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Abstract 

The global energy landscape is undergoing a transformative shift, as the world seeks sustainable and 

environmentally friendly alternatives to traditional fossil fuels. This review explores the comparative aspects 

of fossil fuels and synthetic fuels, emphasizing differences in production, efficiency, environmental impact, 

and economic viability. Fossil fuels have been integral to energy systems for centuries but are significant 

contributors to environmental challenges, including greenhouse gas emissions and resource depletion. In 

contrast, synthetic fuels produced through advanced processes using renewable resources or recycled carbon 

offer potential benefits of reduced emissions and enhanced sustainability. By analyzing the broader 

implications of these fuels, this study highlights their roles in shaping a sustainable energy future and addresses 

challenges related to scalability, cost, and technological readiness. This study underscores the importance of 

interdisciplinary approaches to achieving energy transitions that balance environmental, economic, and 

societal goals. 
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1. Introduction 

  Fossil fuels, such as coal, oil, and natural gas, have historically underpinned industrial development and 

global energy systems owing to their high energy density and cost-effectiveness. However, their extensive use 

has led to significant environmental challenges including climate change, air pollution, and habitat destruction 

[1]. With growing concerns regarding resource depletion and environmental degradation, the need for 

alternative energy sources has become increasingly urgent. Synthetic fuels, derived from renewable or 

recycled sources, are potential alternatives to conventional fossil fuels. Synthetic fuels align with sustainability 

goals by reducing dependence on finite resources and integrating renewable energy into existing systems 

[2][3]. This study examines the comparative advantages and challenges of fossil and synthetic fuels, providing 

insights into their respective roles in transitioning to a sustainable energy future. Synthetic fuels are promising 

for sustainable energy production. These innovative fuel alternatives can be produced through various 

processes, each with unique advantages and applications. These process uses feedstocks, such as natural gas, 

coal, or biomass, offering flexibility in production. Another important approach is biomass conversion, which 

transforms organic matter into usable fuel and potentially creates a closed carbon cycle. The production of 

synthetic fuels offers a more sustainable approach to energy production than that of traditional fossil fuels 

[30][31][38]. This is primarily because of their ability to control and optimize the production process, resulting 

in cleaner-burning fuels with reduced emissions.  

  Furthermore, synthetic fuels have the potential to be carbon-neutral or even carbon-negative. One of the most 

significant advantages of synthetic fuels is their compatibility with existing infrastructure and engines. This 

characteristic makes them an attractive option for gradual transition away from fossil fuels without requiring 

immediate and costly overhauls in current transportation and energy systems [5]. Vehicles, aircraft, and 

industrial machinery designed to run on conventional fuels can often utilize synthetic alternatives with 

minimal or no modifications, facilitating a smoother shift towards more sustainable energy sources [28]. 

Synthetic fuels have potential benefits in terms of energy security and geopolitical stability. By diversifying 

fuel sources and reducing the dependence on fossil fuel-rich regions, countries can enhance their energy 

independence and resilience to supply disruptions. In addition, the ability to locally produce these fuels using 

various feedstocks can stimulate economic growth and create new job opportunities in the energy sector [6].  
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  However, it is important to note that the widespread adoption of synthetic fuels faces challenges including 

high production costs, energy-intensive manufacturing processes, and the need for further technological 

advancements. Ongoing research. Development efforts have focused on improving efficiency, reducing costs, 

and optimizing production methods to make synthetic fuels economically viable and environmentally 

beneficial on a large scale. The environmental impacts of synthetic fuel production and use must also be 

carefully evaluated to ensure that overall lifecycle emissions are lower than those of conventional fossil fuels. 

Addressing these challenges requires collaborative efforts among governments, industry stakeholders, and 

research institutions to develop supportive policies, invest in infrastructure, and drive innovation in the field. 

As technology matures and economies of scale are achieved, synthetic fuels could play an increasingly vital 

role in the transition towards a more sustainable and diversified energy landscape. 

Fig.1 Major Sources of Renewable Energy Generation & Primary Share of consumption from these. 

 

2. Fossil Fuels: Advantages and Challenges 

  Furthermore, the transition to synthetic fuels not only addresses environmental concerns but also opens 

avenues for innovative economic models centered on renewable energy. For instance, the integration of 

synthetic fuel production with carbon capture technologies can create a circular economy in which waste CO2 

is repurposed as a valuable energy resource, thereby minimizing emissions, and maximizing resource 

efficiency. Additionally, as advancements in technology lower production costs, regions previously reliant on 

fossil fuel imports may find new opportunities for self-sufficiency by harnessing local feedstock and fostering 

both economic resilience and energy independence [4][5]. This shift could lead to significant social impacts, 
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including job creation, in emerging sectors that focus on sustainable practices and green technologies, 

contributing to a more equitable energy landscape. As policymakers grapple with these transitions, it has 

become imperative to balance economic interests with environmental stewardship to ensure that the pursuit of 

synthetic fuels aligns with broader sustainability goals [7]. Moreover, the integration of synthetic fuels within 

a broader energy transition strategy can enhance grid stability and resilience to climate-related disruptions. By 

leveraging decentralized production methods, such as local biogas generation from agricultural waste, 

communities can bolster their energy security while simultaneously managing the waste effectively. This 

approach not only contributes to reducing greenhouse gas emissions but also aligns sustainable development 

goals by promoting circular economy principles that prioritize resource efficiency and environmental 

protection. As countries invest in smart grid technologies and innovative energy storage solutions, the 

potential of synthetic fuels to complement renewable sources such as wind and solar has become increasingly 

viable, paving the way for a more robust and adaptable energy infrastructure that prioritizes sustainability and 

economic growth [9]. This multifaceted perspective on synthetic fuels underscores their vital role in fostering 

an energy system that is both environmentally responsible and economically beneficial, thereby reinforcing 

the importance of collaborative efforts across sectors to achieve shared sustainability objectives. 

2.1 Advantages of Fossil Fuels 

  Moreover, the transition to synthetic fuels highlights the importance of regulatory frameworks and 

international cooperation to foster a sustainable energy future. As countries strive to meet the climate targets 

outlined in agreements such as the Paris Accord, there is an increasing need for harmonized policies that 

incentivize investment in clean technologies and penalize carbon emissions from fossil fuels [2]. Collaborative 

efforts can accelerate research into advanced production methods and improve the scalability of synthetic fuel 

technologies, ensuring that they are not only environmentally friendly but also economically viable. 

Furthermore, as nations prioritize energy security amidst geopolitical tensions, the shift towards locally 

produced synthetic fuels could reduce reliance on imported fossil fuels, thereby enhancing national resilience 

against supply chain disruptions [5]. This multifaceted approach underscores the interconnectedness among 

environmental sustainability, economic growth, and global stability in the ongoing quest for cleaner energy 

solutions. Emphasizing the importance of public-private partnerships will be crucial in driving innovation and 

facilitating the transition towards a sustainable energy future, as these collaborations can leverage diverse 

expertise and resources to address complex challenges effectively. 

Energy Density and Availability  

  Fossil fuels possess exceptionally high energy densities, making them an unparalleled source of energy for 

various sectors, such as transportation, power generation, and industrial applications. Their ability to deliver 

copious amounts of energy efficiently is the cornerstone of modern development [32]. The widespread 

availability of fossil fuel reserves across different regions ensures a steady supply supported by well-

established extraction and distribution networks [24]. Over the past few decades, these fuels have driven 

industrialization, economic growth, and technological advancements. As the energy transition progresses, it 

is crucial to consider the role of policy frameworks and technological innovation in shaping the future 

landscape of both fossil and synthetic fuels. For instance, implementing carbon pricing mechanisms can create 

economic incentives for industries to reduce emissions, thereby accelerating the adoption of cleaner 

alternatives such as synthetic fuels [13] [20]. Furthermore, advancements in renewable energy technologies 

not only enhance the feasibility of producing synthetic fuels but also contribute to a more resilient energy 

infrastructure that can adapt to changing demands and environmental conditions. The integration of smart grid 

systems and decentralized energy generation will facilitate greater efficiency and reliability in energy 

distribution, allowing regions to optimize their local resources while minimizing their reliance on imported 

fossil fuels. This holistic approach to energy planning emphasizes the need for sustainable development 

strategies that are responsive to both ecological imperatives and societal needs, fostering an equitable 

transition towards a low-carbon economy. 
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Infrastructure and Market Integration 

  The global energy infrastructure has been tailored to fossil fuels, encompassing a vast network of extraction 

sites, pipelines, refineries, and distribution channels. This extensive integration ensures reliable energy supply 

and scalability, meeting the demands of growing populations and industries. The existing infrastructure 

minimizes transition costs and enables immediate utilization, making fossil fuels deeply ingrained in economic 

and energy systems worldwide [29]. As the energy landscape evolves, the integration of synthetic fuels into a 

broader renewable energy framework has become increasingly pertinent. This integration can facilitate not 

only a reduction in greenhouse gas emissions but also enhance the overall energy efficiency by utilizing the 

excess renewable energy generated during peak production times. For example, surplus solar or wind energy 

can be harnessed to produce hydrogen through electrolysis, which can then be converted into synthetic fuels, 

creating a closed-loop system that maximizes resource utilization [13] [20]. In addition, as industries and 

governments invest heavily in the R&D of these technologies, it is essential to establish robust regulatory 

frameworks that encourage innovation while ensuring environmental protection. By fostering collaboration 

between public entities and private corporations, stakeholders can accelerate advancements in synthetic fuel 

technology, contributing to a more resilient and sustainable energy future that addresses both economic and 

ecological challenges. 

Cost Efficiency: 

  Fossil fuels benefit from decades of technological optimization and economies of scale, which have 

significantly reduced production and distribution costs. Consequently, they remain one of the most affordable 

energy options, particularly for developing nations that strive to meet their energy demands and drive 

economic progress. Subsidies, global trade networks, and mature markets contribute cost advantages, making 

them accessible to a broad range of consumers and industries. Moreover, the predictability of fossil fuel costs 

compared with emerging alternatives ensures their continued appeal in various economic scenarios. As energy 

transition gains momentum, the integration of synthetic fuels with emerging technologies, such as hydrogen 

production and carbon capture, has become increasingly relevant. By leveraging renewable energy sources to 

produce hydrogen through electrolysis, we can create a versatile feedstock for synthetic fuel synthesis while 

simultaneously addressing intermittency issues associated with renewables such as solar and wind [13] [20] 

[25]. Moreover, innovations in modular production facilities could allow regions to tailor synthetic fuel 

generation to local needs, thereby enhancing both energy security and economic resilience to global market 

fluctuations [7]. This decentralized approach not only promotes sustainability but also fosters job creation 

within communities traditionally reliant on fossil fuel industries, thus facilitating a transition that aligns with 

broader societal goals. The successful integration of these technologies will hinge on robust policy frameworks 

that incentivize investment and foster collaboration among stakeholders across sectors. 

2.2 Challenges of Fossil Fuels 

Environmental Impact: 

  The environmental impacts of fossil fuels are vast and multifaceted. Their combustion is the leading 

contributor to greenhouse gas emissions, particularly carbon dioxide (CO2) and methane, which are primary 

drivers of global warming and climate change. In addition to emissions, the extraction and processing of fossil 

fuels frequently results in severe ecological damage [25]. Mining, drilling, and fracking disrupt ecosystems, 

leading to habitat destruction and biodiversity loss. Pollution of water resources through spills and 

contamination further compounds environmental concerns, often resulting in lasting effects on aquatic 

ecosystems and communities that depend on these resources. Considering the pressing environmental 

concerns associated with fossil fuel extraction and use, the development of synthetic fuels not only serves as 

a potential remedy but also invites a reevaluation of energy consumption patterns across industries [33][34]. 

For example, sectors such as aviation and maritime transport, which are notoriously difficult to decarbonize, 

could benefit significantly from advancements in synthetic fuel technology that can be engineered to meet 
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stringent performance standards, while drastically reducing lifecycle emissions [27]. Furthermore, integrating 

renewable energy sources into the production of synthetic fuels can help mitigate the carbon footprint 

associated with traditional energy systems, thereby aligning with the global efforts to achieve net-zero 

emissions by the mid-century. As countries increasingly commit to international agreements aimed at curbing 

greenhouse gas emissions, fostering innovation in synthetic fuels has become imperative to enhance both 

energy security and environmental resilience on a global scale [13] [20]. This shift towards sustainable 

alternatives presents an opportunity to redesign our energy landscape, prioritizing ecological integrity 

alongside economic viability. 

Resource Depletion: 

  Fossil fuels are non-renewable and finite, meaning that their reserves will eventually be exhausted. Reliance 

on these limited resources raises significant concerns about long-term energy security and supply stability. As 

easily accessible reserves diminish, extraction increasingly targets more challenging environments, such as 

the deep sea or Arctic regions, which amplifies the environmental risks and costs. This dependence on 

dwindling resources underscores the urgent need to shift toward renewable energy sources to ensure 

sustainable energy futures [35][36][37]. As the shift towards synthetic fuels progresses, it is essential to 

consider the role of technological innovation in enhancing production efficiency and reducing costs. For 

instance, advancements in carbon capture technologies can significantly improve the sustainability profile of 

synthetic fuel production by utilizing captured CO2 as feedstock, thereby effectively closing the carbon loop 

[7]. Moreover, exploring alternative synthesis methods, such as the direct electrochemical reduction of CO2, 

could lead to breakthroughs that make these processes less energy intensive and more economically feasible 

(Bozorgi). This focus on innovative approaches not only addresses the existing challenges associated with 

synthetic fuel adoption but also positions them as integral components of a diversified energy portfolio that 

supports both environmental goals and economic growth. Ultimately, fostering research partnerships between 

academia and industry will be critical in driving forward the necessary innovations to realize the full potential 

of synthetic fuels within the global energy landscape. 

Public Health Concerns: 

  The burning of fossil fuels releases a wide range of pollutants that negatively impact air quality and human 

health. These include fine particulate matter (PM2.5), sulfur dioxide (SO2), nitrogen oxides (NOx), and 

volatile organic compounds (VOCs). Exposure to these pollutants is linked to respiratory, cardiovascular, and 

premature mortalities. Furthermore, communities near extraction or processing facilities often face 

disproportionately high exposure to these pollutants, which exacerbates health disparities and social inequities 

[39]. Air pollution from fossil fuels is a significant public health challenge that requires comprehensive 

strategies to reduce emissions and to transition to cleaner energy alternatives. In addition to addressing public 

health and environmental concerns, the transition towards synthetic fuels also presents an opportunity to 

rethink urban planning and transportation systems [40]. As cities grapple with increasing congestion and 

pollution, integrating synthetic fuels into public transport can significantly reduce emissions, while enhancing 

the air quality of urban populations. For instance, buses and taxis powered by synthetic alternatives can serve 

as models for cleaner urban mobility, demonstrating how local governments can leverage these technologies 

to achieve sustainability goals [10]. Moreover, the development of infrastructure that supports electric vehicle 

charging alongside synthetic fuel refueling stations can create a more versatile energy ecosystem, allowing 

consumers greater flexibility in their choices without compromising performance or convenience. This dual 

approach not only promotes the adoption of innovative energy solutions, but also aligns with broader 

initiatives aimed at creating resilient and livable cities that prioritize both human health and ecological 

integrity. Investments in R&D will be crucial to enhance the efficiency of these technologies, ensuring that 

they not only meet current demands but also adapt to future challenges in urban transportation [40]. 
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3. Synthetic Fuels: Potential and Limitations 

  Synthetic fuels represent a cutting-edge innovation in the pursuit of sustainable energy solutions that address 

the limitations of traditional fossil fuels. They are primarily produced using advanced technologies such as 

gas-to-liquid (GTL), power-to-liquid (PtL), and biomass-to-liquid (BtL) processes. These methods convert 

feedstocks, such as biomass and renewable electricity, and capture carbon dioxide into liquid fuels that can 

directly replace fossil fuels in existing systems. As the potential of synthetic fuels continues to increase, their 

integration into existing energy systems raises critical questions about regulatory frameworks and market 

dynamics. The successful adoption of these fuels hinges not only on technological advancements but also on 

supportive policies that can facilitate investment and innovation in this sector. For instance, governments 

could implement tax incentives or subsidies specifically for companies developing synthetic fuel technologies, 

thus encouraging the rapid commercialization and scaling of production processes. Furthermore, collaboration 

with industries focused on carbon capture and storage (CCS) is vital, and by linking CCS initiatives with 

synthetic fuel production, we can create a more comprehensive approach to mitigate emissions while 

enhancing overall efficiency [15]. This collaborative framework can pave the way for a robust market for 

synthetic fuels, ensuring that they complement rather than compete with renewable energy sources as part of 

a diversified energy portfolio. 

One of the most compelling advantages of synthetic fuels is their potential for achieving carbon neutrality. By 

utilizing captured carbon dioxide as feedstock and relying on renewable energy sources for production, 

synthetic fuels can significantly reduce greenhouse gas emissions. This makes them a critical component of 

global efforts to mitigate climate change and transition to sustainable energy systems. Synthetic fuels are 

chemically like conventional fuels, which allows them to be seamlessly integrated into the existing energy 

infrastructure. This compatibility eliminates the need for extensive modifications of transportation systems, 

http://www.ijsrem.com/
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refineries, and distribution networks, thereby enabling a gradual and cost-effective transition from fossil fuels. 

By leveraging domestic renewable resources and recycled carbon, synthetic fuels reduce the dependence on 

imported fossil fuels and enhance energy security. They also align with the principles of a circular economy 

by promoting resource recycling and minimizing waste, thereby fostering long-term environmental 

stewardship. Currently, the production of synthetic fuels is significantly higher than that of conventional fossil 

fuels. This cost disparity arises from the energy-intensive nature of the processes and advanced technologies 
required. Scaling production to economically viable levels remain challenging. 

Fig.2 Graph Showing Energy Production per year by different countries. 

  Synthetic fuel production demands substantial amounts of renewable energy, which can limit existing 

renewable capacity and infrastructure. Regions with limited access to renewable energy resources may face 

difficulties in adopting these technologies, potentially exacerbating energy inequality. The large-scale 

deployment of synthetic fuels requires reliable access to sufficient feedstock, such as biomass or captured 

CO2, and significant investments in production facilities. Ensuring sustainable and efficient feedstock supply 

chains is essential to support widespread adoption. Furthermore, as the global energy landscape shifts towards 

sustainability, it is essential to consider the role of public perception and consumer behavior in the adoption 

of synthetic fuels. The success of these alternatives hinges not only on technological advancements, but also 

on how consumers perceive them, who may remain skeptical about their environmental benefits compared to 

traditional fossil fuels. Educational campaigns highlighting the carbon neutral potential of synthetic fuels, 

particularly when produced using renewable energy sources, could play a vital role in shaping positive 

perceptions and driving demand [7]. Additionally, fostering partnerships with industries that prioritize 

sustainability can amplify efforts to integrate synthetic fuels into mainstream markets, encouraging 

widespread acceptance and utilization. As synthetic fuel production technologies mature and become more 

economically viable, aligning marketing strategies with consumer values, such as eco-friendliness, is crucial 

for overcoming barriers to entry and ensuring a successful transition away from fossil fuels. 

 Therefore, a comprehensive approach is required to overcome these challenges associated with synthetic 

fuels. Investments in R&D to enhance process efficiency, reduce costs, and identify alternative feedstock are 

critical. Additionally, policy interventions, such as subsidies for renewable energy, carbon pricing 

mechanisms, and financial incentives for synthetic fuel projects, can play a pivotal role in accelerating their 

adoption. With sustained innovation and global collaboration, synthetic fuels can potentially transform the 

energy landscape and contribute to a sustainable and resilient future. 

3.1 Benefits of Synthetic Fuels 

Carbon Neutrality: 

  Synthetic fuels have the potential to achieve near-zero net emissions when produced using renewable energy 

and capture carbon dioxide, thus aligning with the global climate mitigation goals. Moreover, the transition to 

synthetic fuels necessitates a reevaluation of existing energy policies and market structures. As governments 

increasingly prioritize sustainable energy solutions, regulatory frameworks must evolve to support innovation 

in synthetic fuel technologies, while addressing potential economic disruptions associated with phasing out 

fossil fuels. This includes implementing carbon pricing mechanisms that reflect the environmental costs of 

emissions from traditional fuels, thereby incentivizing investments in cleaner alternatives [2]. Additionally, 

fostering public-private partnerships can catalyze advancements in production efficiency and scalability, 

lowering costs and enhancing competitiveness against fossil fuels [5]. The integration of synthetic fuels into 

national energy strategies could not only facilitate a smoother transition, but also stimulate job creation in 

emerging sectors, reinforcing the importance of a comprehensive approach to achieving energy sustainability. 
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Compatibility: 

  These fuels can be used in existing combustion engines and infrastructure, enabling a gradual transition from 

fossil fuels without requiring extensive modifications to the current systems. As the transition to synthetic 

fuels gains momentum, it is crucial to address not only the technological and economic aspects, but also the 

social implications of this energy shift. The potential for job creation in new sectors tied to synthetic fuel 

production could be significant; however, it must be balanced against the risk of job losses in traditional fossil 

fuel industries, as these markets decline. Policymakers need to consider strategies for workforce retraining 

and support for communities reliant on fossil fuel economies to ensure a transition. Moreover, public 

acceptance plays a vital role in the adoption of synthetic fuels, necessitating transparent communication about 

their benefits and environmental impacts compared with fossil fuels [5]. Engaging stakeholders from various 

sectors can foster collaborative efforts that enhance understanding and drive innovation, while addressing 

concerns related to equity and access in the evolving energy landscape. 

Sustainability: 

  By utilizing renewable resources and recycling carbon, synthetic fuels support the principles of a circular 

economy, thereby promoting long-term environmental and resource stewardships. As the development of 

synthetic fuels progresses, it is essential to consider their role within a broader energy strategy that prioritizes 

not only environmental sustainability, but also economic resilience. The transition from fossil fuels may lead 

to significant shifts in job markets, highlighting the need for targeted workforce retraining programs to equip 

workers with skills relevant to emerging technologies and industries associated with synthetic fuel production 

[5]. Furthermore, public investment in research and innovation can catalyze advancements in production 

efficiency, making synthetic fuels more economically competitive with traditional fossil fuels [7]. As countries 

strive to meet international climate agreements and reduce carbon emissions, integrating synthetic fuels into 

national energy policies could serve as a pivotal step towards achieving sustainable energy goals while 

simultaneously addressing socioeconomic disparities caused by the decline of fossil fuel sectors. 

3.2 Challenges of Synthetic Fuels 

Production Costs: 

  The production of synthetic fuels is currently expensive owing to advanced technological requirements and 

high energy inputs. Scaling up these processes is a significant hurdle. In addition to the economic and 

technological challenges, the successful integration of synthetic fuels into global energy systems necessitates 

a robust framework for public engagement and education. As communities face the potential impacts of 

transitioning from fossil-fuel dependency, fostering an understanding of the benefits and limitations of 

synthetic fuels can mitigate resistance and promote acceptance. This involves not only educating stakeholders 

about the environmental advantages associated with reduced emissions, but also addressing concerns related 

to job displacement in traditional sectors. Moreover, as countries explore pathways towards sustainable 

development, the incorporation of interdisciplinary approaches that align with social, political, and regulatory 

dimensions is crucial, which is particularly evident in frameworks designed to assess readiness for energy 

transitions [9]. By actively involving diverse actors, from policymakers to local communities, governments 

can create inclusive strategies that facilitate smoother transitions, while ensuring equitable access to emerging 

opportunities within the synthetic fuel landscape. 

Energy Requirements: 

  The energy intensity of synthetic fuel production processes necessitates the availability of abundant 

renewable energy, which may not be evenly distributed across regions. As the energy production landscape 

evolves, it is crucial to consider the role of policy frameworks in supporting the transition to synthetic fuels. 

Governments must implement strategies that not only incentivize research and development, but also establish 
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clear regulations regarding carbon emissions and renewable energy targets. For instance, countries such as 

Germany and Norway have already begun to invest heavily in synthetic fuel technologies, aiming for 

significant reductions in greenhouse gas emissions by 2030 [7]. Additionally, international collaborations can 

enhance knowledge sharing and technological advancement, enabling regions with limited resources to benefit 

from successful models. By fostering a supportive regulatory environment and encouraging public-private 

partnerships, nations can accelerate the adoption of synthetic fuels while ensuring that economic benefits are 

equally distributed across all sectors of society. 

Scalability and Feedback Availability 

  Achieving the large-scale production of synthetic fuels requires substantial investment in infrastructure, 

technology, and feedstock logistics. As the global energy landscape shifts towards synthetic fuels, it is 

essential to recognize the role of public policy in shaping this transition. Governments must not only provide 

financial incentives for research and development but also create a regulatory framework that encourages 

sustainable practices across industries. For example, implementing carbon pricing can effectively reflect the 

environmental costs associated with fossil fuel consumption, thereby promoting cleaner alternatives [10]. 

Moreover, international cooperation can facilitate knowledge exchange and technology transfer, particularly 

benefiting regions struggling with resource limitations. By fostering an environment that prioritizes innovation 

while ensuring equitable access to emerging technologies, countries can optimize their pathways to achieve 

climate goals and enhance energy security, paving the way for a more resilient and sustainable future. 

4. Comparative Analysis 

  As the transition towards synthetic fuels progresses, it is essential to consider their integration within a 

broader energy strategy that includes advancements in renewable technologies and infrastructure. The 

successful implementation of synthetic fuels hinges not only on technological improvements but also on 

establishing robust supply chains for feedstocks, such as biomass and captured CO2, which are crucial for 

sustainable production [7]. Furthermore, the potential scalability of synthetic fuel facilities could foster 

decentralized energy systems, enhancing regional resilience, while contributing to local economies through 

job creation in emerging sectors [7]. This holistic approach must be supported by government policies that 

encourage innovation and investment across multiple facets of the energy landscape, ensuring that the shift 

from fossil fuels does not exacerbate existing socioeconomic disparities, but rather promotes equity and access 

to clean energy solutions for all communities (Lund). 

4.1 Environmental Considerations 

  Fossil fuels are a major source of greenhouse gas (GHG) emissions and contribute to climate change and 

environmental degradation. Their combustion released significant amounts of CO2, methane, and other 

pollutants. In contrast, synthetic fuels offer the potential for carbon-neutral energy systems, if they are 

produced using renewable energy sources and efficient technologies. Additionally, synthetic fuels can aid in 

the management of captured carbon, transforming it into usable energy forms and reducing overall emissions. 

Moreover, the transition to synthetic fuels not only hinges on technological advancements but also requires a 

comprehensive understanding of their lifecycle impacts. For instance, while synthetic fuels can significantly 

reduce greenhouse gas emissions when produced sustainably, the extraction and processing of feedstocks, 

such as biomass, may still pose environmental challenges, including deforestation and biodiversity loss [17]. 

Therefore, it is imperative to adopt sustainable practices throughout the supply chain to ensure that the 

production of these fuels does not inadvertently harm ecosystems or exacerbate existing health disparities 

linked to air quality issues. Furthermore, integrating synthetic fuels into broader climate strategies could 

enhance resilience against public health threats posed by fossil fuel pollution, particularly in vulnerable 

communities that are disproportionately affected by environmental degradation [18]. As we navigate this 

complex landscape, fostering interdisciplinary collaboration will be crucial for developing holistic solutions 

that prioritize both ecological integrity and human well-being. 
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4.2 Efficiency and Performance 

  The energy density and performance characteristics of fossil fuels remain unmatched owing to the natural 

composition and maturity of associated technologies. Conversely, synthetic fuels are less energy dense and 

rely on energy-intensive production methods. However, ongoing advancements in catalysis and process 

optimization have narrowed this efficiency gap. Synthetic fuels are particularly advantageous in sectors in 

which electrification is less feasible, such as aviation and heavy shipping. As synthetic fuel technologies 

continue to evolve, the importance of integrating them into renewable energy sources has become increasingly 

apparent. For instance, the power-to-liquid (PtL) process offers a promising avenue for producing sustainable 

fuels by harnessing excess renewable electricity during periods of low demand, thus optimizing energy 

utilization, and reducing waste [19]. This not only enhances the economic feasibility of synthetic fuels but 

also contributes to grid stability and resilience in energy systems. Furthermore, as countries ramp up their 

commitments to carbon neutrality, investments in modular production facilities could enable localized fuel 

generation that aligns with regional energy needs, while fostering community engagement and job creation 

[7]. However, realizing this potential requires overcoming existing infrastructure limitations and ensuring 

equitable access to these advanced technologies across different socioeconomic landscapes, thereby 

necessitating targeted policy interventions and collaborative frameworks among stakeholders. 

4.3 Economic Factors 

  The economic landscape of fossil fuels is well established, benefiting from the extensive infrastructure, 

subsidies, and global trade networks. Synthetic fuels, on the other hand, face significant economic barriers, 

including high initial investment costs and limited production facilities. Policy interventions, such as carbon 

taxes, renewable energy incentives, and research grants can bridge these gaps and foster greater 

competitiveness for synthetic fuels in the long term. As the transition to synthetic fuels advances, it is critical 

to address the potential of integrating these fuels within a broader energy ecosystem that includes renewable 

technologies and innovative storage solutions. The development of advanced battery systems and hydrogen 

storage can complement synthetic fuel production by providing reliable energy sources during peak demand 

periods, thus enhancing overall grid stability [13] [20]. Moreover, fostering regional collaborations can 

optimize resource utilization, allowing areas with abundant renewable resources to support synthetic fuel 

production in less-advantaged regions, thereby mitigating energy inequality and promoting shared economic 

benefits [20]. This interconnected approach not only bolsters the resilience of local economies, but also 

reinforces commitments to reducing greenhouse gas emissions and achieving sustainable energy goals on a 

global scale. By prioritizing such integrative strategies, stakeholders can ensure that the shift towards synthetic 

fuels contributes positively to environmental sustainability while addressing the socio-economic disparities 

inherent in traditional fossil fuel markets. 

4.4 Energy Security 

  Reliance on fossil fuels often ties nations to volatile global markets and poses geopolitical risk. By utilizing 

domestically available resources such as biomass and renewable energy, synthetic fuels can enhance energy 

sovereignty and security. Moreover, their production can be decentralized, reducing their dependence on 

large-scale import-export dynamics, and promoting local energy resilience. As synthetic fuels gain traction, 

their potential to bolster energy security also raises questions regarding the geopolitical implications of 

reducing fossil fuel dependency. By fostering domestic production capabilities through renewable resources 

and innovative technologies, countries can diminish their reliance on imported oil, thereby enhancing their 

national resilience against market fluctuations and political instability associated with traditional energy 

sources [10]. Moreover, as nations invest in the development of synthetic fuel infrastructure, they may 

inadvertently create new economic alliances centered around shared technological advancements and 

sustainable practices, potentially reshaping global energy dynamics. This shift not only emphasizes the 

importance of localized energy systems, but also highlights the need for international cooperation in 

establishing standards and regulations that govern synthetic fuel production and use, ensuring that 
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environmental integrity is maintained while promoting equitable access across diverse economies [7]. Thus, 

a comprehensive understanding of these geopolitical changes is essential as stakeholders navigate the 

complexities of transitioning towards a more sustainable energy future. 

5. Pathways for Transition 

  The transition to synthetic fuels requires a multifaceted approach that integrates technological, policy, 

infrastructural, and collaborative strategies. As energy transition progresses, it is imperative to consider the 

role of public perception and community engagement in fostering the acceptance of synthetic fuels. Effective 

communication strategies that highlight not only the environmental benefits but also the potential for local 

economic growth through job creation can help mitigate resistance from communities historically reliant on 

fossil-fuel industries. For instance, regions investing in synthetic fuel technologies can revitalize their 

economies as new sectors emerge, thus creating opportunities for workforce development and retraining 

programs tailored to equip individuals with skills relevant to these innovative fields [11]. Furthermore, 

international collaboration may play a crucial role in sharing the best practices and technological 

advancements, ensuring that all nations can benefit equitably from this transition, while addressing the urgent 

need for sustainable energy solutions [12]. By actively involving stakeholders at every level, from 

policymakers to local citizens, governments can create inclusive frameworks that not only facilitate smoother 

transitions, but also promote social equity within the evolving energy landscape. 

Technological Innovation: 

  Advancing production technologies and increasing efficiency are the keys to reducing the cost and energy 

requirements of synthetic fuels. Research on catalysis, energy storage, and alternative feedstocks can further 

enhance production processes. Moreover, the successful integration of synthetic fuels into national energy 

strategies necessitates a focus on enhancing technological innovation while addressing potential 

environmental concerns associated with their production. As countries strive to achieve ambitious climate 

goals, such as those outlined in the Paris Agreement, investment in research and development becomes 

paramount. For instance, modeling indicates that transitioning to renewable energy sources could create 

approximately 134 million jobs globally by 2050, significantly outweighing losses in the fossil fuel sector 

[21]. This shift not only promises economic revitalization, but also emphasizes the need for sustainable 

practices throughout the supply chain, ensuring that advancements in synthetic fuel technologies do not 

compromise ecological integrity or exacerbate social inequalities. Furthermore, as public awareness grows 

regarding the implications of carbon emissions, fostering community involvement and support can facilitate 

the acceptance of these innovative solutions, leading to a more resilient and equitable energy future [39] [40]. 

Policy Measures: 

  Governments can promote the adoption of synthetic fuels through supportive policies including financial 

incentives, research funding, carbon pricing mechanisms, and establish regulatory frameworks that encourage 

investment. These policies should be designed to balance economic viability with the environmental goals. In 

addition to economic and policy measures, fostering public-private partnerships is crucial in advancing 

synthetic fuel technologies. By leveraging expertise from both sectors, stakeholders can drive innovation while 

addressing practical challenges such as infrastructure development and market integration. For instance, 

collaborative initiatives between governments and private companies can facilitate pilot projects that 

demonstrate the viability of synthetic fuels in real-world applications, thereby building consumer confidence 

and acceptance [22]. Furthermore, engaging local communities through educational programs about the 

benefits of synthetic fuels, such as their potential for job creation and environmental restoration, can help 

bridge the gap between technological advancements and societal readiness, ensuring a more inclusive 

transition towards sustainable energy solutions [23]. Such multifaceted approaches not only enhance the 

likelihood of successful adoption, but also align with broader climate goals by promoting a holistic 

understanding of energy systems within diverse populations. 
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Infrastructure Development: 

  Expanding the renewable energy capacity, modernizing the energy grid, and establishing facilities for 

synthetic fuel production and distribution are essential for scaling up these technologies. Integrating these 

efforts with existing infrastructure can minimize costs and facilitate smoother transitions. In addition to the 

critical role of policy measures, fostering public-private partnerships can significantly enhance the transition 

towards synthetic fuels by leveraging resources and expertise from both sectors. Such collaborations can 

facilitate innovative research initiatives that explore alternative feedstocks, including agricultural waste or 

carbon capture technologies, which could further lower production costs and have an environmental impact 

[22]. Moreover, engaging local communities in these partnerships ensures that their voices are heard, 

addressing concerns about job displacement while highlighting potential employment opportunities created 

by new industries. For instance, regions that successfully integrate synthetic fuel production may not only 

revitalize local economies, but also contribute to broader climate objectives, aligning with international 

sustainability targets. As countries navigate this complex landscape, a concerted effort to build trust and 

transparency between stakeholders is essential for achieving long-term success in transitioning to sustainable 

energy systems. 

International Collaboration 

  Cooperation between nations regarding research, technology transfer, and market development can 

accelerate the adoption of synthetic fuels. Shared efforts to create standardized regulations and collaborative 

funding mechanisms can ensure equitable access to sustainable energy solutions, while fostering global 

innovation. As nations prioritize the transition to synthetic fuels, it is essential to consider the role of public 

awareness campaigns in shaping consumer perceptions and behaviors towards these modern technologies. 

Effective communication strategies that emphasize the environmental benefits of synthetic fuels as well as 

their potential for job creation can foster greater acceptance among communities historically reliant on fossil 

fuel economies. Furthermore, integrating educational initiatives into policy frameworks can empower local 

populations with knowledge of sustainable practices and the importance of energy diversification, promoting 

a sustainable culture [10]. Additionally, fostering innovation through research partnerships between academic 

institutions and industry leaders can drive breakthroughs in production efficiency and cost reduction, ensuring 

that synthetic fuels remain competitive against traditional energy sources, while simultaneously addressing 

ecological concerns related to feedstock sourcing and lifecycle impacts [7]. By prioritizing such collaborative 

efforts alongside robust regulatory measures, countries can effectively navigate the complexities of this energy 

transition, paving the way for a more resilient and equitable future. 

6. Conclusion 

  Fossil fuels and synthetic fuels play distinct roles in the global energy landscape. Although fossil fuels 

continue to dominate energy systems, their environmental drawbacks necessitate a shift toward sustainable 

alternatives. Synthetic fuels offer promising solutions to address these challenges; however, their widespread 

adoption requires the overcoming of significant technological and economic hurdles. The transition to a 

sustainable energy future requires a balanced approach that leverages the strengths of both fuel types, while 

addressing their limitations. This involves gradual phasing out of fossil fuels, accelerating the development 

and deployment of synthetic fuels, and integrating them with other renewable energy technologies. Achieving 

this transition requires concerted effort from policymakers, industry stakeholders, researchers, and the public. 

By fostering innovation, implementing supportive policies, and promoting international cooperation, we can 

create a more sustainable and resilient energy landscape that meets the needs of present and future generations 

while safeguarding the environment. The journey toward a sustainable energy future is complex and 

multifaceted; however, the potential benefits of transitioning to cleaner fuel alternatives are immense. As we 

continue to innovate and collaborate, the vision of a world powered by sustainable, low-emission fuels has 

become increasingly attainable, promising a cleaner, more secure, and more prosperous future. 

http://www.ijsrem.com/


          International Journal of Scientific Research in Engineering and Management (IJSREM) 

                        Volume: 09 Issue: 03 | March - 2025                            SJIF Rating: 8.586                                       ISSN: 2582-3930                                                                                                                                               

 

© 2025, IJSREM      | www.ijsrem.com                                      DOI: 10.55041/IJSREM43017                                         |        Page 13 
 

References 

 

1. Climate Change 2022: Impacts, adaptation and Vulnerability. (n.d.). IPCC. 

https://www.ipcc.ch/report/ar6/wg2/ 

2. Gandomi, Saeid, et al. The Future of Fossil Fuels Supply and Impacts on Sustainability. Jan. 2024, 

https://doi.org/10.1016/b978-0-323-93940-9.00270-x . 

3. Newell, P., & Simms, A. (2019). Towards a fossil fuel non-proliferation treaty. Climate Policy, 20(8), 

1043–1054. https://doi.org/10.1080/14693062.2019.1636759 

4. Frumhoff, P. C., Heede, R., & Oreskes, N. (2015). The climate responsibilities of industrial carbon 

producers. Climatic Change, 132(2), 157–171. https://doi.org/10.1007/s10584-015-1472-5 

5. Comparisons between Fossil Fuels and Biofuels. Jan. 2023, https://doi.org/10.1016/b978-0-323-98363-

1.00021-1 . 

6. Saladini, F., Patrizi, N., Pulselli, F. M., Marchettini, N., & Bastianoni, S. (2016). Guidelines for emergy 

evaluation of first, second and third generation biofuels. Renewable and Sustainable Energy Reviews, 66, 

221–227. https://doi.org/10.1016/j.rser.2016.07.073 

7. Janaki, Sreejaun Thothaathiri, et al. “Beyond Fossil: The Synthetic Fuel Surge for a Green Energy 

Resurgence.” Clean Energy, June 2024, https://doi.org/10.1093/ce/zkae050 . 

8. Ramalingam, K., Balasubramanian, D., Chellakumar, P. J. T. J. S., Padmanaban, J., Murugesan, P., & 

Xuan, T. (2020). An assessment on production and engine characterization of a novel environment-

friendly fuel. Fuel, 279, 118558. https://doi.org/10.1016/j.fuel.2020.118558 

9. Neofytou, Hera, et al. “Sustainable Energy Transition Readiness: A Multicriteria Assessment Index.” 

Renewable & Sustainable Energy Reviews, Oct. 2020, https://doi.org/10.1016/J.RSER.2020.109988 . 

10. Styring, Peter, et al. “Synthetic Fuels in a Transport Transition: Fuels to Prevent a Transport Underclass.” 

Frontiers in Energy Research, Aug. 2021, https://doi.org/10.3389/FENRG.2021.707867 . 

11. Veziroğlu T.N., Şahın S. 21st Century’s Energy: Hydrogen Energy System. Alternative Energy and 

Ecology (ISJAEE). 2019;(4-6):14-27. https://doi.org/10.15518/isjaee.2019.04-06.014-027 . 

12. Bach, W. “Fossil Fuel Resources and Their Impacts on Environment and Climate.” International Journal 

of Hydrogen Energy, Jan. 1981, https://doi.org/10.1016/0360-3199(81)90007-0 . 

13. Kabeyi, Moses Jeremiah Barasa. Sustainable Energy Transition and Optimization of Grid Electricity 

Generation and Supply. https://doi.org/10.51415/10321/5485 . 

14. Bozorgi, Majedeh. Synthetic Oil. Jan. 2022, https://doi.org/10.1016/b978-0-12-824001-4.00011-9 . 

15. Yadav, Vikramaditya G., et al. “The Production of Fuels and Chemicals in the New World: Critical 

Analysis of the Choice between Crude Oil and Biomass Vis-à-Vis Sustainability and the 

Environment.” Clean Technologies and Environmental Policy, Sept. 2020, 

https://doi.org/10.1007/S10098-020-01945-5 . 

16. Lund, Peter. Global Challenges: Energy. Jan. 2017, https://doi.org/10.1002/GCH2.1001 . 

17. Lak, Soheila Zandi, et al. Health and Pollution Challenges of Fossil Fuels Utilization. Jan. 2024, 

https://doi.org/10.1016/b978-0-323-93940-9.00202-4 . 

18. Oladeji, J. T. “Environmental and Health Implications of Processing, Harvesting, Distribution and Using 

Both Renewable and Non-Renewable Energy Sources.” Journal of Energy Technologies and Policy, Jan. 

2015 . 

19. Dietrich, Ralph-Uwe, et al. Storing Renewable Power into Liquid Fuels: A Pathway for Sustainable 

Transport. Mar. 2016. 

http://www.ijsrem.com/
https://www.ipcc.ch/report/ar6/wg2/
https://doi.org/10.1016/b978-0-323-93940-9.00270-x
https://doi.org/10.1080/14693062.2019.1636759
https://doi.org/10.1007/s10584-015-1472-5
https://doi.org/10.1016/b978-0-323-98363-1.00021-1
https://doi.org/10.1016/b978-0-323-98363-1.00021-1
https://doi.org/10.1016/j.rser.2016.07.073
https://doi.org/10.1093/ce/zkae050
https://doi.org/10.1016/j.fuel.2020.118558
https://doi.org/10.1016/J.RSER.2020.109988
https://doi.org/10.3389/FENRG.2021.707867
https://doi.org/10.15518/isjaee.2019.04-06.014-027
https://doi.org/10.1016/0360-3199(81)90007-0
https://doi.org/10.51415/10321/5485
https://doi.org/10.1016/b978-0-12-824001-4.00011-9
https://doi.org/10.1007/S10098-020-01945-5
https://doi.org/10.1002/GCH2.1001
https://doi.org/10.1016/b978-0-323-93940-9.00202-4


          International Journal of Scientific Research in Engineering and Management (IJSREM) 

                        Volume: 09 Issue: 03 | March - 2025                            SJIF Rating: 8.586                                       ISSN: 2582-3930                                                                                                                                               

 

© 2025, IJSREM      | www.ijsrem.com                                      DOI: 10.55041/IJSREM43017                                         |        Page 14 
 

20. Kabeyi, Moses Jeremiah Barasa, and O. A. Olanrewaju. “Sustainable Energy Transition for Renewable 

and Low Carbon Grid Electricity Generation and Supply.” Frontiers in Energy Research, Mar. 2022, 

https://doi.org/10.3389/fenrg.2021.743114 . 

21. Seeger, Stefan. “Job Creation during a Climate Compliant Global Energy Transition across the Power, 

Heat, Transport, and Desalination Sectors by 2050.” Energy, Jan. 2022, 

https://doi.org/10.1016/j.energy.2021.121690 . 

22. Kandpal, Vinay, et al. Challenges and Opportunities for Sustainable Energy Transition and Circular 

Economy. Jan. 2024, https://doi.org/10.1007/978-3-031-52943-6_11 . 

23. Alnuaim, Sami. “Energy, Environment, and Social Development: Circular Economy: A Sustainability 

Innovation and Solution for Oil, Gas, and Petrochemical Industries.” Journal of Petroleum Technology, 

May 2019, https://doi.org/10.2118/0519-0010-JPT . 

24. Bhattacharya, M., Paramati, S. R., Ozturk, I., & Bhattacharya, S. (2015). The effect of renewable energy 

consumption on economic growth: Evidence from top 38 countries. Applied Energy, 162, 733–741. 

https://doi.org/10.1016/j.apenergy.2015.10.104 

25. Bonneuil, C., Choquet, P., & Franta, B. (2021). Early warnings and emerging accountability: Total’s 

responses to global warming, 1971–2021. Global Environmental Change, 71, 102386. 

https://doi.org/10.1016/j.gloenvcha.2021.102386 

26. Ritchie, H., Roser, M., & Rosado, P. (2020, December 17). Renewable energy. Our World in Data. 

https://ourworldindata.org/renewable-energy 

27. Kim, J., Yuan, Y., Ren, Y., McCool, B. A., Lively, R. P., & Realff, M. J. (2024). Carbon and oxygen 

recycling strategies in CO2-to-sustainable synthetic fuel production: Recycling route, techno-economics 

and carbon intensity. Energy Conversion and Management, 319, 118877. 

https://doi.org/10.1016/j.enconman.2024.118877 

28. Kim, K., Wiersema, P., Ryu, J. I., Lee, W., Min, K., Mayhew, E., Temme, J., Kweon, C. M., & Lee, T. 

(2024). Experimental and data-driven chemical kinetic modeling study of alcohol-to-jet (ATJ) synthetic 

biofuel for sustainable aviation fuels. Fuel, 368, 131630. https://doi.org/10.1016/j.fuel.2024.131630 

29. Li, Y., Guan, B., Guo, J., Chen, Y., Ma, Z., Zhuang, Z., Zhu, C., Dang, H., Chen, L., Shu, K., Shi, K., 

Guo, Z., Yi, C., Hu, J., Hu, X., & Huang, Z. (2024). Renewable synthetic fuels: Research progress and 

development trends. Journal of Cleaner Production, 450, 141849. 

https://doi.org/10.1016/j.jclepro.2024.141849 

30. Ribun, V., Boichenko, S., & Kale, U. (2023). Advances in gas-to-liquid technology for environmentally 

friendly fuel synthesis: Analytical review of world achievements. Energy Reports, 9, 5500–5508. 

https://doi.org/10.1016/j.egyr.2023.04.372 

31. Radaideh, M. I., Kyritsis, D. C., & Goussis, D. A. (2023). Driving mechanisms of high-cetane number, 

synthetic fuel autoignition: The case of OME2−4. Journal of Cleaner Production, 432, 139875. 

https://doi.org/10.1016/j.jclepro.2023.139875 

32. Hu, J., Ai, M., Liu, X., Guo, X., Shi, C., Xue, K., Zhang, X., Wang, L., Zou, J., & Pan, L. (2024). [2+2] 

and [2+1] Cycloaddition of myrcene for synthesis of highly strained bio-fuels with high density and high 

impulse. Energetic Materials Frontiers. https://doi.org/10.1016/j.enmf.2024.11.006 

33. Sarwar, A., & Lee, E. Y. (2023). Methanol-based biomanufacturing of fuels and chemicals using native 

and synthetic methylotrophs. Synthetic and Systems Biotechnology, 8(3), 396–415. 

https://doi.org/10.1016/j.synbio.2023.06.001 

34. Vellaiyan, S., Kandasamy, M., Arulprakasajothi, M., Santhanakrishnan, R., Srimanickam, B., & 

Elangovan, K. (2024). Optimization of fuel modification parameters for effective and environmentally-

friendly energy from plant waste biodiesel. Results in Engineering, 22, 102177. 

https://doi.org/10.1016/j.rineng.2024.102177 

http://www.ijsrem.com/
https://doi.org/10.3389/fenrg.2021.743114
https://doi.org/10.1016/j.energy.2021.121690
https://doi.org/10.1007/978-3-031-52943-6_11
https://doi.org/10.2118/0519-0010-JPT
https://doi.org/10.1016/j.apenergy.2015.10.104
https://doi.org/10.1016/j.gloenvcha.2021.102386
https://ourworldindata.org/renewable-energy
https://doi.org/10.1016/j.enconman.2024.118877
https://doi.org/10.1016/j.fuel.2024.131630
https://doi.org/10.1016/j.jclepro.2024.141849
https://doi.org/10.1016/j.egyr.2023.04.372
https://doi.org/10.1016/j.jclepro.2023.139875
https://doi.org/10.1016/j.enmf.2024.11.006
https://doi.org/10.1016/j.synbio.2023.06.001
https://doi.org/10.1016/j.rineng.2024.102177


          International Journal of Scientific Research in Engineering and Management (IJSREM) 

                        Volume: 09 Issue: 03 | March - 2025                            SJIF Rating: 8.586                                       ISSN: 2582-3930                                                                                                                                               

 

© 2025, IJSREM      | www.ijsrem.com                                      DOI: 10.55041/IJSREM43017                                         |        Page 15 
 

35. Rahimi, H., Ghobadian, B., Yusaf, T., Najafi, G., & Khatamifar, M. (2008). Diesterol: An environment-

friendly IC engine fuel. Renewable Energy, 34(1), 335–342. https://doi.org/10.1016/j.renene.2008.04.031 

36. Langenmayr, U., & Ruppert, M. (2023). Renewable origin, additionality, temporal and geographical 

correlation – eFuels production in Germany under the RED II regime. Energy Policy, 183, 113830. 

https://doi.org/10.1016/j.enpol.2023.113830 

37. Mori, S., Nishiura, O., Oshiro, K., & Fujimori, S. (2024). Synthetic fuels mitigate the risks associated with 

rapid end-use technology transition in climate mitigation scenarios. Global Environmental Change 

Advances, 2, 100009. https://doi.org/10.1016/j.gecadv.2024.100009 

38. Zhang, Y., Li, A., Fei, Y., Zhang, C., Zhu, L., & Huang, Z. (2024). Techno-economic assessment of 

electro-synthetic fuel based on solid oxide electrolysis cell coupled with Fischer–Tropsch strategy. Journal 

of CO2 Utilization, 86, 102905. https://doi.org/10.1016/j.jcou.2024.102905 

39. Cremades, L. V., & Oller, L. (2024). Techno-environmental feasibility of synthetic fuels in ground 

transportation. Application to the Spanish automobile fleet in 2035. Energy Reports, 11, 5466–5474. 

https://doi.org/10.1016/j.egyr.2024.05.032 

40. Béres, R., Nijs, W., Boldrini, A., & Van Den Broek, M. (2024). Will hydrogen and synthetic fuels energize 

our future? Their role in Europe’s climate-neutral energy system and power system dynamics. Applied 

Energy, 375, 124053. https://doi.org/10.1016/j.apenergy.2024.124053 

 

http://www.ijsrem.com/
https://doi.org/10.1016/j.renene.2008.04.031
https://doi.org/10.1016/j.enpol.2023.113830
https://doi.org/10.1016/j.gecadv.2024.100009
https://doi.org/10.1016/j.jcou.2024.102905
https://doi.org/10.1016/j.egyr.2024.05.032
https://doi.org/10.1016/j.apenergy.2024.124053

