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The world today has been witnessing phenomenal outgrowth in all fields during the past few decades. This 
augmentation has been largely stimulated by information and communication technologies (ICT). However, the 
inexorable evolution of technology and global economic development are being pursued at an ever-increasing 
societal cost with a snowballing potentially negative impact on the environment. Hence, one of the important 
challenges modern society faces is sustainability. This article attempts to explore the existing body of knowledge to 
provide a better understanding of the impact of ICT and digital revolutions on global carbon footprint and emissions. 
It also attempts to explore the presence of environmental sustainability initiatives in e-government programs 
worldwide. It presents some thoughts about how governments may address sustainability requirements in their e-
government programs and enact responsible ICT-enabled transformation. 
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Introduction 
 
With the deterioration of the planet's ecosystems along 
with climate change and global warming becoming the 
“hot” topics of the 21st century, information and 

communication technologies (ICT) are envisaged to 
play a significant role in reducing the global carbon 
footprint and emissions while maintaining economic 
growth and improving people's quality of life 
worldwide. Accordingly, sustainability is rapidly 
becoming a leading priority for organizations worldwide 
to improve energy efficiency and to reduce consumption. 

Sustainability in simple terms refers to the 
capacity to endure. It is about the "development that 
meets the needs of the present without compromising 
the ability of future generations to meet their own 
needs" (Brundtland, 1987).  

In short, the term “sustainability” mandates 

respecting environmental limits while fulfilling social 
wants and needs. It stands on the reconciliation of the 
three primary pillars of environmental (protecting and 
restoring ecological systems), social equity 
(enhancing the well-being of all people), and 
economic demands (improving economic efficiency), 
also referred to as the three pillars of sustainability 
(United Nations [UN], 2005). 

The international Union of Conservation of 
Nature (IUCN) illustrated the relationships among 
these three components of sustainability using 
overlapping circles, as depicted in Figure 1 (IUCN, 

2012). See also Barton (2000), du Plessis (2000), 
Hardi and Zdan (1997), ICLEI (1996). The IUCN 
model attempts to demonstrate the theoretical, current, 
and needed auctioning change to redress the balance 
among the three dimensions of sustainability. New 
studies suggest the need to develop policy frameworks 
that leverage ICT to achieve sustained growth and 
long-term societal benefits (Arnaud, 2012; Souter et 
al., 2013). Other studies suggest massive social, 
political, technological, cultural, and behavioral 
change to support such a transition, with 
environmental sustainability being a key focus area 
(Mansell, 2012; Vickery, 2012). 

In most debates and examinations of sustainable 
development, either the environment or the economy 
is given priority (Giddings et al., 2002). Such a view 
of separation among sectors typically produces a 
technical fix approach (e.g., lowering resource use 
through taxation, etc.), but it is likely to distract 
governments or institutions from tackling the deeper 
issues or from seeing the connections among society, 
economy, and the environment. 

Although many countries have initiated policies 
on global1 and local levels to address sustainability 
needs, those policies are being challenged. The 
challenges are often about balancing the need to grow 
economies while at the same time ensuring that 
resources are not depleted for future generations (Info-
communications Development Authority of Singapore 
[iDA], 2012). 
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This article’s purpose is to contribute to a better 

understanding of the impact of ICT on global carbon 
footprint and emissions. It attempts to offer some 
thoughts regarding how governments may address 
sustainability requirements in their e-government 
programs and enact responsible ICT-enabled 

transformation. It also attempts to explore the presence 
of environmental sustainability initiatives in e-
government programs worldwide. Based on the review 
of the field, the article presents some thoughts for 
governments to consider for the most responsible e-
government and ICT-enabled transformation. 

 
 

.  

 
             
                          Figure 1: The interlocking circles of the three pillars of sustainability. Source (IUCN, 2012). 

 
 

ICT: The Problem or the Solution? 
 
Unquestionably, the digital revolution and advances in 
ICT have re-shaped our world in terms of how we 
communicate and do business. With all of its 
contributions, ICT is also viewed as being behind 
increasing socio-economic inequality and 
environmental damage (Matthews, 2001; Ogbom et 
al., 2012). Although ICT can contribute to enabling a 
low-carbon economy, the energy and carbon impact of 
the sector itself is considered to be significant 
(Schluepa et al., 2009). 

All in all and as the ICT sector continues to grow, the 
energy consumption and carbon emissions are also 
growing. The rapid growth of Internet use and the 
emissions generated from online activity are argued to 
vary considerably depending on the efficiency of 
operations and the type of energy used (Foster, 2013). 
For instance, the carbon footprint of one Google 
search is equivalent to an 11-watt light bulb that 
operates for one hour. This should be an issue if we 
realize that Google processes 100 billion queries every 
month. See also Figure 2. 

 
 

 
                           Figure 2. Google's environmental footprint. 
 
 

On a different note, an increasing demand for 
computing resources during the past few years has led, 
in turn, to significant growth in the number of data 
centers that support e-government and ICT initiatives. 
This has resulted in an estimated doubling in the energy 
that the servers use and the power and cooling 

infrastructure that supports them (Quintiliani et al., 
2010). According to Forrester Research, a data center 
with 1,000 servers will use enough electricity in a single 
month to power 16,800 homes for a year (Burris et al., 
2011). 
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According to a recent report from the Centre for 
Energy-Efficient Telecommunications at the University 
of Melbourne, by 2015, the energy used to run data 
centers will be a "drop in the ocean" compared with the 
wireless networks used to access cloud services (Centre 
for Energy-Efficient Telecommunications [CEET], 
2013). The report predicts the energy use of cloud 
services accessed via wireless networks to grow up to 
460% between 2012 and 2015, the equivalent of 4.9 
million new cars on the roads. 

Another fact related to ICT in this regard is 
regarding its short lifetime. The fast development pace 
of today's technologies is constantly shortening 
electronic devices’ lifespans. The ever-growing flow of 
e-waste as a result is reported to be between 20 million 
tons to 50 million tons produced each year; e.g., 
computers, televisions, videocassette recorders (VCRs), 
stereos, copiers, and fax machines are common 
electronic products (Schluep et al., 2006). 

Recent statistics show that the United States (US) 
discards 30 million computers each year (Gupta, 2012). 
A total of 100 million phones are discarded each year in 
Europe (Begum, 2013). It is forecasted that e-waste 
worldwide could rise by 500% within the next 10 years 
in some countries such as India, according to a recently 
released United Nations Environmental Program 
(UNEP) report (UNEP, 2009). 

Most of the e-waste is exported to developing 
countries, where it is hidden under the umbrella of 
charity: “computers for the poor” and the like (Hull, 
2010; Luther, 2010). Interestingly, 70% of global e-
waste is dumped in China, with most of the rest going 
to India and to African nations (Liu et al., 2006). 
Meanwhile, a total of 15–20% of e-waste is recycled, 
while the rest of these electronics go directly into 
landfills and incinerators (Sthiannopkao & Wong, 
2012). In light of the informal processing procedures 

that countries follow coupled with a lack of clear 
standards, the consequences of such practices have the 
potential to cause serious health issues and to contribute 
to greater pollution problems (Robinson, 2009). 

Although recent studies admit the significant 
increase of the ICT carbon footprint, they refer to the 
fact that the sector is causing only about 2% of global 
carbon dioxide (CO2) emissions—as much as air 
transport—and that its benefits override its tribulations 
in multifold (Gartner, 2009).  

The International Telecommunication Union (ITU) 
has estimated the contribution of ICTs (excluding the 
broadcasting sector) to climate change to be between 
2% and 2.5% of total global carbon emissions (ITU, 
2009). The main contributing sectors within the ICT 
industry include the energy requirements of personal 
computers (PCs) and monitors (40%), data centers, 
which contribute a further 23%, and fixed and mobile 
telecommunications that contribute 24% of the total 
emissions (Dunn, 2010). 

Although ICT’s footprint is projected to rise to 1.27 

(2.3%) of Global Total Emissions [GtCO2e] by 2020, 
proponents indicate that its abatement potential is seven 
times higher. See also Figure 3. They argue that ICT 
could reduce global carbon emissions through 
efficiency gains across sectors worldwide and is viewed 
as a high-impact sector in global efforts to address 
climate change.  

In addition, it is argued that ICT can play a key role 
in calculating, monitoring, optimizing, and managing 
domestic and industrial energy usage and in reducing 
ICT-related emissions globally. International reports 
indicate that ICT could save nearly $1.9 trillion in 2020 
and that 29.5 million jobs would be created worldwide 
as a result (Global e-Sustainability Initiative [GeSI], 
2012). 

 
 

 
Figure 3: Abatement potential in 2020 plotted with the direct emissions from the ICT industry and total global GHG emissions. 

Source: (GeSI, 2012). 
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Adversaries emphasize that the ICT industry’s 

responsibility should be viewed as going well beyond 
facilitating the greening of other industries and 
enterprises and should rather focus on examining the 
role of ICT in climate change as well as the disposal 
of ICT waste (Dunn, 2010; Hull, 2010; Robinson, 
2009). 

From a different perspective, international 
institutions also refer to the fact that production that 
has a far greater impact on sustainability should not be 
considered in isolation from consumption (Strange 
and Bayley, 2008). Although electronic products and 
services are the shining side of ICT, it is essential to 
examine the trends and interactions between 
consumption and production (ibid.). Simply put, the 
virtual (or digital) economy has physical foundations, 
and digital products use resources and create waste. 
Let us see the relation between production and 
consumption in the following examples. Emissions 
from the manufacturing and use of PCs alone will 
double over the next 12 years as middle-class buyers 
in emerging economies go digital (Boccaletti et al., 
2008). Similarly, worldwide growth in the use of 
mobile phones will triple its carbon footprint by 2020, 
due in large to their consumption of silicon and rare 
metals. However, the fastest-increasing contributor to 
carbon emissions will be as a result of growth in the 
number and size of data centers, whose carbon 
footprint will rise more than fivefold between 2002 
and 2020 as organizations in all sectors add servers to 

meet rising demand even as companies and 
governments alike attempt to become more energy-
efficient (Boccaletti et al., 2008). 

In general terms, the present concepts of 
sustainability and sustainable development are clearly 
inadequate to drive the transitions necessary to adapt 
human relations with the rest of the biosphere for the 
future (Adams, 2006). As currently formulated, they 
are too loose to drive effective change on the scale 
required (ibid). 

Having said that, the next section attempts to 
explore environmental sustainability practices in the 
context of e-government and to discuss their 
implications for practitioners and researchers. 

 

E-government and Sustainability 
 
E-Government can be defined broadly as a service 
delivery engine that allows services to be requested 
and delivered over various electronic channels by 
enabling a connected government, thus resulting in all-
around efficiencies in government operations. It is 
increasingly being seen as the answer to a plethora of 
problems that governments or public agencies in 
general face in serving their constituencies effectively 
(Kumar and Best, 2006). Various terminologies and 
benefits are associated with e-government, as depicted 
in Figure 4. 

 
 
 

 

                                           Figure 4: e-Government context 
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In principle, e-government is not limited to the often 
quoted services, convenience, availability, etc., but 
can rather have a big impact on the socio-economic 
landscape and on environmental sustainability—all 
three pillars of sustainability. It has a direct impact on 
time-saving in transactions and in interactions that 
contribute to potentially millions of dollars of 
productivity increase. Typically, productivity 
increases due to the redeployment of resources to the 
information and knowledge domains that contribute to 
socio-economic demographics. Add to this the savings 
in costs due to transportation obviated by the need to 
visit government offices, the numbers compound 
themselves in savings to governments and to reduction 
in fossil fuel usage. 

E-government contributes to the reduction of 
paper by removing the need to complete and submit 
cumbersome application forms. This further reduces 
the need for processing papers, storing, and making 
copies of them, thus contributing to further reduction 
of physical paper and hence storage. 
Nonetheless, and although considerable attention has 
been focused on how e-government can help public 
agencies to improve their services, relatively few 
studies focus on how e-government programs are 

architected to facilitate low-carbon environments 
(Cohen, 1999; Cormier and Magnan, 2004; Devuyst 
and Hens, 2000; Haigh and Griffiths, 2008). 
Environmental sustainability is the soundless side in e-
government initiatives. It comes as a rather surprising 
observation that in spite of such obvious 
environmental factors that e-government initiatives 
have addressed well, governments have failed in their 
strategic endeavors to include environmental 
sustainability and conservation in their e-government 
efforts. In addition, a dilution and misalignment of 
national government environmental strategies exist in 
e-government initiatives. Various research studies 
support our findings that governments have failed in 
their strategic endeavors to include environmental 
sustainability in their e-government efforts (Krishnan 
and Teo, 2011; Nishant et al., 2013). 
Let us have a look at a recent report from the 
Organization for Economic Cooperation and 
Development (OCED), which examines e-government 
initiatives throughout the world (OCED, 2011). Figure 
5 depicts the general objectives of e-government, 
mainly related to a reduction in administrative 
overheads, the cost reduction of government 
operations, and responsiveness to citizen needs.  

 
 

 

Figure 5: Top e-government objectives identified in central government (2010). Source: (OCED, 2011) 

 

Figure 6 depicts the associated e-government 
initiatives. Interestingly, none of the initiatives include 
environment-related functions. This is hardly 

surprising since the underlying policies and laws in e-
government programs that drive these objectives do 
not include environmental strategies. 
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                    Figure 6: Central government initiatives that enable e-government. Source: (OCED, 2011). 

Why exactly do we have this misalignment? The 
results of a study by Haigh and Griffiths (2008) 
indicate that while positive environmental outcomes 
were sought at higher-level e-government strategies, 
they dissipated as they made their way down to the e-

government strategy implementation level. The 
authors also presented an illustrative framework of 
four layers in an effort to explain their point, as 
depicted in Figure 7. 

 

 
          Figure 7: Government strategy framework 

 
 

Layer 1 in the framework depicts government 
priorities at a national level. Priorities at this layer have 
large considerations and include strategic initiatives 
on the environment sustainability. At the next level of 
departmental priorities, at the implementation stage, 
the strategic intents become diluted, although clear 
initiatives exist under a green environment. At the 
operational level of organization, where the 
operational requirement drives strategies more than do 
national requirements, the environmental 
considerations become diluted substantially. At the 
last level of e-government strategies, the 
environmental considerations are virtually non-
existent.  

A recent study conducted to investigate 
environmental sustainability outcomes associated with 
implementing information systems in Australian 
government organizations supported the findings of 
Haigh and Griffiths (2008). Service quality 
improvements were observed to be a more compelling 
strategic issue for the organizations, and 
environmental sustainability outcomes were not 
sought at the organizational levels and thus not 
fulfilled at the operational level. 

Another study conducted by Nishant et al. (2013) 
found that empirical support exists for the negative 
relationship between sustainable IT practices and 
emissions. The study indicates that organizations 
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basically need to work more collaboratively in order 
to derive maximum benefits from information 
obtained about the direct and indirect emissions of 
their IT initiatives. 

Kumar and Best (2006), building on the work of 
Heeks and Bhatnagar (1999), proposed a number of 

critical success/failure factors that may explain the 
adverse relationship between e-government programs 
and environmental sustainability. These factors are 
depicted in Table 1. 

 
 
              Table 1. e-Government Success and Failure Factors. 

Kumar and Best (2006) Critical Failure Heeks and Bhatnagar (1999) Factors 
 Training 
 Sustained leadership, institutionalization 
 Evaluation and monitoring 
 Power shift 

 People factor 
 Management, cultural, structural factors 
 Process and management factors 
 People, management, cultural, structural factors 

 

Kumar and Best (2006) indicated that public managers 
should clearly understand the importance of their 
leadership role in the development and 
institutionalization of the low-carbon environmental 
initiatives. They should also focus on the cost/benefit 
analysis to measure the environmental footprint of 
main and sub e-government initiatives, both direct and 
indirect, from production and consumption viewpoints 
as well. 

Zadek (2011) stated that technology providers and 
users need to have a stake in such initiatives. However, 
first, governments need to comprehend that a practical, 
communication, and policy gap currently exists among 
public awareness, ICT usage, and low-carbon agendas. 

All in all, e-government initiatives need to reflect 
national government environmental priorities. If e-
government initiatives are not regulated from an 
environmental perspective, they will potentially result 
in counter-productive and misaligned initiatives. 

E-government by design contributes to the 
development of virtual environments: electronic 
transactions that lead to the generation of lots of 
content. However, if this content is not managed with 
a clear policy or with the intention of being printed 
again for archival reasons, for example, the very 
purpose of environment conservation and 
sustainability would be defeated. Another example 
would be in the use of electronic channels and the 
devices. All electronic devices consume power, 
although with variances. Inefficient devices consume 
more power and are counter-productive to 
environmental sustainability. Governments need to 
work more effectively to demonstrate their ability to 
deliver large savings in energy consumption. Figure 8 
shows that the use of more efficient technologies have 
the potential to cut electricity consumption by an 
estimated 30% in 2030, compared with the business-
as-usual scenario (2009)2. 

 
 

 

Figure 8: Estimated electricity savings from adoption of least life-cycle cost (LLCC) and best available technologies (BAT). Source: (IEA, 2009) 
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E-government programs also rely on high-tech and 
large data centers for enabling virtual and electronic 
environments. Governments need to re-evaluate the 
ICT infrastructure to minimize inefficient power 
consumption, i.e., badly designed data centers may 
increase energy usage, while poorly designed or over-
designed servers and storage may also lead to the same 
results. Governments need to work more effectively to 
demonstrate their ability to deliver large savings in 
energy consumption. 
Several other such examples that could be cited 
include the disposal or rather unregulated disposal of 
devices such as desktops, laptops, and mobile phones, 
which may contribute to major land pollution 
disasters. Governments need to develop clear policies 
to regulate the disposal of devices, especially in 
relation to the overall management of e-waste. 

Definitively, it is imperative that governments 
need to examine their e-government programs and 
initiatives in the context of environment sustainability. 
They need to focus on redressing the increasing carbon 
footprints that stem from high-energy infrastructures 
and applications, such as call centers, cloud computing 
data centers, ultra-fast servers, complex 
telecommunications networks, equipment-cooling 
devices and expensive air conditioning, the use of 
multiple PCs, powerful modems, and ubiquitous 
mobile phones (Dunn, 2010).  

Two of the areas to which governments need to 
pay attention in their overall e-government design 
strategies are related to (1) cloud services and (2) 
shared resources: 
 Cloud Services: Government initiatives to move to 

the cloud may substantially contribute to hardware 
(servers) consolidation and efficiency 
improvements in the delivery of service. 

 Shared Resources: From a government 
perspective, national data centers as shared data 
centers should be considered in order to reduce the 
burden of individual data centers. This obviates the 
need for individual data centers for each department 
and ensures higher productivity in service 
provisioning. This approach is being followed in 
South Korea and India. 

In short, environmental sustainability must be defined 
as a key and strategic pillar in the overall e-
government and ICT production and consumption 
equilibrium. E-government initiatives and programs 
need to adhere to national and international policies 
and frameworks for sustainable development. 
National strategies related to environmental 
sustainability need not only to focus on idiosyncratic 
descriptive measures, but must focus on the set of 
functions and on promoting a coherent effort in 
establishing mechanisms to ensure effective 
implementation and anticipated outcome realization. 

Conclusion 
 
Without a doubt, ICTs and e-government programs by 
design contribute positively to both socio-economic 
and sustainable development. It is imperative that e-
government strategies and objectives need to 
explicitly include environmental sustainability as a 
key strategic objective. Such alignment must happen 
at a national level and must be monitored at 
implementation levels for efficiency and 
effectiveness. It needs to be managed diligently across 
all of the layers of strategic prioritization, i.e., laws, 
policies, regulations, compliance, etc. 

Governments today give less attention to how 
their agencies develop e-government services and 
have little or no awareness of how they were designed 
in principle. Governments need to create a mindset 
that establishes linkage between consumption and 
production. In light of the gigantic investments in 
technological development, governments need to be 
aware of their practices’ impacts with relation to 

environmental sustainability. 
Governments have to identify the critical relations 

among the many factors that are likely to shape 
economic, social, political, and environmental quality. 
These elements need to be viewed together but not in 
isolation. Governments need to find a balance between 
the need to improve the quality of life of their people 
and addressing the demand for increased ICT access 
and services provisioning. However, simultaneously, 
governments need to work harder to reduce the 
overwhelming environmental footprint of their current 
practices and the environmental impact associated 
with evolving ICT use. This should also be balanced 
with the environmental impacts (positives and 
negatives) associated with such needs. 

Leadership at the national level is one key 
element. Furthermore, strategies that are seen as 
simply one more government program imposed from 
above have less of a chance of succeeding than do 
those defined through consultation and debate (Zadek, 

2011). Such strategies need to be developed based on 
the use of local human resources in the context of 
social equity and sustainable socio-economic and 
environmental development. 

Governments need to establish sound policies and 
incentivizing practices alongside tough environmental 
regulations in order to align e-government objectives 
with social requirements for the more environmentally 
responsible use of ICTs (Dunn, 2010). Such incentives 
need to be followed by vibrant targets and rules in 
order to promote the development of sustainable e-
government models. 

Governments clearly need to work together at 
both national and international levels to create 
standards and practices in relation to ICT usage in 
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different sectors. Such policies and standards need to 
be rigorous enough to be effective, but they also must 
be flexible enough to be adapted as circumstances and 

priorities evolve (Kuhndt et al., 2003; Strange and 
Bayley, 2008). This should be seen as a critical activity 
for supporting the transition toward a lower-carbon 
world and in order to improve the quality of life for 
impoverished and underserved communities of people 
worldwide while simultaneously reducing our 
overwhelming environmental footprint. 

The bottom line is that environmental 
sustainability cannot be left to individual countries, 
organizations, and persons. Rather, governments need 
to work together more seriously to systematically react 
to changing needs and changing social and 
environmental pressures. Without this, the game of "Is 
it the chicken or the egg?" will keep surfacing as 
accountability is lost between the complex ecosystem 
of stakeholders. 

 

Notes  
 
1. Globally, numerous international protocols and conventions 

on sustainable development exist, such as the Kyoto Protocol 
and the Copenhagen Accord, where nations come together to 
agree on meeting goals related to cutting carbon emissions as 
well as establish mechanisms to accelerate technology transfer 
in an effort to tackle climate change (iDA, 2012). Also, 
numerous national and local-level strategies exist in almost all 
countries throughout the world. However, a primary question 
remains about the effectiveness of such policies. 

2. The American Society of Heating, Refrigerating and Air-
Conditioning Engineers (ASHRAE) is a standards-publishing 
organization for specifications for green buildings. Many data 
centers and buildings adopt these standards now for the green 
environment. They specify the air conditioning and heating 
requirements based on different cooling systems. Further, data 
centers use a very crucial index to determine “green 

efficiency” as power utilization efficiency (PUE). This is the 
ratio of the total power used in a data center/ICT Load. PUE 
shows how well a data center has been defined. All of the 
supporting equipment (such as pumps, blowers, motors, heat 
exchangers, UPS, etc,) that are used in the data centers 
consume power. Ideally, PUE should be about 1.2 and go up 
to an acceptable 1.7. This means that the auxiliary equipment 
that is used for the data centers should consume no more than 
70% max of the power that the ICT equipment uses. It is 
estimated that 80% of data centers in the world have a PUE of 
2.5 and above. See also ASHRAE (2009). 
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