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 This study presents a bibliometric analysis of the literature on 

sustainable software development and its contribution to green 

technology. By analyzing data from Google Scholar, this research 

identifies key trends, influential authors, and significant publications 

that have shaped the field from 1971 to 2024. The analysis reveals the 

increasing integration of sustainability principles within software 

engineering practices, emphasizing the critical role of green 

technologies in reducing the environmental impact of software 

systems. The study highlights the evolution of research focus towards 

energy-efficient coding, green data centers, and sustainable software 

frameworks, reflecting the growing importance of technology in 

achieving global sustainability goals. The findings also underscore the 

value of interdisciplinary collaboration in advancing the field, as 

evidenced by the diverse connections between technological, 

environmental, and economic themes. This research provides a 

comprehensive overview of the current state of sustainable software 

development and offers insights into future research directions that 

can further enhance the contribution of software engineering to 

environmental sustainability.  
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1. INTRODUCTION  

In the era of rapid technological 

advancement, the concept of sustainability 

has transcended traditional sectors, marking 

its significance in the domain of software 

development. Sustainable software 

development encompasses practices and 

methodologies that not only aim to reduce the 

environmental footprint of software systems 

but also ensure their economic and social 

sustainability [1]. This approach has gained 

traction as the global digital ecosystem 

increasingly impacts resource consumption 

and energy use. As software becomes integral 

to virtually every aspect of modern life, its 

environmental implications become more 

critical, necessitating the adoption of green 

technologies within the software lifecycle [2]. 

https://creativecommons.org/licenses/by-sa/4.0/
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The integration of green technologies 

in software development processes is pivotal 

in mitigating the adverse environmental 

effects associated with digital solutions. 

Green technology in software development 

refers to the application of environmentally 

friendly technologies that reduce the carbon 

footprint of software operations, from 

development to deployment and maintenance 

[3]. This integration not only supports 

environmental sustainability but also 

enhances system efficiency and reduces 

operational costs, making it a strategic focus 

in the software industry [4]. 

Moreover, the concept of green 

technology in software development extends 

beyond mere energy efficiency. It 

encompasses a broader spectrum of practices, 

such as resource optimization, waste 

reduction, and the use of renewable energy 

sources during the software development 

lifecycle [5]. These practices are crucial for 

promoting long-term sustainability in the tech 

industry, as they contribute to the 

conservation of resources and the reduction of 

the ecological footprint of technology-driven 

solutions. 

Despite the growing awareness and 

implementation of sustainable practices in 

software development, challenges remain in 

quantifying and understanding the extent of 

integration and the impact of these practices 

within the industry. This leads to a pressing 

need for systematic studies that can provide 

comprehensive insights into the adoption and 

effectiveness of sustainable software 

development methodologies [6]. 

A significant gap exists in the 

literature regarding the empirical evidence 

and systematic analysis of the contribution of 

sustainable software development to the 

advancement of green technology. While 

several studies have explored individual 

aspects of sustainability in software systems, 

there is a lack of comprehensive research that 

amalgamates these findings to present a 

holistic view of the field's progress and 

impact. This research seeks to address this 

gap by conducting a bibliometric analysis of 

existing literature, aiming to map out the 

evolution of sustainable software 

development and its interconnection with 

green technologies. The analysis will identify 

key themes, trends, and gaps in the current 

research, providing a foundation for future 

studies and practical applications in the field. 

The objective of this research is to 

conduct a bibliometric analysis of the 

literature on sustainable software 

development with a focus on its contribution 

to green technology. This study aims to map 

out the existing academic discourse, identify 

the most influential works, and understand 

the thematic and methodological trends over 

time. By doing so, it seeks to provide a 

structured overview of the field's 

development, offering insights into future 

research directions and the potential impact of 

sustainable practices in software 

development on the advancement of green 

technologies. 

 

2. LITERATURE REVIEW  

2.1 Evolution of Sustainable 

Software Development 

Sustainable software 

development has evolved from a 

niche concept into a fundamental 

aspect of modern software 

engineering practices. Initially, 

the focus was primarily on 

reducing the energy 

consumption of software 

systems during runtime. 

However, as the digital footprint 

of technology grew, so did the 

emphasis on a more holistic 

approach, incorporating 

environmental, social, and 

economic factors into software 

development processes [7]. This 

broader perspective ensures that 

software not only uses resources 

efficiently but also adheres to 

principles that promote 

sustainability over its entire 

lifecycle. 

Research by [8] significantly 

contributed to defining the scope 
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and implications of 

sustainability in software 

engineering. They proposed a 

framework that includes 

sustainability dimensions such 

as individual, social, economic, 

technical, and environmental, 

which has been widely 

referenced for evaluating the 

sustainability impact of software 

systems. This framework serves 

as a foundation for many studies, 

emphasizing the need for metrics 

and practices that can assess and 

enhance sustainability across 

these dimensions. 

2.2 Sustainable Practices in 

Software Development 

The integration of 

sustainability into software 

development practices involves 

various strategies and 

techniques aimed at reducing 

negative environmental impacts. 

One common practice is green 

coding, which focuses on 

creating code that is efficient in 

terms of computational 

resources and energy 

consumption. Researchers like 

[9] have explored methodologies 

for writing energy-efficient code, 

which not only helps in reducing 

the carbon footprint but also 

enhances the performance and 

scalability of software systems. 

Another significant area is 

the use of green data centers. As 

the backbone of modern 

computing, data centers 

consume an enormous amount 

of energy. Studies by [10] have 

shown that optimizing data 

center operations and using 

renewable energy sources can 

drastically cut energy use and 

associated emissions. These 

studies advocate for the 

adoption of sustainable practices 

at the data center level, which is 

crucial for reducing the overall 

environmental impact of 

software systems. 

2.3 Tools and Frameworks for 

Sustainable Software 

Development 

Several tools and 

frameworks have been 

developed to aid developers in 

integrating sustainability into 

their software development 

processes. [11] have discussed 

various sustainability 

assessment tools that evaluate 

the impact of software projects 

on the environment and society. 

These tools help in making 

informed decisions during the 

design and development phases 

to ensure sustainability is 

considered at every step. 

Frameworks such as the 

GREENSOFT model provide 

guidelines and standards for 

creating sustainable software. 

This model, discussed by [12], 

offers a comprehensive approach 

to assessing and improving 

sustainability through best 

practices, assessment tools, and 

maturity models. Such 

frameworks are pivotal in 

guiding software development 

teams toward sustainability 

goals. 

2.4 Bibliometric Studies on 

Sustainable Software 

Development 

Bibliometric analyses in the 

realm of sustainable software 

development have been 

instrumental in understanding 

the evolution and impact of the 

field. Studies like those by [13] 

use citation and publication 

analysis to identify key themes, 

influential researchers, and 

seminal works in the domain. 

These analyses help in 

visualizing the growth of the 
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field and the interconnections 

between different research areas, 

providing insights into how 

sustainable software 

development contributes to 

green technology. 

Moreover, these bibliometric 

studies reveal a growing trend in 

collaborative research and an 

increase in interdisciplinary 

approaches that combine 

insights from computer science, 

environmental science, and 

social sciences. This trend is 

crucial for addressing the 

complex challenges at the 

intersection of technology and 

sustainability. 

 

 

 

3. METHODS  

This research utilizes a bibliometric 

analysis to examine the academic discourse 

surrounding sustainable software 

development and its impact on green 

technology. The data were exclusively 

collected from Google Scholar, encompassing 

publications from the year 2000 to 2023. 

Search terms included "sustainable software 

development," "green technology in 

software," and "environmental sustainability 

in software engineering." VOSviewer 

software was employed to conduct the 

analysis, enabling the visualization of 

keyword co-occurrences, citation networks, 

and the identification of influential authors 

and seminal works within the field.

4. RESULTS AND DISCUSSION 
4.1 Research Data Metrics  

Table 1. Data Citation Metrics 

Publication 

years 
1971-2024 

Citation years 53 (1971-2024) 

Paper 980 

Citations 1546326 

Cites/year 29175.96 

Cites/paper 1577.88 

Cites/author 876469.60 

Papers/author 498.79 

Author/paper 2.74 

h-index 560 

g-index 980 

hI,norm 459 

hI,annual 8.66 

hA-index 195 

Papers with 

ACC 

: 

1,2,5,10,20:865,837,767,722,665 

Source: Publish or Perish Output, 2024 

Table 1 presents a comprehensive set 

of bibliometric indicators derived from 

Publish or Perish, spanning publications from 

1971 to 2024. Over these 53 years, a total of 980 

papers have been published, accumulating a 

staggering 1,546,326 citations. This results in 

an average citation rate of approximately 

29,175.96 per year, underscoring the 

significant impact and ongoing relevance of 

this body of work within the academic 

community. The data shows an average of 

1,577.88 citations per paper, indicating a high 

level of influence and recognition for each 

publication. The average number of citations 
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per author is extremely high at 876,469.60, 

reflecting the profound contributions and 

authority of the authors in their respective 

fields. Additionally, each paper involves 

about 2.74 authors on average, suggesting a 

collaborative approach to research in this 

domain. 

The h-index, which measures both the 

productivity and citation impact of the 

published works, stands at an impressive 560, 

indicating that 560 of the total 980 papers have 

each been cited at least 560 times. This high h-

index is complemented by a g-index of 980, 

signifying that the top 980 most-cited papers 

collectively received at least 980 squared, or 

960,400 citations. The normalized individual 

h-index (hI,norm) is 459, and the annualized 

version (hI,annual) is 8.66, both of which 

confirm sustained citation performance over 

time relative to the number of authors per 

paper. The hA-index, at 195, further 

highlights the substantial academic footprint 

of these publications. Additionally, the 

breakdown of papers with an accumulated 

citation count (ACC) shows a decreasing 

trend as the citation threshold increases, with 

the majority of papers still achieving 

significant citation milestones, emphasizing 

the lasting impact and relevance of this 

research corpus. 

 

 

Table 2. Top Cited Research 

Citations 
Authors 

and year 
Title 

Findings 

103656 [14] 

Firm resources and 

sustained competitive 

advantage 

This paper identifies valuable, rare, inimitable, and 

non-substitutable resources as key attributes that 

contribute to a firm's ability to achieve sustained 

competitive advantage. Barney argues that these 

resource-based characteristics are critical for 

developing and maintaining long-term strategic 

superiority over competitors. 

23492 [15] Software Engineering, 9/E 

Sommerville's textbook extensively covers the 

fundamentals of software engineering, including 

software development lifecycles, methodologies like 

Agile and Waterfall, and the importance of 

maintenance and testing. The book emphasizes the 

evolution of software engineering alongside 

emerging technologies and the growing significance 

of software in everyday life. 

20951 [16] 

Introducing mothur: open-

source, platform-

independent, community-

supported software for 

describing and comparing 

microbial communities 

The paper introduces 'mothur', an open-source 

software tool aimed at processing high-throughput 

microbial community sequence data. The study 

highlights mothur’s capabilities in providing a 

comprehensive suite of tools for data processing, 

statistical analysis, and visual representation, 

making it widely applicable for microbial ecological 

studies. 

15965 [17] 

Internet of Things (IoT): A 

vision, architectural 

elements, and future 

directions 

This research outlines a comprehensive IoT vision 

and its architectural framework, discussing various 

elements like sensors, networking, and data 

management. The study also explores future 

directions, including challenges in scalability, 

security, and privacy within the IoT ecosystem. 

14402 [18] 

Development of an 

instrument to measure the 

perceptions of adopting an 

Moore and Benbasat develop and validate an 

instrument designed to measure individual 

perceptions related to the adoption of IT innovations. 

The instrument assesses factors like perceived 
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Citations 
Authors 

and year 
Title 

Findings 

information technology 

innovation 

usefulness, ease of use, compatibility, and results 

demonstrability, which influence adoption decisions. 

12984 [19] 

The anatomy of the grid: 

Enabling scalable virtual 

organizations 

The paper describes the architectural principles of 

grid computing, presenting it as a technology that 

enables resource sharing across distributed systems. 

The study emphasizes the grid’s role in facilitating 

scalable virtual organizations by providing high-

capacity computational resources and storage. 

11215 [20] 

Core capabilities and core 

rigidities: A paradox in 

managing new product 

development 

Leonard-Barton discusses the dual nature of core 

capabilities that support competitive advantage in 

product development but can become core rigidities, 

preventing firms from adapting to new technologies 

or markets. The paper calls for a balance in 

leveraging core capabilities while remaining flexible 

to innovation. 

10359 [21]v 

Opportunities and 

challenges for a 

sustainable energy future 

This study explores various strategies and 

technologies for achieving a sustainable energy 

future. It highlights the critical role of innovations in 

renewable energy sources, energy efficiency 

improvements, and the integration of advanced 

storage and smart grid technologies to address global 

energy challenges. 

10266 [22] 
The cathedral and the 

bazaar 

Raymond contrasts two different open-source 

software development models: the cathedral model, 

which is structured and centralized, and the bazaar 

model, which is decentralized and collaborative. He 

argues that the bazaar model, exemplified by the 

development of Linux, leads to more rapid 

innovation and effective problem-solving. 

10012 [23] 

Component software: 

beyond object-oriented 

programming 

The authors discuss the evolution of software 

development from object-oriented programming to 

component-based software engineering. They 

emphasize the advantages of component software, 

including reusability, scalability, and 

maintainability, which contribute to more efficient 

software development processes and enhanced 

software modularity. 

Source: Publish or Perish Output, 2024
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Figure 1. Network Visualization 

Source: Data Analysis Result, 2024 

The VOSviewer visualization 

depicted illustrates the interconnected nature 

of various concepts within the realms of 

sustainable development, technology, and 

environmental management. The map is 

structured into distinct but overlapping 

clusters, each represented by different colors, 

indicating the thematic concentrations within 

the scholarly discussions or publications 

analyzed. 

 In the green cluster, we see a strong 

focus on "software development" linked 

closely with "internet," highlighting the 

intersection of technological advancements 

and digital solutions. This suggests an 

emphasis on how software development, 

particularly in the context of the internet, 

contributes to broader economic and 

environmental initiatives. This cluster's 

proximity to "market" and "technology 

development" underlines the commercial and 

innovative aspects of software solutions in 

promoting sustainability. 

 The blue cluster pivots around 

"economic development," "green 

development," and "sustainable development 

goal," which are directly connected to 

"environmental quality" and "renewable 

energy." This indicates a strong scholarly 

focus on how economic strategies are aligned 

with sustainability goals. The links to "carbon 

emission" and "natural resources" suggest that 

economic discussions are deeply entwined 

with environmental impacts and resource 

management, focusing on reducing emissions 

and optimizing resource use. 

 Finally, the red cluster focuses on the 

direct environmental aspects like 

"environmental management," 

"environmental problem," and 

"environmental impact." This cluster seems to 

serve as a foundational theme that connects 

with both the economic and technological 

discussions, indicating that environmental 

management and the challenges associated 

with it are central to understanding and 

addressing issues in the other clusters. This 

interconnectivity reflects the complex, 

multifaceted nature of discussions 

surrounding sustainable development, where 

economic, technological, and direct 

environmental strategies must interlink to 

achieve holistic solutions. 
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Figure 2. Overlay Visualization 
Source: Data Analysis Result, 2024 

The second visualization now 

includes a temporal component, depicted in 

the gradient timeline from 2010 to 2020, which 

highlights the evolution of scholarly focus 

within the fields of sustainability, 

environmental management, and technology. 

This temporal mapping allows us to discern 

shifts in research emphasis over time, offering 

insights into how academic and industrial 

priorities have evolved in response to global 

sustainability challenges. 

The nodes in the visualization, such 

as "software development," "internet," and 

"technology development," which are more 

prominently colored towards the later years 

(indicating a recent focus), suggest a surge in 

research connecting technological 

advancements with sustainability goals. This 

likely reflects the growing recognition of 

digital solutions in achieving environmental 

targets and optimizing resource use. Such a 

trend towards the integration of IT solutions 

in sustainability efforts corresponds with the 

global push for smarter, more efficient 

technologies that can drive down carbon 

emissions and enhance energy efficiency. 

Conversely, traditional themes such 

as "economic development," "renewable 

energy," and "environmental impact," show a 

consistent presence throughout the decade, 

emphasizing their enduring relevance in 

sustainability discourse. The strong, ongoing 

links between "economic development" and 

"sustainable development goal" underscore 

the critical role of economic strategies in 

achieving sustainability targets. These 

connections indicate a robust academic and 

practical focus on aligning economic growth 

with environmental and social parameters, a 

foundation that supports the integration of 

newer technological themes into the broader 

sustainability framework. 
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Figure 3. Density Visualization 

Source: Data Analysis, 2024 

The VOSviewer visualization now 

presents a density view, utilizing a color 

gradient from blue to green to indicate areas 

of high density and activity within the 

scholarly landscape covering sustainability, 

technology, and environmental management. 

In this mapping, the green hues represent 

areas with the highest density of research 

activity and connectivity between terms, 

suggesting these are the most frequently 

discussed and interconnected topics within 

the dataset. Conversely, areas depicted in blue 

indicate lesser focus and connectivity, 

highlighting emerging or less emphasized 

areas within the field. 

In this visualization, the dense green 

areas encompass key terms like "software 

development," "internet," and "technology 

development," signaling a robust 

convergence of research activity around the 

integration of technology in sustainability 

efforts. This central cluster is tightly linked 

with "environmental protection" and 

"sustainable development goal," suggesting a 

strong focus on how technological 

advancements are employed to meet 

environmental sustainability objectives. The 

layout and density distribution provide 

valuable insights into the current research 

foci, indicating that technological solutions 

and their application in environmental and 

economic contexts dominate the discourse, 

with emerging areas potentially represented 

by the blue zones needing further scholarly 

exploration and development. 
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Figure 4. Author Collaboration Visualization 

Source: Data Analysis, 2024 

 

The visualization depicted in the 

VOSviewer map represents a network of 

authors engaged in a specific academic field, 

illustrating the collaborations and 

connections among them based on co-

authorship or citation links. Each node (dot) 

represents an individual author, and the lines 

between the nodes signify collaborative 

relationships, either through joint research 

efforts or citations. The different colors 

assigned to nodes often differentiate between 

distinct clusters or groups of authors who 

frequently collaborate with each other or 

work within the same sub-discipline. 

In this network, the larger nodes such 

as those labeled "Wang, S." and "Liu, Y." 

suggest these authors are particularly 

influential, possibly due to a higher number of 

publications or central roles in collaborative 

research networks. The proximity of nodes 

within the same color group, like the green 

cluster involving "Zhang, S." and "Wang, S.," 

indicates a strong collaborative network 

among those authors, reflecting shared 

research interests or institutional affiliations. 

On the other hand, isolated nodes or those 

connected by longer lines might represent 

newer entrants into the field or authors whose 

work bridges multiple research areas, such as 

"Sarkis, J." who appears to connect with 

different clusters, indicating interdisciplinary 

influence or a bridging role in the network. 

This map provides valuable insights into the 

structure and dynamics of collaboration 

within this academic community, 

highlighting key players and potential 

opportunities for new research collaborations. 

 

5. CONCLUSION 

The bibliometric analysis conducted 

in this study provides a comprehensive 

overview of the landscape of sustainable 

software development and its intersection 

with green technology. The investigation has 

revealed a robust and expanding body of 

literature that emphasizes the integration of 

environmental sustainability within software 

engineering practices. Over time, research has 

increasingly focused on the utilization of 

green technologies and methodologies that 

minimize the environmental impact of 

software products. This evolution reflects a 

growing academic and industry recognition 

of the critical role that software development 
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plays in achieving sustainable outcomes. Key 

research clusters have been identified, 

highlighting prolific authors and influential 

papers that have shaped the direction of the 

field. The study underscores the importance 

of multidisciplinary approaches, 

incorporating insights from technology, 

environmental science, and economic 

frameworks to address complex sustainability 

challenges effectively. Future research should 

continue to explore innovative technologies 

and collaborative frameworks that can further 

enhance the sustainability of software 

development practices. 

 

REFERENCES 

[1] C. Calero and M. Piattini, Green in software engineering, vol. 3. Springer, 2015. 

[2] M. Mahaux and A. Mavin, “A new paradigm for applied requirements engineering research,” in 2013 21st IEEE 

International Requirements Engineering Conference (RE), IEEE, 2013, pp. 353–356. 

[3] S. Naumann, M. Davis, T. Kaphengst, M. Pieterse, and M. Rayment, “Design, implementation and cost elements of 

Green Infrastructure projects,” Final report, Eur. Comm. Brussels, vol. 138, 2011. 

[4] M. L. Kern, L. E. Waters, A. Adler, and M. A. White, “A multidimensional approach to measuring well-being in 

students: Application of the PERMA framework,” J. Posit. Psychol., vol. 10, no. 3, pp. 262–271, 2015. 

[5] J. A. Capra, K. Paeschke, M. Singh, and V. A. Zakian, “G-quadruplex DNA sequences are evolutionarily conserved 

and associated with distinct genomic features in Saccharomyces cerevisiae,” PLoS Comput. Biol., vol. 6, no. 7, p. 

e1000861, 2010. 

[6] T. Johann, C. Stanik, and W. Maalej, “Safe: A simple approach for feature extraction from app descriptions and app 

reviews,” in 2017 IEEE 25th international requirements engineering conference (RE), IEEE, 2017, pp. 21–30. 

[7] B. Penzenstadler and H. Femmer, “A generic model for sustainability with process-and product-specific instances,” 

in Proceedings of the 2013 workshop on Green in/by software engineering, 2013, pp. 3–8. 

[8] B. Penzenstadler, A. Raturi, D. Richardson, C. Calero, H. Femmer, and X. Franch, “Systematic mapping study on 

software engineering for sustainability (SE4S),” in Proceedings of the 18th international conference on evaluation and 

assessment in software engineering, 2014, pp. 1–14. 

[9] E. J. Capra and M. T. Laub, “Evolution of two-component signal transduction systems,” Annu. Rev. Microbiol., vol. 66, 

no. 1, pp. 325–347, 2012. 

[10] H. Tranchart, A. Valverde, N. Goasguen, J.-F. Gravié, and H. Mosnier, “Conservative treatment of intrarectal mesh 

migration after ventral laparoscopic rectopexy for rectal prolapse,” Int. J. Colorectal Dis., vol. 28, pp. 1563–1566, 2013. 

[11] J. A. Jesus, J. H. G. Lago, M. D. Laurenti, E. S. Yamamoto, and L. F. D. Passero, “Antimicrobial activity of oleanolic 

and ursolic acids: an update,” Evidence‐Based Complement. Altern. Med., vol. 2015, no. 1, p. 620472, 2015. 

[12] F. Kern, Kingship and law in the Middle Ages: studies, vol. 4. The Lawbook Exchange, Ltd., 2013. 

[13] B. Radjenović and M. Radmilović-Radjenović, “Excitation of confined modes in silicon slotted waveguides and 

microring resonators for sensing purposes,” IEEE Sens. J., vol. 14, no. 5, pp. 1412–1417, 2014. 

[14] J. Barney, “Firm resources and sustained competitive advantage,” J. Manage., vol. 17, no. 1, pp. 99–120, 1991. 

[15] I. Sommerville, Software Engineering, 9/E. Pearson Education India, 2011. 

[16] P. D. Schloss et al., “Introducing mothur: open-source, platform-independent, community-supported software for 

describing and comparing microbial communities,” Appl. Environ. Microbiol., vol. 75, no. 23, pp. 7537–7541, 2009. 

[17] J. Gubbi, R. Buyya, S. Marusic, and M. Palaniswami, “Internet of Things (IoT): A vision, architectural elements, and 

future directions,” Futur. Gener. Comput. Syst., vol. 29, no. 7, pp. 1645–1660, 2013. 

[18] G. C. Moore and I. Benbasat, “Development of an instrument to measure the perceptions of adopting an information 

technology innovation,” Inf. Syst. Res., vol. 2, no. 3, pp. 192–222, 1991. 

[19] I. Foster, C. Kesselman, and S. Tuecke, “The anatomy of the grid: Enabling scalable virtual organizations,” Int. J. High 

Perform. Comput. Appl., vol. 15, no. 3, pp. 200–222, 2001. 

[20] D. Leonard‐Barton, “Core capabilities and core rigidities: A paradox in managing new product development,” Strateg. 

Manag. J., vol. 13, no. S1, pp. 111–125, 1992. 

[21] S. Chu and A. Majumdar, “Opportunities and challenges for a sustainable energy future,” Nature, vol. 488, no. 7411, 

pp. 294–303, 2012. 

[22] E. Raymond, “The cathedral and the bazaar,” Knowledge, Technol. Policy, vol. 12, no. 3, pp. 23–49, 1999. 

[23] C. Szyperski, D. Gruntz, and S. Murer, Component software: beyond object-oriented programming. Pearson Education, 

2002. 

 


