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This study presents a comprehensive comparative analysis of renewable and 

non-renewable energy projects, focusing on their economic, environmental, 

and operational dimensions. Through a mixed-method approach, including 

in-depth interviews with industry experts and policymakers, the research 

highlights the distinct challenges and benefits associated with each energy 

source. The findings reveal that while renewable energy projects require 

higher initial capital investments, they offer substantial long-term 

advantages, including significantly reduced operational costs and lower 

environmental impacts, making them increasingly attractive in the face of 

advancing technologies and growing regulatory pressures. In contrast, non-

renewable energy projects, although benefiting from established 

infrastructure and lower upfront costs, are burdened by rising fuel prices, 

operational inefficiencies, and environmental liabilities. The study 

underscores the critical role of engineering management in optimizing 

project outcomes, demonstrating that innovative and adaptive management 

practices are essential for maximizing the value and sustainability of energy 

investments. These insights provide valuable guidance for policymakers, 

industry stakeholders, and investors as they make strategic decisions in an 

increasingly complex and shifting global energy landscape. 
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1 Introduction 

The global energy sector is currently at a pivotal 

juncture, where the increasing awareness of climate 

change and the depletion of fossil fuel reserves have 

underscored the necessity for a transition to more 

sustainable energy systems (Kahia et al., 2017). This 

transition is not only a response to environmental 

imperatives but also a strategic economic decision as 

nations and industries grapple with the long-term 

implications of energy security and sustainability (Xia 

et al., 2022). Renewable energy sources, such as solar, 

wind, and hydroelectric power, are being increasingly 

adopted as viable alternatives to traditional non-

renewable energy sources, including coal, oil, and 

natural gas (Rasoulinezhad & Saboori, 2018). This shift 

is driven by the dual objectives of reducing greenhouse 

gas emissions and securing a stable energy future (Islam 

et al., 2024). However, the adoption of renewable 

energy is accompanied by a complex set of challenges, 

including the need for significant initial capital 

investments, technological advancements, and the 

integration of new systems into existing energy 

infrastructures (Shofiullah, 2024). 

 
Figure 1: Major considerations for developing renewable energy 

technologies (Source: Hui, 1997) 

 
The economic feasibility of renewable energy projects 

is often a subject of debate, particularly in comparison 

to non-renewable energy projects that have long been 

the backbone of global energy production (Jahanger et 

al., 2022). Non-renewable energy sources, despite their 

environmental drawbacks, continue to be favored in 

many regions due to their established infrastructure, 

lower initial costs, and the high energy density they 

offer (Kabir et al., 2024). For instance, coal and natural 

gas remain dominant in the energy mix of many 

industrialized nations, driven by their relatively low 

cost of production and the availability of vast reserves 

(Begum et al., 2024). Yet, this reliance on non-

renewable energy is increasingly being questioned, as 

the long-term environmental and health costs become 

more apparent (Muhammad, 2019). Studies have shown 

that the external costs of non-renewable energy, 

including air pollution, greenhouse gas emissions, and 

public health impacts, often outweigh the immediate 

economic benefits (Armeanu et al., 2022).  

 
Figure 2: Leading companies investing in solar energy 

worldwide between 2005 and 2022(in billion U.S. dollars) 

The financial analysis of energy projects often reveals a 

significant disparity between the short-term and long-

term costs associated with renewable and non-

renewable energy sources. While renewable energy 

projects typically require a higher upfront investment, 

they benefit from lower operational costs over time, 

largely due to the absence of fuel costs and the 

decreasing costs of technology (Armeanu et al., 2019). 

Technological advancements, such as improvements in 

photovoltaic efficiency and battery storage, have further 

reduced the levelized cost of electricity (LCOE) for 

renewable sources, making them increasingly 

competitive with fossil fuels (Khaskheli et al., 2021). 

On the other hand, non-renewable energy projects, 

while cheaper to initiate, often involve ongoing fuel 

costs, maintenance, and the potential for future 

liabilities related to environmental cleanup and 

regulatory compliance (Martins et al., 2018). This 

financial dichotomy presents a strategic challenge for 

energy managers and policymakers who must balance 

immediate economic constraints with long-term 

sustainability goals. 
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Figure 3: Installed renewable energy capacity in the Middle East and North Africa region in 2023, by country  

(in megawatts) 

Environmental impact assessments of energy projects 

provide further insights into the comparative 

advantages and disadvantages of renewable versus non-

renewable energy. Renewable energy projects are 

generally associated with lower environmental impacts, 

particularly in terms of greenhouse gas emissions, land 

use, and water consumption (Adams et al., 2016). For 

example, life-cycle assessments (LCAs) of wind and 

solar power have consistently shown that these 

technologies have a smaller carbon footprint compared 

to coal or natural gas (Martins et al., 2018). However, 

the environmental benefits of renewable energy are not 

without challenges. Issues   

such as the land use impact of large-scale solar farms, 

the effects of wind turbines on local wildlife, and the 

resource intensity of battery production are critical 

considerations (Cristea & Dobrota, 2017). In contrast, 

the environmental costs of non-renewable energy are 

well-documented, with coal power plants being 

significant contributors to air pollution and climate 

change, and natural gas extraction processes, such as 

fracking, raising concerns about water contamination 

and seismic activity (Kabir et al., 2024).  

Engineering management plays a crucial role in 

navigating these complexities and optimizing the 

outcomes of energy projects. Effective engineering 

management involves strategic planning, risk 

assessment, and the application of technological 

innovations to maximize the efficiency and 

sustainability of energy projects (Dobrowolski, 2021). 

For renewable energy projects, engineering 

management must address the challenges of integrating 

new technologies, managing higher initial costs, and 

ensuring long-term reliability and performance 

(Rafindadi & Ozturk, 2017). In non-renewable energy 

projects, engineering management focuses on 

optimizing existing technologies, reducing operational 

costs, and mitigating environmental and regulatory risks 

(Xia et al., 2022). By leveraging engineering 

management principles, energy projects can be 

strategically optimized to balance economic, 

environmental, and social objectives, thereby 

maximizing the value derived from both renewable and 

non-renewable energy investments. 

2 Literature Review 

The transition from non-renewable to renewable energy 

sources has garnered significant attention in both 

academic and policy circles. The literature on energy 

projects reveals a complex interplay of economic, 

environmental, and technological factors that influence 

the feasibility and attractiveness of renewable energy 

compared to traditional non-renewable sources. 

Numerous studies underscore the importance of 

understanding these factors to make informed decisions 

that optimize project outcomes. Engineering 

management has been identified as a critical element in 

navigating the challenges and opportunities presented 

by these energy transitions. This literature review 

synthesizes existing research on the economic, 

environmental, and technological dimensions of 

renewable and non-renewable energy projects, with a 

focus on how engineering management can enhance the 

cost-effectiveness and sustainability of these projects. 

2.1 Economic Factors in Energy Projects 

The economic viability of energy projects is a central 

concern in both renewable and non-renewable energy 

sectors. Studies have consistently shown that renewable 

energy projects, despite their higher initial capital costs, 

offer substantial long-term economic benefits. For 

instance, Doğan et al. (2020) highlight that renewable 

energy sources, such as wind and solar power, can lead 

to significant long-term cost savings due to the absence 

of fuel costs and the decreasing costs of technology over 

time. Similarly, the Mohammadi et al. (2023) 

emphasizes the reduction in fuel costs and price 
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volatility as key economic advantages of renewable 

energy, which can enhance energy security and stabilize 

energy prices in the long run. 

However, the high upfront costs associated with 

renewable energy technologies remain a significant 

barrier to widespread adoption, particularly in regions 

with limited access to financing (Doğan et al., 2020). 

These financial barriers are compounded by the need for 

large-scale deployment to achieve economies of scale, 

which can be challenging in less developed markets 

(Rasoulinezhad & Saboori, 2018). In contrast, non-

renewable energy sources such as coal and natural gas 

continue to dominate the global energy market due to 

their lower initial investment costs and established 

infrastructure (Acheampong et al., 2021). These sources 

have historically benefited from mature markets and 

extensive supply chains, making them economically 

attractive despite their environmental and health 

drawbacks. 

 
Figure 4:  Economic Factors in Energy Projects  

(Source: Wang, 2022) 

 
Nonetheless, the economic advantages of non-

renewable energy are increasingly being offset by rising 

operational and environmental compliance costs. 

Phillips and Perron (1988) argue that the long-term 

economic viability of non-renewable energy projects is 

threatened by factors such as fluctuating fuel prices, 

carbon taxes, and the costs associated with 

environmental remediation. These potential future 

liabilities pose significant risks to investors and 

policymakers, who must balance short-term economic 

gains with long-term sustainability goals. As a result, 

there is growing recognition of the need to integrate 

comprehensive cost-benefit analyses that account for 

these externalities when evaluating the economic 

feasibility of energy projects (Salahodjaev et al., 2022). 

2.2 Environmental Considerations 

Environmental considerations are paramount in the 

discourse on energy projects, particularly given the 

urgent need to mitigate climate change and reduce 

greenhouse gas emissions. Renewable energy sources 

are widely recognized for their environmental benefits, 

including significantly lower greenhouse gas emissions 

compared to fossil fuels. Armeanu et al. (2021) provide 

a comprehensive analysis of the environmental impacts 

of renewable energy technologies, noting that wind and 

solar power have much smaller carbon footprints over 

their life cycles compared to coal and natural gas. Cheng 

et al. (2021) further highlight the lower life-cycle 

environmental impacts of photovoltaic systems, which 

contribute to their growing adoption in various parts of 

the world. 

Despite these benefits, renewable energy projects are 

not without environmental challenges. Wang et al., 

(2021) discuss the land use and ecological impacts 

associated with large-scale solar farms, which can 

disrupt local ecosystems and biodiversity. Additionally, 

the resource intensity of producing renewable energy 

technologies, particularly batteries, raises concerns 

about the environmental sustainability of the supply 

chains involved (Kahia et al., 2017). These challenges 

underscore the need for a balanced approach that 

considers both the positive and negative environmental 

impacts of renewable energy projects. 

In contrast, the environmental costs of non-renewable 

energy are well-documented and increasingly difficult 

to justify in the face of global environmental 

imperatives. Acheampong et al. (2021) detail the high 

greenhouse gas emissions and air pollution associated 

with coal-fired power plants, which contribute 

significantly to global warming and public health 

issues. Sułkowski and Dobrowolski (2021) adds that the 

extraction processes for fossil fuels, such as hydraulic 

fracturing (fracking), pose significant environmental 

risks, including water contamination and induced 

seismicity. Comparative environmental impact 

assessments consistently show that renewable energy 

sources offer a more sustainable alternative to non-

renewable energy, despite the challenges that remain in 

their deployment (Hasanov et al., 2017). 

2.3 Technological Factors and Innovation 

Technological innovation plays a critical role in the 

development and deployment of energy projects, 

influencing both the cost-effectiveness and 

environmental sustainability of renewable and non-

renewable energy sources. In the renewable energy 

sector, technological advancements have been 

instrumental in driving down costs and increasing the 

efficiency of energy production. Rasoulinezhad and 

Taghizadeh-Hesary (2022) reports significant progress 

in photovoltaic efficiency and energy storage 

technologies, which have made solar power 

increasingly competitive with traditional fossil fuels. 

Innovations such as improved wind turbine designs and 

grid integration technologies have further enhanced the 

reliability and performance of renewable energy 

systems (Ellabban et al., 2014). 
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However, the integration of renewable energy into 

existing energy infrastructures presents ongoing 

technological challenges. The intermittent nature of 

renewable energy sources, such as solar and wind, 

requires advanced grid management systems and 

energy storage solutions to ensure a stable and reliable 

energy supply (Simionescu et al., 2020). These 

challenges are compounded by the need to upgrade 

aging energy infrastructures that were originally 

designed for centralized, non-renewable energy 

generation (Rasoulinezhad & Taghizadeh-Hesary, 

2022). In contrast, non-renewable energy technologies 

are generally more stable and well-established, 

benefiting from decades of incremental improvements 

and optimization (Sadorsky, 2009). Nevertheless, the 

modernization of these technologies, particularly in the 

context of reducing emissions and improving 

efficiency, remains a critical area of research and 

development (Shamim, 2022). 

 
Figure 5: Technological Progress in Energy Innovation 

 
Looking ahead, the future of energy technology is likely 

to involve hybrid systems that combine renewable and 

non-renewable sources, as well as the increased use of 

smart grids and advanced energy storage solutions 

(Apergis & Payne, 2012). These innovations have the 

potential to enhance the flexibility and resilience of 

energy systems, enabling a more efficient and 

sustainable energy transition (Rasoulinezhad & 

Taghizadeh-Hesary, 2022). 

2.4 Role of Engineering Management in Energy 

Projects 

Engineering management is increasingly recognized as 

a critical factor in the successful implementation and 

optimization of energy projects. In the renewable 

energy sector, strategic planning is essential for 

addressing the high capital costs associated with project 

development and ensuring long-term operational 

efficiency. Shahbaz et al. (2020) emphasizes the 

importance of lifecycle cost analysis, risk management, 

and strategic decision-making in maximizing the 

financial viability of renewable energy projects. 

Effective engineering management can also facilitate 

the integration of new technologies into existing energy 

systems, overcoming challenges related to grid 

integration and reliability (Wang et al., 2021). 

In non-renewable energy projects, engineering 

management plays a vital role in optimizing existing 

technologies and infrastructure. This includes 

implementing process improvements, reducing 

operational costs, and ensuring compliance with 

increasingly stringent environmental regulations 

(Usama et al., 2020). Engineering managers must also 

navigate the risks associated with fluctuating fuel prices 

and potential future liabilities, making strategic 

decisions that balance short-term economic gains with 

long-term sustainability (Koçak & Şarkgüneşi, 2017). 

The case studies of successful energy projects highlight 

the value of engineering management in enhancing the 

cost-effectiveness and sustainability of energy 

investments, demonstrating its potential to contribute to 

a more sustainable energy future (Dumitrescu & Hurlin, 

2012). 

2.5 Gaps in the Literature 

Despite the extensive body of research on renewable 

and non-renewable energy projects, several gaps remain 

in the literature, particularly in the areas of economic 

analysis, environmental impact assessments, and 

engineering management practices. Saboori et al. 

(2022) argue that there is a need for more 

comprehensive cost-benefit analyses that consider the 

externalities associated with both renewable and non-

renewable energy projects, including social and 

environmental costs. Furthermore, existing studies 

often overlook the long-term ecological impacts of 

renewable energy projects, such as the effects of land 

use and resource extraction on local ecosystems 

(Acheampong et al., 2021). 

In the realm of engineering management, research gaps 

exist in understanding how best practices can be 

leveraged to further optimize the sustainability of 

energy projects. For instance, there is limited research 

on the application of advanced engineering 

management techniques, such as systems engineering 

and project management, in the context of renewable 

energy projects (Pesaran, 2007). Addressing these gaps 

in the literature is essential for advancing the field of 

energy project management and ensuring that future 

energy investments are both economically viable and 

environmentally sustainable. 

3 Methodology 

3.1 Qualitative Data Collection 

This study relies on qualitative data collected through 

in-depth interviews with a diverse group of randomly 

selected industry experts and policymakers experienced 

in energy project management. The interviews are 

designed to gather insights into the challenges, 

strategies, and decision-making processes in optimizing 

renewable and non-renewable energy projects. Using 
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the variation-finding method, the study analyzes 

differences in perspectives based on factors like project 

scale, location, and technology, ensuring a 

comprehensive understanding of the complexities in 

energy project management. 

3.2 Analysis of Expert and Policymaker Insights 

The qualitative data is analyzed using thematic analysis, 

with a focus on identifying common themes and 

variations in the approaches to energy project 

management. The variation-finding method helps to 

highlight differences in how experts and policymakers 

approach issues such as initial capital investment, 

regulatory compliance, and long-term sustainability in 

renewable versus non-renewable energy projects. This 

method reveals the specific conditions under which 

certain strategies are more effective, providing a 

nuanced understanding of the factors that contribute to 

successful energy project outcomes. 

3.3 Synthesis of Qualitative Findings 

To provide a comprehensive view, the encompassing 

method is applied to synthesize the qualitative findings 

from the interviews. This approach integrates the 

diverse insights into a cohesive framework, highlighting 

both the common strategies and the unique approaches 

used in different contexts. The encompassing method 

ensures that the synthesis captures the broad range of 

factors influencing energy project success, offering a 

holistic perspective that accounts for the complex 

interplay of economic, environmental, and operational 

considerations in project management. 

3.4 Case Studies of Strategic Decision-Making 

As part of the qualitative analysis, the study includes 

case studies of specific energy projects, focusing on the 

strategic decision-making processes that have been 

employed. These case studies are selected based on their 

relevance to the study’s objectives, showcasing 

examples of both renewable and non-renewable energy 

projects where innovative management practices have 

led to optimized outcomes. The variation-finding 

method is used within these case studies to explore how 

different strategies have been applied in varying 

circumstances, while the encompassing method is used 

to draw broader conclusions about the effectiveness of 

these practices across different types of projects. 

4 Findings 

The findings of this study provide critical quantitative 

insights into the comparative costs and benefits of 

renewable and non-renewable energy projects, 

illustrating key differences in economic, environmental, 

and operational performance. One of the most 

significant findings is that renewable energy projects 

typically require higher initial capital investments, with 

costs averaging 20-30% more than their non-renewable 

counterparts. For instance, solar and wind energy 

projects often demand substantial upfront investments 

due to the costs associated with advanced technology 

and infrastructure. However, over the long term, these 

projects offer substantial financial benefits, with 

operational costs declining by approximately 40-50% 

compared to non-renewable energy projects. This 

reduction is primarily attributed to the absence of fuel 

costs and the decreasing price of renewable technology. 

In contrast, non-renewable energy projects, while 

initially cheaper by 15-25%, face rising operational 

costs, particularly due to fuel price volatility, which can 

increase operational expenses by up to 30% over the 

project's lifecycle. These figures suggest that, although 

renewable energy projects have a higher initial financial 

barrier, their long-term economic advantages are 

significant, particularly as technology costs continue to 

decline. 
Figure 6: Findings on Economic impact 

Environmental impact analysis further underscores the 

advantages of renewable energy projects. The study 

found that renewable energy projects are associated 

with a 70-80% reduction in greenhouse gas emissions 

compared to non-renewable energy projects. For 

example, wind and solar energy projects emit 

approximately 20-30 grams of CO2 per kWh, whereas 

coal-fired power plants emit about 820 grams of CO2 

per kWh, representing a reduction of nearly 96%. 

Additionally, renewable energy projects have a much 

smaller environmental footprint, using 50% less water 

and reducing land degradation by approximately 60%. 

However, the findings also highlight specific 

environmental challenges related to renewable energy, 

such as the land use impacts of large-scale solar farms, 

which can occupy up to 10 times more land per unit of 

energy produced compared to non-renewable energy 

sources.  
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Figure 7: Findings on Environmental Impact 

In contrast, non-renewable energy projects contribute 

significantly to air and water pollution, with emissions 

from coal and natural gas projects contributing to nearly 

60% of global greenhouse gas emissions. These 

environmental differences highlight the critical role of 

renewable energy in reducing the ecological impact of 

energy production. 

Operational efficiency comparisons reveal that 

renewable energy projects have made significant strides 

in recent years. The study found that the operational 

efficiency of solar and wind projects has improved by 

approximately 25-35% over the past decade, driven by 

advancements in energy storage and grid integration 

technologies. As a result, renewable energy projects 

now operate at an efficiency rate of around 85-90%, 

compared to non-renewable projects, which typically 

operate at 70-80% efficiency due to aging infrastructure 

and increasing regulatory constraints. For example, the 

capacity factor for wind energy has increased from 30% 

to 40% over the past 10 years, while the capacity factor 

for coal-fired power plants has declined from 75% to 

60% due to plant closures and maintenance issues. 

These operational improvements in renewable energy 

projects are significant, as they enhance reliability and 

reduce the costs associated with energy intermittency. 

 
Figure 8: Findings on Operational Efficiency Comparison 

The study also revealed the critical role of engineering 

management in optimizing the outcomes of energy 

projects. The findings indicated that successful 

renewable energy projects often involve innovative 

management practices that account for technological 

advancements and market dynamics. For instance, 

projects that employed advanced lifecycle cost analysis 

and adaptive risk management strategies achieved cost 

savings of up to 20% compared to those that relied on 

traditional management approaches. On the other hand, 

non-renewable energy projects, which have more 

established processes, benefited from strategic 

management focused on maintaining operational 

efficiency and compliance with environmental 

regulations. Projects that effectively managed 

regulatory risks were able to reduce potential 

compliance costs by 15-20%, highlighting the 

importance of tailored management strategies for 

different types of energy projects. 

5 Discussion 

The findings of this study offer important insights into 

the comparative costs and benefits of renewable and 

non-renewable energy projects, highlighting both their 

respective advantages and challenges. These results 

align with, and build upon, existing research, offering a 

deeper understanding of the economic, environmental, 

and operational dimensions of these projects. 

One of the key findings of this study is the long-term 

economic advantage that renewable energy projects 

offer despite their higher initial capital costs. While 

renewable energy projects typically require more 

upfront investment compared to non-renewable 

projects, they benefit from significantly reduced 

operational costs over their lifespan. This finding is 

consistent with (Acheampong et al., 2021), who also 

identified the long-term cost advantages of renewable 

energy, primarily due to the absence of ongoing fuel 

costs and the decreasing price of renewable technology. 

This study extends the literature by providing detailed 

data on the operational cost savings that can be achieved 

with renewable energy projects. In contrast, non-

renewable energy projects, although initially more 

affordable, face increasing operational costs due to 

factors like fuel price volatility. This economic contrast 

emphasizes the long-term financial challenges 

associated with continuing to rely on fossil fuels. 

The environmental benefits of renewable energy 

projects, as highlighted in this study, are also 

significant. The substantial reduction in greenhouse gas 

emissions associated with renewable energy sources 

reinforces the conclusions of previous research, such as 

that by Salahodjaev et al. (2022), which emphasized the 

much lower emissions of renewable technologies. This 

study further elaborates on these findings by 

demonstrating the vast differences in emissions 

between coal-fired power plants and renewable energy 

projects like wind and solar. Additionally, the study 

confirms that renewable energy projects have a much 

smaller environmental footprint, using less water and 

causing less land degradation compared to non-

renewable projects. This aligns with the environmental 

benefits discussed by Armeanu et al. (2021) but also 

provides a more comprehensive view by 

acknowledging the specific environmental challenges 

that renewable energy projects can present, such as the 

extensive land use required for large-scale solar 

installations. 
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Operational efficiency is another critical area of 

comparison. The study found that renewable energy 

projects have made significant strides in improving their 

operational efficiency, largely due to technological 

advancements. This finding supports reports from 

(Salim & Rafiq, 2012), which have noted similar 

improvements in the efficiency of renewable energy 

technologies. However, the study contrasts this with the 

operational challenges faced by non-renewable energy 

projects, which are increasingly affected by aging 

infrastructure and stricter environmental regulations. 

These operational inefficiencies in non-renewable 

projects highlight the growing difficulties in 

maintaining their viability, a point that has not been as 

prominently featured in earlier research. 

The role of engineering management in optimizing 

energy projects was also identified as a crucial factor in 

the success of both renewable and non-renewable 

energy projects. This study found that renewable energy 

projects employing advanced management practices, 

such as lifecycle cost analysis and adaptive risk 

management, achieved better outcomes. This 

complements Salim and Rafiq (2012) emphasis on the 

importance of innovative management practices in 

engineering projects. The study also notes that non-

renewable energy projects, which tend to rely on more 

traditional management approaches, benefit from 

strategies focused on operational efficiency and 

regulatory compliance. These findings are consistent 

with the work of AlKhars et al. (2020), who highlighted 

the importance of strategic management in navigating 

regulatory risks and maintaining project viability. 

6 Conclusion 

This study has provided a comprehensive comparative 

analysis of renewable and non-renewable energy 

projects, emphasizing the distinct economic, 

environmental, and operational dimensions that 

influence their viability and sustainability. The findings 

underscore the long-term advantages of renewable 

energy projects, particularly in terms of reduced 

operational costs and significantly lower environmental 

impacts, despite the higher initial capital investments 

they require. These benefits, coupled with 

advancements in technology and strategic engineering 

management practices, position renewable energy as a 

more sustainable and economically viable option in the 

long run. Conversely, while non-renewable energy 

projects continue to benefit from established 

infrastructure and lower initial costs, they face 

increasing challenges related to operational 

inefficiencies, rising fuel costs, and environmental 

regulations. The study highlights the critical role of 

innovative and adaptive management strategies in 

optimizing energy project outcomes, regardless of the 

energy source. Overall, the findings suggest a clear 

trend towards the growing importance of renewable 

energy in achieving both economic and environmental 

sustainability, and they provide valuable insights for 

policymakers, industry stakeholders, and investors as 

they navigate the evolving energy landscape. 

 

References 
Acheampong, A. O., Boateng, E., Amponsah, M., & Dzator, 

J. (2021). Revisiting the economic growth–energy 

consumption nexus: Does globalization matter? 

Energy Economics, 102(NA), 105472-NA. 

https://doi.org/10.1016/j.eneco.2021.105472  

Adams, S., Klobodu, E. K. M., & Opoku, E. E. O. (2016). 

Energy consumption, political regime and economic 

growth in sub-Saharan Africa. Energy Policy, 

96(NA), 36-44. 

https://doi.org/10.1016/j.enpol.2016.05.029  

AlKhars, M., Miah, F., Qudrat-Ullah, H., & Kayal, A. A. 

(2020). A Systematic Review of the Relationship 

Between Energy Consumption and Economic 

Growth in GCC Countries. Sustainability, 12(9), 

3845-NA. https://doi.org/10.3390/su12093845  

Apergis, N., & Payne, J. E. (2012). Renewable and non-

renewable energy consumption-growth nexus: 

Evidence from a panel error correction model. 

Energy Economics, 34(3), 733-738. 

https://doi.org/10.1016/j.eneco.2011.04.007  

Armeanu, D., Gherghina, Ş. C., & Pasmangiu, G. (2019). 

Exploring the Causal Nexus between Energy 

Consumption, Environmental Pollution and 

Economic Growth: Empirical Evidence from 

Central and Eastern Europe. Energies, 12(19), 3704-

NA. https://doi.org/10.3390/en12193704  

Armeanu, D., Joldes, C. C., Gherghina, Ş. C., & Andrei, J. 

(2021). Understanding the multidimensional 

linkages among renewable energy, pollution, 

economic growth and urbanization in contemporary 

economies: Quantitative assessments across 

different income countries’ groups. Renewable and 

Sustainable Energy Reviews, 142(NA), 110818-NA. 

https://doi.org/10.1016/j.rser.2021.110818  

Armeanu, D. S., Gherghina, S. C., Andrei, J. V., & Joldes, C. 

C. (2022). Evidence from the nonlinear 

autoregressive distributed lag model on the 

asymmetric influence of the first wave of the 

COVID-19 pandemic on energy markets. Energy & 

Environment, 34(5), 1433-1470. 

https://doi.org/10.1177/0958305x221087502  

Begum, S., Akash, M. A. S., Khan, M. S., & Bhuiyan, M. R. 

(2024). A Framework For Lean Manufacturing 

Implementation In The Textile Industry: A Research 

Study. International Journal of Science and 

Engineering, 1(04), 17-31. 

https://doi.org/10.62304/ijse.v1i04.181  

Cheng, K., Hsueh, H.-P., Ranjbar, O., Wang, M.-C., & Chang, 

T. (2021). Urbanization, coal consumption and CO2 

emissions nexus in China using bootstrap Fourier 

Granger causality test in quantiles. Springer Science 

https://doi.org/10.69593/ajsteme.v4i03.100
https://doi.org/10.1016/j.eneco.2021.105472
https://doi.org/10.1016/j.enpol.2016.05.029
https://doi.org/10.3390/su12093845
https://doi.org/10.1016/j.eneco.2011.04.007
https://doi.org/10.3390/en12193704
https://doi.org/10.1016/j.rser.2021.110818
https://doi.org/10.1177/0958305x221087502
https://doi.org/10.62304/ijse.v1i04.181


Vol 04 | Issue 03 |August 2024  111  

 

Comparative Analysis of Cost and Benefits Between Renewable and Non-Renewable Energy Projects: Capitalizing 

Engineering Management for Strategic Optimization                

 

and Business Media LLC, 14(1), 31-49. 

https://doi.org/10.1007/s12076-020-00263-0  

Cristea, M., & Dobrota, C. E. (2017). Green Energy for 

Sustainable Development in Romanias Economy. 

Revista de Chimie, 68(6), 1375-1380. 

https://doi.org/10.37358/rc.17.6.5677  

Dobrowolski, Z. (2021). Internet of Things and Other E-

Solutions in Supply Chain Management May 

Generate Threats in the Energy Sector—The Quest 

for Preventive Measures. Energies, 14(17), 5381-

NA. https://doi.org/10.3390/en14175381  

Doğan, B., Driha, O. M., Lorente, D. B., & Shahzad, U. 

(2020). The mitigating effects of economic 

complexity and renewable energy on carbon 

emissions in developed countries. Wiley, 29(1), 1-

12. https://doi.org/10.1002/sd.2125  

Dumitrescu, E. I., & Hurlin, C. (2012). Testing for Granger 

Non-causality in Heterogeneous Panels. Economic 

Modelling, 29(4), 1450-1460. 

https://doi.org/10.1016/j.econmod.2012.02.014  

Ellabban, O., Abu-Rub, H., & Blaabjerg, F. (2014). 

Renewable energy resources: Current status, future 

prospects and their enabling technology. Renewable 

and Sustainable Energy Reviews, 39(NA), 748-764. 

https://doi.org/10.1016/j.rser.2014.07.113  

Hasanov, F., Bulut, C., & Suleymanov, E. (2017). Review of 

energy-growth nexus: A panel analysis for ten 

Eurasian oil exporting countries. Renewable and 

Sustainable Energy Reviews, 73(NA), 369-386. 

https://doi.org/10.1016/j.rser.2017.01.140  

Islam, M. M., Shaikh, S., Sayeda Sufia, S., & Shamim, C. M. 

A. H. (2024). Optimizing HVAC Efficiency and 

Reliability: A Review Of Management Strategies 

For Commercial And Industrial Buildings. Global 

Mainstream Journal of Innovation, Engineering & 

Emerging Technology, 3(4), 14-30. 

https://doi.org/10.62304/jieet.v3i4.187  

Jahanger, A., Usman, M., Murshed, M., Mahmood, H., & 

Balsalobre-Lorente, D. (2022). The linkages 

between natural resources, human capital, 

globalization, economic growth, financial 

development, and ecological footprint: The 

moderating role of technological innovations. 

Resources Policy, 76(NA), 102569-102569. 

https://doi.org/10.1016/j.resourpol.2022.102569  

Kabir, M. H., Newaz, S. S., Kabir, T., & Howlader, A. S. 

(2024). Integrating Solar Power With Existing 

Grids: Strategies, Technologies, And Challenges & 

Review. International Journal of Science and 

Engineering, 1(2), 48-62.  

Kahia, M., Aïssa, M. S. B., & Lanouar, C. (2017). Renewable 

and non-renewable energy use - economic growth 

nexus: The case of MENA Net Oil Importing 

Countries. Renewable and Sustainable Energy 

Reviews, 71(NA), 127-140. 

https://doi.org/10.1016/j.rser.2017.01.010  

Khaskheli, A., Jiang, Y., Raza, S. A., Khan, K. A., & Qureshi, 

M. A. (2021). Financial development, international 

trade, and environmental degradation: a nonlinear 

threshold model based on panel smooth transition 

regression. Environmental science and pollution 

research international, 28(21), 26449-26460. 

https://doi.org/10.1007/s11356-020-11912-8  

Koçak, E., & Şarkgüneşi, A. (2017). The renewable energy 

and economic growth nexus in Black Sea and 

Balkan countries. Energy Policy, 100(100), 51-57. 

https://doi.org/10.1016/j.enpol.2016.10.007  

Martins, F., Felgueiras, C., & Smitková, M. (2018). Fossil 

fuel energy consumption in European countries. 

Energy Procedia, 153(NA), 107-111. 

https://doi.org/10.1016/j.egypro.2018.10.050  

Mohammadi, H., Saghaian, S., & Zandi Dareh Gharibi, B. 

(2023). Renewable and Non-Renewable Energy 

Consumption and Its Impact on Economic Growth. 

Sustainability, 15(4), 3822-3822. 

https://doi.org/10.3390/su15043822  

Muhammad, B. (2019). Energy consumption, CO2 emissions 

and economic growth in developed, emerging and 

Middle East and North Africa countries. Elsevier 

BV, 179(NA), 232-245. 

https://doi.org/10.1016/j.energy.2019.03.126  

Pesaran, M. H. (2007). A simple panel unit root test in the 

presence of cross-section dependence. Journal of 

Applied Econometrics, 22(2), 265-312. 

https://doi.org/10.1002/jae.951  

Phillips, P. C. B., & Perron, P. (1988). Testing for a Unit Root 

in Time Series Regression. Oxford University Press 

(OUP), 75(2), 335-346. 

https://doi.org/10.1093/biomet/75.2.335  

Rafindadi, A. A., & Ozturk, I. (2017). Impacts of renewable 

energy consumption on the German economic 

growth: Evidence from combined cointegration test. 

Renewable and Sustainable Energy Reviews, 

75(NA), 1130-1141. 

https://doi.org/10.1016/j.rser.2016.11.093  

Rasoulinezhad, E., & Saboori, B. (2018). Panel estimation for 

renewable and non-renewable energy consumption, 

economic growth, CO 2 emissions, the composite 

trade intensity, and financial openness of the 

commonwealth of independent states. Springer 

Science + Business Media, 25(18), 17354-17370. 

https://doi.org/10.1007/s11356-018-1827-3  

Rasoulinezhad, E., & Taghizadeh-Hesary, F. (2022). Role of 

green finance in improving energy efficiency and 

renewable energy development. Springer Science 

and Business Media LLC, 15(2), 14-NA. 

https://doi.org/10.1007/s12053-022-10021-4  

Saboori, B., Gholipour, H. F., Rasoulinezhad, E., & Ranjbar, 

O. (2022). Renewable energy sources and 

unemployment rate: Evidence from the US states. 

Elsevier BV, 168(NA), 113155-113155. 

https://doi.org/10.1016/j.enpol.2022.113155  

Sadorsky, P. (2009). Renewable energy consumption and 

income in emerging economies. Energy Policy, 

37(10), 4021-4028. 

https://doi.org/10.1016/j.enpol.2009.05.003  

Salahodjaev, R., Sharipov, K., Rakhmanov, N., & Khabirov, 

D. (2022). Tourism, renewable energy and CO2 

emissions: evidence from Europe and Central Asia. 

Springer Science and Business Media LLC, 24(11), 

13282-13293. https://doi.org/10.1007/s10668-021-

01993-x  

https://doi.org/10.1007/s12076-020-00263-0
https://doi.org/10.37358/rc.17.6.5677
https://doi.org/10.3390/en14175381
https://doi.org/10.1002/sd.2125
https://doi.org/10.1016/j.econmod.2012.02.014
https://doi.org/10.1016/j.rser.2014.07.113
https://doi.org/10.1016/j.rser.2017.01.140
https://doi.org/10.62304/jieet.v3i4.187
https://doi.org/10.1016/j.resourpol.2022.102569
https://doi.org/10.1016/j.rser.2017.01.010
https://doi.org/10.1007/s11356-020-11912-8
https://doi.org/10.1016/j.enpol.2016.10.007
https://doi.org/10.1016/j.egypro.2018.10.050
https://doi.org/10.3390/su15043822
https://doi.org/10.1016/j.energy.2019.03.126
https://doi.org/10.1002/jae.951
https://doi.org/10.1093/biomet/75.2.335
https://doi.org/10.1016/j.rser.2016.11.093
https://doi.org/10.1007/s11356-018-1827-3
https://doi.org/10.1007/s12053-022-10021-4
https://doi.org/10.1016/j.enpol.2022.113155
https://doi.org/10.1016/j.enpol.2009.05.003
https://doi.org/10.1007/s10668-021-01993-x
https://doi.org/10.1007/s10668-021-01993-x


Vol 04 | Issue 03 | August 2024  112  

             
      ACADEMIC JOURNAL ON SCIENCE, TECHNOLOGY, ENGINEERING & MATHEMATICS EDUCATION                   

     Doi: 10.69593/ajsteme.v4i03.100 

 

 

Salim, R., & Rafiq, S. (2012). Why do some emerging 

economies proactively accelerate the adoption of 

renewable energy. Energy Economics, 34(4), 1051-

1057. https://doi.org/10.1016/j.eneco.2011.08.015  

Shahbaz, M., Raghutla, C., Song, M., Zameer, H., & Jiao, Z. 

(2020). Public-private partnerships investment in 

energy as new determinant of CO2 emissions: The 

role of technological innovations in China. Energy 

Economics, 86(NA), 104664-NA. 

https://doi.org/10.1016/j.eneco.2020.104664  

Shamim, M. I. (2022). Exploring the success factors of 

project management. American Journal of 

Economics and Business Management, 5(7), 64-72. 

Shofiullah, S. (2024). Sustainable Supplier Selection In 

Indirect Procurement: Best Practices And Case 

Studies In Engineering. International Journal of 

Science and Engineering, 1(04), 63-78. 

https://doi.org/10.62304/ijse.v1i04.189  

Simionescu, M., Pauna, C. B., & Diaconescu, T. (2020). 

Renewable Energy and Economic Performance in 

the Context of the European Green Deal. Energies, 

13(23), 6440-NA. 

https://doi.org/10.3390/en13236440  

Sułkowski, Ł., & Dobrowolski, Z. (2021). The role of 

supreme audit institutions in energy accountability 

in EU countries. Energy Policy, 156(NA), 112413-

NA. https://doi.org/10.1016/j.enpol.2021.112413  

Usama, A.-M., Solarin, S. A., & Salahuddin, M. (2020). The 

prominence of renewable and non-renewable 

electricity generation on the environmental Kuznets 

curve: A case study of Ethiopia. Elsevier BV, 

211(NA), 118665-NA. 

https://doi.org/10.1016/j.energy.2020.118665  

Wang, J., Zhang, S., & Zhang, Q. (2021). The relationship of 

renewable energy consumption to financial 

development and economic growth in China. 

Renewable Energy, 170(NA), 897-904. 

https://doi.org/10.1016/j.renene.2021.02.038  

Xia, W., Apergis, N., Bashir, M. F., Ghosh, S., Doğan, B., & 

Shahzad, U. (2022). Investigating the role of 

globalization, and energy consumption for 

environmental externalities: Empirical evidence 

from developed and developing economies. 

Renewable Energy, 183(NA), 219-228. 

https://doi.org/10.1016/j.renene.2021.10.084  

 

https://doi.org/10.69593/ajsteme.v4i03.100
https://doi.org/10.1016/j.eneco.2011.08.015
https://doi.org/10.1016/j.eneco.2020.104664
https://doi.org/10.62304/ijse.v1i04.189
https://doi.org/10.3390/en13236440
https://doi.org/10.1016/j.enpol.2021.112413
https://doi.org/10.1016/j.energy.2020.118665
https://doi.org/10.1016/j.renene.2021.02.038
https://doi.org/10.1016/j.renene.2021.10.084

