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The growing concern over environmental sustainability and the increasing de-
pendence on digital technologies have encouraged higher education institutions
to adopt environmentally responsible strategies for campus development. Green
Information Technology (Green IT) has emerged as an important approach for
reducing the environmental impact of information and communication tech-
nology while improving operational efficiency, resource utilization, and insti-
tutional sustainability. This study aims to examine the role, benefits, and
challenges of Green IT in supporting sustainable campus development within
higher education institutions. Using a qualitative literature review approach,
this study analyzes and synthesizes relevant academic research published be-
tween 2021 and 2025, focusing on Green IT implementation, energy efficiency,
digital sustainability, and environmental management in higher education. The
findings indicate that Green IT contributes significantly to reducing energy con-
sumption, minimizing paper usage, improving resource management, support-
ing carbon footprint reduction, and enhancing the efficiency of campus opera-
tions. However, several challenges remain, including infrastructure investment
requirements, limitations in policy implementation, technological readiness, and
insufficient stakeholder awareness and participation. This study concludes that
Green IT plays a strategic role in accelerating sustainable campus development
by integrating environmental responsibility into digital transformation. Success-
ful implementation requires strong institutional commitment, supportive poli-
cies, appropriate technological infrastructure, and active collaboration among
university stakeholders to achieve long-term environmental and operational sus-
tainability. Furthermore, the adoption of Green IT can strengthen universities’
capacity to balance technological innovation with environmental responsibility
while creating more efficient, sustainable, and digitally resilient academic envi-
ronments for future development.
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1. INTRODUCTION

Pressure on universities to act on environmental sustainability has grown steadily in recent years [1].
Besides teaching and research, universities are now expected to show social and environmental responsibility
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in the way they operate [2, 3]. Digital technology sits at the center of that operation. Learning platforms, online
administration, and research collaboration tools have made universities more capable [4], but they also raise
electricity demand, produce electronic waste (e-waste), and add to the wider environmental burden [5, 6]. At
the sector level, recent estimates place the share of information and communication technology (ICT) in global
greenhouse gas emissions at roughly 2 to 4 percent [7]. The world also generated about 62 million tonnes of
e-waste in 2022, and less than a quarter of it was documented as properly collected and recycled [8].

Green Information Technology (Green IT) refers to the design, use [9], and management of informa-
tion technology in ways that keep harm to the environment small [10]. In a university this can mean energy
efficient servers, cloud based systems [11], paperless administration, smart classrooms, and careful manage-
ment of devices [12, 13]. A sustainable campus, in turn, combines environmental, social, and technological
strategies to build a greener and more efficient academic setting [14]. Green IT sits where these strategies meet
daily operations, since most campus activity now runs on digital infrastructure.

Earlier work on sustainability in higher education has often concentrated on curricula, student behav-
ior, or broad digital transformation [15, 16]. Studies that place Green IT itself at the center appear to be less
common and are spread across several disciplines. This paper addresses that gap by reviewing recent literature
around three questions. The first asks how the literature describes the contribution of Green IT to sustainable
campus development. The second asks which Green IT practices are reported most often in universities. The
third asks what challenges limit their adoption. The paper offers a conceptual framework of the main Green IT
components, a comparison between traditional and Green IT practice, and a set of managerial implications for
university leaders and IT managers.

2. LITERATURE REVIEW

This section outlines the concepts that frame the study. It starts with Green IT and its main compo-
nents, and then turns to the idea of a sustainable campus and the ways in which universities apply Green IT in
practice.

2.1. Green Information Technology

Green IT describes computing practices that take environmental effects into account at every stage,
from purchase and operation to disposal. In the literature five components appear repeatedly, namely energy
efficient hardware, virtualization, cloud computing, device lifecycle management, and e-waste reduction. Fig-
ure 1 shows how these components relate to each other and to sustainable campus development [17, 18].
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Figure 1. Conceptual Framework of Green Information Technology for Sustainable Campus Development.

Each component in Figure 1 works on a different part of the problem. Energy efficient hardware lowers
electricity consumption at the device level [19]. Virtualization allows several workloads to share one physical
server, which cuts the number of machines that must be powered and cooled. Cloud computing extends this
idea by supplying scalable services on demand, so that a university does not need to keep spare capacity running
for peak periods [20, 21]. Device lifecycle management deals with how equipment is chosen, maintained, and
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used for as long as it remains useful [22], while e-waste reduction covers responsible disposal, recycling, and
reuse [23]. Together these components lower environmental impact, keep systems performing well [24, 25],
and make better use of institutional resources [26], which is how they feed into wider campus sustainability
strategies [27].

2.2. Sustainable Campus and Green IT Applications

A sustainable campus builds environmental responsibility into its academic work and its physical and
digital infrastructure [28]. Typical initiatives include energy saving smart buildings, paperless administration,
sustainable transport, and the use of renewable energy. These initiatives connect with several of the United
Nations Sustainable Development Goals, especially those on quality education, affordable and clean energy,
responsible consumption, and climate action [18]. Digital technology is often the means by which they are
carried out, for example through sensors that control lighting and cooling or through platforms that replace
printed documents.

The smart campus idea brings many of these initiatives together by linking sensors, data platforms,
and analytics with facility management [12, 13]. Managers can then see how energy is used across buildings
in close to real time and can act on waste that would otherwise go unnoticed.

Universities put Green IT into practice through digital learning platforms, online document man-
agement, smart energy monitoring, cloud based storage, and virtual meetings. These applications can lower
operating costs and reduce travel, printing, and on-site equipment. They are not free of environmental cost,
however. Data centers and network traffic use electricity as well, and greater use of digital services can offset
part of the savings [7]. For this reason Green IT is better understood as a management approach that needs
continuous attention than as a fixed set of technologies.

3.  RESEARCH METHODOLOGY

This section describes the research design, the search and selection procedure, and the steps used to
extract and analyze the data. The procedure was organized so that each decision can be traced and repeated by
other researchers.

3.1. Research Design and Search Strategy

The study follows a qualitative literature review design [29, 30]. This design suits the aim of the
paper, which is to understand how Green IT is described, applied, and constrained in higher education and not
to estimate its effect with statistical methods. The review borrows several features of a systematic approach,
namely a defined protocol, explicit selection criteria, and transparent reporting, but it does not pool results
across studies. The reviewed studies differ widely in design, context, and outcome measures, and this makes
statistical pooling inappropriate. The design is guided by the three research questions stated in the introduction,
which concern the contribution of Green IT, the practices reported in universities, and the challenges that limit
adoption.

The search covered major scholarly databases and indexing platforms for publications from 2021 to
2025. This period was chosen because it captures the acceleration of digitalization in universities that followed
the pandemic [14] and the growing attention given to sustainability agendas in the same years. Search terms
were built from four concept groups, which are shown in Table 1. Terms within a group were combined with
the Boolean operator OR. The Green IT group was combined with the higher education group and with at least
one term from the sustainability or technology groups, and the resulting string was adjusted to the syntax of
each database. The reference lists of key articles were also checked to find relevant studies that the database
search did not return.

Table 1. Concept Groups and Search Terms Used in the Literature Search

Concept Group Search Terms

Green IT “Green IT”, “green computing”, “sustainable IT”, “energy efficient comput-
ing”

Higher education “higher education”, “university”, “campus”

Sustainability “sustainable campus”, “digital sustainability”, “environmental sustainability”

Technology “virtualization”, “cloud computing”, “e-waste”, “smart campus”
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The Green IT and higher education groups in Table 1 keep the search focused on the topic and the
setting, while the sustainability and technology groups capture studies that discuss the same practices under
different labels, such as smart campus or digital sustainability. Only publications written in English were
considered, and this choice is discussed among the limitations of the method.

3.2. Screening and Selection

Records were handled in four stages, namely identification, screening, eligibility, and inclusion, which
follow the logic of the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guide-
line [31]. Figure 2 presents the sequence of these stages together with the analysis that follows them.

Search of scholarly databases and indexing platforms
1. Identification using the four keyword groups for publications from
2021 to 2025, plus checking of reference lists

v
Removal of duplicate records and review of titles
2. Screening and abstracts against the inclusion and exclusion
criteria
v
3. Eligibility Full text assessment of relevance, depth of content,

and quality of each remaining study

Final set of studies entered into the data

4. Inclusion . .
extraction matrix

Coding, theme development, and mapping of themes to
the three research questions

5. Analysis

Figure 2. Procedure for Identifying, Screening, and Analyzing the Reviewed Literature.

Each stage in Figure 2 narrows the set of records. Identification gathers records from the databases and
from reference lists. Screening removes duplicates and judges each record by its title and abstract. Eligibility
examines the full text of the remaining studies, and inclusion fixes the final set that enters the extraction matrix.
The last step is analysis, in which the included studies are coded and grouped into themes. Two publications
dated 2026 are cited in this paper as background only, and they were not part of the reviewed set.

Screening followed inclusion and exclusion criteria that were defined before the search began [32].
Table 2 lists these criteria [33].

Table 2. Inclusion and Exclusion Criteria Used in the Review

Criterion Included Excluded

Period Published between 2021 and 2025 Published before 2021 or after 2025
Language Written in English Weritten in other languages

Topic Concerned with Green IT or sustainable Unrelated to the research topic

digital transformation in higher education

Content Substantive discussion of environmental Only a passing mention of these themes
sustainability, energy efficiency, resource
management, or campus development

Record type Scholarly publications retrieved from the  Duplicate records
selected sources

Applying the criteria in Table 2 removed duplicates, records outside the period, and studies that were
not relevant enough to the objectives of this paper [34, 35]. Each study was also checked for quality at the
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eligibility stage. The check looked at whether the aim and context were stated clearly, whether the method or
line of argument could be followed, whether the outlet was a credible scholarly source, and whether the study
bore on at least one research question. Studies that failed more than one of these points were removed.

3.3. Data Extraction, Analysis, and Trustworthiness

Data from the included studies were recorded in an extraction matrix. For each study the matrix held
the bibliographic details, the country or institutional setting, the type of study, namely empirical, conceptual,
or review, the Green IT practices discussed, the benefits and challenges reported, and any recommendation for
practice.

The extracted material was analyzed using thematic analysis, which proceeds in six phases [36]. The
first phase was familiarization with the studies through repeated reading. Initial codes were then generated for
segments that described a practice, a benefit, a challenge, or a condition for success. The codes were grouped
into candidate themes, and the themes were reviewed against both the coded segments and the full set of studies.
Each theme was then defined and named, and the results were written up. Coding was partly deductive, since
the five Green IT components in Figure 1 served as a starting frame, and partly inductive, since new codes were
added when studies described practices or barriers that did not fit the frame [37, 38].

Several steps were taken to support the trustworthiness of the analysis. Coding decisions were re-
viewed by more than one author and disagreements were settled through discussion. A record of search terms,
selection decisions, and code definitions was kept so that the process can be followed step by step. The method
still has limits. It relies on published studies in English, it leaves out unpublished and industry reports, and it
may be affected by publication bias, since studies that report positive results are more likely to be published.
These limits are kept in view when the findings are interpreted in the next section.

4. RESULTS AND DISCUSSION

The results are organized around the three research questions. The comparison between traditional
and Green IT practice comes first, followed by the main themes found in the literature, and then the challenges
that limit adoption together with a discussion of what the findings mean when read together.

4.1. Green IT Compared with Traditional Practice

Table 3 compares traditional IT practice with Green IT enabled practice across six aspects, namely en-
ergy consumption, server infrastructure, resource utilization, device management, e-waste, and environmental
impact. The comparison draws on the practices described across the reviewed studies and shows the direction
of change, not exact savings.

Table 3. Comparison of Energy and Resource Utilization Between Traditional IT and Green IT Enabled
Practices

Aspect

Traditional IT Practices

Green IT Enabled Practices

Energy consump-

Higher energy demand because local de-

Lower energy demand through energy effi-

tion vices and servers run continuously cient hardware and optimized computing

Server infrastruc-  Greater dependence on high power physi-  Virtualization and cloud computing reduce

ture cal servers dependence on physical infrastructure

Resource utiliza- Resources may be underused or poorly Computing resources are shared and ad-

tion managed justed through virtualization and cloud ser-
vices

Device manage- Limited attention to device lifecycle and  Planned lifecycle management and respon-

ment environmental impact sible use of equipment

E-waste Higher potential for waste from frequent Less waste through proper disposal, recy-

device replacement

cling, and longer device use

Environmental im-
pact

Greater energy use and environmental bur-
den

Lower impact through efficient and sus-
tainable IT practices

Two patterns stand out in Table 3. The first is that most of the differences come from how infrastructure
is planned and used and not from any single device. A campus that runs many lightly loaded physical servers
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pays for that idle capacity in electricity and cooling, whereas virtualization and cloud services let the same
workloads share fewer machines. The second pattern is that device management and e-waste are closely tied.
When equipment is replaced early, the waste shows up years later at disposal, so decisions about maintenance
and procurement made today shape the e-waste a campus produces later.

4.2. Thematic Findings

Three themes came out of the analysis. The first and most frequent links Green IT with lower energy
use in computing infrastructure. Replacing old servers with efficient models, consolidating workloads through
virtualization, and moving suitable services to the cloud all reduce the need for high power local servers [19,
20]. A server that sits idle still draws a considerable share of its peak power, which explains why consolidation
matters so much in practice. The benefit is not automatic, though. It depends on whether the institution actually
retires the machines it no longer needs and on the efficiency of the data centers that host cloud services.

The second theme concerns the digitalization of academic and administrative work. Paperless systems
for admissions, records, grading, and correspondence reduce paper waste and administrative costs, and virtual
meetings and digital learning platforms reduce travel and printed material [4, 14]. Digitalization also changes
how work is organized. Approvals, records, and communication move to shared platforms, which makes
processes faster and easier to audit and gives managers data that can be used for planning [22]. Smart campus
systems go a step further by using sensors and monitoring tools to control lighting and cooling and to show
where energy is being wasted [12, 13]. These systems only help if the data they produce is used, so monitoring
has to be linked to clear responsibilities for acting on it.

The third theme is the handling of equipment from purchase to disposal. Because global e-waste
keeps growing [8], universities have good reason to manage devices with more care. Extending device life
through maintenance and refurbishment, reusing equipment that still works, and sending obsolete devices to
responsible recycling all reduce the waste linked to discarded IT equipment [22, 23]. Procurement plays a large
part here, because equipment that is hard to repair or upgrade will be replaced sooner regardless of how well
it is managed afterward. Good device management also needs reliable information. A campus that keeps a
register with the purchase date, condition, and location of each device can decide when to repair, reassign, or
retire equipment, and it can see how much waste it is likely to face in the coming years.

4.3. Challenges and Discussion

Alongside the benefits, the literature points to several challenges. Table 4 lists the main ones together
with responses that are suggested or implied in the reviewed studies, and the paragraphs that follow explain
them.

Table 4. Main Challenges in Adopting Green IT and Possible Responses

Challenge

Main Cause

Possible Response

Initial investment

Cost of efficient hardware, system migra-
tion, integration, and monitoring tools

Phased adoption, cloud services paid from
operating budgets, and planning based on
lifecycle cost

Stakeholder
awareness

Limited knowledge of sustainable prac-
tice among students, faculty, administra-
tive staff, and IT personnel

Training, awareness campaigns, and green
practice written into job roles and curricula

Policy and leader-

Weak enforcement and unclear responsi-

Formal policy, a named unit in charge, pro-

ship bility curement standards, and regular reporting
Technological Legacy systems and uneven infrastructure  Infrastructure audit before migration and
readiness gradual replacement of old systems
Growing  digital More services and users that can offset ef- Ongoing monitoring of energy use and ex-
demand ficiency gains plicit reduction targets

Initial investment is the challenge mentioned most often. The largest capital needs come from up-
grading to energy efficient hardware, building virtualization infrastructure, migrating institutional systems to
cloud platforms, and installing smart energy monitoring. These costs arise in hardware, system integration, and
software before any operational or environmental benefit appears, and this gap makes decision makers hesitant.
Phased adoption and lifecycle cost planning, as listed in Table 4, can make the burden easier to carry.
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Limited awareness among stakeholders is the second challenge. Students and faculty need to develop
sustainable habits in how they use technology, while administrative staff and IT personnel have a more direct
role in running and maintaining Green IT initiatives. Research on green management practice in universities
shows that employee behavior and environmental performance improve when management support and a green
culture are in place [24, 37, 39]. Technology alone therefore cannot carry the change. The third challenge is
policy and leadership. Policies that exist on paper but are not enforced or maintained do little to change practice,
and sustained commitment from university leadership is what keeps Green IT initiatives going after the first
stage [17, 26]. Attention to user well being and to the capacity of the institution to innovate may help keep
such commitment alive [38].

Technological readiness and growing digital demand complete the picture. Universities with legacy
systems or uneven network capacity cannot always migrate quickly, and an audit before migration helps to
avoid moving inefficient systems to the cloud without change. Growth in the number of users and services can
also erode earlier gains, which is why energy use needs to be tracked over time [7].

Read together, the findings suggest that the benefits of Green IT depend more on the conditions around
the technology than on the technology itself. Efficient hardware, virtualization, and cloud services reduce
energy use only when old equipment is actually retired, when workloads are managed well, and when users
change how they work. This agrees with earlier work that presents sustainability in higher education as a
matter of institutional practice as much as of technical capability [15, 27]. Studies set in Saudi Arabia [1] and
in Poland and Vietnam [4] also show that Green IT is adopted in very different institutional settings, which
supports the view that local conditions shape the outcome.

In theoretical terms, the study treats Green IT as a sociotechnical arrangement and not only as a set
of technical measures. The five components in Figure 1 describe what is installed and managed, while the
challenges in Table 4 describe the organizational and human conditions under which those components work.
Reading the two together gives a frame that later studies can test, for example by relating the adoption of each
component to leadership support, funding models, and staff awareness.

Returning to the research questions, the reviewed literature indicates that Green IT contributes to
sustainable campus development mainly by lowering energy demand, reducing paper and device waste, and
improving the use of computing resources. The practices reported most often are virtualization, cloud services,
paperless administration, smart energy monitoring, and device lifecycle management. The challenges that limit
adoption are upfront cost, limited awareness, weak policy and leadership, uneven technological readiness, and
rising digital demand. The findings also need to be read with care. Much of the reviewed literature appears
to describe expected benefits and good practice and to report fewer measured results such as kilowatt hours
saved or e-waste avoided, so the conclusions drawn here are conceptual and should not be treated as quantified
effects.

5.  MANAGERIAL IMPLICATIONS

The findings speak to several groups of decision makers, including university leaders, IT managers,
procurement officers, and sustainability officers. The implications below follow the decisions that these man-
agers actually face, and a suggested sequence of actions is given at the end of the section.

Green IT should be written into the strategic plan of the university and not left to individual IT projects.
Leaders can assign responsibility to a steering group that includes IT, facilities, procurement, and academic
representatives, so that decisions on infrastructure and purchasing are made with sustainability in view. A
baseline of current energy use, server utilization, device age, and e-waste is a sensible first step because targets
are hard to set and defend without it [26, 27].

Managers who worry about upfront cost can begin with measures that give visible returns at low
expense, such as consolidating underused servers, enabling power management on shared computers, and
retiring the oldest equipment. Larger steps, such as cloud migration and smart energy monitoring, are better
planned in phases and judged on the total cost over the life of the asset and not on purchase price alone. When
cloud services are chosen, managers should ask providers about the energy efficiency of their data centers,
since the environmental gain depends on it [20, 21].

Procurement is where many of the later environmental effects are decided. Recognized standards
such as the Electronic Product Environmental Assessment Tool (EPEAT) and ENERGY STAR give procure-
ment officers a practical way to compare products on environmental grounds. Requirements for repairability,
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upgradability, warranty length, and manufacturer take back can be added to tenders so that equipment lasts
longer and can be recycled properly. An asset register that follows each device from purchase to disposal
supports these decisions and makes e-waste easier to forecast [23].

Technology decisions succeed only when people use the systems as intended. Managers can provide
short training for IT personnel on energy efficient configuration and lifecycle management, and simple guid-
ance for students and staff on printing, device use, and virtual meetings. Linking green practice to job roles,
performance discussions, and recognition helps to keep it in place after the first campaign [37, 39].

Monitoring closes the loop. Indicators such as electricity use per user, average server utilization,
average device age, paper use per student, and e-waste volume can be reported each year to university leadership
and shared with the campus community. Regular reporting shows whether measures are working, lets managers
correct course early, and supplies the measured evidence that the literature still lacks [15]. Table 5 arranges
these actions in a sequence that a university can adapt to its own capacity.

Table 5. Suggested Sequence of Managerial Actions for Green IT Adoption

Time Horizon Priority Actions Managerial Outcome

Short term, first year Form a steering group, record baseline data, Clear responsibility, a reliable start-
consolidate underused servers, enable power ing point, and early savings that

management, and begin staff training build support
Medium term, sec- Migrate suitable services to the cloud, introduce ~ Lower infrastructure demand and
ond and third year procurement standards, set up an asset register, better control of equipment and
and expand smart energy monitoring waste

Long term, beyond Build targets into strategic planning, publish an- ~ Sustained improvement and institu-
the third year nual reports, and review policy against mea- tional learning
sured results

The sequence in Table 5 starts with actions that need little capital and moves toward measures that
require stronger infrastructure and policy.

6. CONCLUSION

This study set out to examine how Green IT supports sustainable campus development in higher
education. The reviewed literature indicates that energy efficient hardware, virtualization, cloud computing,
device lifecycle management, and e-waste reduction can make university operations more efficient and less
harmful to the environment, while allowing academic and administrative services to continue. Green IT should
therefore be seen as part of institutional sustainability planning and not only as a technical matter.

The review also shows that technology alone does not produce sustainable outcomes. Infrastructure,
institutional policy, and everyday practice have to be coordinated, and procurement, maintenance, and aware-
ness among students, lecturers, administrative staff, and IT personnel all affect the result. The managerial
implications point to a practical path that begins with a baseline and clear responsibility, moves through phased
investment and standards based procurement, and is kept on track through regular monitoring. The findings rest
on a literature based analysis of English language publications, so the real benefits will vary with institutional
infrastructure, patterns of technology use, available resources, and organizational policy. Stronger empirical
evidence from real campuses is needed to confirm them.

Future research should therefore evaluate Green IT in different universities and campus settings. Stud-
ies could measure electricity consumption, hardware utilization, equipment lifespan, virtualization efficiency,
cloud resource use, and e-waste generation before and after implementation. Comparisons between institutions
would show how policy, infrastructure readiness, and stakeholder awareness influence results.
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