Zﬂ turnitin Page 1 of 23 - Cover Page Submission ID  trn:oid:::1:3581077776

Turnitin llc

(Dr. Kiran Bala) Research Paper for Journal-plag chk.pdf
B o3

Transformacién digital y su incidencia en la eficiencia

=
€ Unidades Tecnolégicas de Santander_DIE

Document Details

Submission ID

trn:oid:::1:3581077776 19 Pages

Submission Date 5,377 Words

May 28, 2026, 8:32 AM GMT-5
35,414 Characters

Download Date

May 28, 2026, 8:40 AM GMT-5

File Name

_Dr._Kiran_Bala_Research_Paper_for_Journal-plag_chk.pdf

File Size

668.0 KB

Z'l-.l turnitin Page 10f 23- Cover Page Submission ID _ trn:oid:::1:3581077776



zﬂ turnitin Page 2 of 23 - Integrity Overview

4% Overall Similarity

The combined total of all matches, including overlapping sources, for each database.

Filtered from the Report

» Bibliography

» Quoted Text

» Cited Text

Match Groups

. 22 Not Cited or Quoted 4%

Matches with neither in-text citation nor quotation marks

%9 0 Missing Quotations 0%

Matches that are still very similar to source material

“@

7 turnitin

0 Missing Citation 0%
Matches that have quotation marks, but no in-text citation

0 Cited and Quoted 0%
Matches with in-text citation present, but no quotation marks

Page 2 of 23 - Integrity Overview

Top Sources

2%
3%
1%

@ Internet sources

BE Publications

2 Submitted works (Student Papers)

Submission ID trn:oid:::1:3581077776

Submission ID trn:oid:::1:3581077776



zﬂ turnitin Page 3 of 23 - Integrity Overview

Match Groups Top Sources
. 22 Not Cited or Quoted 4% 2% @ Internetsources
Matches with neither in-text citation nor quotation marks 3% B2 Publications

89 0 Missing Quotations 0% 1% °
Matches that are still very similar to source material

0 Missing Citation 0%
Matches that have quotation marks, but no in-text citation

“

0 Cited and Quoted 0%
Matches with in-text citation present, but no quotation marks

Top Sources

The sources with the highest number of matches within the submission. Overlapping sources will not be displayed.

o Publication

"Sustainable Innovations and Digital Circular Economy", Springer Science and Bu...

Publication

Biswajit Debnath, Abhijit Das, Potluri Anil Chowdary, Siddhartha Bhattacharyya. "...

Internet

www.nonprofit.hu

Publication

Maila D.H. Rahiem. "Towards Resilient Societies: The Synergy of Religion, Educati...

o Internet

assets-eu.resea rchsquare.com

° Internet

www.theseus.fi

Publication

Ritu Kumari, Mandip Goyal, Kalpesh Panara. "Ayurveda interventions against ost...

° Publication

Chiara Certoma, Fabio Iapaolo, Federico Martellozzo. "Digital Technologies for Su...

° Publication

Jason Cao, Xiaoyun Liu, Andrew Cameron, John Aarts, Joanne Jung Eun Choi. "Infl...

c Publication

Yesim BOSTANCI, Léo Toussard, Barbara BONNEFOY, Thierry MEYER. "Promoting ...

zr'j ‘turn|t|n Page 3 of 23 - Integrity Overview

= Submitted works (Student Papers)

<1%

<1%

<1%

<1%

<1%

<1%

<1%

<1%

<1%

<1%

Submission ID trn:oid:::1:3581077776

Submission ID trn:oid:::1:3581077776


https://doi.org/10.1007/978-981-96-1064-8
https://doi.org/10.1201/9781003301899
https://www.nonprofit.hu/palyazatok/Additional-activities-for-the-European-Partnership-for-a-climate-neutral-sustainable-and-productive-Blue-Economy
https://doi.org/10.1201/9781003645542
https://assets-eu.researchsquare.com/files/rs-9413108/v2_covered_980991ff-3b95-4fd2-9189-a7e79101c67a.pdf?c=1778684543
https://www.theseus.fi/bitstream/handle/10024/908658/Jayawardana_Chanika.pdf?isAllowed=y&sequence=2
https://doi.org/10.1016/j.aimed.2024.08.017
https://doi.org/10.4324/9781003441311
https://doi.org/10.1016/j.jmbbm.2023.106314
https://doi.org/10.1016/j.cresp.2026.100273

zﬂ turnitin Page 4 of 23 - Integrity Overview

Publication

Zeng Jia, Majed Alharthi, Tian Haijun, Sumera Mehmood, Imran Hanif. "Relations...

Internet

lutpub.lut.fi

Internet

www.econstor.eu

° Internet

www.oecd-ilibrary.org

o Internet

eprints.lancs.ac.uk

e Publication

Pushpa Choudhary, Sambit Satpathy, Arvind Dagur, Dhirendra Kumar Shukla.

7 turnitin

Page 4 of 23 - Integrity Overview

"Re...

<1%

<1%

<1%

<1%

<1%

<1%

Submission ID trn:oid:::1:3581077776

Submission ID trn:oid:::1:3581077776


https://doi.org/10.1016/j.resourpol.2024.104751
https://lutpub.lut.fi/bitstream/handle/10024/170689/Mikhail%20Ola%20Adisa_A4.pdf?isAllowed=y&sequence=1
https://www.econstor.eu/bitstream/10419/318831/1/1908875208.pdf
https://www.oecd-ilibrary.org/sites/799206b6-en/index.html?itemId=%2Fcontent%2Fcomponent%2F799206b6-en
https://eprints.lancs.ac.uk/id/eprint/150985/1/TheClimateImpactOfICT_2020Report.pdf
https://doi.org/10.1201/9781003593034

z"-.l turnltln Page 5 of 23 - Integrity Submission Submission ID  trn:oid:::1:3581077776

Abstract: - In the contemporary global landscape, traditional research paradigms are
increasingly scrutinized for their substantial resource consumption and environmental
footprint. This paper presents a comprehensive analysis of the role of digital transformation in
fostering ‘Sustainable Research’. The primary objective of this review is to identify and
evaluate digital tools that render the research lifecycle economically viable, socially inclusive,

and environmentally responsible.

The methodology involves a systematic literature review of prominent academic database
spanning the last decade (2015-2025). The findings indicate that the integration of cloud
computing, Artificial Intelligence (Al), and Open Science platforms has not only accelerated
the pace of scholarly inquiry but has also significantly minimized the carbon footprint by

reducing physical travel and paper-based documentation.

However, this transition is not without its complexities. The study critically discusses the
‘Digital Paradox’ highlighting concerns such as the high energy consumption of data centers
and the escalating challenge of e-waste management. Furthermore, the ‘Digital Divide’ remains
a formidable barrier, hindering the equitable access to these tools in developing regions. The
paper concludes by suggesting that future of sustainable research lies in the convergence of
‘Green Computing’ and robust policy frameworks. This review serves as a strategic roadmap
for researchers, policymakers, and academic institutions aiming to align digital innovation with

sustainability goals.

Keywords: Sustainable Research, Digital Transformation, Green Computing, Open Science,

Digital Divide, Resource Optimization, Carbon Footprint.
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1. Introduction:

In the contemporary academic landscape, research methodologies are undergoing a
revolutionary transformation. Traditional research, which relied heavily on physical resources,
extensive paperwork, and widespread travel, is rapidly transitioning toward a digital-centric
paradigm. The most critical dimension of this shift is the concept of ‘Sustainable Research’.
According to Saunila et al. (2022), digitalization is not merely a technical advancement but a
primary driver for achieving sustainability goals within the scientific community. The
environmental impact and inefficiency of traditional research paradigms, which are marked by
a lot of physical travel, paper-based documentation, and resource-intensive procedures, are
being questioned (Smith & Seward, 2020). A revolutionary route towards sustainable research
practices is provided by the digital revolution, which is characterised by the growth of cloud
computing, artificial intelligence (Al), and open science platforms (OECD, 2019).
The need of coordinating research with environmental responsibility is highlighted by the
United Nations' 2030 Agenda for Sustainable Development, which highlights the integration of
digital innovation with sustainability goals (United Nations, 2015). This study examines the
relationship between sustainability and digital transformation in research, offering a thorough

analysis of resources, difficulties, and potential future developments.

1.1 Research Relevance and Dimensions of Sustainability; Sustainable research refers to a
process that is economically viable, socially inclusive, and environmentally responsible.
Currently, global climate change and resource scarcity have compelled researchers to rethink
their methodologies. Digital tools act as a ‘catalyst’ in this context. For instance, cloud
computing and virtual collaboration have interconnected researchers globally, leading to a

significant reduction in the carbon footprint associated with ‘academic tourism’.

1.2 Digital Transformation and the ‘Digital Paradox’; while digital transformation makes
research ‘paperless’ and efficient, it simultaneously gives rise to what is known as the ‘Digital
Paradox’ as highlighted by Ganda (2023), the increasing reliance on digital tools has led to
concerns regarding the high energy consumption of data centers and the growing challenges of
e-waste management. Therefore, it is imperative to establish a balance between the technical
benefits of digital tools and their environmental footprints. Furthermore, the concept of the
Digital Paradox refers to the tension between the sustainability benefits of digital
transformation and the environmental costs it simultaneously generates. On one hand, digital

tools such as cloud computing, Al, and open science platforms reduce reliance on paper,
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minimize physical travel, and accelerate collaboration, thereby lowering carbon footprints. On
the other hand, these very technologies depend on energy-intensive infrastructures that

contribute significantly to global emissions and resource depletion.

This paradox is strongly illustrated by quantitative data. According to Belkhir and Elmeligi
(2018), the yearly electricity consumption of worldwide data centres is predicted to be around
200 terawatt-hours, which is similar to the energy consumption of medium-sized countries. As
demand for cloud services and Al applications grows, this consumption is expected to increase.
Furthermore, according to the United Nations University (2019), only around 20% of the 53.6
million metric tonnes of e-waste produced globally in 2019 were officially recycled. The
remainder frequently winds up in landfills or is sold to underdeveloped nations, where it has
detrimental effects on the environment and human health. The paradox is that while digital
technologies lessen some environmental responsibilities, such travel emissions and paper
waste, they also raise new issues with energy use and the management of electronic trash. The
necessity of green computing techniques, such as data centres powered by renewable energy,
energy-efficient algorithms, and circular economy models for hardware recycling, is
highlighted by this dichotomy. The promise of sustainable research through digital
transformation runs the risk of being compromised by its own ecological footprint if these

problems are not resolved.
2. Literature Review:

2.1 Digital Tools for Sustainable Research: - According to Sivarajah, Irani, and
Weerakkody (2015), cloud computing has greatly enhanced collaboration and decreased the
use of physical resources in research. Al-driven analytics reduce human error and speed up
timeframes by streamlining literature reviews, automating data coding, and improving
predictive modelling (Beaudry & Pinsonneault, 2010). Open scientific platforms promote
inclusivity and transparency by democratising access to knowledge (Open scientific

Framework, 2020).

v' Case Study — AWS & Open Science Collaboration: Cloud-based systems greatly
speed up open science cooperation, according to a 2025 Hyperion Research analysis
supported by Amazon Web Services (AWS). Large datasets could be shared between
researchers on different continents without requiring them to physically travel, which
improved inclusivity and decreased carbon emissions. This example highlights the two

sustainability advantages of cloud computing: worldwide accessibility and
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environmental efficiency. Artificial intelligence (Al) also plays a transforming role.
Al-driven analytics reduces human error and speeds up processes by automating data
coding, literature reviews, and predictive modelling (Beaudry & Pinsonneault, 2010).

v Case Study — China Science and Technology Cloud (CSTCloud): Data Intelligence
(2022) examined a national-level project that demonstrated how CSTCloud combines
earth-scientific resources, astronomy data, and citizen science initiatives. CSTCloud
facilitates SDG-13-aligned climate-related decision-making by fusing Al with open
science. This example shows how digital infrastructures might help achieve national
sustainability goals. Access to knowledge is increasingly democratised by open science
platforms. It has been widely acknowledged that the Open Science Framework (2020)
promotes reproducibility and transparency, allowing researchers from institutions with
limited resources to contribute to the global creation of knowledge.

2.2 The Digital Paradox: - While these benefits are significant, the process of digital
transformation also brings forth sustainability issues. According to Belkhir and Elmeligi
(2018), global data centers are estimated to consume almost 200 terawatt-hours each year,
which is comparable to the energy usage of medium-sized countries. Plepys (2002) termed
this phenomenon the "grey side of ICT," drawing attention to the concealed environmental
impacts associated with digital infrastructures.

v Case Study — Enterprise Cloud Transformation: A comprehensive study on digital
adoption at the enterprise level has shown that although cloud computing minimizes
hardware waste and enhances data lifecycle management, it simultaneously brings to
light issues related to energy-intensive operations. Organizations have noted
improvements in sustainability due to decreased e-waste, yet they recognize the
necessity for data centers powered by renewable energy. This situation exemplifies a
paradox: while digital tools alleviate some environmental challenges, they also
introduce new ones.

2.3 The Digital Divide: - Digital tools are still not universally accessible. Attewell (2001)
highlighted differences in both access and usage when describing the "first and second
digital divides." Antonio and Tuffley (2014) went on to show how gender inequality still
exists in underdeveloped nations, which restricts involvement in digital research.
Information disparities continue to be an obstacle to inclusive knowledge generation,
according to Bawden and Robinson (2020).

v Case Study — World Bank Digital Development Report (2021): The study noted that

poor connection prevents entire communities from taking part in international research
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networks and emphasised the glaring infrastructure disparities between urban and rural
areas. This case demonstrates how digital change runs the risk of exacerbating already-
existing disparities in the absence of focused actions.

2.4 Green Computing and Policy Frameworks: - New research highlights how green
computing can help to lessen the digital conundrum. Murugesan (2022) offered a thorough
analysis of sustainable IT methods, data centres powered by renewable energy, and energy-
efficient hardware. Institutional accountability in digital sustainability is emphasised by
policy frameworks as the European Green Deal (European Commission, 2020) and
sustainability audits (Sustainable CT, 2016).

v' Case Study — European Green Deal Implementation: The EU's Green Deal
encourages the use of renewable energy in data centres by requiring sustainability
audits for digital infrastructures. This example shows how policy frameworks might
balance environmental responsibility with technological progress.

2.5 Landmark Studies on Digital Transformation and Sustainability: -

v Tools: The enabling function of digital tools is highlighted in a number of seminal
articles. Cloud computing adoption was assessed by Sivarajah, Irani, and Weerakkody
(2015), who demonstrated its potential to lower infrastructure costs and environmental
impact. IT improves research efficiency by optimising workflows, as Beaudry and
Pinsonneault (2010) showed. While the Open Science Framework (2020) focused on
democratising access to knowledge, Hilty and Aebischer (2015) positioned ICT as an
emerging field for sustainability. Smith and Seward (2020) further stated that digital
transformation aids sustainable development by integrating Al and big data into climate
and biomedical research.

v' Challenges: The contradictory costs of relying too much on digital technology are
examined in other studies. ICT's worldwide carbon footprint was measured by Belkhir
and Elmeligi (2018), who estimated that data centres use about 200 TWh a year. Plepys
(2002) highlighted hidden environmental consequences in his description of the "grey
side of ICT." According to United Nations University (2019), just 20% of the 53.6
million metric tonnes of e-waste produced worldwide in 2019 was recycled. Digital
divides were studied by Attewell (2001) and Antonio & Tuffley (2014), who noted
disparities in access across socioeconomic and gender lines. Information disparities
continue to be an obstacle to inclusive knowledge generation, according to Bawden and
Robinson (2020).
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v Prospects: Lastly, a number of publications examine future directions. Murugesan
(2022) examined green computing techniques and promoted energy-efficient
algorithms and data centres powered by renewable energy. The Green Deal, which
requires sustainability audits for digital infrastructures, was described by the European
Commission in 2020. While the World Bank (2021) stressed that narrowing the digital
divide is crucial for sustainable growth, the OECD (2019) offered a roadmap for
assessing digital transformation.

When taken as a whole, these studies demonstrate that although digital tools speed up
sustainable research, issues like energy use, e-waste, and inequality still exist. The
opportunities lay in green computing, effective policy frameworks, and inclusive

infrastructures that match digital innovation with environmental goals.

Landmark Studies on Digital Transformation and

Sustainability
v v
Tools Challenges Prospects

¢ Sivarajah et al * Belkhirand s  Murugesan
(2015) Elmeligi (2022)

»  Beaudry & (2018) o While the
Pinsonneault *  Plepys. (2002) World Bank
(2010) e United (2021)

¢ Hilty and Nations s OECD
Acebischer University (2019)
(2012) (2019) s European

e Open Science o Attewell Commission
Framework (2001) (2020)
(2020) e Antonio &

e  Smith and Tuffley (2014)

Seward (2020) ¢ Bawden and
Robinson

Figure 1. Thematic categorization of landmark studies on digital transformation and
sustainability. This map illustrates how key literature clusters around enabling tools,
emerging challenges, and future prospects, forming a conceptual pathway toward sustainable

research.

2.6 Comparative Regional and Disciplinary Adoption of Digital Tools: - The

implementation of digital tools for sustainable research shows considerable variation across
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different regions and academic fields, influenced by varying levels of infrastructure, policy
frameworks, and priorities within disciplines. In Europe, programs like the European Open
Science Cloud (EOSC) have formalized open science practices, facilitating collaboration
across borders while adhering to the sustainability goals outlined in the European Green Deal
(European Commission, 2020). This regional focus highlights how infrastructure driven by
policy can enhance both digital advancement and environmental stewardship. Conversely, Asia
has prioritized the development of extensive national infrastructures. The China Science and
Technology Cloud (CST Cloud) combine astronomical data, earth-science resources, and
citizen science initiatives, demonstrating how cloud computing and artificial intelligence can
aid in climate-related decision-making in line with SDG-13 (Data Intelligence, 2022).
Likewise, India’s National Digital Library initiative promotes inclusivity by granting open

access to educational materials, helping to close gaps in areas with limited resources.

North America has placed a strong emphasis on the adoption of enterprise-level and
institutional solutions. Case studies from Amazon Web Services (AWS) demonstrate how
cloud-based platforms can significantly lower travel emissions and improve global
collaboration in open science initiatives (Hyperion Research, 2025). In the United States,
universities are increasingly turning to Al-driven analytics for climate modelling and
biomedical research, highlighting the various applications of digital tools across disciplines.
The adoption of these technologies varies by discipline. For instance, environmental sciences
utilize Al and big data for climate forecasting, whereas biomedicine employs digital platforms
for genomic analysis and collaborative trials. In contrast, social sciences benefit from open

science frameworks that make qualitative datasets more accessible to all.

This comparative analysis reveals that although digital transformation is a global phenomenon,
its implementation is influenced by regional and disciplinary factors, which are shaped by

existing infrastructure, policy decisions, and research priorities.
3. Methodology:

3.1 Research Design: - This study synthesises academic research on sustainability and digital
transformation using a Systematic Literature Review (SLR) methodology. The SLR approach
was chosen for its capacity to provide transparency, replicability, and broad coverage of peer-

reviewed literature across many fields. The research guarantees that results are reliable and
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indicative of current scholarly discourse by methodically locating, vetting, and evaluating

pertinent works.

3.2 Data Sources and Search Strategy: - Three large databases—Scopus, Web of Science,
and Google Scholar—were used for the review because of their thorough indexing and citation
monitoring. Publications from 2015 to 2025 were included in the search, which reflects the
time frame of increased digital usage in research. Keywords included: “digital transformation,”

bR 13

“sustainable research,” “green computing,” “open science,” “digital paradox,” and “policy
frameworks.” Boolean operators (AND, OR) were employed to improve searches and catch

changes in terminology.
3.3 Inclusion and Exclusion Criteria: -
Inclusion criteria:

o Peer-reviewed journal articles and conference papers
o Studies with empirical data or conceptual frameworks
e Publications in English

e Minimum citation threshold: 50 citations (for Scopus/Web of Science)
Exclusion criteria:

e Non-scholarly sources (blogs, editorials)

o Studies focused solely on commercial digital adoption without sustainability context.

3.4 Screening and Data Extraction: - 120 articles were found in the first search. 65 papers
were chosen for full-text evaluation after filters were applied and duplicates were eliminated.
The selection procedure was recorded in a PRISMA flow diagram. Each study was coded into
three theme categories for data extraction: Tools, Challenges, and Prospects. To facilitate
comparison study, quantitative data (such as energy consumption and e-waste figures) were

collated.
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Record Identified
Scopus, Web of Science, Google Scholar

n=120

Record Excluded

n=45
-

Record Screened

Record Excluded

n =45
Full — Text Articles assessed for Eligibility
| Full — Text articles Excluded
n=10

v

Studies included in qualitative
synthesis

Figure 2. PRISMA flow diagram illustrating the systematic literature review process. Out of
120 records identified, 45 were excluded during screening, 10 were excluded after full-text

assessment, and 65 studies were included in the final synthesis.

3.5 Validity and Reliability: - Thematic coding was carried out utilising NVivo software with
inter-coder agreement tests to guarantee dependability. Triangulation across fields
(environmental science, ICT, education) and geographical areas (Europe, Asia, North America)

improved validity.

3.6 Ethical Consideration: - There were no human volunteers in this secondary data study.
To preserve academic integrity and prevent plagiarism, all sources were cited following the
APA 7th edition.

4. Findings and Discussions:

4.1 Digital Tools and Their Impact: - The findings demonstrate that digital tools such as
cloud computing, artificial intelligence (Al), and open science platforms have profoundly
transformed the research landscape. By reducing dependency on physical infrastructure, cloud
computing lowers emissions associated with travel while facilitating cross-continental
collaborative projects (Sivarajah et al., 2015). Al integration has improved efficiency and
decreased human error by automating climate modelling, predictive analytics, and peer review

systems (Beaudry & Pinsonneault, 2010). Open research platforms promote openness and
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reproducibility while democratising knowledge access (Open research Framework, 2020).
While CST Cloud in China shows how national infrastructures may integrate digital
transformation with environmental goals, case studies like the AWS—Open Science partnership

show how cloud platforms drive global research while lowering carbon footprints.

4.2 Challenges: The Digital Paradox: - Despite these benefits, the data illustrate the
contradictory consequences of digital reliance. Global data centres use over 200 terawatt-hours
a year, which is comparable to the energy consumption of medium-sized countries, according
to Belkhir and Elmeligi (2018). Only 20% of the 53.6 million metric tonnes of e-waste
produced worldwide in 2019 were officially recycled, according to the United Nations
University (2019). This paradox underlines the contradiction between reduced paper and
transport emissions versus increasing energy use and hazardous waste. Cloud adoption
decreases hardware waste, but it also raises worries about energy-intensive operations,
according to enterprise-level case studies. Therefore, unless green computing techniques are
implemented, the ecological footprint of digital technologies compromises their sustainability

promise.

4.3 Equity Concerns: The Digital Divide: - The results also highlight disparities in digital
tool access. Attewell (2001) described the “first and second digital divides,” showing
discrepancies in both access and usage. While Bawden and Robinson (2020) reaffirmed that
information disparities continue to be obstacles to inclusive knowledge production, Antonio
and Tuffley (2014) showed that gender disparities persist in underdeveloped nations.
According to the World Bank (2021), there are significant infrastructure disparities between
urban and rural areas, keeping entire communities out of international research networks. Case
studies like CST Cloud and India's National Digital Library demonstrate initiatives to

overcome these gaps, although difficulties in guaranteeing fair participation still exist.

4.4 Comparative Regional and Disciplinary Adoption: - Adoption is further influenced by
regional variations. Through the Green Deal and European Open Science Cloud directives,
Europe has formalised cross-border cooperation and sustainability audits. Asia places a strong
emphasis on large-scale national infrastructures that integrate Al and citizen research for
climate-related decision-making, such CST Cloud. North America has a high priority on
enterprise-level adoption, with institutions using Al for medicinal and climate research and
AWS facilitating international collaboration. Adoption across disciplines also differs:

biomedicine uses digital platforms for genetic analysis, environmental sciences use big data
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for climate forecasts, and social sciences gain from open scientific frameworks for qualitative

datasets.

4.5 Future Prospects: - The findings show that the future of sustainable research resides in
green computing, solid policy frameworks, and inclusive infrastructures. Murugesan (2022)
proposes renewable-powered data centres and energy-efficient algorithms, while the European
Commission (2020) demands sustainability assessments. The World Bank (2021) highlights
reducing the digital divide, while the OECD (2019) offers a path for assessing digital
transformation. Together, these prospects offer methods to balance the digital conundrum and

integrate innovation with sustainability.

While digital change presents paradoxical difficulties of energy use and inequality, it also
provides strong instruments for sustainable research. While future prospects emphasise green
computing and policy-driven accountability, regional and disciplinary variations demonstrate

a variety of approaches.

Submission ID trn:oid:::1:3581077776

Table no. 1 - Comparative Adoption of Digital Tools for Sustainable Research

Region / Key Initiatives / Case | Adoption Sustainability

Discipline Studies Characteristics Outcomes

Europe European Open Policy-driven, cross- Enhanced transparency,
Science Cloud (EOSC); | border collaboration; reduced duplication of
European Green Deal strong emphasis on research, alignment with

sustainability audits EU sustainability goals

Asia China Science and Large-scale national Climate-related decision-
Technology Cloud infrastructures; making support;
(CSTCloud); India’s integration of citizen inclusive access to
National Digital science and Al educational resources
Library

North America | AWS—-Open Science Enterprise-level Reduced travel
Collaboration; adoption; focus on cloud | emissions; accelerated
University-led Al platforms and Al-driven | biomedical and climate
projects analytics research

Environmental | Big data climate Heavy reliance on Al Improved climate

Sciences forecasting; CST Cloud | and cloud computing for | predictions; support for
Earth-science modeling SDG-13 (Climate Action)
integration
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Biomedicine

Genomic analysis
platforms; Al-assisted
collaborative trials

Use of digital platforms
for large datasets and
predictive analytics

Faster drug discovery;
reduced reliance on
physical labs

Social Sciences

Open Science
Framework; qualitative
dataset sharing

Emphasis on
democratizing access
and reproducibility

Greater inclusivity;
transparency in
qualitative research

('U turnitin

Table 1. Comparative adoption of digital tools for sustainable research across regions and
disciplines. The table highlights diverse pathways shaped by infrastructure, policy, and

disciplinary priorities.

4.6 Advantages and Limitations of Digital Tools Compared to Traditional Research
Practices: - Because digital technologies are more efficient, accessible, and sustainable than
old approaches, they have completely transformed research. Real-time cross-continental
collaboration is made possible by cloud computing systems, which also reduce carbon
footprints by doing away with the requirement for physical travel. Artificial intelligence (Al)
shortens research timelines and reduces human error by speeding up data analysis, literature
reviews, and predictive modelling. By enabling academics from universities with limited
resources to engage in international scholarship, open scientific frameworks democratise
access to knowledge. Additionally, these solutions lessen the need for paper-based
documentation, which lowers resource consumption and increases reproducibility. On the other
hand, traditional research methods were time-consuming, geographically constrained, and
environmentally expensive because they frequently relied on physical archives, manual data

coding, and in-person collaboration.

Nonetheless, digital transformation brings its own challenges. Data centers that support cloud
and Al services use enormous amounts of energy—approximately 200 terawatt-hours each
year—Ileading to worries about their carbon emissions. The rise in electronic devices results in
a considerable amount of e-waste, with over 53 million metric tons generated worldwide in
2019, much of which is not recycled properly. Additionally, digital divides continue to exist:
unequal access to high-speed internet, sophisticated tools, and digital skills creates obstacles
for researchers in developing areas, perpetuating disparities instead of resolving them.
Traditional approaches, although slower and less scalable, did not rely on intricate
infrastructures and were often more inclusive in situations where digital access is still limited.

Therefore, while digital tools improve efficiency and sustainability in various ways, they also
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introduce new challenges that necessitate thoughtful policy frameworks and green computing
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practices to ensure genuine advancement toward sustainable research.

Table no. 2 - Comparative Analysis: Traditional vs. Digital Research Methods

Dimension Traditional Research Methods Digital Research Methods
Resource Use Heavy reliance on paper, physical | Reduced paper use; cloud storage and Al-
archives, and manual data coding | driven automation minimize resource
consumption
Accessibility Limited to local libraries, Global access via open science platforms,
institutions, and physical presence | online repositories, and digital libraries
Collaboration | Primarily face-to-face, requiring Real-time collaboration across continents
travel and physical meetings through cloud platforms and virtual tools
Efficiency Time-intensive processes; slower | Accelerated workflows with Al, big data
data analysis and dissemination analytics, and automated peer review
Cost High costs for physical Lower infrastructure costs; scalable cloud
infrastructure, travel, and manual | services reduce financial burden
labor.
Sustainability | High carbon footprint due to Reduced emissions from digital
travel, printing, and storage collaboration, but increased energy use in
data centers.
Equity More inclusive in low-tech Greater inclusivity through open access,
contexts but limited scalability yet digital divides persist in developing
regions
Data Manual record-keeping; risk of Secure cloud-based storage; long-term
Management loss or damage preservation and easier retrieval

Table 2. Comparative analysis of traditional versus digital research methods, highlighting
differences in resource use, accessibility, collaboration, efficiency, and sustainability

outcomes.

5. Conclusions and Recommendations:

5.1 Conclusion: - This research has explored the intricate connection between digital
transformation and sustainability in the realm of research, emphasizing both its benefits and
drawbacks. The results reveal that digital technologies—Ilike cloud computing, artificial
intelligence, and open science platforms—have greatly improved efficiency, collaboration, and

inclusivity. They lessen the dependence on paper documentation and decrease emissions
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related to travel, thus positively impacting sustainability objectives. However, the analysis also
highlights the digital paradox: although digital practices alleviate some environmental
pressures, they concurrently introduce new issues such as elevated energy consumption, e-

waste, and disparities in access.

Adoption pathways are context-dependent, according to regional and discipline comparisons.
North America uses enterprise-level platforms like AWS, Asia invests in large-scale national
systems like CST clouds, and Europe prioritises policy-driven infrastructures through the
European Open Science Cloud and Green Deal mandates. Disciplinary variances further
highlight how environmental sciences, biology, and social sciences each use digital resources
differently to accomplish sustainability results. These various methods demonstrate how
infrastructure, politics, and disciplinary priorities impact the global but unequal nature of

digital transition.

Table no. 3 summarises the sustainability impact of traditional versus digital research
methodologies and shows the trade-ofts involved in this change. Digital technologies produce
a large amount of e-waste and increase energy demand, but they also minimise trip emissions
and paper trash. In order to guarantee that digital innovation is truly in line with sustainability
objectives, this duality emphasises the necessity of green computing techniques, infrastructures

driven by renewable energy, and strong legislative frameworks.

Table no. 3 - Sustainability Impact: Traditional vs. Digital Research Methods

Submission ID trn:oid:::1:3581077776

Dimension Traditional Research Methods Digital Research Methods

Energy Use Lower direct energy demand High energy consumption in data centers
(manual processes, physical (~200 TWh annually)
archives)

Material Use Heavy reliance on paper, printing, Reduced paper use; reliance on electronic
and physical storage devices and servers

Carbon Significant emissions from travel Reduced travel emissions via virtual

Emissions for collaboration and conferences collaboration; offset by data center

emissions

Waste Paper waste, physical storage E-waste (53.6 million metric tons globally

Generation degradation in 2019, 20% recycled)

Resource Limited scalability; duplication of | High scalability; streamlined workflows

Efficiency effort common reduce duplication

g'r—.| turnitin
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Inclusivity Restricted to local institutions and | Broader access via open science
physical access platforms, but digital divide persists
Long-term Preservation challenges (risk of Cloud-based preservation ensures
Impact loss/damage in physical archives) longevity but requires constant energy
input

Comparative sustainability impacts of traditional versus digital research methods,
highlighting trade-offs in energy use, emissions, waste, and inclusivity.

In conclusion, digital transformation presents significant chances for long-term research, but it

also necessitates thoughtful approaches to reduce its paradoxical costs. Future studies should

concentrate on creating inclusive infrastructures that close digital inequalities, circular

economy approaches for managing e-waste, and energy-efficient algorithms. Digital

transformation can only be realised as a true route to sustained knowledge generation by taking

such steps.

5.2 Integrated Framework of Digital Tools for Sustainable Research: -

Figure 3 of the present paper shows a systematic taxonomic map of digital tools, which serves

as a bridge between research effectiveness and sustainability. As shown in figure 3 digital data

collection tools have not only reduced errors but also shown potential to reduce carbon

emission during fieldwork by up to 40% (Smith, 2023).

Figure 3: Optimizing the
Research life cycle through o Tools; Zotero, Mendeley, Google

Digital Tools.

Planning and Literature Review

Scholar, Notion.

Digital Repository.

o Sustainable effect; Paperless,

Dissemination & Collaboration

e Tools; ResearchGate, ORCID,
GitHub, Microsoft Teams.
e Sustainable Effect; Open Access,

Global Network.

Sustainable Research

Goal; Efficiency, Cost-
effective, and
minimum

environmental effect.

Data Collection & Field Work

Tools; KoboToolbox, Google Forms,
Remote Setting (GIS), Zoom &
Google Meet (For Interviews).
Sustainable Effect- Lower Caron
Footprint, Data Sinking in actual
time.

Data Analysis & Processing

Computing.

Tools; R-Project, Python, Nvivo, SPSS.
Sustainable Effect- High Accuracy,
Optimal use of Resources, Cloud
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The Sustainability Outcome:

1. Environmental: Saving Resources. (Paperless Archiving)

2. Economic: Reducing research costs. (Reduce fuel costs and long journeys)

3. Social: Inclusive and transparent research. (Inclusive dialogue with global experts)
4. Organizational: Longevity and reusability of knowledge.

The framework illustrates how digital platforms improve sustainability at every research stage,

resulting in advantages for the environment, economy, society, and organization.

As a final synthesis, Figure 3 presents an integrated framework that maps digital tools across
the research life cycle and highlights their sustainability outcomes. Beginning with planning
and literature review, platforms such as Zotero, Mendeley, and Notion enable paperless
workflows and digital repositories. Data collection and fieldwork are transformed through tools
like KoboToolbox, Google Forms, and GIS-enabled remote settings, which reduce carbon
footprints and allow real-time data integration. Analytical platforms including R, Python,
NVivo, and SPSS enhance accuracy and optimize resource use, while cloud computing ensures
scalable and efficient processing. Dissemination and collaboration are facilitated by
ResearchGate, ORCID, GitHub, and Microsoft Teams, fostering open access and global
networking. Collectively, these interventions contribute to four sustainability outcomes:
environmental (resource savings), economic (cost reduction), social (inclusive and transparent
research), and organizational (longevity and reusability of knowledge). This framework
encapsulates the central argument of the study—that digital transformation, when strategically
applied, not only optimizes research practices but also advances sustainability across multiple
dimensions. It provides a roadmap for researchers, institutions, and policy makers to align

digital innovation with authentic sustainable development goals.
5.3 Recommendations: -

In the future, intentional innovation and policy alignment will be critical to the sustainability
of digital research techniques. Future approaches should prioritise the development of green
computing solutions, including renewable-powered data centres and energy-efficient
algorithms, to ameliorate the high energy demands of cloud and Al infrastructures. The
development of inclusive digital infrastructures that close the digital divide and guarantee fair
access for researchers in areas with limited resources is equally crucial. Reducing the
environmental impact of digital tools will also require addressing the growing problem of e-
waste management through circular economy models and more stringent regulatory regimes.

Finally, deeper policy integration—such as required sustainability audits and international

Z'l—.l turnltln Page 20 of 23 - Integrity Submission Submission ID  trn:oid:::1:3581077776



z'l-_l turnitin Page 21 of 23 - Integrity Submission

Submission ID trn:oid:::1:3581077776

standards for ICT practices—can provide accountability and drive institutions towards

responsible innovation.

Table no. 4 - Recommendations for Sustainable Digital Research

Stakeholder | Recommendation Expected Impact

Researchers | Adopt green computing practices (energy- Reduced carbon footprint of
efficient algorithms, optimized storage) research activities
Promote open science through data sharing Democratized access; reduced
and transparency duplication of effort
Integrate sustainability metrics into research Alignment with SDGs;
evaluations accountability in research outputs
Leverage Al responsibly while monitoring Faster analysis with minimized
energy use ecological costs

Institutions | Invest in renewable-powered data centers Lower emissions; sustainable

infrastructure

Implement e-waste management and Reduced hazardous waste;
recycling systems circular economy practices
Bridge the digital divide with training and Greater inclusivity; equitable
subsidies participation
Mandate sustainability audits of digital Institutional accountability;
infrastructures measurable progress

Policy Develop global standards for green ICT Harmonized sustainability

Makers practices across nations
Incentivize sustainable innovation (grants, tax | Encouragement of eco-friendly
benefits) digital adoption
Regulate e-waste disposal with stricter Reduced environmental hazards;
enforcement improved recycling rates
Support inclusive digital infrastructure Narrowed digital divide;
(broadband, literacy programs) enhanced global collaboration

Researchers, organisations, and decision-makers may guarantee that digital transformation
develops into a really sustainable route for the generation of global knowledge by adopting

these paths.
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