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 Green computing has emerged as a vital field in response to growing 

concerns over the environmental impact of computing technologies. 

This study presents a bibliometric analysis of the green computing 

research landscape, examining key research themes, influential 

contributors, and emerging technologies. By analyzing a 

comprehensive dataset of academic publications, this study reveals the 

growing emphasis on energy-efficient computing systems, particularly 

in areas such as cloud computing, mobile edge computing, and 

machine learning. The analysis highlights the increasing role of 

interdisciplinary collaborations and global contributions to green 

computing research. Additionally, the study identifies key emerging 

trends, such as the integration of energy-efficient solutions with 

advanced technologies like 5G, IoT, and blockchain. This paper 

provides valuable insights into the current state of green computing 

research and offers a roadmap for future advancements in sustainable 

computing technologies. 
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1. INTRODUCTION  

In recent years, the environmental 

challenges posed by the rapid expansion of 

the information technology (IT) industry have 

become increasingly evident. As technology 

evolves, the energy consumption of 

computing systems continues to rise, 

contributing significantly to carbon emissions 

and environmental degradation [1]. In 

response, green computing has emerged as a 

vital research domain focused on reducing the 

ecological footprint of computing 

technologies [2]–[4]. Green computing 

encompasses a variety of strategies and 

practices designed to minimize energy 

consumption, enhance resource efficiency, 

and promote sustainable development within 

the IT sector [5]–[7]. This includes the 

development of energy-efficient hardware, 

the optimization of software for reduced 

energy use, and the deployment of 

environmentally friendly data centers. 

The importance of green computing 

has gained momentum as concerns about 

climate change and resource depletion have 

grown globally. Governments, businesses, 

and academic institutions are increasingly 

prioritizing sustainability, and green 

computing is seen as a critical component of 

achieving broader environmental goals [8]–

[10]. As a result, the academic literature on 

green computing has expanded substantially, 

covering a range of topics from energy-
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efficient algorithms to eco-friendly data 

storage solutions. 

Despite the considerable body of 

research, the field of green computing 

remains diverse and fragmented, with 

various disciplines contributing different 

perspectives and solutions. To gain a 

comprehensive understanding of the 

evolution of green computing research, it is 

essential to examine the trends, key themes, 

and influential contributors shaping the field. 

Bibliometric analysis provides a valuable tool 

to assess the growth, structure, and impact of 

green computing research by analyzing 

citation patterns, author networks, and 

publication trends. 

This paper aims to conduct a 

bibliometric analysis of the green computing 

field to identify the key research themes, 

influential authors, and prominent journals. 

The study will also explore the geographical 

distribution of research and highlight the 

emerging trends in sustainable computing 

practices. By employing bibliometric 

techniques, this paper provides insights into 

the current state of green computing research 

and offers guidance for future studies in this 

critical area. 

Through this analysis, the paper 

contributes to the understanding of green 

computing as an interdisciplinary field and 

underscores its growing significance in the 

context of global sustainability efforts. 

Moreover, the study aims to guide 

researchers, policymakers, and practitioners 

in advancing environmentally responsible 

computing technologies. 

  

2. METHODS 

This study employs a bibliometric 

analysis approach to examine the 

development and trends in green computing 

research. Bibliometric analysis is a 

quantitative method used to assess academic 

literature by analyzing patterns in 

publication, citation, and authorship. It 

provides a comprehensive understanding of 

how research has evolved over time and 

identifies key contributors, influential 

journals, and emerging research themes [11], 

[12]. This method is particularly valuable for 

analyzing large volumes of scientific 

publications, allowing researchers to uncover 

relationships and trends that might otherwise 

go unnoticed. 

To conduct the bibliometric analysis, 

a dataset of research articles related to green 

computing was obtained from leading 

academic databases, including Scopus, Web 

of Science, and Google Scholar. The search 

focused on articles published from the year 

2000 to the present, using keywords such as 

"green computing," "sustainable computing," 

"energy-efficient computing," and "eco-

friendly computing systems." This period was 

chosen to capture the evolution of green 

computing research from its inception to the 

present day. The dataset was filtered to 

include only peer-reviewed journal articles, 

conference papers, and book chapters, 

ensuring the inclusion of high-quality, 

impactful publications. 

The analysis utilized several 

bibliometric techniques, including citation 

analysis, co-authorship analysis, and 

keyword co-occurrence analysis. Citation 

analysis helped identify the most cited papers 

and authors, providing insights into the 

influence and impact of various works in the 

field. Co-authorship analysis was employed 

to explore collaborative networks between 

authors and institutions, revealing key 

players in green computing research. Finally, 

keyword co-occurrence analysis was used to 

identify the most frequently discussed topics 

and emerging research areas within green 

computing. These methods, combined with 

visualization tools such as VOSviewer [13], 

[14], enabled a detailed mapping of the green 

computing research landscape, highlighting 

significant trends and gaps in the literature. 

 

3. RESULTS AND DISCUSSION 

3.1 Author Collaboration Analysis
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Figure 1. Author Visualization 

Source: Data Analysis 

 

The image represents a network 

visualization of authors in the field of green 

computing research, generated using 

VOSviewer. The layout shows distinct 

clusters of authors based on co-authorship or 

citation relationships, highlighting the 

collaborative nature of the research 

community. Each node represents an author, 

with the size of the nodes potentially 

indicating their level of involvement or 

influence in the field, while the color-coded 

clusters group authors with similar research 

interests or frequent collaborations. The 

connections between the nodes (lines) 

represent co-authorship relationships, where 

stronger or more frequent collaborations are 

likely to have thicker or more direct links. This 

visualization allows for a better 

understanding of the central figures in green 

computing research and how they are 

connected to one another through joint 

publications. The spread of authors across 

different clusters also suggests the 

interdisciplinary reach of green computing, 

encompassing a variety of research areas and 

approaches. 

 

3.2 Country Contribution Analysis 

 

 
Figure 2. Country Visualization 

Source: Data Analysis 
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The image depicts a network 

visualization of countries involved in green 

computing research, with connections 

representing collaborations or citations 

between researchers from different nations. 

The larger, more centrally located nodes—

such as China, India, the United States, and 

the United Kingdom—indicate the countries 

that are most influential and actively 

contributing to the field. The color-coded 

clusters suggest regional groupings, with 

countries like China and India forming 

prominent nodes in Asia, and the United 

States and the United Kingdom representing 

major research hubs in North America and 

Europe. The visual structure highlights a 

strong global network of green computing 

research, with active collaborations spanning 

across continents, including connections to 

countries in Africa, the Middle East, and Latin 

America. This map provides a clear 

illustration of the international nature of the 

field, showing the flow of knowledge and 

collaborative efforts on a global scale. 

 

3.3 Citation Analysis: Influential 

Publications

 

Table 1. Top Cited Research 

Citations Authors and year Title 

4968 
Mao, Y.,You, C.,Zhang, 

J.,Huang, K.,Letaief, K.B. (2017) 

A Survey on Mobile Edge Computing: The Communication 

Perspective 

3884 
Paton, C.,Hellstrom, J.,Paul, 

B.,Woodhead, J.,Hergt, J. (2011) 

Iolite: Freeware for the visualisation and processing of mass 

spectrometric data 

2449 
Beloglazov, A.,Abawajy, 

J.,Buyya, R. (2012) 

Energy-aware resource allocation heuristics for efficient 

management of data centers for Cloud computing 

2042 Barroso, L.A.,Hölzle, U. (2007) The case for energy-proportional computing 

1671 
Mao, Y.,Zhang, J.,Letaief, K.B. 

(2016) 

Dynamic Computation Offloading for Mobile-Edge 

Computing with Energy Harvesting Devices 

1620 Beloglazov, A.,Buyya, R. (2012) 

Optimal online deterministic algorithms and adaptive 

heuristics for energy and performance efficient dynamic 

consolidation of virtual machines in Cloud data centers 

1364 
Yu, W.,Liang, F.,He, X.,... Lin, 

J.,Yang, X. (2017) 
A Survey on the Edge Computing for the Internet of Things 

1257 
Phillpot, S.R.,Keblinski, 

P.,Schelling, P.K. (2002) 

Comparison of atomic-level simulation methods for 

computing thermal conductivity 

1224 

Barca, G.M.J.,Bertoni, 

C.,Carrington, L.,... Zahariev, 

F.,Gordon, M.S. (2020) 

Recent developments in the general atomic and molecular 

electronic structure system 

1204 
Esposito, M.,Harbola, 

U.,Mukamel, S. (2009) 

Nonequilibrium fluctuations, fluctuation theorems, and 

counting statistics in quantum systems 

Source: Scopus, 2026 

 

Table 1 showcases the top-cited 

research papers in the field, with a focus on 

studies that have had a significant impact on 

the development of green computing and 

related fields such as mobile edge computing, 

cloud computing, and energy-efficient data 

management. The most cited paper, with 4968 

citations, is by Mao et al. (2017), which 

provides a comprehensive survey on mobile 

edge computing from a communication 

perspective. This highlights the growing 

importance of energy efficiency and the role 

of mobile edge computing in optimizing 

network resources. Other highly cited works, 

such as Beloglazov et al.'s (2012) study on 

energy-aware resource allocation for cloud 

computing data centers, reflect the ongoing 

focus on optimizing energy consumption in 

data management and cloud infrastructures. 

The list also includes foundational research in 

energy-proportional computing (Barroso & 

Hölzle, 2007), which has been instrumental in 

advancing sustainable computing 

technologies. Overall, these highly cited 
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papers represent critical contributions to the 

evolving landscape of energy-efficient 

computing, mobile edge solutions, and cloud 

infrastructure optimization, providing a 

strong foundation for future research in green 

computing. 

 

3.4 Keyword Co-Occurrence and 

Research Themes 

 

 
Figure 3. Network Visualization 

Source: Data Analysis 

 

Figure 3 presents a network 

visualization of key research topics within the 

domain of green computing, revealing the 

relationships between various concepts and 

technologies that contribute to this evolving 

field. The central node, "green computing," is 

surrounded by several interconnected 

clusters representing different research 

themes such as "energy utilization," "edge 

computing," "sustainable development," and 

"cloud computing." The green cluster 

emphasizes topics related to energy 

efficiency, performance optimization, and 

low-power technologies, highlighting the core 

focus of green computing. Surrounding this, 

the blue cluster includes themes like "data 

center management" and "energy 

consumption," underlining the environmental 

impacts of large-scale computing 

infrastructures. The red cluster, which 

includes "mobile edge computing" and 

"reinforcement learning," reflects the growing 

interest in integrating green computing with 

cutting-edge technologies like machine 

learning and mobile systems. This 

visualization illustrates the interdisciplinary 

nature of green computing research and 

emphasizes the interconnectedness of various 

technologies aimed at achieving energy-

efficient, sustainable computing systems. The 

tightly knit network suggests that 

advancements in one area often drive 

progress in others, creating a holistic 

approach to solving the environmental 

challenges posed by modern computing. 
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Figure 4. Overlay Visualization 

Source: Data Analysis 

 

Figure 4 presents an overlay 

visualization of the green computing research 

landscape, with nodes colored according to 

the average publication year of the associated 

terms. The color gradient, ranging from 

yellow (indicating earlier publications) to blue 

(representing more recent ones), highlights 

the temporal evolution of different research 

themes. The central node, "green computing," 

is surrounded by a mix of colors, indicating 

that core concepts such as "energy utilization" 

and "energy-efficient" have been consistently 

studied over time. However, terms like 

"mobile edge computing," "reinforcement 

learning," and "deep learning" are colored 

more blue, reflecting their emergence as 

prominent topics in recent years. The network 

also reveals the growing interest in 

interdisciplinary areas, such as the integration 

of machine learning and edge computing with 

green computing principles. This 

visualization illustrates the dynamic nature of 

green computing research, with emerging 

technologies increasingly being incorporated 

into the field, suggesting an evolving focus on 

optimizing energy use through advanced 

computational methods and networked 

systems. 
 

 
Figure 5. Density Visualization 

Source: Data Analysis 
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Figure 5 presents a density 

visualization of green computing research, 

where the intensity of the color represents the 

density of publications or research activity 

associated with particular topics. The central 

node, "green computing," is surrounded by a 

high concentration of green, indicating its 

centrality and the substantial volume of 

research dedicated to energy-efficient 

computing practices. The surrounding areas, 

with varying shades of green and yellow, 

show the thematic density of other key areas, 

such as "energy utilization," "edge 

computing," and "sustainable development." 

These areas also indicate significant research 

interest, with terms like "energy 

consumption" and "cloud computing" 

appearing in denser regions, reflecting 

ongoing active exploration. Meanwhile, 

topics such as "mobile edge computing," "task 

offloading," and "reinforcement learning" are 

found in more isolated clusters, suggesting 

their recent emergence and growing 

importance in green computing research. This 

heatmap highlights the evolving focus within 

the field, with a clear concentration on energy 

optimization, sustainability, and the 

integration of emerging technologies to 

reduce the environmental impact of 

computing systems. 

 

3.5 Discussion 

The bibliometric analysis of green 

computing research provides valuable 

insights into the evolution of the field, 

highlighting the key areas of focus and the 

major contributors shaping the discourse. The 

growth of research in green computing has 

been driven by increasing global concerns 

about environmental sustainability, energy 

consumption, and the need for energy-

efficient technologies. As reflected in the 

citation and co-authorship analysis, the 

prominence of energy utilization and energy 

efficiency in computing systems has been 

central to the research agenda. This emphasis 

on reducing the carbon footprint of IT 

infrastructure, particularly in data centers and 

cloud computing, aligns with global 

sustainability goals. The integration of 

energy-efficient techniques into hardware 

design, software development, and network 

management has emerged as one of the 

primary solutions to mitigate the 

environmental impact of the growing 

demand for computational resources [5], [15]. 

Moreover, the findings reveal an 

increasing focus on advanced technologies 

such as machine learning, edge computing, 

and deep learning in green computing. These 

technologies are being leveraged to optimize 

energy consumption and improve the 

performance of distributed systems. For 

example, reinforcement learning algorithms 

are being applied to dynamically adjust 

resource allocation in cloud data centers, 

ensuring energy efficiency without 

compromising performance. Similarly, 

mobile edge computing has gained traction 

due to its potential to offload computational 

tasks from energy-intensive centralized 

servers to localized devices, reducing energy 

consumption and improving overall system 

efficiency. These developments indicate that 

green computing is no longer confined to 

traditional energy-saving measures but has 

expanded to include innovative solutions 

enabled by cutting-edge technologies [1]. 

Additionally, the bibliometric 

analysis highlights the global collaboration 

within green computing research. The co-

authorship and country network 

visualizations demonstrate that countries 

such as the United States, China, India, and 

the United Kingdom have played a leading 

role in advancing green computing research, 

with significant contributions from academic 

institutions and industry leaders. This 

collaborative approach is critical to 

addressing the global challenges of energy 

consumption and climate change. As green 

computing technologies continue to evolve, 

international cooperation will be essential in 

developing standardized frameworks and 

best practices that can be applied worldwide. 

The rise of interdisciplinary research, 

combining expertise from computer science, 

engineering, environmental science, and 

policy, further emphasizes the complexity of 

solving sustainability issues through 

technological innovation [16], [17]. 
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Finally, while significant progress has 

been made, there are still substantial gaps in 

the research, particularly regarding the 

integration of green computing with 

emerging technologies such as 5G networks, 

the Internet of Things (IoT), and blockchain. 

These technologies, while offering immense 

potential for innovation, also present new 

challenges in terms of energy consumption 

and environmental impact. Future research 

should focus on developing more efficient 

algorithms, energy-aware protocols, and 

sustainable models for these technologies to 

ensure that they contribute to, rather than 

hinder, sustainability efforts. Additionally, 

more studies are needed to assess the practical 

implementation of green computing 

solutions, focusing on real-world applications 

and the scalability of energy-efficient 

technologies in diverse computing 

environments [9], [18], [19]. Addressing these 

challenges will be crucial for the continued 

advancement of green computing and its role 

in promoting sustainable technological 

development. 

 

4. CONCLUSION 

This bibliometric study highlights the 

dynamic and evolving nature of green 

computing research, underscoring its 

growing importance in the context of global 

sustainability efforts. The findings indicate a 

significant focus on energy utilization and 

energy-efficient technologies, particularly 

within cloud and edge computing systems. 

The integration of emerging technologies, 

such as deep learning and machine learning, 

has expanded the scope of green computing, 

enabling more efficient resource management 

and energy optimization. The global 

collaboration and interdisciplinary approach 

in this field are essential for addressing the 

complex environmental challenges posed by 

modern computing infrastructures. 

However, despite the progress made, 

there are still key areas that require further 

exploration. As new technologies like 5G, IoT, 

and blockchain continue to proliferate, it will 

be critical to develop sustainable computing 

models that mitigate their environmental 

impact. Additionally, more empirical studies 

are needed to evaluate the real-world 

implementation of green computing solutions 

and their scalability across diverse systems 

and applications. Moving forward, green 

computing will play a pivotal role in 

advancing sustainable technological 

practices, and continued collaboration across 

disciplines and countries will be essential for 

driving innovation in energy-efficient 

computing technologies
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