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ABSTRACT

The rapid proliferation of Information and Communication Technology (ICT) has transformed
every sphere of human activity but has also created a mounting environmental burden through energy
use, resource extraction, and electronic waste (e-waste). By the mid-2010s, ICT’s global electricity
demand approached 7-8% of total generation, and e-waste reached 44.7 million tonnes, with less than
20% formally recycled (Baldé et al., 2017; Shehabi et al., 2016). This paper synthesizes pre-2018
research to examine Green Computing as both a technological and managerial necessity. It explores its
evolution, environmental implications, and standards such as EPEAT, ENERGY STAR, WEEE, and
RoHS. Finally, it presents a model “Environmentally Sustainable Project” (ESP), a structured framework
integrating energy efficiency, sustainable procurement, and responsible disposal. The study concludes
that sustainable ICT management is not only feasible but indispensable for reducing carbon intensity and
supporting long-term ecological resilience.
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Introduction

The twenty-first century has been marked by rapid technological advancement, with information
and communication technology (ICT) becoming the foundation of modern economies and daily life. From
cloud computing and social media to e-governance and digital commerce, computing technology has
transformed human activity and organizational efficiency. However, this technological revolution has
come at a significant environmental cost. The energy consumed by data centers, personal computers,
and communication networks has increased exponentially, contributing to global greenhouse gas (GHG)
emissions, while the generation of electronic waste (e-waste) has reached alarming levels worldwide.
These trends have intensified the urgency for adopting Green Computing, also known as Green IT a
practice aimed at designing, producing, using, and disposing of computing equipment in ways that
reduce their environmental impact (Murugesan, 2008).

Green Computing emerged as a critical discipline in the early 2000s, parallel to growing
awareness of climate change, energy scarcity, and sustainability. The principle rests on the “triple bottom
line” framework-economic viability, social responsibility, and environmental protection. It encourages
energy-efficient hardware, optimized software operations, responsible procurement, and safe disposal
methods for computing equipment. The objective is not merely to reduce environmental harm but also to
enhance operational efficiency and cost-effectiveness.

The Growing Environmental Impact of ICT

The rapid expansion of ICT infrastructure has made it one of the most energy-intensive sectors
globally. Data centers, which form the backbone of digital services, have become significant contributors
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to energy consumption. A study by Shehabi et al. (2016) estimated that data centers in the United States
consumed nearly 70 billion kilowatt-hours (kWh) of electricity in 2014, about 1.8% of the nation’s total.
Although energy efficiency improvements such as server virtualization and efficient cooling slowed down
the growth rate, global consumption continued to rise due to the surge in cloud-based services, online
storage, and big data processing.

Industry metrics like Power Usage Effectiveness (PUE), introduced by The Green Grid
consortium, provided benchmarks for assessing data center efficiency. The ideal PUE of 1.0 means that
all power is used by IT equipment. However, small and legacy data centers often reported PUE values
above 2.0, indicating substantial energy loss in cooling and power distribution (The Green Grid, 2012). In
contrast, large technology firms such as Google, Facebook, and Microsoft achieved PUE values close to
1.1 through advanced airflow management, free-air cooling, and the use of renewable energy sources
(Brady, 2013; Google/DeepMind, 2016).

At the consumer level, personal computers, monitors, and peripherals also represent a major
portion of energy use. The U.S. Environmental Protection Agency (EPA) found that activating power
management features on idle office computers could reduce energy consumption by 30-60% (EPA,
2012). ENERGY STAR specifications, updated periodically since the 1990s, standardized energy
efficiency requirements for IT devices and servers (ENERGY STAR, 2013a, 2015). These developments
demonstrated that much of the energy used in computing could be saved through relatively simple
interventions, efficient design, virtualization, and behavioral adjustments.

The Mounting Challenge of E-Waste

Alongside energy consumption, electronic waste has become one of the most pressing
environmental challenges of the digital age. The Global E-waste Monitor 2017 (Baldé et al., 2017)
estimated that 44.7 million metric tonnes of e-waste were generated worldwide in 2016, with only 20%
being recycled through formal channels. The rest was either incinerated, landfilled, or processed
informally, often in developing countries where unregulated recycling exposes workers and communities
to toxic substances such as lead, mercury, and cadmium (Puckett & Smith, 2002).

Governments and international bodies responded with regulatory frameworks to address the e-
waste crisis. The European Union’s Waste Electrical and Electronic Equipment (WEEE) Directive
(2012/19/EU) and the Restriction of Hazardous Substances (RoHS) Directive (2011/65/EU) mandated
producer responsibility for collection, treatment, and recycling, and prohibited the use of hazardous
materials in electronic products (European Commission, 2011, 2012). In the United States, the R2:2013
and e-Stewards certifications emerged as voluntary yet influential standards to ensure responsible
recycling and data security in end-of-life ICT management (EPA, 2016; SERI, 2013).

These frameworks reflected an evolving understanding that environmental sustainability in
computing is not confined to operational energy use, it must encompass the entire product lifecycle, from
raw material extraction and manufacturing to end-of-life disposal.

ICT as an Enabler of Sustainability

Despite its environmental footprint, ICT possesses immense potential to enable sustainability
across other sectors. The SMART 2020 report by The Climate Group and GeSl (2008) was among the
first to quantify this potential, estimating that ICT applications such as smart grids, telecommuting,
intelligent logistics, and dematerialization of products could reduce global emissions by up to 15% by
2020. The follow-up Smarter 2020 study (GeSl, 2012) refined this estimate to 9.1 gigatonnes (Gt) of CO,
equivalent reductions, surpassing ICT’s own carbon footprint by a factor of five.

This “enabling effect” highlights the paradox of ICT’s environmental role: while it contributes to
emissions, it also provides the digital infrastructure necessary to achieve deep decarbonization in energy,
transportation, and manufacturing systems. Hence, Green Computing is not simply a mitigation strategy,
it is a foundation for sustainable transformation.

Policy and Standardization Efforts

The period from 2000 to 2017 saw the consolidation of several international standards
promoting sustainable computing practices. The IEEE 1680 series (2009) formed the basis for EPEAT, a
widely recognized eco-label evaluating products on criteria such as energy use, design for recyclability,
and corporate environmental performance. Similarly, the ASHRAE TC 9.9 thermal guidelines (2011)
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expanded acceptable temperature ranges for data centers, encouraging higher operational setpoints and
thus lowering cooling energy consumption.

These initiatives, along with the ISO 14001 environmental management framework, guided
organizations toward measurable environmental performance. Yet, despite policy availability,
implementation lagged due to limited awareness, fragmented responsibilities, and a lack of integrated
sustainability metrics within IT departments (Molla & Cooper, 2010).

Ethical and Socioeconomic Dimensions

Green Computing extends beyond environmental conservation to include ethical and social
implications. The export of e-waste to developing countries has been criticized as a form of
environmental injustice, transferring ecological burdens from high-income to low-income regions (Puckett
& Smith, 2002). Moreover, mining raw materials like coltan and rare earth metals used in electronics
raises human rights concerns. Addressing these issues requires a global approach rooted in corporate
responsibility, fair labor practices, and transparent supply chains.

On the positive side, efficient and affordable computing technologies also promote social
inclusion, enabling access to education, healthcare, and digital participation in underserved communities
(GeSl, 2012). Thus, Green Computing should be viewed not merely as a constraint but as an opportunity
to align technological progress with human welfare.

In summary, Green Computing represents the intersection of technology, sustainability, and
ethics. Pre-2018 research and data make it evident that the ICT sector's environmental footprint,
spanning energy use and e-waste is unsustainable without deliberate intervention. Yet, the same
technologies that contribute to environmental stress also hold the key to solving it. Implementing Green
Computing principles across organizations, guided by standards such as EPEAT, ENERGY STAR,
WEEE, and RoHS, can lead to substantial reductions in emissions, costs, and waste.

The current challenge is translating these principles into action through structured initiatives that
combine technological innovation, managerial commitment, and behavioral change. The subsequent
sections of this paper present such an approach, the Environmentally Sustainable Project (ESP), a model
for integrating sustainability into the entire ICT lifecycle through measurable goals, responsible
procurement, and accountable e-waste management.

Literature Review
o The Conceptual Emergence of Green Computing

The term Green Computing or Green IT emerged in the late 1990s and early 2000s as
environmental concerns became integral to industrial and business strategies. It refers to “the study and
practice of designing, manufacturing, using, and disposing of computers, servers, and associated
subsystems efficiently and effectively with minimal or no impact on the environment” (Murugesan, 2008,
p. 24). The concept gained traction with the introduction of the ENERGY STAR program by the U.S.
Environmental Protection Agency (EPA) in 1992, which labeled energy-efficient electronic products and
encouraged manufacturers to integrate power-saving features into their designs (EPA, 2012).

Murugesan (2008) proposed that Green IT should encompass not only hardware and energy
efficiency but also software optimization, network design, and user behavior. Similarly, Molla and Cooper
(2010) emphasized that Green IT adoption is motivated by both ecological responsibility and operational
efficiency. The evolution of the term thus signified a transition from a purely technological focus to an
integrated framework involving governance, ethics, and policy.

By 2010, Green Computing had evolved into a global management concern. Large
organizations, especially in developed economies, began to formalize Green IT policies as part of
corporate social responsibility (CSR) and cost reduction strategies. The idea was further institutionalized
through standards such as ISO 14001 (environmental management systems) and IEEE 1680
(environmental assessment of electronic products).

. ICT Energy Consumption and Environmental Burden
= Data Centers as Major Energy Consumers

Data centers are critical to the global digital economy, housing millions of servers that support
cloud computing, social media, e-commerce, and big data analytics. However, they are among the most
energy-intensive facilities. According to Shehabi et al. (2016), data centers in the United States
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consumed approximately 70 billion kilowatt-hours (kWh) in 2014, representing about 1.8% of the
country’s total electricity use. Although technological advances like server consolidation and virtualization
slowed growth rates, the total energy demand was expected to rise due to the increasing scale of data
operations.

The Natural Resources Defense Council (NRDC, 2014) identified inefficiencies in traditional
enterprise data centers, where average server utilization remained between 10-15%, yet equipment
consumed nearly full load power continuously. This low utilization results in wasted energy and excessive
cooling needs.

The Power Usage Effectiveness (PUE) metric introduced by The Green Grid became the
industry benchmark for measuring data center efficiency. It is calculated as the ratio of total facility
energy to the energy used by IT equipment. An ideal PUE of 1.0 indicates that all consumed power is
used directly for computing (The Green Grid, 2012).

Empirical studies before 2018 highlighted that large-scale data centers operated by technology
giants had achieved near-optimal efficiency. Google’s application of machine learning to cooling control
reduced its data center cooling energy by up to 40% (Google/DeepMind, 2016). Facebook’'s Open
Compute Project also demonstrated that optimized airflow and open hardware designs could achieve
PUE values as low as 1.07 (Brady, 2013). In contrast, smaller data centers often had PUEs exceeding
2.0, indicating significant energy losses (NRDC, 2014).

= Energy in Personal Computing and Networks

Beyond data centers, end-user devices and communication networks contribute heavily to ICT’s
total carbon footprint. The EPA (2012) found that computers left idle overnight could waste billions of
kWh annually in office environments. Implementing automated sleep and hibernation features could
reduce consumption by 60—80% per device.

ENERGY STAR guidelines, including Computers v6.1 (2015) and Server Specification v2.0
(2013), formalized energy performance standards for manufacturers, encouraging energy-saving
hardware and automatic power-down features. ENERGY STAR compliance became a baseline
requirement in sustainable procurement policies by many governments and institutions.

At the software level, energy efficiency was linked to optimized algorithms, resource scheduling,
and virtualization. Research by Koomey (2011) highlighted that while the computing power of devices
had increased dramatically, so had total energy use because of exponential growth in data workloads
and always-on connectivity.

=  Global ICT Carbon Footprint

The SMART 2020 Report (The Climate Group & GeSl, 2008) was among the first
comprehensive attempts to estimate ICT’s global carbon impact. It found that ICT was responsible for
roughly 2% of global CO, emissions, comparable to the aviation industry. However, it also concluded that
ICT had the potential to reduce global emissions by up to 15% through “enabling” applications such as
dematerialization, smart logistics, and intelligent buildings. This dual role as both emitter and enabler—
defined ICT’s paradox in environmental policy.

. The E-waste Challenge and Lifecycle Management

E-waste is one of the fastest-growing waste streams worldwide. The Global E-waste Monitor
2017 reported that the world generated 44.7 million tonnes of e-waste in 2016, with Asia contributing the
largest share (Baldé et al., 2017). The report warned that if unmanaged, e-waste would exceed 50 million
tonnes by 2020, a projection later confirmed by subsequent assessments.

The environmental and health implications of improper e-waste disposal are severe. Studies by
Puckett and Smith (2002) documented the hazardous working conditions in informal recycling sectors in
China, India, and West Africa, where toxic substances such as lead and mercury contaminate soil and
water.

= Policy and Regulatory Frameworks
Several policy initiatives emerged before 2018 to mitigate e-waste impacts.

o [European Union Directives: The Waste Electrical and Electronic Equipment (WEEE)
Directive (2012/19/EU) introduced extended producer responsibility (EPR), requiring
manufacturers to take back and recycle their products. The Restriction of Hazardous
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Substances (RoHS, 2011/65/EU) Directive restricted six hazardous materials, including
lead, mercury, and cadmium, in electrical equipment (European Commission, 2011, 2012).

o U.S. Standards: The Responsible Recycling (R2:2013) standard and e-Stewards
certification promoted environmentally sound recycling and data security (EPA, 2016; SERI,
2013; BAN, 2009).

o Eco-labels: The Electronic Product Environmental Assessment Tool (EPEAT), based
on IEEE 1680 standards, provided a lifecycle-based product evaluation covering material
selection, energy use, packaging, and recyclability (IEEE, 2009).

Despite these frameworks, implementation remained inconsistent across regions. Baldé et al.
(2017) found that only 20% of e-waste was formally recycled. Much of the remainder was either exported
illegally or handled by informal recyclers without safety or environmental controls.

= Corporate and Consumer Responsibilities

The literature emphasizes the shared responsibility among manufacturers, governments, and
consumers. Murugesan (2008) argued that manufacturers must design for durability and recyclability,
while users should participate in take-back programs. Institutional buyers are encouraged to incorporate
environmental performance into procurement, prioritizing EPEAT and ENERGY STAR-certified products.

o Technological Pathways to Green Computing
= Virtualization and Cloud Computing

Virtualization emerged as the most effective technology for reducing server energy
consumption. By running multiple virtual servers on a single physical machine, organizations can achieve
higher utilization rates and reduce power and cooling demands. Shehabi et al. (2016) found that
widespread virtualization had slowed the energy growth of U.S. data centers by almost 50% between
2010 and 2014.

The transition to cloud computing where resources are pooled and scaled dynamically—further
enhanced efficiency. Studies by Koomey (2011) indicated that hyperscale cloud data centers could
achieve energy productivity three to five times higher than traditional enterprise setups.

= Energy-efficient Hardware and Design

Hardware innovations before 2018 focused on reducing energy leakage and heat generation.
Multi-core processors, solid-state drives (SSDs), and advanced cooling materials helped improve
performance per watt. The ENERGY STAR (2015) program required manufacturers to report idle state
power draw and energy efficiency benchmarks.

At the architectural level, the Open Compute Project demonstrated how modular, stripped-down
server designs could minimize material use while maximizing airflow and serviceability (Brady, 2013).

= Software Optimization and Green Algorithms

Software plays a crucial role in hardware energy consumption. Studies by Capra et al. (2010)
and Murugesan (2008) noted that efficient algorithms and compiler optimizations can significantly reduce
CPU load, memory access, and network bandwidth, all of which translate to lower energy use. Energy-
aware programming and dynamic voltage and frequency scaling (DVFS) techniques were identified as
essential features of Green Software Engineering.

= Network and Peripheral Efficiency
Networking equipment routers, switches, and wireless access points consumed increasing
power as Internet traffic surged. The introduction of Energy Efficient Ethernet (IEEE 802.3az) reduced

energy use during idle periods. Printers and imaging devices with sleep or duplex-printing features were
standardized under ENERGY STAR specifications (EPA, 2012).

) ICT as an Enabler of Low-Carbon Development

Beyond reducing its own footprint, ICT contributes to sustainability across other sectors. The
SMART 2020 and SMARTer 2020 reports (The Climate Group & GeSl, 2008; GeSl, 2012) estimated that
digital solutions could enable a 15-16% reduction in global emissions by 2020, equating to 7-9 Gt CO,e
annually.

= Smart Grids: ICT-enabled grids optimize electricity distribution, integrating renewable
sources and reducing transmission losses.
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= Smart Buildings: Building management systems use sensors and data analytics to
regulate lighting and HVAC systems efficiently.

= Smart Logistics: Real-time tracking and route optimization minimize fuel consumption in
transportation networks.

= Teleworking and Dematerialization: Virtual meetings, e-documents, and cloud storage
reduce the need for travel and physical materials.

These examples demonstrate ICT’s enabling effect, which can surpass its direct environmental
costs when managed effectively.

. Managerial and Policy Dimensions of Green IT

While technological solutions exist, literature before 2018 identified organizational inertia as a
major barrier to Green IT adoption. Molla and Cooper (2010) proposed that internal motivation as ethical
leadership, top management commitment, and employee awareness is more critical than external
regulation.

Murugesan (2008) suggested a four-stage maturity model for Green IT implementation:
= Awareness creation (understanding sustainability issues),

= Adoption (pilot initiatives like virtualization),

= Institutionalization (integration into governance structures), and

= Innovation (pursuing ICT as a sustainability enabler).

Policies such as the EU Code of Conduct for Data Centres (2010) provided voluntary
frameworks for efficiency improvements. In the U.S., government agencies incorporated ENERGY STAR
and EPEAT criteria into federal procurement through the Energy Independence and Security Act (2007).

) Summary of Literature Insights
Pre-2018 literature collectively underscores the following key points:
Table 1
Dimension Findings Key Sources
Energy Use | Data centers consume ~2% of global electricity; Shehabi et al. (2016); NRDC
virtualization and PUE optimization yield 30—40% (2014); The Green Grid (2012)
savings.
E-waste 44.7 Mt generated globally in 2016; only 20% Baldé et al. (2017); Puckett &
formally recycled. Smith (2002)
Standards EPEAT, ENERGY STAR, WEEE, RoHS, R2:2013, | IEEE (2009); EPA (2016);
and e-Stewards form global sustainability European Commission (2011,
frameworks. 2012)
Enabling ICT could cut global emissions by 15% by 2020 The Climate Group & GeSl
Potential through smart solutions. (2008); GeSl (2012)
Managerial Organizational culture and leadership are essential | Murugesan (2008); Molla &
Insights for Green IT success. Cooper (2010)
Methodology

Research Design

This paper employs a qualitative, descriptive, and analytical research design based on
secondary data gathered from verified academic, industrial, and policy sources published before 2018.
The study synthesizes findings from government reports, peer-reviewed journals, and recognized
institutions such as the U.S. Environmental Protection Agency (EPA), Global e-Sustainability Initiative
(GeSl), The Green Grid, and United Nations University (UNU).

The aim is twofold:

. To critically examine existing literature and empirical evidence on the environmental impact of
ICT before 2018.
. To develop a practical and academically grounded framework—the Environmentally Sustainable

Project (ESP) that organizations can apply to integrate sustainability principles into ICT
operations.
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The methodology focuses on triangulation of data, cross-verifying quantitative metrics (e.g.,
energy use, PUE, e-waste generation) with qualitative policy analyses (e.g., standards and management
practices).

Scope and Data Sources
The study encompasses global ICT operations but places particular emphasis on:

. Data center energy consumption (Shehabi et al., 2016; NRDC, 2014).

. E-waste generation and management (Baldé et al., 2017; European Commission, 2012).

. Policy frameworks such as WEEE, RoHS, EPEAT, ENERGY STAR, and R2:2013.

. Organizational approaches to Green IT adoption (Murugesan, 2008; Molla & Cooper, 2010).

The data collected reflects conditions and insights between 2000 and 2017, excluding post-2018
sources to ensure historical integrity.

Analytical Approach

A content analysis approach was adopted to extract key themes such as energy efficiency,
lifecycle management, and governance from prior research. Quantitative indicators were normalized and
interpreted through a comparative framework. For instance, the study compares pre-2018 PUE
benchmarks across facilities, or regional e-waste recovery rates under varying regulatory regimes.

The methodology also aligns with case-based reasoning, drawing insights from exemplar cases
such as Google’s data-center optimization and the EU’s WEEE Directive implementation. This approach
enables the synthesis of best practices into the proposed ESP framework.

Findings and Discussion
o Energy Consumption: The Central Challenge

Findings from pre-2018 studies consistently show that energy demand is the primary
sustainability challenge in computing. According to Shehabi et al. (2016), while data-center efficiency
improved by 25% between 2010 and 2014, total global energy use continued to rise due to increasing
computational workloads. Small and medium data centers exhibited low server utilization (10-15%),
while large hyperscale centers operated efficiently with PUE values near 1.1 (NRDC, 2014).

Cooling systems accounted for 30-40% of total data-center electricity consumption, and
traditional air-conditioning methods proved wasteful. The ASHRAE TC 9.9 (2011) guidelines
recommended expanding acceptable temperature ranges to enable “free cooling,” potentially reducing
cooling energy by up to 20%.

Software also contributed to inefficiencies. Poorly optimized algorithms and high background
processing increased CPU utilization and power draw (Capra et al., 2010). Consequently, Green
Computing required a holistic view; hardware, software, and operational management combined.

° The E-waste Paradox

Despite technological advancement, electronic waste remained largely uncontrolled before
2018. The Global E-waste Monitor 2017 (Baldé et al., 2017) reported that Asia generated 18.2 Mt of e-
waste, Europe 12.3 Mt, and the Americas 11.3 Mt in 2016. The alarming statistic was that only 20% of
total waste underwent formal recycling, with the remainder ending up in informal or illegal sectors.

Hazardous handling practices, such as open burning and acid leaching, exposed workers to
carcinogens and polluted water bodies (Puckett & Smith, 2002). These findings underscore the ethical
dimensions of Green Computing, technological innovation must not come at the cost of human health
and ecological safety.

The WEEE (2012/19/EU) and RoHS (2011/65/EU) directives marked significant progress by
establishing producer responsibility and banning toxic substances. However, compliance outside the EU
remained voluntary and inconsistent. Programs like R2:2013 and e-Stewards in the U.S. filled part of this
gap, yet global e-waste governance remained fragmented.
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Global E-waste Generation and Formal Recycling (2010-2016)
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. ICT as an Enabler of Sustainability
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A consistent finding across pre-2018 literature is ICT’s ability to act as a multiplier of
sustainability. The SMART 2020 and SMARTer 2020 reports (The Climate Group & GeSl, 2008; GeSl,
2012) estimated that ICT could reduce global emissions by 7-9 gigatonnes (Gt) of CO, equivalent by
2020 about 15% of total projected emissions. Key enabling applications included:

Smart grids for optimizing energy generation and consumption.
Smart logistics using data analytics to reduce fuel use.
Telecommuting and virtualization, which cut travel emissions.

Dematerialization, where digital platforms replaced physical goods and paperwork.

ICT’'s Direct Carbon Footprint vs. Emission Reduction Potential

Source: The Climate Group & GeSl (200833 &eeSl (2012)
(15.5%)

CO: Emissions (Gigatonnes, Gt)

0.83 Gt
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Figure 2

Source: Curated by the author
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Hence, while ICT contributes about 2% of global emissions, it holds the capacity to enable

reductions up to five times its footprint (GeSl, 2012).

. Organizational Implementation Gaps

Despite awareness and standards, most organizations lacked structured Green IT policies
before 2018. Molla and Cooper (2010) noted that adoption was often “fragmented, reactive, and project-
specific.” Murugesan (2008) attributed this to weak governance, lack of performance metrics, and
insufficient top management involvement.

The U.S. Energy Independence and Security Act (2007) mandated federal agencies to procure
ENERGY STAR and EPEAT-certified devices, illustrating governmental leadership. However, small and
medium enterprises (SMEs) often lacked similar mandates or expertise.

o The Socio-Ethical Context

Green Computing also involves addressing the ethics of production and disposal. Mining for
rare-earth elements like coltan, essential for electronics, often occurs in regions with labor exploitation
and conflict financing. Responsible sourcing, recyclability, and extended producer responsibility thus form
the ethical backbone of Green Computing (Puckett & Smith, 2002).

On the positive side, ICT has democratized access to education, healthcare, and information,
acting as a catalyst for inclusive development (GeSl, 2012). Therefore, sustainability in ICT requires
balancing environmental goals with social and economic progress.

The Environmentally Sustainable Project (ESP): Framework and Implementation
o Rationale

Drawing from the literature, the Environmentally Sustainable Project (ESP) is conceptualized as
a structured, two-year organizational framework designed to operationalize Green Computing principles.
It integrates technical interventions, procurement policies, and waste governance into a coherent
strategy.

ESP’s rationale rests on the pre-2018 evidence that simple changes—like power management,
virtualization, and certified recycling—can deliver large environmental and financial returns (NRDC, 2014;
EPA, 2012).

. Objectives
= Reduce ICT-related energy consumption by at least 30% within 24 months.

= Achieve 100% environmentally compliant e-waste recycling through R2:2013/e-
Stewards partners.

= Institutionalize sustainable procurement based on EPEAT and ENERGY STAR
standards.

= Establish continuous monitoring of environmental performance using measurable
indicators (PUE, kWh, CO,e, and waste recovery rates).

) ESP Phases and Activities
Phase 1: Baseline Assessment (Months 0-3)
=  Conduct an ICT energy audit, measure data-center power draw and compute current PUE.
= Inventory all IT assets by age, power rating, and operational status.
= Assess e-waste handling processes and vendor certifications.
= |dentify immediate opportunities for consolidation and power management.
Phase 2: Infrastructure Optimization (Months 4-12)
= Implement server virtualization to increase utilization from 15% to 250%.

= Adopt hot-aisle/cold-aisle containment and raise thermal setpoints following ASHRAE
guidelines.

= Introduce automated power management policies for desktops and laptops based on
ENERGY STAR standards (ENERGY STAR, 2015).

=  Upgrade to high-efficiency power supplies and LED lighting.
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Phase 3: Sustainable Procurement (Months 6—18)
= Mandate EPEAT Gold or equivalent for all new computing devices.
= Incorporate lifecycle cost and energy consumption metrics into purchase decisions.

= Require vendors to comply with RoHS/WEEE and provide end-of-life take-back
commitments.

Phase 4: Responsible E-waste Management (Months 9-24)

=  Establish partnership with R2:2013/e-Stewards-certified recyclers.

=  Ensure data security via certified data wiping or physical destruction.

= Track and report volumes of reused, refurbished, and recycled devices.

Phase 5: Monitoring and Reporting (Continuous)

= Deploy a Green IT dashboard to track PUE, energy savings, and waste recovery.

= Publish quarterly sustainability reports for stakeholders.

=  Benchmark results against pre-2018 global best practices (NRDC, 2014; The Green Grid,

2012).
. Expected Outcomes
Table 2

Area Baseline Target after ESP Supporting Study
Data Center PUE 2.0 <14 The Green Grid (2012)
Server Utilization 10-15% 250% NRDC (2014)
Desktop Energy Use 100% baseline -40% via power policies EPA (2012)
Certified E-waste Recycling | <30% 100% Baldé et al. (2017)

The ESP also generates economic savings by reducing energy bills, extending hardware life,
and minimizing procurement costs through efficient utilization.

) Risk Management and Governance

Implementing the ESP requires institutional commitment. Governance is achieved through a
Green ICT Steering Committee, chaired by the Chief Information Officer and including representatives
from sustainability, procurement, and operations.

Key risks include:

=  Operational Disruption: Virtualization may cause downtime—mitigated through phased
deployment.

= Resistance to Change: Addressed through training and internal awareness programs.

= Vendor Noncompliance: Managed via contractual clauses requiring environmental
certification.

A transparent governance structure ensures accountability and long-term program continuity.
o Integration with Global Sustainability Goals

Although this study restricts sources to pre-2018 literature, it is worth noting that Green
Computing aligns with earlier frameworks that anticipated the United Nations Sustainable Development
Goals (SDGs), particularly:

= SDG 7 (Affordable and Clean Energy)

= SDG 12 (Responsible Consumption and Production)

= SDG 13 (Climate Action)

Green IT practices directly support these goals through energy conservation, waste reduction,
and emission control.
Conclusion and Implications

The journey of computing over the last few decades has been one of unparalleled innovation,

connectivity, and productivity. Yet, as this paper has demonstrated through pre-2018 evidence, the
environmental cost of this digital revolution has been immense and often underestimated. The term
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Green Computing emerged not as a fashionable buzzword, but as a necessary corrective to the
unchecked expansion of energy-intensive, resource-consuming, and waste-generating ICT systems. By
2017, global society faced a clear paradox: the same technology that enabled global progress and
dematerialization was also contributing to growing greenhouse gas emissions, toxic e-waste, and
resource depletion.

This study’s review of literature before 2018 reveals a consistent narrative, ICT was responsible
for roughly 2% of global CO, emissions, comparable to the aviation sector (The Climate Group & GeSl,
2008), and was generating nearly 45 million tonnes of electronic waste annually (Baldé et al., 2017).
These statistics underscore the urgency behind Green Computing: it is not a peripheral initiative but a
central component of sustainable development. The sustainability of future digital economies depends
upon our ability to manage this dual role of ICT, both as a source of environmental pressure and as an
instrument for ecological progress.

Green Computing as an Environmental Imperative

The most evident conclusion from the pre-2018 literature is that the environmental impact of ICT
is multidimensional. It includes not only operational energy use but also embodied energy in hardware
manufacturing, hazardous materials in components, and waste management failures. The United States
Data Center Energy Usage Report (Shehabi et al., 2016) quantified that American data centers alone
consumed approximately 70 TWh annually, equivalent to the power use of 6.4 million homes. Globally,
ICT’s total energy footprint was projected to triple by 2020 if left unregulated.

The literature consistently highlights that efficiency improvements especially through
virtualization, server consolidation, and power management can reduce consumption by 30-50% (NRDC,
2014). Similarly, adopting ASHRAE TC 9.9 (2011) thermal guidelines and The Green Grid’s PUE metric
promoted quantifiable efficiency gains. These insights collectively affirm that energy-conscious design
and operation are achievable, measurable, and economically beneficial.

However, despite the technical feasibility of energy efficiency, adoption lagged across
enterprises before 2018. As Murugesan (2008) observed, Green IT required not just technology but
mindset transformation. The absence of environmental accountability within IT governance structures
was a major barrier. Thus, the environmental imperative of Green Computing lies in institutionalizing
sustainability as a performance metric, rather than a voluntary practice.

Green Computing as a Social and Ethical Responsibility

The ecological dimension of Green Computing cannot be separated from its ethical and social
implications. Pre-2018 studies such as Puckett and Smith’s Exporting Harm: The High-Tech Trashing of
Asia (2002) revealed that the global North’s appetite for cheap electronics and rapid upgrades translated
into hazardous informal recycling in countries like China, India, and Ghana. Workers often children were
exposed to lead fumes, dioxins, and mercury, highlighting the inequitable distribution of technological
externalities.

The Global E-waste Monitor 2017 confirmed that only 20% of global e-waste was processed
through regulated facilities, leaving the majority in unaccountable, environmentally unsafe conditions
(Baldé et al., 2017). Such realities make it clear that the Green Computing movement is not merely a
technical pursuit; it is a matter of global justice.

Frameworks like WEEE (2012/19/EU), RoHS (2011/65/EU), and R2:2013 attempted to embed
ethical responsibility within the technology lifecycle. These policies emphasized extended producer
responsibility (EPR), compelling manufacturers to take accountability for the environmental impacts of
their products from design to disposal. Therefore, the future of Green Computing must rest on the
principle of circularity, where design for reuse, repair, and recyclability becomes a foundational value.

ICT as a Catalyst for Sustainability

One of the most hopeful conclusions drawn from the pre-2018 scholarship is that ICT’s
environmental footprint can be outweighed by its enabling potential. The SMART 2020 and SMARTer
2020 reports (The Climate Group & GeSl, 2008; GeSl, 2012) estimated that ICT could help reduce
emissions across other sectors by as much as 15-16%, equivalent to 7-9 gigatonnes of CO, per year.
Smart grids, teleworking, intelligent logistics, and digital dematerialization illustrate how technology can
enable more efficient and sustainable systems of production and consumption.
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This finding repositions Green Computing not as a restrictive or reactive approach, but as a
transformative strategy, a mechanism through which technological innovation becomes an enabler of
sustainability. ICT has the power to redefine industrial efficiency, urban infrastructure, and even individual
consumption behavior. By integrating environmental intelligence into computing systems via sensors,
analytics, and automation ICT becomes a cornerstone of global decarbonization efforts.
Institutionalizing the Environmentally Sustainable Project (ESP)

Based on the literature, this paper proposed an operational framework, the Environmentally
Sustainable Project (ESP) as a structured means for translating academic and policy insights into
organizational action. The ESP model consolidates energy auditing, infrastructure optimization,
sustainable procurement, and e-waste governance into a unified program with clear metrics such as
PUE, energy savings (kWh), carbon avoidance (CO,e), and waste recovery rates.

The ESP model, grounded in pre-2018 standards such as EPEAT, ENERGY STAR, and
R2:2013, provides institutions a pragmatic roadmap:

. Measure—establishing a data-driven baseline.
. Manage—implementing best practices in energy efficiency and procurement.
. Monitor—tracking and reporting outcomes transparently.

Its broader significance lies in bridging the gap between theory and practice, between
awareness and measurable action. ESP demonstrates that sustainability can be institutionalized,
standardized, and embedded into day-to-day IT management—turning principles into performance.
Reframing Green Computing for the Future

Another major conclusion drawn from pre-2018 data is that technological innovation alone is
insufficient without systemic change in governance, education, and culture. Studies by Molla and Cooper
(2010) revealed that internal motivation organizational culture, leadership, and awareness played a
greater role in Green IT success than external regulation. This insight remains vital: real transformation
occurs when sustainability becomes a core value shared across departments, not merely a compliance
checklist. Moreover, as energy systems transition toward renewables, Green Computing must evolve to
include carbon transparency, lifecycle analytics, and circular supply chains. Pre-2018 research already
anticipated this direction, as IEEE 1680 and EPEAT criteria began emphasizing materials recycling and
corporate environmental reporting (IEEE, 2009). These developments demonstrate that sustainability in
computing is not static but a continuously evolving frontier.

The Central Message: Technology with Responsibility

Ultimately, the cumulative message of pre-2018 literature is clear, Green Computing is not a
choice but a necessity. It is the technological manifestation of the ethical principle of stewardship, the
idea that progress must not compromise the planet’s ecological balance. As Murugesan (2008) noted,
sustainable IT is both a business advantage and a moral duty. Organizations that fail to adopt these
principles risk not only environmental degradation but also operational inefficiency and reputational loss.

The insights reviewed here, spanning energy, e-waste, ethics, and governance lead to an
inescapable conclusion: the environmental sustainability of ICT determines the sustainability of modern
civilization itself. Information technology has evolved from being a mere support function to becoming the
nervous system of the global economy. Its impact on the environment, therefore, mirrors the health of
that economy’s conscience. In the spirit of evidence-based policy and technological responsibility, Green
Computing stands as the need of the hour, a convergence point where ecological ethics meets economic
intelligence. The proposed ESP framework provides a viable roadmap for realizing this vision. If widely
adopted, it can make ICT not only the driver of digital progress but also the guardian of environmental
stability.

References

~ ASHRAE Technical Committee 9.9. (2011). Thermal guidelines for data processing
environments (3rd ed.). American Society of Heating, Refrigerating and Air-Conditioning
Engineers.

~ Baldé, C. P., Wang, F., Kuehr, R., & Huisman, J. (2017). The global e-waste monitor 2017.
United Nations University, International Telecommunication Union, & International Solid Waste
Association. https://www.itu.int/en/ITU-D/Climate-Change/Documents/GEM%202017/Global-E-
waste%20Monitor%202017 %20.pdf



https://www.itu.int/en/ITU-D/Climate-Change/Documents/GEM%202017/Global-E-waste%20Monitor%202017%20.pdf?utm_source=chatgpt.com
https://www.itu.int/en/ITU-D/Climate-Change/Documents/GEM%202017/Global-E-waste%20Monitor%202017%20.pdf?utm_source=chatgpt.com

148

Inspira- Journal of Commerce, Economics & Computer Science: Volume 04, No. 02, Apr.-June, 2018

BAN & e-Stewards Program. (2009). e-Stewards standard for responsible recycling and reuse of
electronic equipment v1.0. Basel Action Network.

Brady, G. A. (2013). A case study and critical assessment in calculating PUE. University of
Leeds.

Capra, E., Francalanci, C., & Slaughter, S. (2010). Is software “green”? Application development
environments and energy efficiency in open source projects. Information and Software
Technology, 54(1), 60—71. https://doi.org/10.1016/j.infsof.2011.06.002

EPA. (2012). Power management savings report. United States Environmental Protection
Agency.

EPA. (2016). Responsible recycling (R2) practices v3 overview. United States Environmental
Protection Agency.

ENERGY STAR. (2013a). Program requirements for computer servers, version 2.0. United
States Environmental Protection Agency.

ENERGY STAR. (2015). Program requirements for computers, version 6.1. United States
Environmental Protection Agency.

European Commission. (2011). Directive 2011/65/EU on the restriction of hazardous
substances (RoHS II). Official Journal of the European Union.

European Commission. (2012). Directive 2012/19/EU on waste electrical and electronic
equipment (WEEE II). Official Journal of the European Union.

GeSl. (2012). SMARTer 2020: The role of ICT in driving a sustainable future. Global e-
Sustainability Initiative.

Google/DeepMind. (2016). Reducing data center energy consumption with machine learning.
Google Research Blog.

IEEE. (2009). IEEE standard 1680-2009: Standard for environmental assessment of electronic
products. Institute of Electrical and Electronics Engineers.

Koomey, J. G. (2011). Growth in data center electricity use 2005 to 2010. Analytics Press.

Molla, A., & Cooper, V. (2010). Green IT adoption: A motivational perspective. Pacific Asia
Journal of the Association for Information Systems, 2(3), 5-24.

Murugesan, S. (2008). Harnessing green IT: Principles and practices. IT Professional, 10(1),
24-33. https://doi.org/10.1109/MITP.2008.10

NRDC. (2014). Data center efficiency assessment: Scaling up energy efficiency across the data
center industry. Natural Resources Defense Council.

Puckett, J., & Smith, T. (2002). Exporting harm: The high-tech trashing of Asia. Basel Action
Network & Silicon Valley Toxics Coalition.

SERI (Sustainable Electronics Recycling International). (2013). R2:2013 responsible recycling
standard for electronics recyclers.

Shehabi, A., Smith, S. J., Sartor, D., Brown, R., Herrlin, M., Koomey, J. G., Masanet, E., Horner,
N., Azevedo, I., & Lintner, W. (2016). United States data center energy usage report. Lawrence
Berkeley National Laboratory. https://eta.lbl.gov/publications/united-states-data-center-energy
The Climate Group & Global e-Sustainability Initiative (GeSl). (2008). SMART 2020: Enabling
the low carbon economy in the information age. The Climate Group.

The Green Grid. (2012). PUE: A comprehensive examination of the metric. The Green Grid
Association.

O o0 o°
0‘0 0‘0 0‘0


https://doi.org/10.1016/j.infsof.2011.06.002
https://doi.org/10.1109/MITP.2008.10
https://eta.lbl.gov/publications/united-states-data-center-energy

