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Abstract: Coordinated actions to protect biodiversity, incorporate renewable energy, and 

implement climate action are needed for sustainable development to be achieved in the context 

of global challenges like climate change, ecosystem destruction, and resource depletion. 

Climate action seeks to reduce the negative impact and strengthen the adaptive capacity of 

natural and human society. Climate action includes both adaptation and mitigation strategies. 

The transition to renewable power sources is of utmost importance to climate action because it 

helps to slow environmental degradation, curtail fossil fuel dependence, and significantly 

diminish greenhouse gas emissions. The adoption of renewable energy, such as solar, wind, 

and hydropower, is more environmentally friendly than conventional energy sources, but it 

may also pose potential risks towards biodiversity, so measures should be taken in planning to 

avoid negative environmental impacts. It is crucial to protect biodiversity around the world 

because it plays an important role in the delivery of ecosystem services such as soil fertility, 

pollination, water purification, and the sequestration of carbon that are vital to people’s 

existence. In addition, strong ecosystems reduce the severity of climate change impacts, such 

as storms, droughts, and flooding. However, there may be trade-offs when striving for the 

increase of renewable energy and biodiversity conservation. Renewable energy development 

should always be complemented with biodiversity protection. This approach preserves the 

environmentally delicate ecosystems that are crucial to achieving climate action targets. The 

combination of climate action, renewable energy, and the need for biodiversity makes it 

possible to reap many benefits. These include stronger ecosystems and better human health, as 

well as economic growth and job creation. One example of such a nature-based solution is 

agrovoltaics, which combines solar energy production and farming. Restoring ecosystems, like 

forests or wetlands, can also greatly enhance carbon sequestration, reduce global warming, and 

protect endangered wildlife. This strategy aligns with international initiatives such as the 

United Nations Sustainable Development Goals (UN SDGs), specifically SDGs 7, 13, and 15. 

It serves as a building block towards a more sustainable future. Despite the clear possibilities 

of synergy, there are still barriers that must be tackled. Policy fragmentation, resource 

competition, and lack of inter-sector cooperation are some of the challenges that inhibit 

effective integration. Therefore, equitable governance and the adoption of nature-based 

techniques are essential. 
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1. Introduction 

As the world struggles with increasing temperatures, harsh weather, and the 

destruction of natural ecosystems, there has never been a more pressing need for 

climate action. One of the most urgent issues of our day is the connection between 

energy production, biodiversity loss, and climate change. 

Sustainable development and biodiversity protection are closely related to the 

switch to renewable energy, which is crucial for reducing climate change. Countries 

must take into account the effects of energy infrastructure on ecosystems as they work 

to lessen their dependency on fossil fuels and slow down global warming. Among the 

main renewable energy sources are solar, wind, hydropower, and bioenergy; each has 

unique benefits for lowering reliance on fossil fuels and mitigating the effects of 

climate change on the planet’s ecosystems [1]. 

Although renewable energy is a viable way to address the climate crisis, there are 

obstacles to its widespread use, especially when it comes to possible impacts on 

biodiversity. Pollination, carbon sequestration, water purification, and soil fertility are 

just a few of the vital ecosystem services that depend on biodiversity, which is the 

variety of life on Earth [2]. Therefore, maintaining biodiversity is crucial for 

ecosystem resilience, which in turn supports attempts to mitigate and adapt to climate 

change. However, if not properly designed and managed, large-scale renewable energy 

projects like hydroelectric dams, solar arrays, and wind farms can endanger species 

and ecosystems [3]. For instance, hydropower can change aquatic ecosystems by 

influencing water quality and fish migration, solar farms can destroy habitat, and wind 

turbines can kill birds and bats [4,5] 

It is becoming clearer and clearer that there are substantial co-benefits to 

integrating renewable energy with biodiversity conservation as the globe moves 

toward more sustainable energy systems. Combining these two fields can boost 

economic growth, improve human health, and increase ecosystem resilience [6,7]. 

Reforestation and wetland rehabilitation, for instance, can improve biodiversity, 

restore damaged ecosystems, and guard against climate-related calamities like 

droughts and flooding in addition to sequestering carbon [8]. 

The Sustainable Development Goals (SDGs) of the UN emphasize how crucial it 

is to combine climate action with the preservation of biodiversity and the advancement 

of renewable energy. To achieve sustainable development, a comprehensive strategy 

is required, as highlighted by SDGs 7 (Affordable and Clean Energy), 13 (Climate 

Action), and 15 (Life on Land). To ensure that the transition to clean energy is both 

environmentally sustainable and socially equitable, biodiversity conservation must be 

incorporated into renewable energy laws and practices [9,10]. 

Notwithstanding this integrated approach’s encouraging promise, there are still 

many obstacles to be addressed. Effective integration is frequently hampered by 

resource conflicts, policy fragmentation, and a lack of sectoral cooperation. For 

example, the development of renewable energy infrastructure in areas with high 

biodiversity value may collide with conservation priorities, resulting in environmental 

damage and land-use disputes [11]. Moreover, there are obstacles to the successful 

integration of both agendas due to the frequently misaligned regulatory frameworks 

that oversee biodiversity preservation and energy development. Innovative approaches 



Sustainable Social Development 2025, 3(2), 3239.  

3 

are needed to address these issues, including the adoption of nature-based solutions, 

multi-sectoral cooperation, and the use of spatial planning tools. For instance, by 

maximizing land usage while preserving ecosystem health, agrovoltaics, which 

integrates solar energy generation with agricultural practices, has the potential to 

promote sustainable energy production and biodiversity conservation [12]. 

It is also imperative that the development of renewable energy be approached in 

a more egalitarian and inclusive manner. Climate change disproportionately affects 

vulnerable populations, especially those in developing nations, and they frequently 

encounter obstacles when trying to access renewable energy solutions. Achieving 

global sustainability goals requires making sure that these communities gain from 

climate resilience initiatives and renewable energy solutions [13,14]. 

A global strategy to combat climate change, advance sustainable development, 

and safeguard the environment must include the combination of biodiversity 

protection with the development of renewable energy. Enhanced environmental 

resilience, better public health, economic growth, and more social fairness are just a 

few advantages of this strategy. However, attaining these results necessitates 

overcoming major obstacles, such as the requirement for multi-sectoral coordination, 

policy fragmentation, and resource conflicts. We can build a more sustainable and just 

future for everybody if we encourage cross-sector collaboration, embrace nature-based 

solutions, and incorporate biodiversity concerns into renewable energy planning and 

policy. This study examines the benefits and drawbacks of combining biodiversity 

preservation with renewable energy, using case studies and existing research to 

illustrate methods for building a more low-carbon, sustainable future [15,16]. 

2. Literature review 

In recent years, there has been a lot of interest in the connection between 

biodiversity conservation, renewable energy growth, and climate change mitigation. 

The demand for integrated strategies that strike a balance between conservation and 

renewable energy projects is growing as the urgency of addressing climate change and 

biodiversity loss increases on a global scale. The need for such harmonization is 

emphasized by the Sustainable Development Goals (SDGs), especially with regard to 

climate action (SDG 13) and the preservation of land and marine ecosystems (SDGs 

14 and 15) [17]. 

Rising global temperatures, extreme weather events, and ecological disturbances 

are just a few of the negative environmental effects of climate change, which is mostly 

caused by human activity like the burning of fossil fuels and deforestation. To ensure 

long-term environmental sustainability, these issues require cross-sector coordination. 

In order to lower greenhouse gas emissions and lessen dependency on fossil fuels, 

renewable energy technologies like solar, wind, and hydropower are essential. To 

reduce ecological trade-offs, rigorous planning and regulatory interventions are 

necessary because the widespread implementation of renewable energy projects may 

have unexpected effects on biodiversity [18]. 

Simultaneously, by preserving vital functions like carbon sequestration, water 

purification, and food security, biodiversity conservation contributes significantly to 

improving ecosystem resilience. In addition to maintaining ecological stability, 
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biodiversity protection is essential for maintaining human well-being in the face of 

climate change. Therefore, a holistic strategy that combines biodiversity preservation 

with renewable energy can greatly support sustainable development. 

This literature review explores the evolving discourse on the intersection of 

renewable energy and biodiversity conservation. It highlights the opportunities and 

challenges of aligning these two crucial areas and examines policy recommendations 

that can facilitate a balanced approach. By synthesizing existing research, this review 

aims to provide insights into how renewable energy initiatives can be implemented 

while preserving biodiversity to foster long-term sustainability. 

2.1. Synergies and challenges of integrating renewable energy and 

biodiversity conservation 

The necessity of transitioning from fossil fuels to renewable energy such as solar, 

wind, hydroelectric, and geothermal power has gained significant recognition as a 

means to combat climate change. Nonetheless, the implementation of these 

technologies requires careful management to reduce adverse effects on biodiversity. 

As the shift towards sustainable energy sources intensifies, it is crucial to comprehend 

how renewable energy systems can be designed to simultaneously support climate 

health and biodiversity. The United Nations Sustainable Development Goals (SDGs) 

highlight the connections between renewable energy and biodiversity conservation. 

Specifically, SDG 7 promotes access to affordable and clean energy, while SDG 15 

emphasizes the importance of terrestrial life; both goals encourage the incorporation 

of environmental factors into development approaches [19]. In this context, systems 

utilizing renewable energy can aid in the conservation of biodiversity by minimizing 

habitat loss and encouraging the restoration of ecosystems. 

Table 1 lists technologies like solar, wind, and hydro, their positive and negative 

impacts on biodiversity. 

Table 1. Summary of renewable energy technologies and their impact on biodiversity. 

Renewable energy technology Positive impacts on biodiversity Negative impacts on biodiversity 

Solar energy 
Reduces carbon emissions, mitigating climate 

change. 

Land use impacts (can disrupt habitats, especially in arid 

areas). 

Wind energy Clean, renewable energy. Bird and bat mortality from collisions with turbines. 

Hydropower Provides renewable energy and water storage. 
Disrupts aquatic ecosystems, migratory routes, and fish 

populations. 

Geothermal energy Provides low-carbon energy. 
Potential land subsidence and disruption of local 

ecosystems. 

Biomass energy Reduces waste and offers renewable energy. Can lead to deforestation and habitat destruction. 

Additionally, the growth of renewable energy can be aligned with biodiversity 

initiatives through careful planning, environmental evaluations, and flexible 

management approaches. By integrating biodiversity aims with renewable energy 

projects, it is feasible to improve ecological health while delivering sustainable energy 

alternatives [17]. 

However, integrating renewable energy with biodiversity conservation presents 

several challenges, even though there is potential for beneficial interactions. To begin 
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with, many renewable energy technologies, like large hydropower dams and wind 

turbines, can have harmful effects on local ecosystems. For example, hydropower 

initiatives have been shown to result in ecosystem flooding, disruption of migration 

patterns, and harm to fish populations. Similarly, the establishment of wind farms can 

pose risks to certain species of birds and bats [20]. 

Furthermore, the expansion results in an increased demand for land allocation 

that, in numerous cases, is threatened by land-use conflicts [21]. As identified, the 

majority of renewable power plants require wide expanses of their field, hence likely 

to overlap the biodiversity hotspots and critical habitats needed for the perpetuation of 

the vulnerable species as identified [22]. There are also energy-development versus 

biodiversity-protection trade-offs. Governance and policy frameworks also play a 

critical role in shaping the interaction between renewable energy and biodiversity. 

Weak policy enforcement, lack of coordination between sectors, and insufficient 

stakeholder engagement often hinder the effective integration of biodiversity 

conservation into renewable energy projects [23]. 

2.2. Policy frameworks and strategies 

Policies are central to incorporating renewable energy and biodiversity 

conservation (Table 2). Internationally, agreements such as the Paris Agreement 

emphasize low-carbon energy transitions but also request the protection of 

biodiversity (Table 2). Translating these global commitments at both national and 

local levels involves well and robust policy frameworks that interlink both the needs 

of climate action and biodiversity conservation [24]. 

Table 2. Global and national policies linking renewable energy and biodiversity conservation. 

Policy Description Impact on renewable energy and biodiversity Source 

Paris Agreement (2015) 
Global framework for climate action and 

greenhouse gas reduction. 

Encourages low-carbon energy solutions and mandates 

biodiversity protection in the context of climate action. 
[25] 

National Environmental 

Impact Assessments (EIA) 

Requirement for assessments of potential 

environmental impacts of energy projects. 

Ensures that biodiversity conservation is factored into 

energy development planning.  
[26,27] 

Green Finance and Green 

Bonds 

Financial instruments designed to fund eco-

friendly projects. 

Promotes funding for renewable energy projects that 

include biodiversity safeguards.  
[28] 

UN Biodiversity Framework 
A global strategy to protect and sustain 

biodiversity. 

Encourages integration of biodiversity considerations 

into renewable energy projects. 
[29] 

Renewable Energy Standards 
National targets for renewable energy 

adoption. 

Can promote the growth of renewable energy but may 

need to be balanced with biodiversity protection 

measures.  

[30,31] 

National policies will have to react to the environmental impacts of renewable 

energy projects through responsible environmental practice and technology (Table 2). 

For instance, some countries carry out EIA on all new renewable energy projects so 

that biodiversity issues can be captured in the decision-making processes [31]. Other 

financial tools, such as green bonds and climate finance, also support biodiversity-

friendly renewable energy project scale-up [32]. 
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2.3. The role of technological innovation in synergizing renewable energy 

and biodiversity 

Technological advancements can minimize the impacts of renewable energy on 

biodiversity (Table 3) [33]. Bird-friendly turbines improve wind turbine designs, and 

further advancement in solar panels helps to reduce negative environmental impacts 

[34]. More research is needed in finding better technologies to store energy with 

improved advanced batteries and management of grid systems to prevent the building 

of large hydropower dams that could endanger biodiversity [35]. The other aspect of 

essentiality involves the use of data and modeling tools in the assessment of 

biodiversity impacts by renewable energy projects. Such technologies would be 

informative for decision-makers regarding the ecological risks involved and enable 

adaptive management practices that reduce adverse outcomes (Table 3). 

Table 3. Technological innovations in renewable energy and their impact on biodiversity conservation. 

Technology Innovation Biodiversity Impact Source 

Bird-friendly wind 

turbines 

Design modifications to reduce bird 

collisions. 
Reduces bird mortality, improving ecosystem health.  [34,36] 

Floating solar panels 
Solar panel systems placed on water bodies 

to reduce land use. 
Minimizes land disruption while providing clean energy.  [37] 

Enhanced energy storage 

technologies 

Improved battery technology and storage 

systems. 

Reduces the need for large-scale hydropower dams, 

protecting aquatic biodiversity.  
[38] 

Solar panel recycling 
Improved techniques for recycling solar 

panels at end-of-life. 
Reduces e-waste and environmental degradation. [39] 

Ecological monitoring 

systems 

Use of technology to monitor biodiversity 

impacts of energy projects. 

Provides real-time data for adaptive management of 

renewable energy impacts on biodiversity. 
[40] 

2.4. Potential effects of synergizing renewable energy and biodiversity 

conservation 

 

Figure 1. Sustainable conversion of renewable sources into energy: linking natural resources, energy production, by-

products, and socio-economic impacts. 
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Synergizing climate action by integrating renewable energy and biodiversity 

conservation for sustainable development can have several potential effects shown in 

Figure 1. 

2.4.1. Enhanced climate resilience and biodiversity protection 

Both parties may have advantages when combined with renewable energy 

systems and biodiversity conservation measures. Because renewable energy sources 

like solar and wind generate little to no emissions, they lessen the negative effects of 

climate change on the environment. These renewable systems also contribute to the 

preservation of ecosystems and habitats that are essential for biodiversity by reducing 

the effects of climate change [30,41]. 

By reducing reliance on fossil fuels, renewable energy reduces pollution, habitat 

destruction, and resource depletion, all of which commonly threaten biodiversity. 

Protecting ecosystems from the adverse effects of climate change strengthens 

biodiversity conservation efforts [33]. Goals for Sustainable Development (SDGs). 

The accomplishment of several SDGs, including SDG 7 (Affordable and Clean 

Energy), SDG 13 (Climate Action), and SDG 15 (Life on Land), is aided by the 

integration of renewable energy with biodiversity conservation. While protecting 

ecosystems and ecological balance, integration aids in the advancement of sustainable 

energy use. By addressing energy demands and biodiversity conservation needs at the 

same time, policymakers can create frameworks that reduce trade-offs and pave the 

way for sustainable development [42]. 

2.4.2. Addressing trade-offs and balancing competing interests 

If renewable energy installations are not taken into account during the planning 

stage, they may harm biodiversity. For instance, wind farms may force birds or other 

species to leave their habitats. Trade-offs can be turned into synergies, and detrimental 

effects on biodiversity can be reduced while maximizing beneficial contributions by 

planning energy resources sustainably, regionally, and with integrated environmental 

protection and safeguards (think rewilding projects, green corridors) [2]. Co-benefits 

are also encouraged by effective integration, as renewable energy infrastructure (like 

solar farms) may have two uses, like supporting land restoration initiatives or offering 

habitat for specific species [42]. 

2.4.3. Economic and social benefits 

The financial advantages of combining biodiversity preservation with renewable 

energy, when carefully combined, renewable energy and biodiversity preservation can 

boost long-term economic stability and spur substantial economic growth. Particularly 

in areas with a wealth of natural resources, the switch to renewable energy sources 

like solar, wind, and hydropower offers significant potential for economic 

development. These industries have the potential to produce a number of immediate 

economic advantages, such as improved energy security, rural development, and job 

creation. One of the sectors with the quickest rates of growth in the world is renewable 

energy. The global workforce in renewable energy reached almost 12 million people 

in 2020, according to the International Renewable Energy Agency, and there is a great 

deal of room for growth as nations build out their renewable energy infrastructures to 

meet climate goals outlined in international agreements such as the Paris Agreement 
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[43,44]. This workforce offers a variety of jobs, from installing and maintaining 

renewable energy systems to producing solar panels and wind turbines. Furthermore, 

local economies can benefit from more job possibilities and better living standards by 

utilizing the potential of decentralized renewable energy projects, such as community-

owned wind and solar farms, especially in isolated or rural locations [45]. Renewable 

energy projects can stop environmental deterioration and promote sustainable 

economic practices when they are planned with biodiversity protection in mind. For 

instance, as recommended, incorporating biodiversity evaluations into the planning 

and siting of renewable energy projects guarantees that the ecosystems’ long-term 

economic value is not disregarded. Carefully thought-out renewable energy projects 

can offer ecosystem services and carbon sequestration, strengthening local economies’ 

resistance to the effects of climate change [46]. Additionally, incorporating 

biodiversity preservation into the growth of renewable energy can lessen the dangers 

of environmental deterioration. By exhausting the very resources that enterprises 

depend on, unsustainable energy practices like habitat destruction and overuse of 

natural resources can impede economic progress. On the other hand, nations may 

protect the economic advantages of healthy ecosystems, such as clean water, rich soils, 

and pollination services, by making sure that energy systems are ecologically sound. 

The short-term expenses of incorporating biodiversity into energy projects may be 

greatly outweighed by the long-term cost benefits from these ecosystem services. 

2.4.4. Public health and climate resilience 

The combination of biodiversity protection with renewable energy has significant 

societal advantages in addition to financial ones, especially in the fields of social 

justice, public health, and climate resilience. By giving impoverished populations, 

especially those in developing nations, access to inexpensive, dependable, and clean 

electricity, the transition to renewable energy can aid in the fight against energy 

poverty [47,48]. Renewable energy provides a route to universal electricity access, 

which is essential for raising living standards, healthcare, and educational 

opportunities in underserved regions. According to the United Nations Development 

Programme, for example, off-grid locations without conventional energy 

infrastructure are best served by solar and wind energy. Furthermore, by empowering 

local communities and advancing gender equality, renewable energy initiatives can 

support social fairness. Women are disproportionately impacted by environmental 

deterioration and energy poverty in many areas. Women can become economically 

independent and take part in decision-making processes that influence their 

communities’ futures by establishing employment possibilities in the renewable 

energy sector. Furthermore, local ownership and involvement options are offered by 

community-led renewable energy projects, which can improve social cohesion and 

boost community resilience to climate change [49]. Public health results can also be 

enhanced by incorporating biodiversity conservation into renewable energy systems. 

In contrast to fossil fuels, renewable energy sources don’t contaminate the soil, water, 

or air. Less dependence on dirty energy sources like coal and oil can lead to cleaner 

air and fewer pollution-related illnesses, including cancer, heart disease, and 

respiratory disorders. Nature-based solutions, such as renewable energy projects that 

balance with local ecosystems, can lead to healthier environments and lower 
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healthcare expenses, according to a study by the International Union for Conservation 

of Nature [20]. In terms of climate resilience, biodiversity preservation and renewable 

energy are essential for preparing for and lessening the effects of climate change. 

Renewable energy helps achieve the objectives of the Paris Agreement by lowering 

greenhouse gas emissions, a primary cause of climate change. By preserving natural 

buffers like wetlands, forests, and coral reefs, biodiversity conservation also aids 

ecosystems in adapting to climate change by shielding local communities from storms, 

flooding, and other climate-related effects. According to a UN Environment 

Programme study from 2023, integrated strategies that support the growth of 

renewable energy sources and biodiversity preservation might improve ecosystems’ 

and communities’ ability to adapt to climate-related disruptions [50]. 

2.4.5. Better services from ecosystems 

Supporting ecosystem services: Vital services like pollination, water filtration, 

and carbon sequestration are provided by healthy ecosystems. These services are 

preserved through the expansion of renewable energy infrastructure and biodiversity 

conservation, which benefits society and the environment [51]. 

Ecosystem restoration: Initiatives for ecosystem restoration can incorporate some 

renewable energy projects, such as tidal or bioenergy, to improve biodiversity and 

meet energy demands [52].  

2.4.6. International cooperation and innovative policies 

International frameworks: Nations and international organizations can work 

together to develop creative policy frameworks that provide incentives for biodiversity 

preservation and renewable energy. International collaboration can advance funding 

sources, regulatory standards, and knowledge sharing [53]. According to integrating 

governance for the environment and energy, it can lead to cross-sectoral collaboration, 

bringing together the energy, conservation, agricultural, and urban planning sectors 

for sustainability at all levels: local, national, and international. Deploying renewable 

energy and conserving biodiversity together can have a positive impact on the 

environment, the economy, and society, leading to a more resilient and sustainable 

future. Our energy needs will be satisfied while preserving the very ecosystems that 

sustain life on Earth if climate action and biodiversity protection are combined. 

2.4.7. Limitations of synergizing climate action, renewable energy integration, 

and biodiversity conservation for sustainable development 

The move to renewable vitality sources and biodiversity preservation is essential 

to combating climate alter and accomplishing economic advancement objectives 

(SDGs). In any case, joining these endeavors presents critical challenges, as renewable 

vitality ventures frequently cross with biodiversity-rich regions, making clashes 

[54,55]. This survey investigates the major impediments in accomplishing cooperative 

energy among these basic goals, bolstered by inquiries about discoveries and case 

studies.  

2.4.8. Arrive utilize clashes 

Large-scale renewable vitality ventures require noteworthy arrival regions, 

leading to living space misfortune and fracture. For example, sun-based ranches in 

leave locales disturb environments by modifying soil composition, vegetation, and 
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species intuitively. Wind ranches in meadows or coastal ranges have caused living 

space fracture, making it troublesome for species to get to their normal environments. 

Renewable vitality establishments frequently compete with agrarian areas, 

affecting nourishment security. Sun-powered ranches, in specific, uproot beneficial 

rural areas, lessening trim yields. Adjusting renewable vitality development with the 

right prerequisites for horticulture and preservation may be a diligent challenge [56]. 

2.4.9. Biodiversity impacts 

Wind turbines are notorious for their effect on winged creatures and bats. 

Transient feathered creatures and bats are exceedingly powerless to turbine collisions, 

which disturb population flow and environmental capacities [57]. 

Hydropower ventures modify oceanic biological systems by disturbing waterway 

streams, dredge transport, and angle relocation. For example, huge dams frequently 

piece transient angler species, driving to population decays and debilitating freshwater 

biodiversity [58]. 

2.4.10. Arrangement and administration challenges 

Climate activity, renewable vitality, and biodiversity preservation approaches 

frequently work freely. The need for coordinate systems makes clashes between 

vitality improvement and preservation needs, particularly in nations with restricted 

regulation capacity [59]. 

Complex allowing forms delay the sending of renewable vitality ventures. 

Conflicting authorization of natural directions assists in complicating endeavors to 

adjust renewable vitality extension with biodiversity preservation. 

2.4.11. Social value and resistance 

Numerous renewable vitality ventures uproot nearby and innate communities. 

Huge dams and sun-powered ranches regularly constrain inhabitants to move without 

satisfactory stipends, abusing human rights and disturbing social legacy. 

Renewable vitality ventures regularly come up short to lock in neighborhood 

communities within the arranging prepare. This need for a meeting leads to resistance, 

dissent, and delays in extended execution [60]. 

2.4.12. Financial and money related imperatives 

Renewable vitality ventures with biodiversity-friendly plans regularly require 

higher introductory ventures. For instance, seaward wind ranches, which have less 

effect on earthbound biodiversity, are essentially more costly than coastal options. 

Speculators see biodiversity-friendly renewable vitality ventures as hazardous 

due to vulnerabilities in directions and return on ventures. This limits the accessibility 

of subsidizing, especially in creating nations [61]. 

2.4.13. Innovative challenges 

The transfer of renewable vitality foundations, such as sun-oriented boards and 

wind turbines, poses a critical Constrained reusing alternatives result in squander 

collection and potential contamination. 

The need for biological information ruins the capacity to foresee and moderate 

the impacts of renewable vitality ventures on biodiversity. This data crevice 

complicates decision-making forms for venture organizers and policymakers [62]. 
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2.4.14. Monitoring and compliance 

Numerous renewable vitality ventures need strong observing frameworks to 

survey their impacts on biodiversity. This comes about in desperate need of 

moderation measures. 

The requirement of natural directions is regularly conflicting, especially in low-

income nations. Frail administration structures worsen this issue, permitting ventures 

to continue without appropriate adherence to biodiversity security guidelines [63]. 

2.4.15. Transient jumbles 

Whereas the climate benefits of renewable vitality are prompt, the points of 

interest of biodiversity preservation are frequently long-term. This worldly 

disengagement makes challenges for adjusting short-term renewable vitality 

objectives with long-term preservation targets [33]. 

2.4.16. Climate alter criticism circles 

Climate alteration modifies territories and species dissemination, complicating 

endeavors to preserve biodiversity close to renewable vitality establishments. For 

instance, shifts in transitory designs of fowls may increase their defenselessness to 

wind turbines [34]. 

2.4.17. Require for intrigue collaboration 

Joining renewable vitality with biodiversity preservation requires collaboration 

among scientists, engineers, and policymakers. Be that as it may, a need for intrigue 

skills regularly hampers inventive arrangements. 

Partner association, especially from inborn communities and preservation 

bunches, is basic but regularly neglected in renewable vitality arranging [64]. 

Synergizing climate activity, renewable vitality integration, and biodiversity 

preservation is basic for accomplishing maintainable improvement. Be that as it may, 

this integration faces critical challenges, including arrival-utilization clashes, 

biodiversity impacts, approach fractures, social resistance, monetary limitations, 

mechanical holes, frail observing frameworks, and climate-alter input circles. Tending 

to these restrictions requires a multifaceted approach, including strong approach 

systems, intriguing collaboration, mechanical development, and community 

engagement. By overcoming these obstructions, it is conceivable to form a feasible 

future that harmonizes vitality moves with biological conservation. 

3. Conclusion 

Probably, the incorporation of renewable energy and biodiversity conservation 

will be crucial for sustainable development. Challenges and trade-offs 

notwithstanding, successful case studies of policy frameworks have proved that 

integration can be done if proper planning and technological innovation accompany 

good governance. The world has headed toward a low-carbon future where renewable 

energy systems, coming together in harmony with biodiversity conservation, will 

present a solid foundation for the establishment of a global ecosystem that is 

sustainable and resilient. 

Deploying renewable energy and conserving biodiversity together can have a 

positive impact on the environment, the economy, and society, leading to a more 
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resilient and sustainable future. Our energy needs will be satisfied while preserving 

the very ecosystems that sustain life on Earth if climate action and biodiversity 

protection are combined. 

Conflict of interest: The authors declare no conflict of interest. 

References 

1. Cardinale BJ, Duffy JE, Gonzalez A, et al. Biodiversity loss and its impact on humanity. Nature. 2012; 486(7401): 59-67. 

doi: 10.1038/nature11148 

2. Gasparatos A, Doll CNH, Esteban M, et al. Renewable energy and biodiversity: Implications for transitioning to a Green 

Economy. Renewable and Sustainable Energy Reviews. 2017; 70: 161-184. doi: 10.1016/j.rser.2016.08.030 

3. McManamay RA, Vernon CR, Jager HI. Global Biodiversity Implications of Alternative Electrification Strategies Under the 

Shared Socioeconomic Pathways. Biological Conservation. 2021; 260: 109234. doi: 10.1016/j.biocon.2021.109234 

4. Hamed TA, Alshare A. Environmental Impact of Solar and Wind energy- A Review. Journal of Sustainable Development of 

Energy, Water and Environment Systems. 2022; 10(2): 1-23. doi: 10.13044/j.sdewes.d9.0387 

5. Baranovskaya T, Fursov V. Impact of renewable energy transition on aquatic ecosystems. Zhihao W, Hui G, Papadakis S, 

Martinez F, Mendez C, eds. E3S Web of Conferences. 2025; 614: 04020. doi: 10.1051/e3sconf/202561404020 

6. Liu G, Chen T, Sui X, Solangi YS, Examining and prioritizing the effect of sustainable energy on the job market to advance 

China’s green workforce, Heliyon. 2023; 9: e22710. doi: 10.1016/J.HELIYON.2023.E22710 

7. Matwani J, Ojija F. Exploring the link between energy resources and global biodiversity. Sustainable Social Development. 

2025; 3(2): 3245. doi: 10.54517/ssd3245 

8. John Raphael L, Mromba C. Reforestation for Mitigation and Adaptation to Climate Change in North-Eastern Highlands of 

Tanzania: Beyond Carbon Sequestration. Tanzania Journal for Population studies and Development. 2024; 31(2): 1-15. doi: 

10.56279/tjpsd.v31i2.271 

9. Filho WL, Wall T, Salvia AL, et al. The central role of climate action in achieving the United Nations’ Sustainable 

Development Goals. Scientific Reports. 2023; 13(1). doi: 10.1038/s41598-023-47746-w 

10. Bhatt RP. Achievement of SDGS globally in biodiversity conservation and reduction of greenhouse gas emissions by using 

green energy and maintaining forest cover. GSC Advanced Research and Reviews. 2023; 17: 001–021. doi: 

10.30574/gscarr.2023.17.3.0421 

11. Country Environmental Analysis Environmental Trends and Threats, and Pathways to Improved Sustainability, 2019. 

Available online: www.worldbank.org (accessed on 10 December 2024). 

12. Nature-Positive Insurance: Evolving Thinking and Practices. UNEP FI’s Principles for Sustainable Insurance Initiative and 

Nature Team; 2023. 

13. Jessel S, Sawyer S, Hernández D. Energy, Poverty, and Health in Climate Change: A Comprehensive Review of an Emerging 

Literature. Front Public Health. 2019; 7: 470168. 

14. Gan KE, Taikan O, Gan TY, et al. Enhancing Renewable Energy Systems, Contributing to Sustainable Development Goals of 

United Nation and Building Resilience Against Climate Change Impacts. Energy Technology. 2023; 11(11). doi: 

10.1002/ente.202300275 

15. Dagnachew A, Hof A, Van Soest H, Van Vuuren D. Climate change measures and sustainable development goals Mapping 

synergies and trade-offs to guide multi-level decision-making note, 2021. Available online: www.pbl.nl/en (accessed on 10 

December 2024). 

16. Wang Z, Wang T, Zhang X, et al. Biodiversity conservation in the context of climate change: Facing challenges and 

management strategies. Science of The Total Environment. 2024; 937: 173377. doi: 10.1016/j.scitotenv.2024.173377 

17. Lyanda RP, Ojija F. Energy resources: Their causal relationship with ecology and environments. Sustainable Social 

Development. 2025; 3(2): 3223. doi: 10.54517/ssd3223 

18. Shivanna KR. Climate change and its impact on biodiversity and human welfare. Proceedings of the Indian National Science 

Academy. 2022; 88(2): 160-171. doi: 10.1007/s43538-022-00073-6 

19. Jayachandran M, Gatla RK, Rao KP, et al. Challenges in achieving sustainable development goal 7: Affordable and clean 

energy in light of nascent technologies. Sustainable Energy Technologies and Assessments. 2022; 53: 102692. doi: 

https://doi.org/10.54517/ssd3223


Sustainable Social Development 2025, 3(2), 3239.  

13 

10.1016/j.seta.2022.102692 

20. Kafumu DW, Ojija F. Biodiversity and renewable energy in a warming world: Pathway to mitigate climate change while 

preserving ecosystem. Sustainable Social Development. 2025; 3(1): 3228. doi: 10.54517/ssd3228 

21. de Jong L, De Bruin S, Knoop J, et al. Understanding land-use change conflict: a systematic review of case studies. Journal 

of Land Use Science. 2021; 16(3): 223-239. doi: 10.1080/1747423x.2021.1933226 

22. Rehbein JA, Watson JEM, Lane JL, et al. Renewable energy development threatens many globally important biodiversity 

areas. Global Change Biology. 2020; 26(5): 3040-3051. doi: 10.1111/gcb.15067 

23. Santangeli A, Di Minin E, Toivonen T, et al. Synergies and trade‐offs between renewable energy expansion and biodiversity 

conservation – a cross‐national multifactor analysis. GCB Bioenergy. 2016; 8(6): 1191-1200. doi: 10.1111/gcbb.12337 

24. Hildingsson R, Johansson B. Governing low-carbon energy transitions in sustainable ways: Potential synergies and conflicts 

between climate and environmental policy objectives. Energy Policy. 2016; 88: 245-252. doi: 10.1016/j.enpol.2015.10.029 

25. Bertoldi P, Kona A, Rivas S, et al. Towards a global comprehensive and transparent framework for cities and local 

governments enabling an effective contribution to the Paris climate agreement. Current Opinion in Environmental 

Sustainability. 2018; 30: 67-74. doi: 10.1016/j.cosust.2018.03.009 

26. Kabir Z, Khan I. Environmental impact assessment of waste to energy projects in developing countries: General guidelines in 

the context of Bangladesh. Sustainable Energy Technologies and Assessments. 2020; 37: 100619. doi: 

10.1016/j.seta.2019.100619 

27. Jackson ALR. Renewable energy vs. biodiversity: Policy conflicts and the future of nature conservation. Global 

Environmental Change. 2011; 21(4): 1195-1208. doi: 10.1016/j.gloenvcha.2011.07.001 

28. Nasir N, Ahmed W. Green Finance Initiatives and Their Potential to Drive Sustainable Development. In: Climate Change and 

Finance. Sustainable Finance. Springer, Cham; 2024. pp. 3–29. doi: 10.1007/978-3-031-56419-2_1 

29. EU renewable energy policies, global biodiversity, and the UN SDGs A report of the EKLIPSE project. European 

Commission. 

30. Santangeli A, Toivonen T, Pouzols FM, et al. Global change synergies and trade‐offs between renewable energy and 

biodiversity. GCB Bioenergy. 2015; 8(5): 941-951. doi: 10.1111/gcbb.12299 

31. Gasparatos A, Doll CNH, Esteban M, et al. Renewable energy and biodiversity: Implications for transitioning to a Green 

Economy. Renewable and Sustainable Energy Reviews. 2017; 70: 61–184. doi: 10.1016/j.rser.2016.08.030 

32. Sternberg R, Hydropower’s future, the environment, and global electricity systems. Renewable and Sustainable Energy 

Reviews. 2010; 14: 713–723. https://doi.org/10.1016/J.RSER.2009.08.016. 

33. Nazir MS, Bilal M, Sohail HM, et al. Impacts of renewable energy atlas: Reaping the benefits of renewables and biodiversity 

threats. International Journal of Hydrogen Energy. 2020; 45(41): 22113-22124. doi: 10.1016/j.ijhydene.2020.05.195 

34. Olowookere G. A systematic review of the impacts of operational wind turbines on small birds and effectiveness of 

mitigation strategies. Available online: https://urn.kb.se/resolve?urn=urn:nbn:se:hh:diva-54535 (accessed 28 December 

2024). 

35. Sternberg R. Hydropower’s future, the environment, and global electricity systems. Renewable and Sustainable Energy 

Reviews. 2010; 14(2): 713-723. doi: 10.1016/j.rser.2009.08.016 

36. May R, Reitan O, Bevanger K, et al. Mitigating wind-turbine induced avian mortality: Sensory, aerodynamic and cognitive 

constraints and options. Renewable and Sustainable Energy Reviews. 2015; 42: 170-181. doi: 10.1016/j.rser.2014.10.002 

37. Hernandez RR, Hoffacker MK, Murphy-Mariscal ML, et al. Solar energy development impacts on land cover change and 

protected areas. Proc Natl Acad Sci U. S. A. 2015; 112: 13579–13584. 

38. Bai R, Liu X, Liu X, et al. The development of biodiversity conservation measures in China’s hydro projects: A review. 

Environment International. 2017; 108: 285-298. doi: 10.1016/j.envint.2017.09.007 

39. Kaliyannan GV, Gunasekaran R, Rathanasamy R, et al. Challenges and Prospects in Photovoltaic Waste Management: 

Towards Sustainable Recycling and Disposal of End-of-Life Solar Panels. World Sustainability Series Part F. 2025; 3811: 

61–82. doi: 10.1007/978-3-031-77327-3_4 

40. White TB, Viana LR, Campbell G, et al. Using technology to improve the management of development impacts on 

biodiversity. Business Strategy and the Environment. 2021; 30(8): 3502-3516. doi: 10.1002/bse.2816 

41. Jager HI, Efroymson RA, McManamay RA. Renewable energy and biological conservation in a changing world. Biological 

Conservation. 2021; 263: 109354. doi: 10.1016/j.biocon.2021.109354 

42. Cohen B, Cowie A, Babiker M, et al. Co-benefits and trade-offs of climate change mitigation actions and the Sustainable 

https://doi.org/10.1016/J.RSER.2009.08.016


Sustainable Social Development 2025, 3(2), 3239.  

14 

Development Goals. Sustainable Production and Consumption. 2021; 26: 805-813. doi: 10.1016/j.spc.2020.12.034 

43. Algarni S, Tirth V, Alqahtani T, et al. Contribution of renewable energy sources to the environmental impacts and economic 

benefits for sustainable development. Sustainable Energy Technologies and Assessments. 2023; 56: 103098. doi: 

10.1016/j.seta.2023.103098 

44. Batra G. Renewable Energy Economics: Achieving Harmony between Environmental Protection and Economic Goals. 

Social Science Chronicle. 2023; 3(1). doi: 10.56106/ssc.2023.009 

45. Liu G, Chen T, Sui X, et al. Examining and prioritizing the effect of sustainable energy on the job market to advance China’s 

green workforce. Heliyon. 2023; 9(12): e22710. doi: 10.1016/j.heliyon.2023.e22710 

46. Thomas V. Climate Change and Natural Disasters. Routledge Taylor & Francis Group; 2017. p. 158. 

47. Parkhill KA, Shirani F, Butler C, Henwood KL, Groves C, Pidgeon NF. We are a community [but] that takes a certain 

amount of energy: Exploring shared visions, social action, and resilience in place-based community-led energy initiatives, 

Environ Sci Policy. 2015; 53: 60–69. https://doi.org/10.1016/J.ENVSCI.2015.05.014. 

48. Sovacool BK, Drupady IM. Energy Access, Poverty, and Development: The Governance of Small-Scale Renewable Energy 

in Developing Asia. Routledge Taylor & Francis Group; 2016; pp. 1–306. 

49. Parkhill KA, Shirani F, Butler C, et al. ‘We are a community [but] that takes a certain amount of energy’: Exploring shared 

visions, social action, and resilience in place-based community-led energy initiatives. Environmental Science & Policy. 

2015; 53: 60-69. doi: 10.1016/j.envsci.2015.05.014 

50. Raihan A. A review of the global climate change impacts, adaptation strategies, and mitigation options in the socio-economic 

and environmental sectors. Journal of Environmental Science and Economics. 2023; 2(3): 36-58. doi: 

10.56556/jescae.v2i3.587 

51. Daba MH, Dejene SW. The Role of Biodiversity and Ecosystem Services in Carbon Sequestration and its Implication for 

Climate Change Mitigation. Int J Environ Sci Nat Res. 2018; 11(2): 555810. 

52. Ingle KN, Polikovsky M, Fenta MC, et al. Integration of multitrophic aquaculture approach with marine energy projects for 

management and restoration of coastal ecosystems of India. Ecological Engineering. 2022; 176: 106525. doi: 

10.1016/j.ecoleng.2021.106525 

53. Akter M. Global Environmental Agreements. Intersecting Environmental Governance with Technological Advancements. 

IGI Global; 2024. pp. 31-62. doi: 10.4018/979-8-3693-7001-8.ch002 

54. Pratiwi S, Juerges N. Review of the impact of renewable energy development on the environment and nature conservation in 

Southeast Asia. Energy, Ecology and Environment. 2020; 5(4): 221-239. doi: 10.1007/s40974-020-00166-2 

55. Anjanappa J, Samant S, Thakur B. Mainstreaming Biodiversity into Power Sector Planning and Policy to Deliver Better 

Outcomes for Nature and the Climate. SSRN. 2024. doi: 10.2139/ssrn.4965343 

56. Wiseman HJ, Wiseman SR, Wright C. Farming Solar on the Margins. Boston University Law Review. 2023; 103(2). 

57. Docrat N. The negative impact of wind turbines on wildlife in South Africa. University of the Witwatersrand; 2023. 

58. Rathoure AK. Impact of societal development and infrastructure on biodiversity decline, Impact of Societal Development 

and Infrastructure on Biodiversity Decline. IGI Globla; 2024. pp. 1–374. 

59. Hoffmann S. Challenges and opportunities of area-based conservation in reaching biodiversity and sustainability goals. 

Biodiversity and Conservation. 2021; 31(2): 325-352. doi: 10.1007/s10531-021-02340-2 

60. Olajide HE. Community Engagement and Social Acceptance of Renewable Energy Projects in Agricultural Regions. 

Published online 2024. doi: 10.2139/ssrn.4969730 

61. Jobson B, Cook A, Fletcher C, et al. Opportunities for enhancing biodiversity at wind and solar energy developments. IUCN. 

62. Priyadarshini MC, Iyyanar S, Kanagaraj K, et al. The Nano Frontier: Emerging Technologies for Environmental Remediation 

and Sustainable Energy. E3S Web of Conferences. 2024; 588: 01016. doi: 10.1051/E3SCONF/202458801016 

63. Anjanappa J. Unveiling the Green Paradox - Biodiversity Risk in Renewable Energy Investments in India. SSRN Electronic 

Journal. Published online 2024. doi: 10.2139/ssrn.4722554 

64. Srivastav DrAK, Das DrP, Srivastava AK. Future Trends, Innovations, and Global Collaboration. In: Biotech and IoT. 

Apress, Berkeley, CA; 2024. pp. 309–398. doi: 10.1007/979-8-8688-0527-1_10 

https://doi.org/10.1016/J.ENVSCI.2015.05.014

