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Abstract-- The rapid expansion of Information and 

Communication Technology (ICT) has transformed 

educational institutions by enabling digital learning, online 

communication, electronic administration, virtual classrooms, 

and access to large amounts of information. At the same time, 

increasing dependence on ICT has created environmental 

concerns related to energy consumption, greenhouse-gas 

emissions, resource depletion, electronic waste (e-waste), and 

the environmental impacts associated with the production and 

disposal of digital devices. Green Information and 

Communication Technology (Green ICT) provides an 

approach for reducing these environmental impacts through 

sustainable procurement, energy-efficient use, equipment 

maintenance, virtualization, responsible data management, 

reuse, refurbishment, recycling, and environmentally 

responsible disposal. This conceptual paper examines the 

relevance of Green ICT in educational institutions and 

discusses sustainable practices across the ICT lifecycle. It 

further considers the environmental, economic, educational, 

and organizational benefits of Green ICT and identifies 

challenges such as initial investment, inadequate awareness, 

short replacement cycles, technological dependence, and 

ineffective e-waste management. The paper proposes an 

education-oriented Green ICT framework consisting of five 

interconnected dimensions: sustainable acquisition, efficient 

utilization, lifecycle extension, responsible disposal, and 

sustainability education. The paper argues that educational 

institutions should not only adopt Green ICT practices but also 

function as centres for developing environmentally responsible 

digital citizens. Integrating Green ICT into institutional 

policies, curriculum, ICT management, and student awareness 

programmes can contribute to sustainable digital 

transformation and the broader goals of environmental 

sustainability. 
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I. INTRODUCTI ON 

Information and Communication Technology has become 

an integral part of contemporary education.  
 
 

Computers, laptops, tablets, interactive displays, digital 

learning platforms, cloud services, online examinations, 
learning management systems, and artificial intelligence 
applications are increasingly used in schools, colleges, and 
universities. ICT has improved access to educational 
resources, facilitated communication between teachers and 
learners, supported collaborative learning, and enabled 

educational institutions to provide services beyond the 
traditional classroom. 

However, the expansion of digital technology also creates 
environmental consequences. ICT equipment requires 
energy during manufacture, transportation, use, 
maintenance, and disposal. The environmental impact 

therefore extends beyond electricity consumed while a 
computer is operating. A systematic review of research on 
ICT and environmental sustainability emphasizes that ICT 
can generate both beneficial and adverse environmental 
effects and that its impacts need to be examined across 
different stages of the technology lifecycle [1].  

Electronic waste is another major concern. Educational 
institutions periodically replace computers, printers, 
projectors, networking devices, batteries, and other 
electronic equipment. When obsolete equipment is not 
reused, refurbished, or recycled appropriately, it becomes 
part of the growing e-waste stream. Recent research 

identifies e-waste as an important environmental and 
economic issue and highlights the need for technological, 
behavioural, and policy interventions to improve recycling 
and resource recovery [2].  

These developments have resulted in increasing attention 
to Green ICT, which refers broadly to environmentally 

responsible approaches to the design, acquisition, use, 
maintenance, management, reuse, and disposal of ICT [4]. 
Green ICT is therefore not simply about reducing electricity 
consumption. It involves considering the environmental 
consequences of ICT throughout its lifecycle. 

The educational sector is particularly important in this 

context. Educational institutions are major users of ICT and 
can therefore reduce their own environmental footprint 
through sustainable ICT management.  
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At the same time, schools and universities have a 
distinctive responsibility to develop environmental 

awareness among students. Recent research in ICT 
education indicates that educational interventions 
concerning e-waste and data-centre energy consumption can 
improve students' knowledge and awareness of 
environmental issues related to ICT [3].  

Thus, Green ICT in education has a dual purpose: 

reducing the environmental impact of educational 
technology and using education to promote sustainable 
digital behaviour. 

II.   CONCEPT AND SCOPE OF GREEN ICT 

Green ICT may be understood as the application of 
environmentally sustainable principles to ICT systems and 
practices. It includes the efficient use of energy and 
resources, reduction of greenhouse-gas emissions, 

responsible management of electronic equipment, 
minimization of waste, and adoption of sustainable 
technologies. 

The concept covers the complete lifecycle of ICT: 

Planning → Acquisition → Installation → Use → 
Maintenance → Reuse/Refurbishment → 

Recycling/Disposal 

This lifecycle perspective is important because 
environmental impacts can occur at every stage. The 
environmental footprint of ICT includes impacts associated 
with manufacturing, energy consumption, infrastructure, 
transportation, and end-of-life management [1,5]. 

A. Sustainable Acquisition 

Educational institutions should consider environmental 
criteria when purchasing ICT equipment. Instead of 
selecting devices solely on the basis of purchase price or 
technical specifications, institutions can consider: 

• energy efficiency;  

• expected service life;  

• repairability;  

• upgradeability;  

• durability;  

• availability of spare parts;  

• environmental certifications;  

• recyclability; and  

• total cost of ownership.  

B. Sustainable Use 

Responsible use includes switching off equipment when 
it is not required, using sleep and power-saving modes, 
reducing unnecessary printing, and avoiding excessive use 
of energy-intensive systems. 

C. Sustainable Maintenance 

Regular maintenance can extend the useful life of 

computers and other devices. Hardware cleaning, software 
optimization, upgrades, and timely repairs can prevent 
premature replacement. 

D. Sustainable End-of-Life Management 

When ICT equipment is no longer required, institutions 
should prioritize reuse, refurbishment, donation, component 

recovery, and formal recycling rather than indiscriminate 
disposal [2,10]. 

III. ENVIRONMENTAL IMPACT OF ICT IN EDUCATI ON 

A. Energy Consumption 

Computers, servers, networking equipment, projectors, 
interactive displays, printers, cooling systems, and data-
storage infrastructure consume electricity. The cumulative 
energy consumption of ICT infrastructure can therefore be 

significant in large educational institutions. 
Data centres are particularly important because they 

require electricity for computing, storage, networking, 
cooling, and power management. Educational institutions 
increasingly depend on cloud-based learning platforms, 
digital repositories, online assessment systems, and other 

services that rely on data-centre infrastructure [5]. 

B. Carbon Emissions 

Energy consumption can contribute to greenhouse-gas 
emissions depending on the source of electricity. 
Consequently, reducing unnecessary ICT energy 
consumption can contribute to institutional carbon-reduction 

objectives. 
However, environmental assessment should not focus 

exclusively on operational electricity. ICT equipment also 
has embodied environmental impacts associated with 
manufacturing, raw materials, transportation, and disposal. 
Research on ICT sustainability therefore emphasizes the 

importance of considering the broader lifecycle of ICT 
products [1,6,7].  

C. Electronic Waste 

The rapid replacement of digital devices contributes to e-
waste. Computers, monitors, keyboards, printers, mobile 
devices, batteries, cables, and other equipment may become 

obsolete even when some components remain functional. 
E-waste is problematic because it can contain hazardous 

substances, while also containing valuable materials that can 
potentially be recovered.  
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A recent systematic review of e-waste recycling literature 
highlights both environmental and economic benefits of 

resource recovery but also identifies social, technological, 
and behavioural barriers to effective recycling [2].  

The global scale of the problem is considerable. The 
Global E-waste Monitor 2024 provides evidence of the 
continuing growth of global e-waste and emphasizes the 
importance of improved collection and recycling systems 

[10]. 

D. Resource Depletion 

ICT devices require metals, minerals, plastics, glass, and 
other materials. Extending the life of equipment, repairing 
devices, and recovering materials through recycling can 
reduce pressure on natural resources. 

Consequently, Green ICT should be connected with the 
broader principles of the circular economy, particularly 
reducing consumption, extending product lifetimes, reuse, 
repair, refurbishment, and material recovery [2,8]. 

IV. GREEN ICT PRACTICES IN EDUCATI ONAL 

INSTITUTI ONS 

A. Energy-Efficient Computer Laboratories 

Computer laboratories are among the most visible areas 

for Green ICT intervention. Institutions can adopt: 

• energy-efficient computers;  

• automatic sleep settings;  

• centralized power management;  

• efficient monitors;  

• scheduled shutdown systems;  

• efficient lighting and cooling; and  

• regular monitoring of electricity consumption.  

Teachers and students can also be encouraged to switch 
off computers and peripherals after use. 

B. Sustainable Procurement 

Green procurement should be incorporated into 

institutional purchasing policies. 

Before purchasing equipment, institutions can ask: 

1. Is the device energy efficient?  
2. Can it be repaired or upgraded?  
3. How long is it expected to remain usable?  
4. Does the manufacturer provide responsible end-of-

life options?  
5. Can the institution reuse existing equipment instead 

of purchasing new equipment?  

Such questions encourage institutions to move from a 
purchase-and-replace model toward a lifecycle-management 

model. 

C. Extending Equipment Lifespan 

Frequent replacement of ICT equipment can increase both 

costs and environmental impacts. Extending the useful life 
of devices through maintenance, repair, memory upgrades, 
storage upgrades, and software optimization can reduce the 
demand for new equipment. 

This is particularly relevant to educational institutions 
where older computers may still be suitable for basic 

educational tasks. Sustainability research in higher 
education has highlighted the importance of addressing short 
replacement cycles and extending the useful life of 
computing equipment [9]. 

D. Reuse and Refurbishment 

When a device is no longer suitable for one purpose, it 

may still be useful for another. 
For example, a computer that is no longer adequate for 

advanced data processing may be suitable for: 

• basic word processing;  

• library management;  

• student practice;  

• offline educational resources; or  

• administrative activities.  

Functional devices can also be transferred to institutions 

or communities with limited access to technology. 

E. Responsible E-Waste Management 

Educational institutions should establish a clear e-waste 

policy. 

A possible hierarchy is: 

Reduce → Repair → Reuse → Refurbish → Recover → 

Recycle → Dispose responsibly 

Students can also participate in e-waste awareness 
programmes. Research in higher education suggests that 
hands-on activities involving reclaiming and reusing 
electronic components can support sustainability learning 

and develop practical and collaborative skills [9].  

F. Paper Reduction 

Digital communication can reduce unnecessary paper 

consumption. Institutions can use: 

• digital notices;  

• electronic assignments;  

• online forms;  

• digital attendance systems;  

• electronic records;  

• learning management systems; and  

• online feedback.  
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However, digitalization should not automatically be 
assumed to be environmentally neutral. Digital systems also 

consume energy and require hardware. Therefore, paper 
reduction should be considered as one component of a 
broader lifecycle sustainability strategy [6,7]. 

G. Virtualization and Cloud Computing 

Virtualization can allow several virtual systems to operate 
on fewer physical servers. This can reduce hardware 

requirements and associated energy and cooling demands. 
Cloud computing can also provide opportunities for 

resource sharing and infrastructure efficiency. Nevertheless, 
institutions should recognize that cloud services do not 
eliminate environmental impacts; the energy and hardware 
requirements are transferred to external data centres. 

H. Green Software 

Software influences hardware utilization, processing 
requirements, network traffic, and data storage. Efficient 
software can reduce unnecessary computational demand. 

Educational institutions can therefore consider software 
efficiency when selecting digital learning systems. 

Developers and ICT administrators can also promote 
practices such as reducing unnecessary data transfers, 
optimizing applications, and managing stored data [4]. 

I. Responsible Use of Artificial Intelligence 

AI has become increasingly relevant to education. It can 
support personalized learning, content creation, assessment, 

tutoring, and administrative processes. However, AI systems 
depend on computational infrastructure and therefore have 
environmental implications. 

The environmental implications of digital technologies 
and emerging AI systems need to be considered in terms of 
electricity consumption, infrastructure, resource use, 

cooling, and e-waste [1]. 
Therefore, educational institutions should encourage 

purposeful rather than indiscriminate use of AI, while also 
developing awareness of its environmental footprint. 

V.   BENEFITS OF GREEN ICT IN EDUCATI ON 

A. Environmental Benefits 

Green ICT can help educational institutions: 

• reduce energy consumption;  

• lower greenhouse-gas emissions;  

• minimize e-waste;  

• conserve natural resources;  

• extend equipment lifecycles; and  

• promote responsible recycling.  

These practices contribute to reducing the environmental 
footprint associated with ICT [1,5]. 

B. Economic Benefits 

Energy-efficient equipment can reduce electricity 
expenditure. Extending equipment lifetimes reduces the 
frequency of replacement. Reuse and refurbishment can also 

reduce procurement costs. 

Thus: 

Energy efficiency + Longer equipment life + Reuse = 

Potential cost savings 

C. Educational Benefits 

Green ICT can become part of environmental and 
sustainability education. Students can learn not only about 
climate change and conservation but also about the 

environmental consequences of the technologies they use 
every day. 

D. Institutional Benefits 

Green ICT can contribute to: 

• institutional sustainability policies;  

• environmental responsibility;  

• improved resource management;  

• positive institutional reputation; and  

• alignment with Sustainable Development Goals.  

VI. CHALLENGES TO GREEN ICT ADOPTION 

Despite its potential, several barriers may prevent 
educational institutions from adopting Green ICT 
effectively. 

A. Initial Investment 

Energy-efficient equipment, renewable-energy systems, 
monitoring technologies, and modern infrastructure may 
require substantial initial expenditure. 

B. Lack of Awareness 

Teachers, students, administrators, and technical staff 
may not always understand the environmental consequences 

of ICT use [3,9]. 

C. Short Replacement Cycles 

Institutions may replace devices because of perceived 
technological obsolescence even when existing equipment 
remains functional. Extending equipment lifetimes can help 
address this problem [9]. 
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D. Inadequate E-Waste Systems 

Without established collection and recycling 

arrangements, obsolete equipment may remain unused in 
storage or be disposed of through inappropriate channels. 
Effective e-waste management requires coordination among 
institutions, manufacturers, recycling organizations, 
governments, and users [8,10]. 

E. Behavioural Resistance 

Even when energy-saving technologies are available, 
users may fail to switch off equipment or follow institutional 
sustainability practices. 

F. Technological Trade-Offs 

New technologies are not automatically greener. AI, 
cloud computing, streaming, and increasingly sophisticated 

digital platforms can increase computational demand. Green 
ICT decisions therefore require lifecycle thinking rather than 
assuming that newer technology is always environmentally 
preferable [1,7]. 

VII. A FRAMEWORK FOR GREEN ICT IN EDUCATION 

Based on the reviewed material, Green ICT in education 
can be conceptualized through five interconnected 
dimensions. 

1. Sustainable Acquisition: Institutions select energy-
efficient, durable, repairable, upgradeable, and 
recyclable ICT equipment. 

2.  Efficient Utilization: Users adopt energy-saving 
practices, minimize unnecessary printing and 
storage, and use ICT resources efficiently. 

3.  Lifecycle Extension: Maintenance, repair, 
upgrading, refurbishment, and redistribution 
extend the useful life of equipment. 

4.  Responsible Reuse and Disposal: Obsolete 
equipment is assessed for reuse or refurbishment 
before being sent for formal recycling or 

responsible disposal. 
5.  Sustainability Education: Green ICT principles are 

integrated into curriculum, teacher education, 
student activities, and institutional awareness 

programmes. 

The fifth dimension is particularly important in education 
because students are not merely technology users; they are 
future citizens, professionals, decision-makers, and 
technology consumers. 

 

 
 
 

VIII.   IMPLICATI ONS FOR EDUCATI ONAL INSTITUTI ONS 

Educational institutions should develop institutional 
Green ICT policies rather than relying only on individual 
user behaviour. Such policies may include energy audits, 

sustainable procurement guidelines, equipment-lifecycle 
registers, e-waste collection systems, repair and reuse 
programmes, and staff and student awareness programmes. 

Green ICT can also be incorporated into teacher education 
and ICT curricula. Students can undertake projects involving 
energy audits of computer laboratories, assessment of 

institutional e-waste, device-reuse programmes, or 
awareness campaigns. 

This approach transforms Green ICT from an 
administrative concern into an educational opportunity. 
Systematic research on sustainability in computing 
education indicates that sustainability can be incorporated 

into computing education through multiple approaches and 
that the field has developed a substantial body of educational 
research.  

Furthermore, e-waste education can involve practical, 
learner-centred activities such as repair, component 
recovery, reuse, and design. Such approaches can connect 

sustainability knowledge with problem-solving, creativity, 
collaboration, and practical skills.  

IX. RESEARCH GAPS AND FUTURE DIRECTIONS 

Although Green ICT has received increasing scholarly 
attention, several areas require further investigation. 

First, more research is needed on Green ICT specifically 
within schools and educational institutions, rather than 
concentrating predominantly on commercial organizations 

and higher education. 
Second, empirical studies could examine whether Green 

ICT awareness programmes actually change the behaviour 
of teachers and students. 

Third, educational institutions need practical indicators 
for measuring Green ICT performance. Possible indicators 

include: 

• electricity consumption per computer;  

• ICT equipment lifespan;  

• percentage of equipment repaired or reused;  

• quantity of e-waste formally recycled;  

• paper consumption;  

• user awareness; and  

• institutional carbon footprint.  
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Fourth, the environmental implications of emerging 
technologies such as generative AI in educational settings 

require continued investigation. Current evidence indicates 
that AI-related environmental impacts extend beyond 
electricity use to cooling, embodied resources, supply 
chains, and e-waste [1,5].  

Finally, Green ICT requires collaboration among 
governments, manufacturers, educational institutions, 

teachers, students, technology providers, and recycling 
organizations [8].  

X.   CONCLUSI ON 

ICT has become indispensable to modern education, but 
its environmental consequences cannot be ignored. Energy 
consumption, carbon emissions, resource use, short 
equipment lifecycles, and e-waste represent significant 
sustainability challenges. Green ICT provides a 

comprehensive approach for addressing these challenges by 
integrating environmental considerations into the 
acquisition, use, maintenance, reuse, and disposal of ICT 
resources. 

For educational institutions, Green ICT has significance 
beyond energy efficiency and cost reduction. Schools, 

colleges, and universities can become models of sustainable 
digital practice while simultaneously developing 
environmental awareness among students. Sustainable 
procurement, energy-efficient laboratories, equipment 
maintenance, reuse, responsible e-waste management, 
efficient software, and responsible use of AI can collectively 

contribute to greener educational environments. 
The proposed framework emphasizes five interconnected 

dimensions: sustainable acquisition, efficient utilization, 
lifecycle extension, responsible reuse and disposal, and 
sustainability education. The success of this approach 
depends on institutional policy, technological infrastructure, 

user behaviour, awareness, and cooperation among multiple 
stakeholders. 

Green ICT should therefore be regarded not simply as a 
technological strategy but as an important component of 
sustainable education and responsible digital transformation.  

 

 
 
 
 
 
 

 
 
 

By embedding environmental responsibility into ICT 
management and educational practice, institutions can 

reduce their own environmental footprint while preparing 
learners to participate responsibly in an increasingly digital 
and environmentally conscious society. 
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