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Abstract

Along with the digital transformation of global education, the concept of online
learning has attracted more and more attention to the environmental side. This
research focused on how online learning can be useful in minimising carbon
footprints and promoting digital sustainability. It uses secondary data research
methodology to synthesise knowledge that is based on academic publications,
institutional reports, and case studies in determining the ecological and
operational impact of e-learning. The results indicated that internet-based
learning can significantly reduce greenhouse gases as it reduces commuting
and decreases the use of physical infrastructure, as well as cutting down on
paper. Besides, it helps to have energy-efficient learning environments and
protect the reserves. Nevertheless, the problems of digital inequality and the
environmental costs of digitisation infrastructures still exist. The research re-
emphasises the relevance of inculcating environmentally sensitive and
inclusive digital policies in educational systems. With proper behavioural
alignment of online learning with global sustainable initiatives in the
developing world, the education sector can make a valuable contribution to
addressing climate change and advancing sustainability.

Keywords: Online Learning, Digital Sustainability, Carbon Footprint
Reduction, E-Learning.

Introduction

Over the last 20 years, the educational landscape has experienced a tremendous
change in the educational delivery system, which came as a result of the
universality of digital technologies and the global events of the pandemic,
including COVID-19. Educational organisations, such as primary schools,
colleges, and even universities, have focused on online learning platforms to
continue their work and improve access to education and its experience
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regarding the evolution of learner needs (Bozkurt et al., 2020). This online shift
has not just reshaped the ways of teaching, but it has also brought serious
concerns about the sustainability of educational practice in a fast-warming
planet. Traditional education has caused adverse effects to the environment
historically, which have not been given attention. However, physical campuses
use a lot of energy to heat, light, and air condition; emit carbon pollution due to
their daily commutes; and use great amounts of paper as well as other
consumable materials (Rodriguez & Pons, 2020). It is in this sense that online
education provides an attractive alternative, which is more consistent with the
aim of environmental sustainability. The conversion to a virtual environment
enables institutions to curb the negative impact on the environment as well as
save natural resources and help eliminate congestion in the city, particularly in
cities with a high concentration of academic organisations (Leal Filho et al.,
2022).

Carbon footprint is a general phenomenon that is used to describe the total
amount of greenhouse gas (GHG) that is emitted by all of the human activities
in terms of carbon dioxide equivalent (CO 2 e). In educational contexts, carbon
footprints are the output of different sources: energy used in buildings,
emissions during transportation, physical material utilized in teaching and
learning, and procurement of the institutions (Roy et al., 2021). Indeed,
educational establishments in the industrialised countries are the leading
consumers of carbon emissions in the public sector, according to the UK
Department for Education (DfE, 2022). Online education can help lower most
of these emissions by removing the need to commute every day; by cutting
down all the printed documents and lowering the costs of energy associated
with infrastructure.

According to a study by Lantada et al. (2020) at Universitat Politica de
Catalunya, the format of hybrid learning and remote education can minimise
carbon-related emissions of institutions by up to 60%. The same was also
reflected in the research done by Mendoza et al. (2019), as they reported the
most considerable financial savings on resources that were used in universities
implementing online-first techniques.

Although the overall reduction of emissions is one of the main advantages,
online learning should be put under scrutiny of overall digital sustainability as
well. This idea combines ecological, social and economic sustainability and
digital technologies application. It supports the implementation of technology-
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based solutions to learning, which should be energy-saving, but also equitable,
inclusive, and accessible to various educational situations (Sterling & Thomas,
2021). The concept of digital sustainability is built on the belief that the
applied educational technologies must promote long-term sustainable
development goals (SDGs), in particular, quality education (SDG 4), climate
action (SDG 13), and reduced inequalities (SDG 10) of sustainable
development goals (UNESCO, 2021). This vision can be realised through the
means of a long-term strategic plan and investments in elements of digital
infrastructure, training of teachers, and design of inclusive content.
Additionally, since carbon intensity of cloud computing and data centres keeps
growing, sustainable design decisions, including the adoption of green hosting
services or low-bandwidth platforms, are significantly more essential (Hughes
et al., 2022). With the education moving to digital versions, more attention is
drawn to its impact on the environment. This paper discusses how online
training has reduced carbon impacts besides promoting digital sustainability in
international education.

Review of Literature

An increased stream of empirical evidence supports online and blended
learning in terms of environmental benefits. E-learning also helps to decrease
the distance educated people travel; thus cutting down on the direct and
indirect emissions of a traditional education system. As an illustration, Singh
and Moe (2022) determined that virtual workshops that replaced face-to-face
training programmes led to 80-percent decrease in travel-related emissions in a
multinational NGO. Also, schools have an interesting opportunity to reduce
their electricity rates substantially if they implement asynchronous online
modules, where the server may be used in real-time and classrooms need not
be lighted up. Furthermore, using digital textbooks and cloud-based
collaborative programmes would decrease the number of printed works and, as
such, protect forests and decrease water contamination in the production of
paper and ink (Mendoza et al., 2019). These savings, though not easily
quantified cumulatively, have an impact mostly when added up among the
millions of learners all over the world.

Around the world, all nations have started using national education strategies
to include digital sustainability. On the one hand, in Finland, the Ministry of
Education and Culture has already launched the policies of school curriculum
digitalisation that is highly focused on environmental literacy and embraces
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sustainability (Ministry of Education and Culture, Finland, 2021). In a similar
vein, the National Education Policy (NEP) 2020 in India refers to digital or
online learning as a viable and flexible way to mitigate regional and economic
inequalities (Ministry of Education, India, 2020). Digital sustainability has also
been scaled at the international level. To cite a recent example, the UNESCO
Global Education Coalition that was introduced at the time of the pandemic
enabled transnational resource-sharing. It also supported the creation of
sustainable digital learning environments, especially in the developing world
(UNESCO, 2021). In Latin America, Brazil Universidade Federal de Santa
Catarina provided a case study that demonstrated that digital inclusion
programmes helped to expand access to a range of digital applications in
addition to reducing energy consumption per student (Silva & Barbosa, 2021).

Although, online learning has got a lot of potentials, there are a number of
obstacles to overcome to fully experience its staying power. The most evident
challenge is the digital divide that contributes disproportionately to the students
in the low-income and rural localities. The absence of access to equipment, fast
internet, and assistance in coping with technology prevents engagement in the
online educational process and increases inequalities of access to education
(Bozkurt et al., 2020). Also, an increased usage of technology makes people
worried about e-wastes and resource-thirsty data centres. International Energy
Agency (IEA, 2021) documented that data centres and networks consume
almost 1 percent of all energy in the world, and it will increase unless it is
balanced with the help of the green technology. There is, therefore, a need for
educational institutions to take account of the lifecycle effects of the devices
and platforms deployed and this should be through the use of circular economy
principals, which include reuse, recycling, and procurement in responsibility
(Sterling & Thomas, 2021).

To maximise the environmental impacts of online education, a multiple-faceted
approach is required and should include the criteria of technological efficiency,
systemic policy-making, innovative pedagogical space, sustainability indexes
tracking. Institutions have the option of implementing green certification
schemes in digital education schemes, carrying out carbon audits, and
rewarding low-carbon practices among the students and faculties. By
incorporating Environmental, Social, and Governance (ESG) standards into the
educational context (particularly higher education institutions), administrators
have had a way to harmonise online learning with the concept of sustainability
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(Roy et al., 2021). In addition, online learning needs to spread awareness of the
environmental problems, fostering eco-consciousness in learners and ensuring
that they are ready to contribute to global climate resistance.

The transition to online education has raised the whole spectrum of academic
research that has focused on the potentials, which this new form of education
can have on the environment. Through many studies, it has been concluded
that e-learning significantly cuts down the emission of greenhouse gases
(GHG) due to the avoidance or diminished concern of the daily commute and
the utilization of physical infrastructure (Roy et al., 2021; Lantada et al., 2020).
As a comparative study, Mendoza et al. (2019) observed that by replacing in-
person lectures with the delivery of lectures on asynchronous online platforms,
as much as 90 percent of energy consumption could be lowered per student.
The authors cited the electricity, fuel, and resource saving as the highlights of
the eco-efficiency of digital education.

Lantada et al. (2020) measured carbon emissions in a blended learning
approach at one of the universities in Europe and identified that education
delivery formats with minimum physical presence result in a lower ecological
impact per academic hour. Similarly, Singh and Moe (2022) also analysed the
virtual corporate training models and identified the fact that travel reductions
led to 80 percent decreases in emissions. These researchers highlighted the
climate benefits of distance learning, particularly when conducted at scale on
the academic landscape. On top of carbon emissions, online education makes
an impact into other forms of resource efficiency. Schools, which apply e-
learning formats, use much fewer sheets of paper, physical education books
and school equipment (Rodriguez & Pons, 2020). The Environmental Paper
Network (2020) predicted that such an approach could cut the current level of
deforestation related to the education industry by anywhere between 5 and 7
per cent every year. The submission of digital work and cloud-based
collaboration also reduced waste and aided paperless administrative work by
institutions.

There are challenges linked to cloud computing, however. Digital platforms
that are operated by data centres also increase the world energy consumption,
and Hughes et al. (2022) emphasised that there is a need to balance between
technologically accessible and environmentally aware society. The results
indicated a necessity in green data infrastructure and environmentally
programmed software design into educational technology ecosystems. Digital
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sustainability has been emerging as an important scholarly concept in the last
few years when researchers and policymakers attempted to bring digital
transformation into compliance with sustainable development. Digital
sustainability, according to Sterling and Thomas (2021), refers to the ability of
digital technologies to enhance long-term ecological stability alongside equity,
efficiency, and resiliency in education systems. This definition brings the
environmental discourse to the social-economical spheres and that requires an
interdisciplinary methodology. Leal Filho et al. (2022 developed a conceptual
framework that integrates the Sustainable Development Goals (SDGs),
particularly SDG 4 (Quality Education), SDG 10 (Reduced Inequalities), SDG
13 (Climate Action) and digital education practices. They provided that online
education should not only address the issue of energy efficiency, but
inclusiveness and scalability should also guide the global sustainability efforts.

The environmental side of digital education becomes ever more accentuated in
policy-relevant literature. The Department for Education of the UK (2022) has
developed a plan of fulfilling the goal of education institutions going carbon-
neutral with online learning in the forefront. In the same line, the Indian
National Education Policy (NEP) 2020 focuses on digital growth, as one of the
mechanisms of attaining accessibility and sustainability in the education
delivery sector. UNESCO (2021) released a roadmap to education on
sustainable development (ESD), which supported the use of digital approaches
to develop international citizens, upbringing their awareness of the green
environment. The roadmap focuses on collaboration through digital platforms,
which minimise consumption versus knowledge sharing. Furthermore, the
European Commission (2022) has implemented policies in which education
technology vendors are required to engage in green computing facilities, and
this 1s a clear indication that sustainability and digital governance are becoming
similar.

Empirical case studies provide hard facts of the role of online learning in
lessening ecological footprint in various geographical settings. Silva and
Barbosa (2021) reported an example of a programme led by a university in
Brazil, which offered access to solar-powered equipment and digital data to the
marginalised students. Not only did this cut emissions, but it also enhanced
digital equity. As an example of countries in the Nordic region, the Ministry of
Education in Finland has initiated curriculum-level changes that prepare
learners to become familiar with environmental literacy alongside the domain

429



Centre for Internationalisation and Strategic Partnership

of online platforms (Ministry of Education and Culture, Finland, 2021). These
are the digital resources, which are configured to operate on low-energy
servers and go in line with climate neutrality goals of the country. In Asia,
blended learning has been tested in Chinese, Indian and South Korean
universities, using energy audits to support carbon tracking systems. According
to Roy et al. (2021), the incorporation of online modules in Indian universities
during the pandemic resulted in decreased emissions caused by the use of
electricity and transport by 35460 percent.

Summarising the literature that were reviewed in this regard brought to the fore
various relevant themes. First, online learning has significant qualities of a low
carbon footprint with minimised journeys and use of resources to a minimum,
and energy-saving activities. Second, digital sustainability comes with a four-
dimensional approach to the concept, which incorporates both economic and
social viability and social justice with ecological objectives. Third, although
the attempts of policy and institutional approaches appear encouraging, issues
like the digital divide, e-waste, and power-hungry technologies entangle the
picture of sustainability. Arising from all the themes is the fact that there are
longitudinal, cross-sector and Global South-based study gaps that require
completion. This review highlighted how positive design of sustainable
systems of online education should be comprehensive and inclusive. Since
digital learning has taken a foothold in world education and it is unlikely that it
will fade away, it is important to make sure that it is sustainable
(environmentally and socially) in a way to secure a sustainable future of
education.

Research Gaps

Although the benefits of online education in terms of the environment and
operations have been largely attributed in the literature, some of the major
loopholes in these studies have not been clearly filled. The majority of studies
adopted preliminary short-term and cross- sectional approach, which do not
address the issue of the sustainability of online learning in the long run.
Longitudinal studies that follow ecological and educational performances of
digital learning on the long term are lacking as well. So, the question of
whether the current environmental gains are long-lasting or merely a result of a
short-term reaction, like the one caused by the COVID-19 pandemic, has
become very difficult to answer. Besides, there is also an enduring imbalance
in the literature with a central focus of the research done in higher education

430



Centre for Internationalisation and Strategic Partnership

institutions based in the technologically well-developed countries in the Global
North. This distorts the concept of digital sustainability as well as the insights
into how it may affect K-12 education or even in developing nations of Asia,
Africa, and Latin America where the infrastructural, economical, and social
limitations are rather different.

Moreover, more behavioural and social dimensions of sustainability are lack in
the extant studies. Not many researchers think about the influence of learners’
attitudes, digital skills, and mental well-being on the effectiveness of online
education systems. Screen fatigue, motivation, and accessibility in remote
settings are some of the issues that shape the sustainability of the digital
platform, but they are hardly ever part of sustainability assessments. Finally,
the empirical research on assessing how education policy and institutional
strategies can support the objectives of sustainability through the digital
learning is very weak. Despite available international frameworks, like the
roadmap to sustainability in education of UNESCO, there are still no
universally accepted standards and indicators of performance at institutional
level to structure the implementation and measure progress. These gaps in the
research raise the necessity of an international and elaborated, context-
responsive study of the possibilities of online learning to actually promote
environmental and digital sustainability in the global education systems.

Research Objectives

1. To analyse how online learning help in minimising carbon imprints
in education sector in various geographical and institutional
settings.

2. To assess the influence of online education on ensuring digital

sustainability by paying attention to environmental efficiency,
social inclusiveness, and infrastructure.

3. To create a unified framework, composed of environmental,
pedagogical, and economic indicators, to evaluate the sustainability
of digital education models on the global scale.

Research Methodology

The research approach used in this study was qualitative secondary data where
the researcher attempted to investigate the environmental and sustainability
aspect of online learning and focused specifically on the Indian education
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system. The data were collected using a variety of reliable sources such as
peer-reviewed journals articles, institutional reports, policy papers and case
studies concerning e-learning practices and sustainability results. Specific
focus was on the accuracy of data related to digital education programmes in
order to put the discoveries into the socio-economic and technological reality.
This practice helped in developing a holistic picture of how and at what level
digital models of education may be made to be sustainable without
discriminating access to various learners within the segment.

Data Analysis

This study examined the effect online learning has on reduction of carbon
footprint and digital sustainability. The evaluation aimed at determining trends,
patterns, and main insights concerning the ways online learning can lead to
environmental efficiency and sustainable education process. It has four
dimensions namely: (1) carbon emissions and energy use; (2) digital
infrastructure and resource efficiency; (3) social inclusion and accessibility;
and (4) institutional strategies and policy frameworks.

Energy Consumption and Carbon Emissions Reduction

The most noticeable area in which online learning has reduced carb on
emissions is in the switching of physical classroom to the virtual classroom.
Other national and international studies indicated that online learning would
reduce commuting emissions to a great extent. To illustrate this, one of the
TERI’s (The Energy and Resources Institute, 2021) reports suggested that on
the verge of the COVID-19 lockdown, the local transportation emissions
dropped by 15-20 percent due to the closure of educational institutions. This
decline was largely attributed to the increased popularity of the online learning
platforms. A study carried by Singh and Moe (2022) examining virtual
learning in South Asian institutions revealed that the substitution of direct
training, workshops, and courses with web-based material pointed to an 80
percent reduction in emissions on travel, paperwork, and building operations.
Such results indicated that the institutional implementation of e-learning did
not only continue academic life but also provided a co-benefit impact on the
environment.

Information Resources and Infrastructure Efficiency

Another impact is that online learning encourages the efficiency of resources
because of the minimised use of physical limitations like paper, books and
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paper assignments. The usage of paper decreased due to more use of online
digital learning platforms. The move to paperless tasks, e-books and cloud
storage did not only reduce pressure on deforestation due to paper production,
but also led to cost savings in logistic and purchasing spheres. But this
information also indicated the new environmental price of digital
infrastructure, especially the growth in electricity consumption by servers and
internet-connected devices. The International Energy Agency (IEA, 2021)
referred to global data centres that already consumed almost 1 percent of all
energy needs. However, there is certain progress with pilot projects of solar-
powered employee education servers, making it seem that a green version of
digital infrastructure is possible.

Social Inclusion and Digital Equity

Online learning transition has been associated with complicated equity and
inclusion effects, particularly among rural and low-income earners population.
The Annual Status of Education Report (ASER, 2021) also provided that
almost 37% of students in urban region did not have smartphones or access to
the Internet during the pandemic, a factor that reduced their chances of getting
involved in remote learning. This is especially a key obstacle to the vision of
digital sustainability since it leaves a huge segment of learners out of the green
advantages of online learning. However, the usage of radio, community
centres, and solar charged tab, had worked successfully, especially in far tribal
regions in some states. Such initiatives showed how digital sustainability can
become socially open to solutions based on infrastructure realities.

Institutional and Policy-Level Sustainability Strategies

The study also pointed at the rising policy focus on linking education to
environmental sustainability. It is time to consider technology within any
educational process and enhance overall behaviour in all educational stages
towards contributing to the environment and preserving the climate. In
addition, sustainability systems, applied in institutions, are starting to embrace
digital sustainability measures e.g., the Green Campus Movement. Some
institutions and universities are making efforts to monitor and report on the
sustainability outcomes of their digital education practice. These involve
carbon audits of ICT business, open-source platforms to minimise licensing
waste and recycling e-waste by students. Even though these practices remain
rather narrow in scope, they are open to the possibility of increasing awareness
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and institutional interest in creating a new balance between technological
creativity and environmental responsibility.

Summary

Theme Insights

Online education significantly reduces transportation

Carbon Emissions .
and infrastructure-related carbon output.

Shift to digital tools leads to major savings in paper

Resource Efficiency L .
and printing-related energy consumption.

Infrastructure Data centres and device usage increase energy
Challenges demand, requiring renewable integration.

Rural and low-income students face barriers; hybrid

Social Inclusion and offline models help bridge access gaps.

Institutional Some universities and policies have started integrating
Responses sustainability into digital strategies.

Online learning, therefore, provides significant opportunities in terms of
diminishing the carbon footprint of the education sector and developing digital
sustainability. Nevertheless, these advantages are not equally distributed, but
they depend on the availability of digitalisation, infrastructure preparedness,
and institutional sustainability dedication. The different cases prove the
potential and the shortcoming of digital learning as a sustainability practice.
Although the carbon saving and the paper-saving can be easily identified,
difficulties regarding the energy-intensive infrastructure and the social
inequality have to be eliminated by means of the inclusive policies and the
green technological innovation. It can be considered an essential source of
basis in creating an overall and context relative framework to govern
sustainable digital education in the world.

Major Findings
The results of this study are subdivided according to the research purposes.
Carbon emissions decreased considerably because of online learning.

Among the most important results of this study is that online education leads to
significant reductions in carbon footprint of the education sector. The digital
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platforms can easily replace the physical attendance in the classroom and,
consequently, significantly reducing the number of transportation-related
emissions, energy spent on campus facilities, and dependence on paper-based
resources. Many universities and educational institutions case studies
demonstrated a significant reduction in emission during online mode of
learning during COVID-19 pandemic. This decrease was as a result of the
reduced travel of students and faculty members, air-conditioned building
occupancy and physical infrastructure use. Such results are consistent with the
reported developments of trends globally and in other studies on the same
topic, proving the ecological benefit of virtual learning environment.

Less Resource Consumption Improves Sustainability of Operation

Besides less carbon emission, online education has resulted in operational
sustainability in the educational processes since there is more efficient use of
resources. The fact that digital textbooks, e-assessments and collaboration tools
can be used extensively reduces the number of papers, printing and even
physical storing needs. Institutions learning management systems (LMS) have
facilitated the shift to near-paperless mode of study by thousands of students
and faculty members. The shift does not only help to conserve the
environment, it also cuts on the costs of running operations, thus helping the
economic aspect of sustainability. But this is only when institutions have
strong digital platforms and the pupils can access an acceptable number of
gadgets and internet services.

Digital Infrastructure is Costly to the Environment in Two Ways

Although digital learning alleviates the conventional environmental stressors,
this research concluded that digital learning actually estimates novel types of
carbon-intensity- the energy consumption of information centres, server farms,
and manufacture and disposal of electronic devices. Such expenses are not
always shown in institutional accounts. Online learning can be indirectly
related to carbon emissions since it requires a lot of server farms supported by
electricity powered by conventional power grids. Also, the increased amount of
e-waste, because of high device replacement cycles and an absence of official
e-waste recycling regulations in schools, contribute to environmental pressure.
Therefore, online learning sustainability depends on environmental factors,
which have to be complemented by green buying, energy-efficient coding and
renewable energy sources usage.
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Online Learning has Digital Divide Limit Equitable Sustainability

The unfair availability of digital resources is another important discovery. This
has posed a big challenge to the realisation of possible digital sustainability
universally. The leaners in the urban and wealthy population enjoy smooth
online learning experience, but the leaners in the rural places and marginalised
regions are impeded by poor internet access, absence of digital gadgets and low
digital literacy levels. Such inequalities negate the diversity of digital learning
and make the environmental advantages of online teaching available to a small
population group. Students in most cases turned to printed study references or
offline media, thus reducing the carbon saving that was to be achieved through
digitization.

Behavioural and Psychological Sustainability is Usually Neglected

The research concluded that online learning contributes to the environmental
sustainability, but it does not usually contribute to psychological and
behavioural well-being, which are critically important part of the sustainable
education. The concern among students and teachers includes high screen time,
minimal peer interaction, and digital fatigue, especially when students are
required to be online over prolonged durations. These factors have adverse
impact on student engagement, motivation, and retention and look at the
viability of long-term online education models in a negative light. Since
sustainability is ecological as well as social and psychological, these results
indicated that any digital learning strategies should involve the application of
wellness design, flexible and dynamic schedules, and interactive teaching
methods to create modalities that elicit resiliency among the learners.

The Policy initiatives are progressive but have no measurable
sustainability metrics.

Under National Education Policy (NEP) 2020, the Indian government has
introduced various digital education promotion programmes. SWAYAM, e-PG
Pathshala, Virtual Labs and many other several initiatives are good towards
scalable and sustainable digital education. Nevertheless, the research revealed
that there is few institutional hybridisation of sustainability indicators, e.g., the
number of carbon emissions saved, the amount of paper use avoided, or energy
savings due to digital transition, etc. Such a gap is a drawback in terms of the
strategies and openness needed to track the progress towards sustainability
objectives.
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The Need of Integrated Frameworks to Evaluate Sustainability of Digital
Education

The last important conclusion is that the extant literature and institutional
activities do not have a composite framework in terms of which the
sustainability of digital education, environmentally, pedagogically and
economically, is determined comprehensively. The majority of literature that
exists concentrates on a single variable of environmental without considering
the dynamics of other variables such as digital inclusion, quality learning, and
economic efficiency. It requires a multidimensional model, which would allow
policymakers and educators alike, to make informed decisions regarding the
long-term viability of online education. Examples of such indicators to be
included in such a model include carbon saving per student, levels of digital
engagement, an analysis of infrastructure lifecycles, and socio-economic
accessibility indicators.

Summary of Major Findings

Key Focus Area Major Findings
Online learning reduces carbon footprints through
Carbon Emissions less commuting, facility wusage, and paper
consumption

Resource Use and | E-learning promotes operational efficiency and cost
Cost reduction through digital resources and tools

Environmental costs of data centres and e-waste
Digital Infrastructure | must be addressed to sustain long-term digital
benefits

Internet and device access gaps in rural India limit

Digital Equit . . e . .
& iy the inclusive sustainability of online learning
Psychological fatigue and reduced engagement are
Student Well-being barriers to behavioural sustainability in digital
formats
. Lack of carbon audits, benchmarks, and institutional
Policy and : . o
S metrics restrict measurement of sustainability
Monitoring

progress
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Need for a comprehensive sustainability assessment

Framework ) . )
model covering environmental, social, and
Development . i .
educational dimensions
Conclusion

This study has addressed the topic on how online learning minimises carbon
footprints and increases digital sustainability in both the education system. The
study offers substantial evidence that online learning can potentially reduce the
negative environmental impact of the usual learning systems to a considerably
high degree. Online platforms can radically reduce the carbon footprint related
to the traditional system of education by minimising transportation to schools
and workplaces by both students and faculty, and by reducing the physical
infrastructure required to access learning resources as well as promoting the
use of digital learning resources. The advantages of online learning, however,
do not come automatically without some other drawbacks. The energy
consumption of data centres as well as the emerging hazard of e-waste and the
disparity in the access to digital activity are sustainability issues of real
concern. The psychological issue, arising from online learning, is also a
concern. The psychological issue include digital fatigue, less social interaction,
and the stress caused by the level of screen-time exposure, all indicating that
digital education needs an upgrade to a holistic level culminating into learner-
focused education. The results of this study supported the idea for institutions
and policymakers pursuing a comprehensive and site-specific approach to
sustainability. Sustainability in education must be defined not only through
carbon reduction levels, but also through inclusive access and sustainability as
well as well-being of learners. In the absence of such multidimensional
approach, online learning can lead to the duplication of some of the structural
inefficiencies of conventional learning, or even lead to an increase in similar
inefficiencies.

Future Implications

This research is significant to the policymakers and all educational institutions.
It is also beneficial to the global sustainability agendas. Specifically, the study
contributes to:
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Development of Policy and its Monitoring

Regulatory bodies of education and governments must work on generating
standard frameworks and sustainability indicators that pertain to digital
education. This should incorporate periodic carbon audit, energy performance
rating of learning platforms and specific information on green procurement and
recycling of e-wastes.

Institutional Capacity Development

Sustainability needs to be addressed in the strategic planning of educational
institutions, which should consider the introduction of special sustainability
units, faculty training programmes on green digital practices, and the
involvement of students in environmental activities on campus associated with
digital learning.

Combination of Well-being Metrics

The design elements of future models of online learning need to consider the
learner wellness, offering such features as screen-time control options,
blending interaction opportunities, and adaptive learning environments. This
will allow students to coordinate pace and format according to their feedback.

Global Collaboration

Since digital education is of transnational character, international collaboration
will play a key role. Common frameworks, research alliances, and lasting
technology alliances can be used to create scalable, equitable and environment
friendly world education ecosystems.

Limitations of the Study

Although this study presented helpful insights into the extent to which online
learning influenced the reduction of carbon footprints. The study was based on
secondary data. Therefore, the results of the study depended on the extent of
the reliability of the institutional reports and policy documents that were
consulted. This study was not empirical; it did not gather primary data to
measure the emissions in real-time, or statistically model the indicators of
sustainability. Future study on this issue must, therefore, adopt empirical
approach, using survey, lifecycle carbon analysis, or mixed methodological
strategy. Besides, the analysis in this study was essentially specific to a country
and not applicable to all countries.
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Even with these limitations, the work provided a vigorous conceptual basis on
future study and policy formulation on the attitude alignment of online
education with the goals of sustainability.
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