
infrastructure, deploy technology, and enhance community
engagement. In low-income developing countries, such

partnerships can facilitate investment in renewable energy,
while raising public awareness about the benefits of clean
energy, addressing public concerns, and promoting inclusive,
community-driven deployment strategies.

@ Policy and regulatory frameworks are also crucial in accelerating
renewable energy transition. Governments should enact clear,
comprehensive, and long-term policies to provide stability and
direction for clean energy investments. These frameworks should
support energy storage, grid modernization and integration, while
providing financial incentives for producers and consumers to
adopt renewable technologies. For example, feed-in tariff
guarantees above-market prices for renewables, which creates
investor confidence. Through consistent and forward-looking
governance, policymakers can foster an environment that
accelerates innovation and ensures equitable access to sustainable
energy.

@ Strategic and substantial investment in energy infrastructure is
critical to enable the effective integration of renewable energy
sources. Stakeholders should prioritize the development of smart
grids, decentralized systems, and advanced energy storage
systems, which are necessary to ensure grid reliability and
energy security. These investments can strengthen the resilience
of energy systems, reduce transmission losses, and support a
more flexible and adaptive renewable energy landscape.

@ Social acceptance is critical for successful renewable energy
transition, particularly in communities facing economic
uncertainty and potential job displacement. Policymakers should
develop targeted strategies that address public concerns, promote
transparent communication, and strengthen trust in energy
transition processes. Socio-economic mitigation measures, such
as job retraining programs for displaced fossil fuel workers, can
further facilitate the transition. For example, Rwanda has active
education program that raises public awareness about the
benefits of off-grid solar energy. Such educational campaigns and
community outreach can raise awareness about the long-term
benefits of renewable technologies, while ensuring that the
voices of affected populations are heard and integrated into
planning and implementation.

Financial instruments and incentives can significantly make

renewable energy projects more accessible and viable, especially

in low-income regions burdened by high upfront costs.

Governments and financial institutions can introduce targeted

mechanisms such as grants, subsidies, and concessional loans to

reduce financial barriers and stimulate clean energy investment.

For instance, Denmark, India, and Morocco have subsidies for

developing solar plants and wind farms, these tools can empower

local communities, attract private sector participation, and
ensure inclusive and economically sustainable renewable energy
deployment.

@ Urban planners and policymakers should integrate renewable
energy into spatial and development planning. Spatial plans, land
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use regulations, and zoning policies should accommodate
renewable energy infrastructure while minimizing environmental
disruptions and ensuring equitable access. For example, Kenya's
development plan integrates renewable energy into national
energy planning. These directions can contribute to accelerating
global transitions toward clean and inclusive energy systems.
Finally, this study contributes to evidence-based planning and
institutional learning. Policymakers, energy planners, and
development practitioners can draw on the findings of this study
to inform the design of multi-sectoral programs that link clean
energy deployment with socioeconomic development objectives.
The thematic insights and priorities identified in this study
provide a foundation for monitoring and evaluation frameworks,
knowledge-sharing platforms, and capacity-building initiatives
that align renewable energy deployment with broader sustainable
development objectives.

While the policy recommendations presented in this review are
broadly applicable, it is essential to recognize that the implementation
of renewable energy strategies and the achievement of the SDGs vary
significantly depending on a country's level of development. In devel-
oped countries, policy agendas are often shaped by priorities such as
technological innovation, improvements in energy efficiency, and com-
mitments to carbon neutrality and net-zero emissions. These countries
typically benefit from well-established infrastructure, strong institu-
tional capacity, and better access to financial and technological re-
sources, enabling them to pursue ambitious sustainability targets
through high-tech solutions and comprehensive regulatory frame-
works.

Conversely, developing countries face a different set of challenges
that influence their renewable energy and SDG pathways. These in-
clude limited financial resources, underdeveloped energy infrastruc-
ture, and institutional capacity gaps. As a result, policies in developing
contexts must emphasize foundational investments in clean energy in-
frastructure, enhanced access to international financing and technology
transfer mechanisms, and the strengthening of governance systems to
support SDG-aligned energy transitions.

Acknowledging these contextual differences is crucial for translat-
ing general recommendations into tailored strategies that reflect the
unique developmental realities of individual countries. Differentiating
policy guidance in this way enhances the practical value and relevance
of the study's findings for both developed and developing settings.

6.2. Future research

Future research should consider combining qualitative content
analysis with expert evaluation for enhanced understanding of the com-
plex interactions between renewable energy and SDGs. Future studies
are needed to assess the socio-economic implications of renewable en-
ergy, such as job creation, social equity, and integration into local
economies and cultures. It is equally critical to explore the environmen-
tal trade-offs of large-scale renewable energy installations, especially
their implications for biodiversity and land use disruptions. Moreover,
research should prioritize the development of innovative technologies
to improve energy storage, enhance grid flexibility, and reduce system
costs. Studies should also address the needs and perspectives of diverse
demographics and regions, particularly marginalized and underrepre-
sented communities that stand to benefit the most from inclusive en-
ergy transitions. Integrating social science perspectives with technolog-
ical innovation will be essential for fostering equitable and contextually
appropriate pathways to renewable energy adoption and sustainable
development.
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