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1
Introduction

Creating a low-carbon sustainable society is one of the great challenges of the
21st century. Current climate change is caused by human behaviour [90], and to
keep our planet from heating up too much, we need to drastically cut greenhouse
gas (GHG) emissions. The basic strategy for doing so is to electrify our activities,
minimise our energy consumption, and power these activities through the use of
renewable energy. While such strategies may combat global warming, they do not
necessarily lead to a sustainable society. The world population and its demand
for resources put an increasingly larger pressure on the materials our planet can
provide.

Information and communication technologies (ICT) are a powerful force for
change in society. They impact the way we work, live, and play in many ways
and on different levels. The scientific advances in computer technologies and the
widespread use of telecommunication have made information exchange virtually
free and independent of geographical distance. Being able to exchange informa-
tion freely, and perhaps more importantly, automatically and intelligently, are
currently important drivers for efficiency gains (including of time and money).
It is therefore no surprise that many innovations in products, services, processes,
and so on, have an important ICT component. In other words, ICT is everywhere
and everything is becoming connected.

As a general purpose technology, ICT is part of the current environmental
problems we have as well as part of the solution for these problems. Similar to
any other goods we use, ICT requires materials and energy to function, which
form the footprint of ICT that should be minimised. On the other hand, ICT can
make activities more efficient (requiring less energy use), and it can dematerialise
goods such as books and music carriers (resulting in less material use). Many
studies show that the environmental benefits of ICT outweigh its negative impact.

The field of green ICT is associated with minimising the problems with and op-
timising the solutions to ICT and its environmental impact. However, most green
ICT activities are often related to reducing the direct impact of ICT, specifically
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Chapter 1. Introduction

its problematic aspects. From a practical point of view, these kind of activities
are understandable as these are often easier to do and to quantify. Therefore,
an important challenge is that of how we can make individuals and organisations
aware of the solutions and optimise the enabling potential of green ICT.

In this thesis, I explore the field of green ICT in its entirety and then project
this into practice, asking how green ICT (research) can be applied in practice by
organisations. Before we continue, I will first set the stage by exploring the terms
‘sustainability’ and ‘green ICT’.

1.1 On Sustainability

To be sustainable is to have longevity and to endure. In its simplest terms, it
is about survival of human life, a company, a country, or a species. Currently,
sustainability is not used uniquely to denote the survival of our species. Over
recent years, the idea of sustainability has grown into a more moral direction: the
world should be fairer, everyone should have equal opportunities, and of course,
we want our children to have at least as good a life as we have had. While such
a goal may be too ambitious, a common agreement is that at least everyone,
now and in the future, should have enough to eat, have a roof above their heads,
feel safe and enjoy a number of freedoms to do whatever they want. Or, in
the words of Wikipedia1, ‘For humans, sustainability is the potential for long-
term maintenance of well-being, which has ecological, economic, political and
cultural dimensions’. The most common definition used is that of the Brundtland
commission [154]: ‘sustainable development is development that meets the needs
of the present without compromising the ability of future generations to meet
their own needs.’

A large part of the ability to sustain ourselves is based on the use of mate-
rial resources. These resources are by definition limited: we live on a planet of
a measurable size with measurable amounts of material resources. Given that
every person needs a certain amount of resources to sustain himself, the human
population can reach a point at which the earth cannot provide sufficient re-
sources to sustain the whole population at the same level. Naturally, this is not a
simple equation. Materials and organisms exist in life cycles with a high number
of interdependencies. All these life cycles have different renewable rates: from
mere seconds to thousands of years. Materials can be recycled, and if we manage
to create a closed loop, can even be used without depleting natural stocks. In
addition, because of these stocks and the human inability to fully oversee all the
flows and stocks of resources, it is nearly impossible to assess the impact of hu-
man resource use: we might be able to sustain ourselves but in the process could

1http://en.wikipedia.org/wiki/Sustainability
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be using so many resources that our children or their children will face a situation
where they can no longer sustain themselves because of our overuse. The earth
is such a vastly complex system of systems that we can never be certain of this:
we can never know if we are using too many resources.

The relationship between human activities and their impact on our planet is
often described with the IPAT formula, I = PAT, where the impact of human
activity on the environment (I) equals the product of the global population (P),
its affluence (A) and the technology used (T). According to Wikipedia2, affluence
is often expressed in GDP per capita as it represents the average consumption
of each person in the population. Technology represents how resource-intensive
the consumption of goods and services is; or in other words, efficiency. While
the IPAT formula sets a framework within which abstract parameters affecting
impact are set, it cannot be used as a production formula directly. As Alcott
[8] argues, there are interdependencies between the right side factors: changing
one affects the other. For example, making technology twice as efficient does
not (necessarily) lead to half the impact; the reduction of the T creates space
for P or A to step in. A crude example on the micro-level is the following: if
someone is telecommuting and therefore avoiding the commute, travelling time is
saved. Only if this person does something in this extra time that has no impact
whatsoever (i.e., keeping affluence the same), can this technological efficiency be
directly converted into a lower impact. The interdependencies between P, A,
and T are called rebound effects, often expressed in a per centage of the impact
reduction theoretically gained.

Figure 1.1: According to the Global Footprint Network [149], humanity has been
above the carrying capacity of our planet since the 1970s.

The global ecological constraints determine the carrying capacity of our planet,
that is, the maximum population size of humans that the environment can sus-
tain indefinitely, which translates into a maximal impact. Given that humans are

2http://en.wikipedia.org/wiki/I %3D PAT
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able to change their impact relatively easy with conscious choices and technology
(i.e. IPAT), the carrying capacity is not immutably established (note that as
the environment degrades, this also works the other way around; leading to a
reduction of the maximum population size). As of 2019, we need 1.75 Earths to
sustain our population (Figure 1.1). We have been above the carrying capacity
since the 1970s. This means that we are eating away the reserves that our planet
has built up for almost 50 years. And the costs of ecological overspending costs
are becoming increasingly evident with more extreme weather events and natural
disasters.

While we cannot claim to fully understand the global environmental system,
it is safe to assume — given all the scientific evidence — that we are above the
carrying capacity of our planet, borrowing from sources that are being depleted
faster than they can regenerate. The way we currently live (especially considering
the growth in developing countries) cannot be sustained indefinitely. In order to
respect the global ecological constraints, it is necessary to deviate from business
as usual and change our systems and behaviours. These are hard constraints,
even if they feel soft because of the delays in the ecological system. Social and
economic sustainability is always a function of environmental sustainability.

The IPAT formula gives us a general starting point for ways to reduce our
impact. From a policy perspective, the optimal strategy is to set limits to the total
impact and let society decide the best way to work within these limits. In other
words, using policy narrowly focused on improving technologically efficiency does
not guarantee a lower impact [8]. Nevertheless, many governments purely focus
on the right side of the equation, (presumably) mainly because it is unpopular to
have environmental taxes for example. There is a shift, however, where cap-and-
trade systems and ‘polluter pays’-principles are becoming more common. These
impact-policies do require solutions, and these come from the right side of the
equation. In this thesis, I will specifically look at information and communication
technology (ICT) solutions, which are also known as green ICT solutions.

1.2 On Green ICT

Before I go into the details of green ICT, let us first try to understand how
information and communication technologies can affect the total human impact
on the environment. Starting with the IPAT formula, the relevance of ICT can
be mapped onto the following variables:

Impact The mere presence of ICT artefacts (e.g. components and products)
increases the impact on the environment directly through the use of natural
resources.
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Chapter 1. Introduction

Population Does the presence or use of ICT impact birth or death rate? There
are undoubtedly relations between, for example, the use of information and
safety or medical procedures, which might decrease the death rate. Such
relations are a doubtful proposition sketchy at best though; at first sight it
seems too difficult to assess any impact.

Affluence Affluence is about consumption: how much can one consume and
how does one consume? ICT can play a key role in influencing consump-
tion through decision support. ICT enables data collection and analyses
that are impossible to perform without ICT (e.g. climate modelling, smart
metres). With the right information at hand, individuals, organisations,
and governments can make informed decisions, choosing how they impact
the environment.

Technology This is the most obvious variable: there are ample examples of ICT
increasing efficiency through optimising processes, substitution, demateri-
alisation, and so on. The efficiency impact of ICT is often divided into the
greening of ICT (itself) and the greening through ICT (of other processes,
products, etc.).

Therefore, at first glance, it seems that ICT can have both a positive and a
negative impact on the environment. This duality is reflected in both the (many)
definitions of green ICT and studies on the environmental impact of ICT.

1.2.1 Definition of green ICT

The term ‘green ICT’ produces visions of a sustainable world supported by a non-
polluting information and communication infrastructure. While the connection
between ICT and the environment was being explored long before, the expression
green ICT or green IT started to gain momentum in 2007 with a publication by
Gartner [62] in which they reported significantly increased attention on green
ICT from practitioners. Gartner found that the field lacked a precise definition
and proceeded to posit their own: ‘optimal use of information and communica-
tion technology (ICT) for managing the environmental sustainability of enterprise
operations and the supply chain, as well as that of its products, services and re-
sources, throughout their life cycles.’ Furthermore, they recognised the duality of
the environmental impact of ICT because their ‘definition encompasses increas-
ing material and energy efficiency of the enterprise’s IT infrastructure, as well as
that of the enterprise’s business activities.’

Since then numerous definitions of green ICT (and similar labels) with dif-
ferent scopes have been posited. For example, the definition of Murugesan [144]
is often cited: ‘It is the study and practice of designing, manufacturing, using
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and disposing of computers, servers, and associated subsystems ... efficiently and
effectively with minimal or no impact on the environment’. Clearly, this covers
only the negative effects of ICT on the environment. However, it does reflect
practice as green ICT in organisations is usually limited to energy efficiency in
data centres.

In the information systems (IS) research community green IS is contrasted
with green IT. Watson et al. [23] first coined the distinction between green
IT and green IS. According to the authors ‘green IT is mainly focused on en-
ergy efficiency and equipment utilization. It addresses issues such as designing
energy efficient chips and disk drives ... reducing energy consumption of data
centers ... promoting telecomputing and remote computer administration to re-
duce transportation emissions.’ In contrast, green IS ‘refers to the design and
implementation of information systems that contribute to sustainable business
processes. Green IS, for example helps an organization to reduce transportation
costs with a fleet management system and dynamic routing of vehicles ... monitor
a firm’s operational emissions and waste products to manage them more effec-
tively ... provides information to consumers so they can make green choices more
conveniently and effectively.’ Dedrick [38] posits a similar distinction: ‘Green
IS refers to the use of information systems to achieve environmental objectives,
while Green IT emphasizes reducing the environmental impacts of IT production
and use.’

Other scholars do not make such a distinction and simply recognise that ICT
is part of the problem as well as part of the solution in reducing the global
environmental footprint. Coroama and Hilty [31] argue that ‘ICT energy con-
sumption and ICT’s potential for inducing energy efficiency can — and should
— be related to each other.’ These two aspects of ICT and the environment are
also called green in IT (ICT) which concerns the life cycle of ICT in relation to
energy consumption, CO2-emissions and the use of (scarce) materials in general;
and green by IT (ICT) which concerns how ICT can be ‘an enabling technology
to improve or be substituted for processes in other sectors’ [82] or business areas.

Green by ICT is not, by definition, a solution for environmental problems. We
should recognise the potential of ICT as a solution for environmental problems,
but as Hilty et al [81] have shown in a prospective simulation study, the realisation
of that potential does not happen automatically — positive and negative impacts
on the environment can cancel each other out. The authors conclude that ‘a set of
specific ICT-related policies is necessary to unfold the potential of ICT to support
sustainable development - and to inhibit ICT’s negative environmental impacts
at the same time’. One of the reasons is the rebound effect which basically states
that if something becomes more efficient (and cheaper) it is used more often.
The net effect might be that the actual positive impact on the environment is
lower than expected. Individuals and organisations respond to new technology
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and may change their behaviour which influences the use of the technology in a
structural manner. Already in 2001 Berkhout and Hertin [20] had recognised the
interplay of effects of ICT on the environment and defined three layers: direct
effects, indirect effects, and systemic effects. Others [101, 79] built on these layers
and have defined these further the following:

• ‘First order’ or ‘primary’ effects: effects of the physical existence of ICT
(environmental impacts of the production, use, recycling and disposal of
ICT hardware).

• ‘Second order’ or ‘secondary’ effects: indirect environmental effects of ICT
due to its power to change processes (such as production or transport pro-
cesses), resulting in a modification (decrease or increase) of their environ-
mental impacts.

• ‘Third order’ or ‘tertiary’ effects: environmental effects of the medium- or
long-term adaptation of behaviour (e.g. consumption patterns) or economic
structures due to the stable availability of ICT and the services it provides.
[80]

In this thesis I make no distinction between green ICT or green IS but define
green ICT as the set of activities that deals with minimising the negative impact
of ICT on the environment and optimising the positive impact, including the
long-term or systemic effects. The complex ways in which ICT interacts with
society and the environment can be seen as the common denominator of scholars
working on green ICT.

1.2.2 The environmental impact of ICT

The environmental impact of ICT can be described in different ways. Publica-
tions either quantify the actual impact (‘what’) or describe the different ways
in which ICT can interact with the environment (‘how’). The first is usually
expressed in terms of energy consumption or CO2 emissions; the latter in models
or frameworks.

Actual impact and trends

Many publications quantify the environmental impact of ICT on the environment.
They are not always easy to compare since they vary in scope: they may cover
parts of ICT (such as data centres), differ in what they consider ICT (for example
some include telecom networks or multimedia devices, others do not), or consider
multiple stages of the life cycle (e.g. production, usage). The trends are clear:
ICT has an increasingly large footprint.
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The introduction of information and communication technologies in every
aspect of our daily lives requires an increasingly large (dependency on) ICT in-
frastructure. Koomey [104] reported that the aggregate electricity use for data
centres doubled worldwide from 2000 to 2005. The ICT equipment in data cen-
tres represented about 0.5% of total world electricity consumption in 2005; when
all other data centre equipment is included this amounted to about 1.0%. In a
follow-up study [103] the growth in electricity use from 2005 to 2010 in data cen-
tres slowed down to about half (an increase of 56%). Koomey found that in 2010
data centres were responsible for 1.3% of all global electricity use. Similarly, Lam-
bert et al. [112] studied the electricity consumption of communication networks.
They showed that network electricity consumption is growing fast, at a rate of
10% per year, and that it contributed to 1.8% of the worldwide consumption in
2012. Van Heddeghem et al. [210] assessed the electricity consumption in the
use phase in three ICT categories: communication networks, personal computers
and data centres. They found that from 2007 to 2012, consumption increased
by nearly 7% each year, comprising 4.6% of the global electricity consumption in
2012. The strongest growth was in communication networks (10%), with lower
growth in personal computers (5%) and data centres (4%). Even though there
are strong electrical efficiency gains in computing per unit [102], these gains seem
to be an enabler for more consumption, rather than less. Van Heddeghem et
al. also note that predictions of future electricity consumption are generally in-
accurate as the ICT (equipment) landscape continues to change rapidly. Over
the past 15 to 20 years, the use of personal computers (desktop to laptops and
tablets) and data centres ( local or in the cloud) has changed and new technolo-
gies have been introduced (most notably, mobile devices). Therefore, although
older technologies might become more energy efficient or obsolete, the growth in
newer technologies (with Internet of Things close to fruition) causes growth in
total electricity use.

More recently, Belkhir and Elmeligi [18] did a comprehensive analysis of the
global GHG footprint of ICT. They included both the production and use phase
of the life cycle of ICT equipment. They found a doubling of the footprint from
1-1.6% in 2007 to 3-3.6% in 2020. With a growth rate of 5.6-6.9% this could lead
to a footprint of 14% by 2040. To emphasise the previous observation on new
technologies, the authors predict that smartphones will be contributing 11% to
the total ICT footprint by 2020.

Aside from its own footprint, ICT can also have a positive influence on other
activities. The Global e-Sustainability Initiative published a number of well-
known reports (SMART2020, SMARTer2020 and SMART2030 [65]) on the neg-
ative and positive impact ICT can have on the global footprint. They argued
that the benefits of ICT, if applied properly, far outweigh the negative impact of
ICT usage on the environment. Most consider the global environmental impact
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of ICT to be around 2% and growing (Gartner, 2007a; World Wildlife Fund,
2008). These 2% only consider the negative impact of ICT, meaning that the
solution space of the positive ‘enabling’ impact is 98%. Using ICT as an enabler
for efficiency in other processes could lead to a reduction in the global footprint
of 10-20% [65]. Even though we need to work on energy efficiency continuously,
the promise of green ICT is therefore that the net environmental impact of ICT
will be a considerably positive one.

Different kinds of effect

Given the positive and negative impact of ICT on the environment, we can con-
clude that ICT does not interact with the environment in a straightforward way.
We need to know in what ways ICT interacts with the environment. I mentioned
above the three orders of effect [20, 101]: the direct, indirect, and systemic orders
of effect. Figure 1.2 shows a matrix that maps these two dimensions and lists a
number of possible effects. These effects interact, and it is hard to assess what
the net environmental impact of ICT could be. A study by Hilty et al. [81] shows
why. Through the use of simulations, the authors argue that from a high-level
perspective the future impact of ICT on the global footprint could be marginal:
not because there were no effects, but because positive and negative effects cancel
each other out.

Figure 1.2: The various effects of ICT on the environment [79].

The Hilty framework describes the most common effects ICT has, but there
are a number of other effects mentioned in literature. I have summarised these
in Appendix A.

Erdmann & Hilty [53] provided a review of macroeconomic studies on ICT and
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GHG emissions. The review compared ten studies in terms of their approach and
granularity, their scope (i.e. geographically as well as time horizons), their data
and methodologies, and how they state their results (e.g. differentiated by sector
or not). Erdmann & Hilty concluded that ‘forthcoming macroeconomic studies
could strengthen the state of the art in environmental ICT impact modeling (1)
by accounting for the dynamics of new ICT applications and their first-, second-
, and third-order effects on a global scale, (2) by reflecting the error margins
resulting from data uncertainty in the final results, and (3) by using scenario
techniques to explore future uncertainty and its impacts on the results.’

While the higher-order impacts of ICT are more interesting, they are also
much harder to quantify. Or rather, because ICT is a pervasive technology and
generally part of the solution (i.e. on the background) it is hard to make its
contribution visible. In addition, because ICT makes solutions more flexible,
allowing implementations to adapt to individual problems, generalisation might
also be a problem. Either way, to properly assess the impact ICT has on the
environment, we need to consider all kinds of effect.

1.3 Thesis Goal

While some see sustainability thinking as favouring the long-term survival of our
species, most consider sustainability as a moral issue: it is about doing the right
thing. In general people want to do the right thing, but whether we actually do
it depends on the costs. For example, most think buying organic food is better
for our health and the environment, but few actually buy it because of the higher
prices compared to other food products. For food, it is arguably clear what the
options are, but what the case is for ICT is less clear. Assuming that people
active in ICT also want to do the right thing in principle, we ask whether they
know what the right thing is. Given the different orders of effect, this scenario is
not quite as straightforward as in the food example.

Since it is safe to say that ICT will continue to enrich our lives with its presence
in everything that surrounds us in many ways, it makes sense to think about how
this will impact the environment as well as society. In a few years many buildings
will have smart metres with a growing number producing their own energy and
autonomously buying and selling their stock in the smart grid. We will have
smart vehicles that can self-drive without human interference, reducing traffic as
well as accidents. Many objects, such as chairs, windows, walls, and floors, could
become interactive, providing access to the Internet for everyone (and vice versa)
through the use of flexible integrated touch screens. Already massive online open
courses (MOOCs) provide quality education for free to everyone with Internet
access, transforming people’s lives in rural areas and in developing countries.
Without ICT, these developments would not be possible.
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From a sustainability perspective, ICT has only recently gained attention as
an important factor in the transition to a low-carbon society: not only because
of the growing impact of the sector itself, but also because of the potential en-
abling powers of ICT. Since there is much discussion on what the positive and
negative impacts of ICT might be, whether the net impact is good or bad for the
environment is unknown.

Recently, researchers have recognised the need for frameworks and perfor-
mance indicators. A number of publications propose or discuss this issue (e.g.
[128, 170, 39]). Organisations outside traditional research institutes such as Gart-
ner [63], GeSI [89], and The Green Grid [61] also contribute to the discussion on
how to measure the predominantly environmental effects of ICT. All of them
focus on the first order, and some venture into higher-order effects. This limited
focus is a gap in research that is also strongly present amongst practitioners, for
whom green ICT is often synonymous with reducing the negative impact (direct
effects) of ICT on the environment.

We can ask why it is that whenever ICT researchers and professionals discuss
the environmental impact of ICT, most of their efforts are directed towards the
first-order impacts. If the effects of ICT as a solution can be that much greater
than reducing the problematic side of ICT, it makes sense to shift efforts from
reducing the 2% to help reduce the other 98%.

From practical experience, it seems that the main reason for this focus on the
direct impact is that it is easier to do so: it is quantifiable, relationships between
change and effect are much shorter, and, therefore, are less complex. Another
important factor is responsibility: the energy sector is responsible for reducing
the impact of the energy sector, the construction sector is responsible for reducing
the impact of buildings, and the ICT sector is responsible for reducing the impact
of ICT. At the organisational level, similar things happen between departments.
There is little incentive to look beyond the department walls (because of split
budgets, for example), but it is clear that a fully optimised ICT department or a
facility department is not the same as a fully optimised organisation in terms of
environmental impact.

It is this gap that motivated my research. The goal of this thesis is to con-
tribute towards making green ICT in its entirety more accessible to organisations.
There is a lack of a practical and complete model of green ICT that organisations
can use that also considers higher-order effects. I want to explore what green ICT
is; and the ways ICT can have an effect on the environment, both positive and
negative. In addition, I want to help form a bridge between academic knowledge
and the practitioner’s needs; between the macroeconomic perspective and the
practical organisational perspective. My main research question is the following:

How can organisations make use of the potential of green ICT?
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1.4 Relevancy of Thesis

The main research question consists of two key parts. First, it is about organi-
sations, which means I am interested in the practical application of green ICT.
Second, it is about the potential of green ICT, which translates into a complete or
holistic approach, rather than specific green ICT solutions. Both of these aspects
are introduced above, but there exists little related work on the combination of
these parts.

Scoping the potential of green ICT can involve many different approaches,
which makes it difficult to capture this scope. This may be an aspect of a young
and growing research field or may be because of the ubiquity of ICT as a technol-
ogy. As we have seen, ICT has (at least) three orders of effect on the environment,
which can be further classified as negative or positive influences. Within these,
there are a number of specific kinds of effect, such as substitution or rebound ef-
fects. Hilty’s framework 1.2 is the standard often used, but few other frameworks
have conceptualised the impact (and thus the potential) of green ICT as Hilty
has done.

Another way of approaching the scope of green ICT is from practice: we ask
what the different elements are that are needed to carry out green ICT actions.
These can be technological or organisational elements that influence the success
of green ICT solutions. Many publications exist on models and frameworks that
take this route, and some of these are mentioned in Section 1.3.

From what we have seen, each approach lacks something that the other ap-
proach has. Conceptual approaches might be complete in defining the scope of
the impact and potential of green ICT, but they are not directly usable in a
practical environment such as an organisation. Practical approaches are usable
by an organisation but have limited focus (usually only direct effects). As far as
I know, no publications have attempted to bring these two worlds together; this
is a gap in green ICT research.

As for models on green ICT, several have been published, but little is known
about the quality of the models. Most publications end with a model or frame-
work, rather than continue with testing the use of the model over a longer period
of time to see whether the actual adoption of green ICT solutions occurs. We do
not know if these models are effective or successful.

Both a better understanding of the potential of green ICT and studying the
success of a green ICT model are the main contributions of this thesis.
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1.5 Research Questions

The main research question ‘how can organisations make use of the potential of
green ICT?’ breaks down into theoretical and practical components.

The theoretical part is about defining what exactly the potential of green ICT
is. We know ICT can be used as a problem as well as a solution for the transition
to a low-carbon society. We also know that ICT is a general-purpose technology
and therefore has multiple orders of effect on the environment. Taken together,
this means that the impact of ICT on the environment can be complex due to
multiple (conflicting) interactions. Therefore, we need a better understanding of
these interactions. Furthermore, the green ICT research field is young and still
growing. We would like to know what gaps can be identified in the research field
and whether they are similar to our experience with practitioners.

The practical part is about making green ICT more accessible for organisa-
tions and revealing how they can make use of green ICT solutions. On the one
hand, this means translating knowledge of green ICT into a practical tool that
organisations can use, and on the other hand, identifying potential bottlenecks
in organisations that prevent them from using green ICT solutions.

Figure 1.3 gives an overview of the thesis with both the theoretical and prac-
tical breakdown of the main research question.

The theoretical part starts with the following research question:

RQ1: How does ICT affect the environment?

As mentioned above, RQ1 is partly about identifying gaps and challenges in
the green ICT research field. Is our understanding of green ICT complete? Are
gaps and biases from practice also present in the research field? If so, are there
any blind spots we need to know about? Second, RQ1 is about the interactions
of ICT with the environment: which interactions can we identify from research?
How do these translate to the context (or system) of an organisation? Therefore
RQ1 is divided into two subquestions:

RQ1.1: How is the potential of green ICT reflected in research?
RQ1.2: What are the factors of influence on the environmental impact of ICT?

For both research questions, the Hilty framework [79] was used as a starting
point. The findings could then be used in the other line of research: applying
green ICT in practice. The practical part starts with the research question:

RQ2: How can the potential of green ICT be modelled for organisations?

To answer this research question, we needed a tool that would meet the prac-
tical needs of organisations as well as be of sufficient quality. I was in the position
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of working with a green ICT community in the Dutch higher education sector (a
description of the state of this community in 2013 can be found in Appendix B).
From that community, we found a need to develop a practical tool to model green
ICT for organisations. Together with a number of experts from the community,
we created the SURF green ICT maturity model (SGIMM) that I used for further
research. In this model, we chose to avoid the common bias towards direct effects
and introduce a complete view of green ICT (while maintaining a balance with
practical needs). Before we could use the SGIMM to answer our main research
question, we needed to make sure it was of sufficient quality to use:

RQ3: How is the quality of the SGIMM assessed by its potential users?

From the results of the quality assessment, the model was improved, and the
improved version was used for further research. We wanted to know if the model
would be successful in embedding the complete concept of green ICT and that
organisations were motivated to use the model and its results.

RQ4: How does the SGIMM function in practice?
RQ4.1: Which bottlenecks can be identified by the use of the SGIMM?

A number of organisations from the green ICT community were willing to
use the maturity model and to assess its use in practice. In order to assess
whether organisations would be successful in embedding green ICT, it is not only
necessary to have a tool such as the SGIMM being used to satisfaction, but also
to actually see green ICT solutions be adopted.

RQ5: What factors of influence affect the adoption of green ICT practices?
RQ5.1: What role does a tool like SGIMM have in the adoption of green ICT?

1.6 Outline of the Thesis and Publications

This dissertation is composed of the following chapters:

• Chapter 2: This chapter presents the design and results of a systematic
literature review on the green ICT research field, with which RQ1.1 is ad-
dressed.

This chapter has been published as:

– Verdecchia, R., Ricchiuti, F., Hankel, A. C., Lago, P., & Procaccianti,
G. (2017). Green ICT Research and Challenges. In V. Wohlgemuth,
F. Fuchs-Kittowski, & J. Wittmann (Eds.), Advances and New Trends
in Environmental Informatics. Progress in IS. (pp. 37-48). Springer.
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• Chapter 3: This chapter presents the design and results of a systematic
literature review on the factors of influence on the environmental impact of
ICT, with which RQ1.2 is addressed.

This chapter has been published as:

– Hankel, A.; Heimeriks, G.; Lago, P. A Systematic Literature Review
of the Factors of Influence on the Environmental Impact of ICT. Tech-
nologies 2018, 6, 85.

• Chapter 4: This chapter presents the design and results of a survey on the
quality of the SGIMM. It also includes a description of the SGIMM. This
chapter addresses both RQ2 and RQ3.

Parts of this chapter have been published as:

– Hankel, A., Oud, L., Saan, M., & Lago, P. (2015). A Maturity Model
for Green ICT: The Case of the SURF Green ICT Maturity Model. In
EnviroInfo 2014 - 28th International Conference on Informatics for
Environmental Protection (pp. 33-40). Oldenburg, Germany: BIS
Verlag.

– Hankel, A., & Lago, P. (2015). Guidance on applying Green ICT in
Higher Education and Research. In EnviroInfo/ICT4S (2) (pp. 225-
226).

• Chapter 5: This chapter presents the design and results of a field study us-
ing the SGIMM as an assessment tool on green ICT in four organisations.
This chapter addresses RQ4 and RQ4.1.

This chapter has been published as:

– Hankel, A., Heimeriks, G., & Lago, P. (2016). Green ICT assessment
for organisations. Journal of ICT Standardization, 4(2), 87-110.

• Chapter 6: This chapter presents the design and results of a follow-up on
the field study in Chapter 5 using the SGIMM as an assessment tool on
green ICT in three organisations. This chapter addresses RQ5 and RQ5.1.

This chapter has been published as:

– Hankel, A.; Heimeriks, G.; Lago, P. Green ICT Adoption Using a Ma-
turity Model. Sustainability 2019, 11(24), 7163; https://doi.org/10.3390/su11247163.
https://www.mdpi.com/2071-1050/11/24/7163
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• Appendices: Appendices A and B have been published as:

– Hankel, A. Understanding higher order impacts of green ICT. In ICT
for Sustainability 2014 (ICT4S-14). Atlantis Press, 2014/08. URL:
https://doi.org/10.2991/ict4s-14.2014.48, doi:https://doi.org/ 10.2991/ict4s-
14.2014.48.

– Hankel, A. National Collaboration on Green ICT in the Dutch Higher
Education: Lessons Learned. In Proceedings of the First International
Conference on Information and Communication Technologies for Sus-
tainability, ETH Zurich, Zurich, Switzerland, 14-16 February 2013; p.
203.

16



Chapter 1. Introduction

Figure 1.3: Overview of this thesis.
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2
Green ICT Research Challenges

This chapter addresses RQ1.1: How is the potential of green ICT reflected in re-
search? Green ICT is a young and pioneering field. Therefore, studies evaluating
the main research activities and the general direction of this new and continu-
ously evolving research field are scarce and often incomplete. This study presents
a quantitative analysis, through a systematic literature review, of the main ac-
tivities, trends, and issues that can be found in the green ICT literature. The
research reports the analysis of various characteristics of the studies gathered for
this review, such as type of effect addressed and year of publication. It also leads
to the identification of the most recurrent issues of the research and development
of green ICT strategies. Finally, this study proposes a new category of effect
(people awareness) that, even if often addressed by the field, is not included in
current green ICT frameworks.

2.1 Introduction

In academic research, the environmental impact of ICT is an important topic,
spanning multiple disciplines. ICT is seen as both a relevant contributor to
greenhouse gases emissions due to its increasing carbon footprint [144] and as an
enabler for reducing the footprint of other sectors through ‘smart’ systems (e.g.
smart buildings and smart grids).

We define green ICT as a combination of activities that minimise the negative
impact of ICT on the environment and optimise the positive impact ICT can
have; or, in other words, as any activity that considers the direct, indirect, and
systemic impact of ICT on the environment [20]. We especially want to see how
research activities relate to the possible effects ICT can have. For this, we use
the framework proposed by Hilty [79] (see Figure 1.2).

What follows is a systematic literature review focused on the effects of ICT
on the environment. We look into how research activities relate to these effects,
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what common issues are in the papers selected for our study and — given those
analyses — the direction of the green ICT research field and emerging research
gaps.

This chapter is structured as follows: after this introduction, Section 2.2
presents our research method and its protocol. Section 2.3 presents our results,
and in Section 2.4 we discuss their provision of useful insights. Finally, Section
2.5 concludes the chapter.

2.2 Methodology

Our chosen research method for this study is the systematic literature review
(SLR) [100], a secondary study aimed at collecting and analysing evidence from
the existing state-of-the-art. Our goal is to identify current trends and challenges
in the green ICT field, and possible gaps for further research. In this section,
we describe the protocol adopted for our SLR: specifically, how we searched for
publications, selected our primary studies, and classified those studies.

Research question

Green ICT is a relatively young research field that has been explored only in the
last two decades. Therefore, as mentioned by Jenkin et al. in [93], an overview
of the literature on this topic has not been fully developed. This research is
intended to give a comprehensive overview of the research activities that have
been carried out during the short time span of the topic. The general research
question of this study has been therefore defined as follows:

‘How is the potential of green ICT reflected in research?’

Literature search

In order to select the research activities related to the effects of ICT on the
environment, two distinct groups of keywords were created. At least one of the
keywords of each group had to be in the title of a study in order to be included
in this literature review. The resulting query, written in pseudocode, follows:

TITLE: (ICT or “information technology” or “information system”) AND
TITLE: (green or sustainable or sustainability) AND (effect or impact or
influence or dematerialisation or e-waste or rebound or “societal change”)

Expanding the research by taking into account also studies that included the
keywords in the abstract could have led to interesting outcomes. Nevertheless
this would be infeasible due to the query syntax of some digital libraries. In fact,
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some of the online libraries, such as Google Scholar, limit the query to two search
options: the title of the paper or a full-text search.

Regarding the digital libraries adopted for this research, as is customary,
Google Scholar, ACM, IEEE, Web of Science, and Aisel were selected to carry
out the selection of primary studies. Since the research field of green ICT can be
considered to be relatively new, we decided not to insert any time constraints on
the publication date of the studies. Zotero1, a reference management tool, was
utilised to keep track of the papers gathered for this research.

Selection of primary studies

Executing the research query in different digital libraries resulted in a preliminary
set of 1178 studies. An overview of the distribution of these studies amongst the
different repositories is shown in Table 2.1. The second column of the table
reports the total number of studies that were collected in the various digital
libraries, while in the third column the papers that were selected for this study
are stated.

Digital Library Total Selected
Google Scholar 971 67
IEEE Xplore 62 19

Web of Science 64 13
AISeL 40 14
ACM 41 9

Table 2.1: Distribution of studies amongst digital libraries

As detailed in Table 2.1, the selection of the literature by means of queries
executed on different digital libraries led to a large set of studies. In order to
further refine the research by identifying only the papers relevant to answer the
research question presented in Section 2.2, inclusion and exclusion criteria were
generated. The papers that were gathered in the first phase of the literature
selection were then evaluated against these criteria. A comprehensive list of the
utilised inclusion and exclusion criteria can be found as online material2. The
whole process resulted in the selection of 122 primary studies. In Appendix D
we include a complete list of these studies.

1https://www.zotero.org/
2https://goo.gl/JmwSfp
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Classification of primary studies

In order to identify the effects addressed in the primary studies, we adopted
a manual evaluation process. This process consisted in analysing the selected
resources and identifying which category of effects they primarily address in their
research. Subsequently the studies were mapped on the effects they primarily
focus on. Papers that only marginally address an effect — for example, by only
mentioning it in a few sentences — were not mapped to that effect. The focus of
this process was to map the papers exclusively to the effects actively researched
by the study. Therefore, effects that were merely reported as an introductory
text, related works, and so on were not taken into account during the mapping.

The definitions of the various categories of effects reported in Figure 1.2 were
taken from the description of the framework provided by Hilty [79]. It is impor-
tant to notice that, in various cases, multiple effects were addressed in the same
research. Therefore, studies could not be mapped exclusively to a single category
of effect. In our review, this latter type of studies was associated with all the
effects they primarily address.

The process of the identification, selection, and classification of the issues
throughout the literature review was done as follows. In the first phase, all the
issues regarding the application of green ICT practices that were found in the
studies were annotated. Second, the listed problems that were strictly domain
dependent — that is, specific to the particular case studies — were discarded.
After this process the most recurrent issues were merged into macro-classes. Fi-
nally, the issues that mapped exclusively to a single study were discarded, as such
issues were considered as irrelevant to answer the research question.

2.3 Results

Studies per year

Figure 2.1 shows on the x-axis the years in which the studies were published and
on the y-axis the relative number of studies. As depicted in the figure, all the
studies selected for this research were published from 2003 onwards. Since green
ICT is a relatively young research field, this result is not surprising. There is
a clear increase in publications from 2009, which is also unsurprising, especially
if we consider the increasing attention on sustainability and energy efficiency in
global concerns and international agendas, and the recognition of the potential
transformational power of ICT in achieving sustainability objectives.
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Figure 2.1: Distribution of the studies over time.

Studies per effect

Figure 2.2 depicts a representation of the distribution of the primary studies
amongst the different orders of effect and relative subcategories.

Figure 2.2: Number of studies categorised by effect.

On the x-axis, the three orders of effect are reported, while the y-axis denotes
the number of studies that addressed these orders. The colours of the stacked
bar chart represent the different effects in which the three orders are divided
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according to the three orders of effects and relative subclasses described by Hilty
[79].

Researched effects per year

A detailed representation of the years in which the distinct effects of the frame-
work were researched is given in Figure 2.3.

Figure 2.3: Publication year of the studies categorised by effect.

Recurrent issues

Seven distinct general classes of issues were identified: green ICT is a complex
subject in rapid evolution, lack of research and documentation, lack of metrics
and standards, lack of incentives and regulations, lack of people awareness, high
cost or unclear return on investment, need of complex data.

The recurring issues were mapped to the effects described by Hilty [79] ac-
cording to the study in which the problems appeared and the effect described in
the research. This was done in order to identify if a specific category of issues
could be traced back to a particular category of effects.

Figure 2.4 depicts the appearance of the different issues amongst the effects.
Effects that did not report any problem classifiable in one of the above-mentioned
classes of issues were omitted from the figure.
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Figure 2.4: Distribution of the issues according to effect.

As shown in Figure 2.4, the lack of research and documentation is the most
common problem amongst the different levels and was found in a total of 22 pa-
pers amongst the different effects. Lack of people awareness was the second most
common issue and was reported by 13 distinct papers. High cost or unclear re-
turn on investment was mentioned in several papers, but were related exclusively
to two types of effect. On the contrary, lack of incentives and regulations was
reported in the same number of studies but those focusing on different effects.
Other problems, such as lack of metrics or standards and complex subject in rapid
evolution were mentioned only by a minority of the studies.

2.4 Discussion

The analysis presented in Section 2.3 gives a comprehensive view of the most
important characteristics of the data set. We used these as input to answer our
research question: specifically, ‘How is the potential of green ICT reflected in
research?’.

2.4.1 Conflicting trends

Figure 2.1 shows a general increasing trend in the number of studies carried out
per year. The exceptions are for years 2012, 2013, and 2015. Regarding 2015, the
lower number of studies found can be attributed to the fact that we conducted our
review during 2015 and the year was incomplete. If the review is conducted again
in the future, this number is likely to be higher. A more extensive evaluation is
needed to understand the reasons behind the drop in 2012 and 2013 since we
could not find an obvious explanation from our results.
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2.4.2 People awareness strategy effects

During the mapping of the ICT environmental effects reported in the primary
studies to the ones described by Hilty [79], we discovered an interesting gap. A
class of papers could not be classified as they did not report any of the effects
described in the framework. These papers focus on something referred to by
Lago and Jansen as people-awareness strategies [111], which can be defined as
strategies to use ICT to give people insight into their energy consumption and
suggest alternative consumption models (paraphrased from [111]). This latter
type of studies could be discarded from this review by including additional exclu-
sion criteria. Nevertheless, the high number of papers tackling this topic clearly
suggests that this new type of effect addresses a need. Therefore, we decided to
include them.

As shown in Figure 2.5, the research carried out in this field of green ICT
is not negligible, constituting about 34.4% (42 studies) of the total number of
primary studies. Notice that, as explained in Section 2.2, single studies may
cover multiple types of effects.

Figure 2.5: Number of studies categorised by type of effect.

The broad definition of the effects as described by Hilty [79] allows the cat-
egorisation of a wide range of ICT effects on the environment. Unfortunately,
effects resulting from people awareness strategies do not fall under any of the
specific categories of effects in the framework. We therefore suggest expanding
the framework by including people-awareness effects as a new category. This
causes the inclusion of a new subclass of effects that falls under the second-order
of effects, constituting an additional class of positive impacts of ICT on the en-
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vironment.

2.4.3 Research direction and research gaps

As depicted in Figure 2.2, optimisation was the most researched effect in the
primary studies, contributing more than half of the total number of studies. This
was followed by studies on direct effects. These two effects combined made up
74% of the total primary studies. In contrast, none of the studies focused on
emerging risk effects. Other complex effects more strictly related to the green
ICT theory, such as induction and third-order effects, have been only marginally
addressed. As noted in Section 2.2, the third group of keywords of the research
query contained terms specifically focused on including studies on effects of the
third order. The scarcity of papers addressing this order of effects can therefore
not be attributed to the query formulation, which suggests an important research
gap.

Regarding the years of publication, perhaps surprisingly, the studies focusing
on the third order of effects were spread over a longer period of time, starting
relatively early when compared to the others. While studies on the first and
second order of effects appeared later in time, all remain actively researched
topics (see Figure 2.3).

Considering the studies that take into account direct effects, this subject
seemed to be considered only partially and was often used to introduce specific
optimisation techniques. Of course, there are many studies focusing on energy
efficiency in ICT that were not included in our literature review as they only
address a small aspect in detail, such as processors in servers. In-depth analyses
focusing solely on the direct effects of ICT and relating them to the larger picture,
such as e-waste, were scarce in our primary studies and tended to give an overview
rather than analysing the effects in-depth.

Studies on optimisation effects often addressed very specific topics, such as
ad-hoc motorway wireless networks [56] or RAM optimisation techniques [98].
As detailed in Section 2.3, a recurrent issue of the green ICT research field is
the lack of knowledge. In this case an overview of actual optimisation solutions
seems to be missing: a comprehensive list and abstractions of the techniques
of the various optimisation sub-fields, such as data centre optimisation, smart
building approaches, and so on. While the development of standards, metrics
and tools is crucial, having an overview of the state-of-the-art research activities
of the various optimisation fields must be considered paramount. In this direction,
in previous work [119] proposes a tool to estimate the economic impact of green
ICT practices from the state-of-the-art. In the field of software architecture, we
are building a catalogue of reusable tactics for energy-aware software solutions
[115, 162],
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Regarding the systemic effects of ICT on the environment, as reported in
Section 2.2, very little related research has been conducted. Few of the selected
papers focused exclusively on these effects, and these often did not report any
theoretically or empirically proven data. Therefore, it is difficult to identify
specific research gaps of the third-order of effects as it seems that the implication
of these systemic effects requires much more exploration to be understood.

As reported in Section 2.3, during the literature review process a set of com-
mon issues shared amongst the selected studies was determined. The problems
belonging to this set often recurred in the literature and were explicitly reported.
Nevertheless, none of the selected studies focused primarily on documenting and
analysing these easily standardisable issues. This might be indicative of a general
lack of research and understanding of these problems. A more in-depth study
on this topic could potentially lead to a comprehensive documentation of the
common issues of green ICT strategy deployment and research, enabling further
analysis of the identified problems.

2.5 Conclusion

This SLR provides an overview of the trends, problems, and research gaps (and
hence open challenges) uncovered from the green ICT literature. To make this
overview, we used a framework created by Hilty [79] that categorises positive and
negative effects of ICT on the environment. As a co-product, we could provide
feedback on how the existing literature relates to this framework.

Green ICT is a relatively new research field and the interest in related topics
is constantly growing. Section 2.3 provides evidence of this growing interest. We
also showed that the corpus of literature on this topic is heterogeneous, presenting
several research gaps. A major part of the literature is mostly focused on direct
effects and optimisation effects, leaving a large number of other effects poorly
explored, if researched at all, as is the case for emerging risks effects. Further-
more, we found a set of papers did not fit Hilty’s framework and classified these
as people-awareness effects [111].

While carrying out this SLR, it became clear that much work is still needed
to establish a precise and complete framework aimed to effectively evaluate the
wide range of possible impacts of ICT on the environment. We think it would
be especially interesting to take a different, more practical, perspective from the
point of view of the actor: in our case, an organisation. This will be discussed in
the next chapter.
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3
Factors of Influence on the Environmental

Impact of ICT

This chapter presents the design and results of a systematic literature review
(SLR) on the factors of influence on the environmental impact of ICT, with
which RQ1.2 (‘What are the factors of influence on the environmental impact
of ICT?’) is addressed. The goal of this study is to find out how the existing
literature contributes to our understanding of the environmental impact of ICT.
We approach this question by identifying factors that influence the environmental
impact of ICT and mapping these factors onto a conceptual framework of green
ICT. From the data we collected and the analyses made, we created a taxonomy
and report on the frequencies of the factors of influence in the primary studies
as well as gaps and additions compared to the conceptual framework. We found
five main classes of influence that can form a continuous cycle but noted that
the research field is strongly focused on the direct impact of ICT. The taxonomy
we created and the analysis of the studies could be helpful in defining a research
agenda to further enable the full potential of green ICT. In addition, the taxonomy
can be used as a starting point for a practical tool, for organisations that wish to
apply green ICT to its full extent.

3.1 Introduction

We know ICT can be part of the problem as well as part of the solution in the
context of the transition to a low-carbon society. We also know that ICT is
a general-purpose technology and therefore has multiple orders of effect on the
environment. Taken together, these data mean that the impact of ICT on the
environment can be complex due to multiple (conflicting) interactions. Therefore,
we need a better understanding of these interactions.

In his framework (Figure 1.2), Hilty combines the order of impact with whether
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the environmental impact is positive (part of the solution) or negative (part of
the problem) into a matrix in which specific effects are described. We know that
when green ICT solutions are introduced, a number of effects can be active si-
multaneously, the sum of which determine the actual impact of the ICT solution
on the environment. Hilty’s framework mentions the life cycle of ICT; induction,
obsolescence, optimisation, and substitution effects; and rebound effects, emerg-
ing risks, and the decoupling between growth and resource use. Other effects
may be data collection and communication or network effects [73].

While such frameworks take a conceptual approach to describing green ICT,
many publications have described, measured, tracked or assessed green ICT ac-
tivities in a more practical way. These publications discuss green ICT frame-
works, models, indicators, metrics, and other similar tools. They may describe
the impact of a specific kind of ICT solution or present a set of indicators for
organisations to use, for example. Such an approach is different from that of
conceptual frameworks because such tools indicate what makes a green ICT ac-
tivity successful in practice: they address different factors that can influence the
impact of green ICT.

Few studies have reviewed green ICT metrics, models or factors of influ-
ence. Most focus on first-order effects [70] or review a specific area within green
ICT, such as software engineering [110, 147] or applications and data centres
[121]. Mahmoud et al. [121] surveyed green performance indicators (GPIs) and
classified them into four classes: ‘IT Resource Usage GPIs that compute re-
source usage, the Application Lifecycle KPIs (key performance indicators) that
define efforts required to develop or redesign applications and reconfigure IT-
infrastructure, the Energy Impact GPIs that represent the environmental impact
of data centers, and the Organizational GPIs that describe organizational fac-
tors’. Few comparisons of models have been performed: Foogooa et al. [58]
compared green ICT maturity models, but focused more on the application of
the models rather than the contents of the models. Finally, Howard and Lubbe
[87] reviewed green IS frameworks to synthesise a combined framework. In the
framework they present, they list many different factors of influence found in the
individual green IS frameworks from their review. However, other than a cate-
gorisation based on the researcher’s own interpretation, there is no analysis or
discussion of the results.

To the best of our knowledge, no publication connects factors of influence to
the orders of effect that ICT may have on the environment. We think that this
connection between the practical and the conceptual contributes towards enabling
the full potential of green ICT. In this study, we have carried out a systematic
review of the factors of influence in the scientific literature. We mapped the
factors of influence found in Hilty’s framework to find how well they fit and
which areas research are mostly focused on, and to identify gaps. The following
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sections describe the method we applied and the results we found and include a
discussion of the results.

3.2 Design of the Literature Review

The SLR is designed according to the methodological guidelines by Kitchenham
[100]. Below, we describe each step we took for the literature review.

3.2.1 Chapter research questions

Our research question is the following: what are the factors of influence on the
environmental impact of ICT? In this chapter, we break this question down into
two sub-research questions:

• CRQ1: Which green ICT factors of influence have been published?

• CRQ2: How do these factors of influence map onto the classification of
environmental effects of ICT?

To answer CRQ1, we have to collect factors of influence from scientific publi-
cations. There is no formal definition of such factors. As a consequence, we will
analyse studies that do not recognise such a construct, which might introduce a
threat to validity as we interpret these as factors ourselves. We will address this
by using the following definition for factors of influence: a green ICT factor of
influence is something that influences the impact of ICT on the environment .

For CRQ2, we require a formal interpretation of the factors in order to be
able to classify them according to their environmental effects. We explain the
process we followed in Section 3.2.4 (addressing data analysis).

3.2.2 Search process

The SLR should cover those studies that present or discuss green ICT factors
of influence. These studies were identified by searching in electronic libraries.
Three libraries were selected for this review: Google Scholar, Web of Science and
Scopus. These three were selected because they are meta-search engines that
cover many different libraries. For all libraries, we used the same search query
(the exact query may have varied slightly because the libraries do not operate in
the same way).

As there is no formal definition for factors of influence, we had to find the right
search query. Breaking down the research question, the search query should be
a combination of (a) variations of the label ‘green ICT’ since scholars do not use
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the same name everywhere and (b) keywords for items that could be interpreted
as factors of influence.

We used several trial searches to determine what we should include in the
search query. The variations in green ICT are straightforward. For the factors of
influence, we collected keywords that in some way describe, indicate, or measure
green ICT. The resulting query that was used in this SLR is — in pseudo code
— as follows:

TITLE:(“green ict” OR “green is” OR “green it” OR “sustainable it” OR
“sustainable ict” OR “environmental informatics” OR “environmental ict”)

AND
(maturity OR model* OR framework OR metric* OR indicator* OR assess*
OR agenda OR capabilit* OR system OR measur* OR approach OR method*

OR scheme OR scorecard OR performance)

We applied this search query to the title of publications only. We were forced
to limit our search process in this way because a search in the body of articles
would have resulted in a collection of hundreds of thousands of publications.
Aside from practical issues, such as export limitations of the libraries, there
would also be a large body of studies in which, for example, ‘green is’ is part of
a sentence: this is a common phrase that may potentially have resulted in false
positives.

Finally, since the query was applied to meta-libraries, publications could have
been found in more than one library. We wanted to combine the results of
searching in multiple libraries into one list of publications, so the first step was
to remove duplicates from the combined list of publications. The resulting list of
unique publications was then used for further selection.

3.2.3 Study selection

In the selection phase, we wanted to select those publications that were relevant
for our research questions and remove the others from the results to end up with
our primary studies. We therefore screened the studies found in the libraries on
eligibility criteria. These were inclusion and exclusion criteria that were applied
to all studies. The inclusion criteria were to apply to all remaining studies, while
none of the exclusion criteria applied. In Table 3.1, we list the criteria we used
for this SLR.

3.2.4 Data analysis

In order to further process the factors of influence, we first needed to identify
unique examples of factors and remove multiple mentions of the same factor in
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Table 3.1: Inclusion and exclusion criteria.

ID Description Rationale

Inclusion Criteria

I1 The study is written in English.
This is to exclude all studies not written in En-
glish to keep the SLR accessible to the broader
public.

I2 The study is a scientific publication.

This is to exclude those publications that have
not been published under scientific scrutiny; for
example, by consultants. The purpose is to en-
sure a minimal level of objectivity and quality.

I3 The study should measure or
model green ICT itself.

This is to include only those studies on the topic
of green ICT, not those that use ICT to measure
or model another topic of sustainability (e.g.,
water consumption).

I4
The study must define a green
ICT factor of influence.

This is to exclude those studies that do not de-
fine green ICT factors of influence but only ap-
ply them (and cite from other work). Alterna-
tively, exclude studies that do not fit because
they present overly abstract items, for example.

Exclusion Criteria

E1 The study was not accessible.
For some studies, the full-text version was not
accessible at the time of review (e.g., pre-
publication), rendering further analysis impos-
sible.

E2
The study is a collection of scien-
tific publications.

Some publications described conference pro-
ceedings or books on the topic of which the
chapters or papers were also published sepa-
rately. These were excluded to avoid double
counting.

E3 The main topic of the study is not
related to ICT.

This is to exclude studies from other research
fields that were caught by the search query but
are not relevant to the research question.

E4
The study only focuses on a spe-
cific area of green ICT.

This is to exclude those studies that only mea-
sure or model a very detailed area within green
ICT, for example the temperature of a hardware
component that is part of a server. This is too
specific for the purpose of the research question.

E5
The content of the study is aimed
at describing a green ICT topic
for scholars.

This is to exclude those studies that are only
relevant for scholars discussing green ICT, for
example detailing a research agenda.

E6 The content of the study only de-
scribes results of measurements of
the impact of ICT on the environ-
ment.

This is to exclude those studies that only de-
scribe work that is about the actual impact
of ICT on the environment: for example, the
global footprint of ICT, or how successful feed-
back technology can be for individual users.

E7
The study presents duplicate fac-
tors of influence

This is to exclude those studies that are by the
same authors explaining the same factors of in-
fluence.
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our primary study set. We based this step on the title and explanation of the
factor we extracted from the primary studies. We also grouped slight variations
in interpretations of the factors into one unique factor. This step was not trivial,
and we will return to this in the Threats of Validity section.

To analyse how the factors of influence map onto the classification of environ-
mental effects of ICT, we used the structure of Hilty’s framework (Figure 1.2) to
classify the factors. The framework can be divided into two aspects: the order of
effect and problem versus solution.

The first aspect is the order of effect. The factor of influence can target the
direct impact of ICT — for example, the energy consumption of ICT equipment;
it can target the indirect impact of ICT— for example, the avoided CO2 emissions
of traveling by using videoconferencing; or it can target the systemic impact of
ICT — for example, a large increase of use of videoconferencing that provides a
counter effect to the reduction of CO2 emissions [32].

The second aspect is whether ICT is part of the problem (reduces negative
impact on the environment) or part of the solution (the net effect of the introduc-
tion of ICT is positive). Some factors can be unbiased because they can include
both positive and negative properties. For example innovation can focus on re-
ducing the footprint of ICT itself but also on optimising other processes with the
use of ICT.

The next step was to present this classification as a taxonomy of factors of
influence. This is to sufficiently explain the difference in the levels of detail in the
different primary studies. Some studies, for example, only mention the ‘indirect
impact of ICT’, whereas others mention a subclass such as ‘teleconferencing’. We
used the cluster title to identify where the factor should be placed. We also used
this taxonomy to limit the results to two class levels: the main classes and their
subclasses. Subsubclasses lower in the tree were collapsed into their parent class.

With this taxonomy, we could then analyse which order of effects the factors
of influence were most focused on and whether there were any gaps. Conversely,
there may have been factors of influence that did not fit the framework. If possi-
ble, we propose a classification for these factors as an addition to the framework.

In summary, the data extraction and analysis consisted of the following steps:

1. Collect factors from each study. All factors of influence are copied in their
original wording and annotated with an explanation of the factor, as well
as how to use it if provided by the study.

2. Classify each factor to the order of effect. Each factor of influence is classi-
fied according to the order of effect and the problem versus solution aspects.

3. Present classification as a taxonomy. After classification, create a taxon-
omy of factors of influence that presents the factors in two levels relative to
each other.
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4. Identify gaps and additions. Using the taxonomy, identify gaps in the total
set of factors compared to the framework, as well as additions when we find
factors that do not fit the framework.

3.3 Results

We describe each step of the search and selection process in Figure 3.1. The search
in the three digital libraries resulted in 868 studies. After removing duplicates,
589 studies remained. We applied the inclusion and exclusion criteria to these
studies, and obtained 40 primary studies, of which six papers were not accessible.
The remaining 34 primary studies were used for our research.

Figure 3.1: The search and selection process.

3.3.1 Factors of influence found

From the 34 primary studies, we extracted 444 items that were factors of influ-
ence. Evaluating the factors, we encountered a number of issues that we had
to resolve, resulting in the removal of some of the factors. First, some factors
combined multiple types of effect, for example ‘procurement and e-waste’, or ‘use
of ICT (energy consumption) and teleworking’. If these combinations were mixes
of different orders of effect (such as the second example), we did not include
them. Furthermore, some factors were excluded that were too specific: for ex-
ample ‘use of sleep mode on personal computers’. These first two issues were
marginal; the majority of factors we excluded were out of scope: Some studies
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not only reported factors of influence on the impact of ICT on the environment
but also included factors relating to social and financial sustainability. All these
were excluded as well because our focus was on environmental sustainability. The
final list consisted of 380 factors of influence that we used for further analysis.

3.3.2 Classification of factors of influence

After collecting the factors of influence, we wanted to classify them following the
two dimensions we extracted from Hilty’s framework: order of effect and problem
versus solution aspects.

First, we started with the classification of the order of effect. It quickly became
evident that not all factors had either a direct, indirect, or systemic impact on the
environment. Many factors addressed topics regarding the organisation wishing
to use green ICT, such as having a green ICT strategy, or external drivers or
pressures, such as compliance of laws and regulation. Out of the 380 factors, 157
did not fit the original three orders of effect. This was sufficient reason to warrant
an extension to the three orders of effect.

Based on the data we collected, we added two classes of factors that precede
the introduction of a green ICT solution: ‘societal impact on organisation’ and
‘organisational impact on ICT’. We chose these because many of the factors that
did not fit were part of clusters that were labelled ‘drivers’ or ‘pressures’. Inspired
by the drivers-pressures-state change-impact-response (DPSIR) framework [190],
which is commonly used to describe (causal) interactions between society and
environment, and the three-layered orders of effect, we identified a similar layered
order in the decision-making process leading to the execution of a green ICT
activity. We call the resulting five main classes domains of factors of influence.
We elaborate on this further in Section 3.4.

Next, we classified the factors according to whether they aimed to reduce
the impact of ICT on the environment (problem) or whether they promoted the
enabling aspects of ICT in providing solutions to reduce the environmental impact
of other processes (solution). Note that this is about where they impact; we did
not discriminate the factors according to how they influenced the environmental
impact of ICT (i.e., whether they would have a negative or positive impact).

The results of the classification are shown in Table 3.2. In particular, the
domains with the largest number of factors of influence mentioned in the primary
studies are the ‘direct impact of ICT’ (137 factors, corresponding to 36% of the
total number of factors) and the ‘organisational impact on ICT’ (120 factors,
31%). As for the problem versus solution aspect, 140 out of 380 factors address
ICT as a problem, 55 ICT as a solution, and 185 as both. When we combined
this classification with the orders of effect, the two domains we added, ‘societal
impact on organisation’ and ‘organisational impact on ICT’, contained factors
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that address both issues (with a small exception). The ‘direct impact of ICT’
was fully dedicated to the ICT as a problem, the ‘indirect impact of ICT’ to ICT
as a solution, and the ‘systemic impact of ICT’ to both. Already, we see a gap
here when we compare these results to Hilty’s framework: Hilty mentions effects
on the indirect impact of ICT that are part of the problem, whereas the factors
we found only focus on ICT as part of the solution.

Table 3.2: Result of classification of factors.

Problem Solution Both Total

Societal impact on organisation - - 37 37
Organisational impact on ICT 3 - 117 120
Direct impact of ICT 137 - - 137
Indirect impact of ICT - 55 8 63
Systemic impact of ICT - - 23 23

140 55 185 380

3.3.3 Taxonomy of factors of influence

In order to structure the factors of influence into a taxonomy, we first needed to
identify the unique factors of influence. Many papers mention the same factor of
influence. For example ‘green ICT procurement’ was mentioned more than once
amongst the primary studies. Out of the 380 factors influencing the environmen-
tal impact of ICT, we found 97 unique factors.

We used the five domains identified above as a starting point for the taxonomy,
and added the factors based on the cluster information we extracted from the
primary studies. This resulted in a comprehensive taxonomy, as the 97 unique
factors are defined at various levels of abstraction. Some address subsections of
subsections, for example ‘servers’ within ‘data centres’ within the ‘use of ICT’
(which is part of the domain ‘direct impact of ICT’).

As we are interested in the main elements of each domain, we limited the
taxonomy to two levels (see Table 3.3 for an overview of the taxonomy; the full
taxonomy is available online1). The factors we found that were subclasses of
subclasses were counted as part of their parent class. We lost some nuance by
doing so: some factors cover everything, some partially, and some in more detail.
For example, ‘end user computing’ and ‘networking’ are combined in ‘use of ICT’.
We chose to be inclusive here: if an item covered a class only partially, but that
part clearly belonged to that class, we included it. Out of the 97 unique factors,
34 remained (5 main classes and 29 subclasses).

1https://goo.gl/oh2tC4
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As a consequence of the pruning process to two levels, some studies mentioned
a factor more than once. For example, the study including ‘end user computing’
and ‘networking’ now had two instances of the same class, ‘use of ICT’. If we
remove such duplications and re-apply the pruned classification to all 380 factors
of influence found, 257 instances of factors of influence remained in the two-level
taxonomy. Figure 3.2 shows each step we took with the factors of influence.

In Table 3.3 we also show how frequently the factor is mentioned in the
primary studies. Note that some studies only mentioned a domain as a factor
itself, and some had more detailed factors. We reported on both of these cases.
For example, the domain ‘societal impact on organisation’ is mentioned once as
a factor, and its subclasses 31 times (the total is therefore 32 different mentions
of the entire domain). At the end of the chapter, we include a table that links
all the primary studies to each element in the taxonomy.

Figure 3.2: Factors extracted from the primary studies.

3.3.4 Description of taxonomy and the factors of influence

This section describes each of the domains in the taxonomy given the subclasses
of factors of influence found.

We introduced the domain of ‘societal impact on organisation’ because many
studies included external factors that put pressure on or drove organisations
to take action on green ICT. The most mentioned factor here is ‘compliance’:
compliance with laws and regulations, but also with standards, for example.
‘Transparency’ is about publicly sharing what the environmental impact of an
organisation is and also about sharing best practices. ‘Market forces’ are the
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Table 3.3: Overview of factors of influence of ICT on the environment and the
number of papers mentioning the factor.

Domains # Factor of Influence #

Compliance 12
Transparency 8
Market forces 5
Reputation 4
Environmental risks 1

Societal impact on organisation 1

Uncertainties 1

31

Culture 12
Strategy 12
External interaction 11
Current state 10
Governance 9
Green ICT business case 7
Corporate policies 7

Organisational impact on ICT 4

Use of renewable energy 3

71

Design 13
Production 1
Packaging 1
Procurement 12
Use of ICT 29

Direct impact of ICT 5

E-waste 21

77

Teleworking and collab. 9
Paper reduction 8
Smart buildings 6
Smart energy 3
E-commerce 1
Smart motors 1
Smart logistics 1

Indirect impact of ICT 9

Feedback and reporting 12

41

Adoption 14
Systemic impact of ICT 0

Innovation 4

18
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influences of consumers and also competitors. ‘Reputation’ is how the organisa-
tion is viewed by the public. ‘Environmental risks’, such as flooding, may well
affect choices in the organisation too. The same is true for ‘Uncertainties’, a lack
of knowledge in the discourse on climate change or information technologies can
have a significant impact on the choices an organisation makes.

The domain of ‘organisational impact on ICT’ includes the factor of ‘culture’,
the general attitude of employees towards the environment and green ICT activ-
ities, as well as elements such as leadership. ‘Strategy’ is important as well, not
only for green ICT activities themselves but also in aligning these activities with
general corporate strategies. ‘External interactions’ are how the organisation
tries to influence the outside world through, for example, stakeholder manage-
ment or supply chain management. The ‘current state’ is a limiting factor in
what the organisation is capable of in terms of financial reality, technical infras-
tructure, and so on. ‘Governance’ details who is responsible for ICT and who
has the mandate to carry out green ICT activities. ‘Corporate policies’ are the
rules that an organisation abides by that affect how ICT can successfully reduce
the environmental footprint. Finally, the ‘use of renewable energy’ can directly
affect the footprint of ICT (as an energy consumer).

The factors in ‘direct impact of ICT’ are essentially phases in the life cy-
cle of ICT itself. ‘Design’ includes hardware design and also software design.
‘Production’ and ‘packaging’ of ICT equipment require the use of energy and
material resources and are therefore part of the life cycle of ICT. Organisations
can reduce their footprint by considering the environment while procuring ICT
equipment and services: for example, considering total-cost-of-ownership (‘pro-
curement’). The ‘use of ICT’ includes many areas, such as ‘end user computing’,
‘data centres’, ‘networking’ and ‘outsourcing (including cloud services)’, all of
which contribute towards the environmental footprint of the organisation. Fi-
nally, ‘e-waste’ is about recycling or disposing of ICT equipment in a responsible
manner.

The ‘indirect impact of ICT’ includes factors that use ICT as an enabler to
reduce the environmental footprint elsewhere. In this way, ICT can affect travel-
ling (‘teleworking and collaboration’) the use and management of space (‘smart
buildings’), energy consumption (‘smart energy’), shopping (‘e-commerce’), pro-
duction processes (‘smart motors’), and transport (‘smart logistics’). Further-
more, many business processes can be de-materialised (such as financial adminis-
tration) through ICT reducing the demand for paper (‘paper reduction’). While
ICT can have optimisation and de-materialisation effects, by replacing (substi-
tuting) non-ICT processes with ICT-powered processes, ICT can have another
function in the organisation through ‘feedback and reporting’. This is the effec-
tive collection of data, their analysis, and the generation of feedback in a timely
manner or to the right people.
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The final domain is the ‘systemic impact of ICT’. Here, we only found two
factors of influence. ‘Adoption’ is about what happens after a green ICT solution
is introduced: whether it will be used, how it will be used, and so on. It may well
be used in a different way than intended, which can have positive or negative
consequences for the environment. Another factor is ‘innovation’, which also
comes into effect after the introduction of green ICT: it refers to new activities
and solutions that have subsequently become possible.

In Figure 3.3, we present the domains in a cycle, as we would argue there
is a natural flow from one domain to the next. The three orders of effect in
Hilty’s framework are well established and describe (roughly) the impact of ICT
itself, the role ICT can have in other processes, and the way the (eco)system
responds to the introduction of a new ICT solution. The two new domains follow
a similar pattern, in which external factors (‘societal impact on organisation’)
influence an organisation, in which internal factors (‘organisational impact on
ICT’) determine how green the introduction of an ICT solution is (‘direct impact’
and other orders of effect). When long-term effects of new technologies become
apparent (‘systemic impact of ICT’), society will respond through stimulating or
regulating such technologies, through market forces, and so on (‘societal impact
on organisation’), thereby closing the cycle.

Figure 3.3: The five domains presented in a cycle.

3.3.5 Comparison between taxonomy and conceptual frame-
work

Now that we have created a taxonomy based on the factors of influence found in
the primary studies, we can compare this taxonomy to Hilty’s framework, which
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we used as a conceptual starting point.
Clearly, the introduction of two domains is the largest difference between the

two. This is not an omission in Hilty’s framework but rather an extension of
it when asking a different kind of question. Hilty’s framework is a conceptual
description of the impact of ICT on the environment, whereas the taxonomy we
created is a description of the dynamics surrounding the introduction of a green
ICT solution in practice.

Given Hilty’s framework (Figure 1.2), a number of second and third-order
effects are not present in the taxonomy. In the ‘direct impact of ICT’, the taxon-
omy extends on the life cycle mentioned in Hilty’s framework by adding ‘design’,
‘procurement’ and ‘packaging’. Both the framework and the taxonomy position
all effects and factors as part of the problem.

Hilty describes the second order with effects that can be part of the problem
or part of the solution. These are general patterns that occur when ICT is used
as an enabler in other processes and describe how the patterns may affect the
environmental impact. The factors of influence in the taxonomy describe which
areas or processes can benefit from green ICT, which is more goal-oriented (not
‘how ’ but ‘what ’). As a consequence, it seems that the problematic effects of the
indirect impact of ICT are neglected in the primary studies. A different factor
altogether in the taxonomy is the factor ‘feedback and reporting’, which is purely
focused on the information quality of ICT, whereas the other factors make use
of the automation and digitisation properties of ICT.

Similarly, we did not find any of Hilty’s third-order effects directly in the
primary studies. The factors found in the ’systemic impact of ICT’ are difficult
to map onto the effects in Hilty’s framework. Both ‘innovation’ and ‘adoption’
can have an effect on emerging risks from new technologies and decoupling , but
this is not necessarily the case. ‘Adoption’ can also carry some rebound effect ,
for example. This implies that there are more factors influencing the systemic
level than we found in the primary studies.

3.3.6 Coverage and spread of domains and factors

With the taxonomy we created, we can now also analyse the primary studies and
see how well all the factors of influence are represented in the literature. As we
have seen above, we know that amongst the primary studies no study covers the
entire Hilty framework, but we are interested in whether a study covers all five
domains. In order to find such studies, we follow the same pruning process to
collapse the two levels of the taxonomy into one (see Table 3.4). Subsequently, it
was clear that most studies included the ‘direct impact of ICT’ and ‘organisational
impact on ICT’. The other three domains are each present in roughly half the
papers.
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Table 3.4: Number of primary studies that report on the five domains.

Domain # %

Direct impact of ICT 32 94%
Organisational impact on ICT 27 79%
Indirect impact of ICT 19 56%
Societal impact on organisation 18 53%
Systemic impact of ICT 15 44%

Eight primary studies included all five domains. We list these in Table 3.5
and show how many factors they include out of all the factors we found. The
table shows that even though the studies cover all domains, they only cover, at
most, 59% of all second-level factors found. Therefore, no study published a
model that has complete coverage of all the factors. The average number of first
and second-level factors over all 34 primary studies is 8 out of 34 (24%) factors
of influence.

3.4 Discussion

With the SLR presented in this chapter, we set out to collect all factors of influ-
ence on the environmental impact of ICT from scientific publications. We used
Hilty’s framework, notably the three orders of effect, as a starting point for clas-
sification, but during the analysis, we observed that we needed to add two more
domains to properly classify the factors. Conversely, we also found that a number
of effects mentioned in Hilty’s framework are not covered by the factors. Below,
we discuss several points of reflection that follow from our SLR and findings.

3.4.1 Factors found

In our SLR, we found 97 unique factors of influence and 34 when pruned to
two levels in a taxonomy. Because we approached the taxonomy in a bottom-up
fashion, it is difficult to say whether we found all possible factors of influence. In
fact, we think there are more because Hilty’s framework mentions some effects
that are not present in our list of factors. They are not one-to-one comparable
though because our factors approach the impact of ICT on the environment from
a practical point of view, whereas Hilty’s framework does so from a conceptual
perspective. The more indirect the effect is, the more difficult it is to translate the
conceptual to the practical. For example, the factor ‘adoption’ can have a strong
link with the rebound effect, but it is not identical to it. In terms of completeness,
we would argue that we found the most important factors (or at least the most
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Table 3.5: Coverage of factors of influence in papers which include all domains.

Primary Studies Covering All Five
Domains

Level 1 + 2 Level 2

Towards a Practice-oriented Green IS
Framework [25]

18 (53%) 17 (59%)

Green IT balanced scorecard [120] 16 (47%) 16 (55%)

A model for green IT strategy: a content
analysis approach [43]

16 (47%) 15 (52%)

SustainaBits: A framework and rating sys-
tem for sustainable IT [39]

14 (41%) 14 (48%)

Green ICT Maturity Model for Czech
SMEs [24]

14 (41%) 13 (45%)

Green IT framework for small and medium
scale

12 (35%) 12 (41%)

Indian IT services companies [139]

A Capability Maturity Framework for Sus-
tainable

7 (21%) 5 (17%)

Information and Communication Technol-
ogy [42]

A Sustainable BSC-IT based Framework
for Assessing

7 (21%) 4 (14%)

the Strategic Impacts of Green IT Initia-
tives [178]

directly relevant ones) since we think there is a relation between its importance
and the frequency of a factor of influence in the primary studies.

Regarding what we can say about the quality of the factors of influence found,
this SLR reports on the possible factors influencing the environmental impact of
ICT, regardless of how many times they are mentioned. The frequency of the
factors in the primary studies is highly variable, ranging from 29 times to only
once. We did not use this frequency to build the taxonomy and decided to be
inclusive. The more frequent a factor is amongst the primary studies, the more
certain we are that the factor of influence is relevant for our taxonomy. We ask
what this means for those factors that are only mentioned once or twice.

In Table 3.3, we show all the factors of influence and their frequencies. As a
thought exercise, let us assume that factors mentioned three times or less would
not be part of the taxonomy. This would exclude nine factors from the list. In
the domain ‘societal impact on organisation’, those factors are ‘environmental
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risks’ and ‘uncertainties’. These two factors of influence are different from the
more common factors in this domain, such as ‘reputation’ or ‘compliance’. The
difference is the distance from the reality of the organisation (the next domain):
The first is more abstract (e.g., ‘what if there is a flood?’) versus the latter,
which are more directly felt (e.g., ‘we must adhere to the new law’). In the
domain ‘organisational impact on ICT’, we find the ‘use of renewable energy’.
While this factor seems more relevant to sustainability in general than ICT, some
interesting dynamics (both positive and negative) could be lost (e.g., ‘if energy is
CO2-neutral and free of cost, why should we try to save energy with ICT?’). In the
domain ‘direct impact of ICT’ we have ‘production’ and ‘packaging’. ‘Production’
is particularly interesting, because it is mentioned in Hilty’s framework. From a
practical point of view this makes sense, as most organisations do not produce
ICT themselves but rather procure it (as reflected in the frequencies of these
factors). Finally, in the domain ‘indirect impact of ICT’ we find four factors that
are mentioned three times or less: ‘smart energy’, ‘e-commerce’, ‘smart motors’
and ‘smart logistics’. Compare these to the factors most frequently mentioned,
and the difference becomes clear: some areas of activities are relevant to most
organisations (e.g., teleworking or paper trails in administrations), and some are
very specific. Because the factors in this domain are applied to areas of activities,
it is easy to imagine more factors of influence such as ‘smart agriculture’ or ‘smart
chemistry’. It may make more sense to translate the factors in this domain to
what the factor aims to reduce: paper-use reduction, water-use reduction, toxic-
waste reduction, and so on.

Given the above thought exercise, we see added value in all the factors of
influence, regardless of their frequency. We do think there is a relation between
the frequency of a factor of influence and its relevancy to all organisations.

3.4.2 On the taxonomy

We started our classification of factors of influence using Hilty’s framework and
the three orders of effect. We found that the three orders were not sufficient to
classify the factors of influence and added two more domains that precede the
introduction of the ICT solution. These influence the decision process until the
introduction of ICT solutions. The factors of influence in these domains drive
or pressure an organisation into a certain direction (e.g., laws and regulation
or a green ICT strategy), but they can also take the form of requirements: for
example, whether the current state of the organisation is capable of applying
green ICT. Similar to the orders of impact, in which a ripple effect spreads from
ICT itself to other (business or organisational) processes to structural changes,
we see a ripple effect of changes in society that affect business choices and culture,
which in turn lead to the decision to apply green ICT.

45



Chapter 3. Factors of Influence on the Environmental Impact of ICT

As we presented in Figure 3.3 in Section 3.3.4, the five domains form a cycle
connecting the ‘systemic impact of ICT’ to the ‘societal impact on the organ-
isation’. The systemic effects, structural changes that follow from green ICT,
generally influence the view of society on ICT and environmental issues. This,
in turn, may change standards in industry or even laws and regulations, which
then become part of the domain ‘societal impact on organisation’.

Presenting the domains as a cycle implies that there is a causal and/or tempo-
ral relationship between the domains. We do not think such a relationship exists
in its purest form, but in general, we think this is the main type of interaction
between the factors of influence. However, if we observe the lower level, we think
that there are interactions between factors of all domains. Large factors of influ-
ence in any of the domains of the direct, indirect or systemic impact of ICT may
lead to changes in laws or regulation. For example, successes in e-waste process-
ing may directly become industry standards. Similarly, the factor ‘feedback and
reporting’ may directly influence the decision process in an organisation deciding
to introduce an ICT solution.

We think the five main classes in the taxonomy provide a sound base for
the factors of influence. On the lower levels (beyond the two levels presented
in this study; the complete taxonomy can be found online2), we observed some
interesting patterns that we want to share.

There are some areas in our taxonomy in which the factors of influence branch
in different ways. The most apparent is in the domain ‘direct Impact of ICT’.
Here, we chose to follow the life cycle process on the second level classifications,
but many primary studies contain factors that describe part of the ICT domain
itself: for example, ‘end user computing’, ‘data centres’, ‘networking’, and so on.
Generally, these factors describe how ICT can be used in a more environmentally
friendly manner. Accordingly, we classified these as part of the factor ‘use of
ICT’. This shows that some primary studies focus more on the process, the
‘how’ (life cycle), and some studies focus more on the ‘what’ (e.g., data centres).
There are more places in the taxonomy of factors that branch into ‘how’ and
‘what’, such as under the ‘design’ factor, in which we found ‘hardware design’
and ‘software design’, and also ‘planning’, ‘analysis’ and ‘blueprinting’, as sub-
phases of ‘design’.

For the ‘direct impact of ICT’, we chose the ‘how’, and for the ‘indirect impact
of ICT’, we chose the ‘what’. There are several reasons for doing so. First, the
nature of the domain is different: for the ‘direct impact of ICT’, both ‘how’ and
‘what’ can be easily connected to processes and persons in an organisation (e.g.,
‘procurement’ or ‘end user computing’). For the ‘indirect impact of ICT’, this
connection is different, as this domain is all about how green ICT can influence
everything else. Take as an example the optimisation effect (‘how’): it will be

2https://goo.gl/oh2tC4
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difficult for someone in an organisation to be responsible for the optimisation
effect of ICT, as this would mean connecting to all areas of activity within that
organisation. Rather, it makes more sense to start from the area of activity,
such as buildings or logistics, and improve these with ICT. This is also what we
observed in the primary studies, in which most either generalise by mentioning
only the main domain, or areas such as ‘smart buildings’ or ‘teleworking and
collaboration’. Another reason is that the ‘areas of activity’-factors seem more
complete than the ‘how’-factors, such as de-materialisation and optimisation.
Neither branch in the taxonomy, however, mentions the problem-side of effects
that can happen for the ‘indirect impact of ICT’.

3.4.3 Gaps in the taxonomy

In our analysis of the factors of influence found in the primary studies, we iden-
tified a number of gaps based on Hilty’s framework. These gaps were present in
the domains of ‘indirect impact of ICT’ and ‘systemic impact of ICT’. We ask
why these effects are missing in our primary studies.

In the domain of ’indirect impact of ICT’, the induction effects and obso-
lescence effects are not represented by the factors we found. Both effects are
problem-side indirect effects of ICT on the environment. The induction effect
is described as how the introduction of ICT can stimulate ‘the consumption of
another resource (e.g., a printer stimulates the consumption of paper as it uses it
faster than a typewriter)’ [80]. The obsolescence effect happens when ICT short-
ens ‘the useful life of another resource due to incompatibility (a device that is
no longer supported by software updates is rendered obsolete)’ [80]. Both effects
point to side-effects of the introduction of an ICT solution, presumably because
consumers or users are not (initially) aware of these effects (although suppliers
may be).

As for the gaps relating to the ‘systemic impact of ICT’, we found a different
interpretation in the factors of influence that may or may not be covered by
the effects mentioned in Hilty’s framework (Figure 1.2). For an organisation
introducing an ICT solution, it may be difficult to pinpoint the rebound effects,
emerging risks or decoupling effects. We believe the main reason for this is the
scope of effects: The boundaries are not within the organisation, but may affect
society as a whole. This implies that knowledge is required of interactions between
the ICT solution and other processes and behaviours, making it very complex to
carry out. The two factors we found that are part of the ‘systemic impact of ICT’
are closely related to the ICT solution, whereas the effects mentioned by Hilty are
more related to the impact the ICT solution has on society and the environmental
consequences. Can we ask an actor, such as an organisation delivering an ICT
solution, to take responsibility for such effects?
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We think that the main reason for these gaps is that they all describe effects
that are not part of a narrow view of (using an) ICT (solution). They raise
concerns about side-effects or effects caused by (complex) interactions between
technology, behaviour and structure. Having the right information at the right
time may be a way to increase awareness of these effects and to allow individu-
als and organisations to make better decisions. Therefore, introducing these as
awareness factors (e.g., ‘rebound effect awareness’), for example, part of ‘feed-
back and reporting’, could be a way to complement the factors we found in the
primary studies.

3.4.4 State of the art of the research field

The green ICT research field is diverse, spanning from designing energy efficient
hardware components, to calculating the environmental impact (and savings) of
the use of teleconferencing, to following the adoption of green ICT solutions in an
organisation. This diversity is also present in the list of primary studies, in which
some focus on the direct impact of ICT on the environment, whereas others take
a broader approach.

In Table 3.4, we reported that almost all primary studies report on the ‘direct
impact of ICT’, most on the ‘organisational impact on ICT’, and that the other
three domains are each reported on in roughly half the studies. This supports
our view that the research field is unbalanced, especially in light of the large
potential of ICT as an enabler (16% global CO2 reduction) versus the 2% global
carbon footprint of ICT itself. A large effort seems to be on the ‘direct impact of
ICT’, whereas we think there should be more focus on the indirect and systemic
impacts. This is further strengthened by zooming in on the second level in the
taxonomy, in which we find that the factors of influence in the ‘direct impact of
ICT’ domain are mentioned 82 out of 257 times in the studies (see Table 3.3) or
32% of all the factors in this domain, versus 19% in ‘indirect impact of ICT’ and
7% in the ‘systemic impact of ICT’ domain.

As for the problem versus solution dimension: 49% of the factors cannot be at-
tributed to one side specifically, 37% to the problem side and 14% to the solution
side. Combining these, we see that most primary studies focus on ‘problem’-
factors in the ‘direct impact of ICT’. It makes sense that factors in the two
domains of ‘societal impact on the organisation’ and ‘organisational impact on
ICT’ are problem/solution-neutral, because they can affect both ICT itself as
well as business processes making use of ICT. For the ‘indirect impact of ICT’,
however, one would expect both ‘problem’- and ‘solution’-factors, but as we have
seen, the first is entirely missing. Finally, the ‘systemic impact of ICT’ has the
smallest representation, with factors not (exactly) covering the known systemic
effects.
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In Table 3.5, we reported on those primary studies that cover all five domains.
Eight out of 34 primary studies mention each of the five domains, but looking
at the factor level, they only cover 59% at most. No study published a complete
coverage of all the factors. In light of the previous finding that there is a lack
of attention for some of the domains, this makes sense. Even so, we think it is
important that the research field is moving towards a complete approach of all
five domains, to contribute towards enabling the full potential of green ICT.

3.4.5 Impact of findings on practice

One of our motivations for carrying out this SLR is to find out how scientific
literature can help organisations and practitioners apply green ICT to its full ex-
tent. How can scholars help organisations apply ICT as an enabler to reduce the
environmental impact of their business processes and let them consider the sys-
temic impact as well? We found in previous work ([72], see also Appendix B) and
from personal experience working in green ICT communities that organisations
focus mostly on greening their data centres and are not sufficiently mature to use
any further potential of green ICT. This view is supported by several publica-
tions, mainly on the adoption of green ICT, stating that adoption is not trivial
[141, 165]. Furthermore, often green ICT means something different depending
on whom you ask in an organisation, depending on their perspective. In short,
a practical holistic approach to green ICT is missing [78], which is necessary to
enable its full potential.

The factors of influence we found and the taxonomy we presented contribute
towards this holistic approach. The five main domains offer a good structure for
organisations to use, and the factors of influence pinpoint areas to which an or-
ganisation can pay attention to. However, more is required to turn the taxonomy
into something that can be used in practice. The taxonomy describes what fac-
tors are of influence, but not how the factors can be manipulated. The primary
studies do provide some material to do so, in the form of tools such as maturity
models, balanced score cards or metrics and performance indicators. Since the
taxonomy is synthesised from multiple primary studies (the maximum coverage
of a single study is 59%), such metrics must be synthesised or extrapolated as
well. It would be an interesting follow-up to our study to create a model based
on the taxonomy which would guide organisations into manipulating the factors
of influence and optimising the full potential of green ICT.

3.5 Threats to Validity

There are a number of limitations to our study that may have influenced our
results. The main limitation was in our search process, as we had to limit our
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query to the titles of publications only. It could very well be possible that more
factors of influence have been defined in the research field that were not captured
by our search query. The reason for limiting our review as such is practical: due
to the explosion in the number of hits, it would have not been feasible to carry
out a full text search and still perform the analysis with the same thoroughness.
Even though we would have liked to have a complete list of factors of influence,
we find relevance and scientific soundness more important than completeness.
However, to mitigate this limitation we have designed our search string such that
it would be broad enough to uncover as many relevant studies as possible.

Another potential issue regarding the search process was that there was no
definition of factors of influence. We addressed this potential limitation by in-
cluding many variations of metrics and models in our search query. Given the
large number of factors of influence we have found, we believe that this strategy
was successful.

The other area of limitations is in the analysis of the data. Because of the
qualitative nature of the analysis, some steps required interpretation by the au-
thors. We did this as objectively as possible, by using inclusion and exclusion
criteria in selecting the primary studies and to use a simple rule of being as in-
clusive as possible in interpreting and translating the factors of influence into
classes. We further mitigate this threat by publishing each step in the analysis
online3.

3.6 Conclusions

This study presents the results of an SLR on the factors influencing the environ-
mental impact of ICT. We used this SLR to find which factors of influence have
been published and how they would map onto a classification of environmental
effects of ICT (Hilty’s framework, Figure 1.2). From the data we collected and
the analyses made, we created a taxonomy and reported on the frequencies of
the factors of influence in the primary studies and gaps and additions compared
to Hilty’s framework.

The SLR resulted in 34 primary studies, from which we extracted 380 factors
of influence. Of these, we found 97 unique factors of influence that we classified
into five domains in a taxonomy: ‘societal impact on organisation’, ‘organisational
impact on ICT’, ‘direct impact of ICT’, ‘indirect impact of ICT’, and ‘systemic
impact of ICT’. We pruned the taxonomy to two levels for further analysis using
the 34 remaining factors.

Comparing the taxonomy with Hilty’s framework, we identified gaps in the
indirect and systemic orders of impact. The problem-side particularly is missing

3https://goo.gl/vvr2vo
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amongst the factors of influence found, but the domain ‘systemic impact of ICT’
is weakly represented in general. We used Hilty’s framework as a conceptual
starting point, but from a practical perspective it made sense to add two domains
to the taxonomy: ‘societal impact on the organisation’ and ‘organisational impact
on ICT’. We think there is a natural flow between the domains that can be
represented as a cycle (Figure 3.3).

Taking the primary studies as a representation of the research field, we found
that there is a strong focus on the domains ‘direct impact of ICT’ and ‘organi-
sational impact on ICT’. Given the enabling potential of green ICT, the lack of
attention to the indirect and systemic impacts of ICT is striking. In addition,
none of the primary studies comes close to a complete coverage of all the factors
of influence found. Approaching the five domains and their factors of influence,
including the gaps we already identified, in a holistic manner would be helpful
towards enabling the full potential of green ICT.

Finally, we think that the taxonomy can be used as a starting point for a
practical tool that organisations can use to see how well they are doing with
regards to green ICT. Further research is needed to make a complete list of the
factors that should be part of such a model: for example, by adding awareness
factors to cover the gaps in Hilty’s framework. Furthermore, each factor needs
to be described with metrics that indicate how the factors can be manipulated
such that organisations can apply green ICT in the best possible manner.
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Table 3.6: Mapping of primary studies on taxonomy.

Factor Primary studies
Societal impact on organisation [92]
Compliance [95, 43, 14, 24, 120, 13, 76, 39, 77, 25, 22,

215]
Transparency [42, 43, 178, 216, 120, 166, 139, 39]
Market forces [43, 14, 25, 22, 215]
Reputation [43, 120, 13, 39]
Environmental risks [43]
Uncertainties [215]
Organisational impact on ICT [95, 160, 178, 118]
Culture [95, 43, 178, 14, 120, 92, 141, 76, 39, 77,

25, 215]
Strategy [42, 95, 71, 194, 24, 139, 141, 39, 218, 25,

22, 215]
External interaction [221, 71, 43, 216, 120, 13, 139, 39, 77, 25,

22]
Current state [95, 43, 216, 194, 14, 86, 118, 141, 25, 215]
Governance [71, 24, 92, 141, 76, 39, 218, 25, 22]
Green ICT business case [43, 178, 216, 14, 86, 120, 22]
Corporate policies [42, 150, 92, 141, 76, 39, 163]
Use of renewable energy [120, 139, 25]
Direct impact of ICT [42, 178, 13, 118, 25]
Design [95, 160, 71, 88, 43, 128, 139, 40, 39, 77,

218, 22, 215]
Production [128]
Packaging [25]
Procurement [180, 160, 71, 43, 155, 14, 24, 120, 166, 141,

218, 22]
Use of ICT [221, 180, 160, 71, 88, 43, 128, 35, 216, 194,

155, 14, 24, 120, 13, 166, 139, 150, 92, 40,
118, 141, 39, 77, 163, 218, 25, 22]

E-waste [221, 180, 160, 71, 88, 43, 128, 216, 155, 14,
24, 120, 166, 139, 150, 141, 39, 163, 218, 25,
22]

Indirect impact of ICT [42, 95, 160, 43, 178, 155, 86, 24, 218]
Teleworking & collaboration [160, 71, 35, 155, 120, 166, 139, 218, 25]
Paper reduction [71, 35, 120, 139, 150, 163, 218, 25]
Smart buildings [71, 155, 24, 120, 139, 25]
Smart energy [71, 35, 24]
E-commerce [25]
Smart motors [24]
Smart logistics [24]
Feedback & reporting [42, 160, 71, 43, 86, 24, 120, 139, 39, 218,

25, 22]
Systemic impact of ICT
Adoption [42, 43, 178, 216, 155, 14, 24, 120, 13, 139,

40, 39, 25, 215]
Innovation [216, 120, 39, 77]
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4
Green ICT Maturity Model

This chapter discusses the development and evaluation of a maturity model (the
SURF green ICT maturity model; SGIMM) for green ICT. With this we address
RQ2 (‘How can the potential of green ICT be modelled for organisations?’) and
RQ3 (‘How is the quality of the SGIMM assessed by its potential users?’). We
describe how the model was developed with the input of a number of green ICT
experts before it was released to the general public. The model consists of three
domains with attributes on green ICT that encompass both greening of ICT as
well as greening by ICT. In addition, the model can be augmented with a fourth
sector-specific domain.The quality of the model and its accuracy to capture the full
scope of green ICT has been evaluated through an online survey. We evaluated the
quality of the model according to the relevancy of attributes, whether the attributes
were well defined, and whether the domains were complete. Twenty participants
contributed meaningfully. Two attributes were considered to be irrelevant, and
six new attributes were suggested. With these results, we improved the maturity
model and used the new version for our follow-up studies.

4.1 introduction

There is a clear need to transform our society into one that is environmentally
sustainable. The field of green ICT is associated with minimising the negative
environmental impacts of ICT and optimising the positive impacts of ICT. How-
ever, most green ICT activities are often only focused on reducing the negative
impacts of ICT. This is illustrated by a definition of green ICT that is often quoted
[144]:‘It’s the study and practice of designing, manufacturing, using and dispos-
ing of computers, servers, and associated subsystems ... efficiently and effectively
with minimal or no impact on the environment’. Even within these activities
there is a narrow focus: data centres receive disproportionate attention because
these are such large energy consumers; yet, data centres are only responsible for
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20% of the total ICT footprint with end-user devices being responsible for the
largest part (60%) [45]. With the growing use of the cloud, not data centres but
rather access networks would be the biggest threat to the sustainability of cloud
services [59]. In addition, from a lifecycle perspective, most efforts in green ICT
reduce the impact of the use phase and its associated energy consumption, but
for many ICT devices and components, the largest part of their footprint is in
production [105].

Many current technologies used as a solution for an environmental problem
have an ICT component: for example, the smart grid. These are typical tech-
nologies that make ICT part of the solution, but it seems that such technologies
are fields of their own, driven by their own experts. In other words, when ICT
is used as an enabler to solve environmental problems, there is a risk that ICT
experts are not involved. The following is an example from practice: it often
happens that whenever new buildings are built, they are not optimised for the
role ICT could have (e.g. domotica), because ICT experts are not involved in the
design of the building. Only after the building is completed, are ICT professionals
involved and asked to maintain building systems.

We ask why it is that whenever ICT researchers and professionals discuss the
environmental impact of ICT, most of the efforts go towards the first-order im-
pacts. From practical experience, it seems that the main reason for this is that it
is easier to focus on the direct impacts: it is quantifiable, relationships between
change and effects are much shorter and therefore less complex. Another im-
portant factor is responsibility: the energy sector is responsible for reducing the
impact of the energy sector, the construction sector is responsible for reducing
the impact of buildings, and the ICT sector is responsible for reducing the impact
of ICT. At organisations, responsibility is similarly split between departments.
Optimising the positive impacts of ICT often leads to disassociated benefits and
split incentives, between organisations and within organisations: a common case
is that ICT departments must make the investments while others, such as facil-
ities departments, reap the benefits, both from an economic and environmental
perspective. To overcome the narrow focus on both the solution space and col-
laboration options, organisations need to have insight into how green ICT actions
affect a wider scope of environmental impact, as it is clear that a fully optimised
ICT department or a facility department is not the same as a fully optimised
organisation in terms of environmental impact.

This chapter describes and evaluates the SGIMM that has been designed for
the purpose of giving organisations insights into and understanding of the total
environmental impact of green ICT. We will describe how the model was created
with the input of a number of green ICT experts before it was released to the
general public. The quality of the model and its accuracy in capturing the full
scope of green ICT has been evaluated through an online survey.
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4.2 Creation of the SURF Green ICT Maturity Model

SURF, the Dutch higher education and research partnership for ICT, decided to
develop a maturity model on green ICT after interviewing a number of Dutch
higher education and research institutions. In these interviews the institutions
expressed a clear need for some way to know how well they were doing in terms
of green ICT. SURF set up a series of workshop to develop the SGIMM. They
had four requirements:

• More insight into green ICT and inspiration for improvement

• Knowledge about where they stand (compared to other higher education
institutions)

• The creation of shared language between similar institutions for knowledge
exchange

• Visibility in the organisation

The first workshop was organised with participants from the community to
determine what the scope and focus should be for a green ICT tool. The results
of this workshop were that the scope of the tool should 1) be only the role of
ICT (rather than the entire campus or organisation); 2) be limited to the envi-
ronmental aspects (only planet rather than people-planet-profit); and 3) include
both the greening of ICT as well as the greening by ICT. Furthermore, the focus
of the tool should be on improvement rather than performance, meaning that
the tool should help the organisation make next steps and grow in the use of
ICT (opposed to scoring or ranking the organisation compared to other organ-
isations). Finally, the tool should include both policy (process) and pragmatic
(hands-on) content. Based on these choices, SURF decided that a lightweight
(i.e. easy and inexpensive to use) maturity model tool would best fit the needs
of their community.

In a second workshop participants from the Dutch higher education and re-
search community, as well as green ICT experts, were invited to discuss which
topics should be addressed in the maturity model. Many topics were listed, clus-
tered, and ranked. In addition, a first definition for the topics was drafted as
well. Furthermore, the participants decided that the model should be designed
from the ICT department’s perspective, as responsibility for ICT in organisations
part of this community is typically delegated to this department.

With the results of this workshop, SURF created a draft version of the ma-
turity model in which the topics were presented as attributes grouped in three
different domains (see the next section for a detailed description of the maturity
model). This version was evaluated by the expert group in an elaborate survey
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and the draft that followed on the feedback from the survey was tested in a pilot
with a higher education institution. The results were again discussed with the
expert group leading to version 1.0 of the maturity model that SURF published.

4.3 Description of the SURF Green ICT Maturity
Model

The concept of the maturity model is based on the capability maturity model
[156], representing a framework with five maturity levels for quality and process
improvements. The five levels are (1) initial, (2) repeatable, (3) defined, (4)
managed, and (5) optimising. At the lowest level — the initial level — the
organisation does not provide a stable environment for the activity. At this level,
the process is ad hoc. In contrast, at the highest level, which is the optimising
level, the entire organisation is focused on continuous process improvement. After
the concept of the maturity model was introduced in 1993, it has become a
common way to describe an ability or capability of an organisation in a certain
discipline as well as indicate what is needed to improve their performance. After
its introduction, it has been used hundreds, if not thousands of times [201, 176].

Conceptually, the SGIMM consists of four domains covering negative and
positive impacts and aspects of ICT. Each domain consists of attributes that
have a definition and a description of a level five maturity. Three domains and
attributes are summarised in Table 4.1, the full model can be found in Appendix
C.

The three domains mentioned in Table 4.1 are generically applicable to any
organisation. The fourth domain is sector specific and covers ‘greening of primary
processes with ICT’. For the higher education sector, the primary processes would
relate to education and research. This domain was not part of the evaluation of
the model described in the next section.

The SGIMM is designed to give organisations insights into the maturity of
green ICT of the organisation. It is set up as a self-assessment and enables or-
ganisations to have an internal dialogue, to gain agreement on the status quo
and to define actions for improvement. By letting several individuals within an
organisation score the attributes and discussing theses scores with the partici-
pants (average, minimum, maximum scores, etc.), an organisation can identify
weak and strong green ICT aspects. SURF published a manual that guides users
through this process of self-assessment together with the model itself.

Returning to the requirements from the Dutch research and education com-
munity, we see that the choice for a maturity model concept inherently meets the
first requirement of more insight into green ICT and inspiration for improvement.
By designing a comprehensive model (four domains and roughly 20 attributes),
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Green ICT in the organisa-
tion

Greening of ICT Greening of operations with
ICT

Green ICT strategy Computing infrastructure Travel reductions with ICT
ICT governance Network infrastructure Space reductions with ICT
Green ICT procurement Storage infrastructure Energy reductions with ICT
E-waste policy Housing Paper reductions with ICT
Green ICT architecture
principles

End-user ICT equipment
(PCs, printers, etc.)

Other reductions with ICT

Information management ICT services Environmental awareness
and decision support

Community collaboration Green software development
Green ICT supply chain
management

Table 4.1: The domains and attributes of the SGIMM.

the model addresses the most important aspects of green ICT. The different
maturity levels indicate what next steps can be taken once the attributes are
scored and thus provide inspiration for improvement. Even though the matu-
rity model is not presented as a tool which scores an organisation, it is possible
to do an attribute by attribute (and domain-by-domain) comparison with other
organisations. This is a form of benchmarking that is constructive (and not com-
petitive) that meets both the second and third requirement because organisations
can exchange best practices and other experiences through comparing attributes.
Finally, the results of using the tool allow for ICT management to show the
rest of the organisation what they are doing on sustainability and how ICT can
contribute to other business processes, making the green ICT efforts visible.

4.4 Evaluation of the SURF Green ICT Maturity Model

While the SGIMM was grounded in the opinions of the green ICT experts and
should therefore theoretically be of sufficient quality, this fact needed to be val-
idated by practitioners. In order to validate the model, we designed an online
survey in which questions were asked on the quality of the model. These ques-
tions were based on Wand and Wang [214], who identified four generic dimensions
to evaluate intrinsic data quality using the most cited quality dimensions in their
literature study: (1) complete, (2) unambiguous, (3) meaningful, and (4) cor-
rect. They defined ‘complete’ as ‘a set of data that includes all necessary values’;
‘unambiguous’ (accuracy and precision) was defined as ‘representing the correct
data’; ‘meaningful’ was defined as ‘being able to use data in a useable way’;
and ‘correct’ was defined as ‘containing the right information’. To apply these
dimensions to the questions, we wanted to ask we chose to ask about the rel-
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evancy of attributes (meaningfulness), whether they were well-defined (correct
and unambiguous) and whether a domain was complete or missing an attribute
(complete).

The survey was set up online and spread mainly amongst people from the
Dutch higher education sector. It was also promoted outside of the sector and
internationally (mainly in UK higher education) for comparison purposes, but
this was only a small part of the response. Because the entire survey was time-
consuming, participants could choose one or more domains (Table 4.1) to answer
questions about. For most answers, participants needed to include a motivation.
In addition, we collected information on each participant on where they were from
(country, sector) and whether they were familiar with green ICT: their maturity.

We did a trial run with the survey amongst the green ICT experts who helped
us with the maturity model. Their feedback, such as to add an ‘I don’t know’
option to each question, was incorporated in the published version of the survey,
which was available for four weeks during February 2014.

4.5 Results of the Evaluation

In total, 68 participants started the survey but only 20 of them contributed
meaningfully. Eighy per cent of the participants were working in the Netherlands.
The response for each domain is shown in Table 4.2:

Domain Respondee
Green ICT in the organisation 8
Greening of ICT 13
Greening of operations with ICT 8

Table 4.2: Response per domain.

Because the response rate was so low, it was hard to draw any quantita-
tive representative conclusions. Nevertheless, we found some interesting results.
First, we used the self-rated maturity on green ICT of participants and of their
organisations as a weighting factor to calculate relevancy scores. As can be seen in
Figures 4.1 and 4.2, more than half of the participants rated themselves mature,
whereas they rated their organisation of lower maturity than themselves. We as-
sumed opinions of mature participants and/or working for mature organisations
were more important than opinions of immature participants and/or working for
immature organisations. The maturity levels were converted to a 1-5 scale, and
each participant’s relevancy score on an attribute was weighted by their fraction
of the sum of maturity levels of all participants who scored that attribute.
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Figure 4.1: Personal maturity level on green ICT of all participants.

Figure 4.2: Organisational maturity level on green ICT of all participants.

59



Chapter 4. Green ICT Maturity Model

By weighting the average relevancy of attributes, we amplified differences
between attributes that were otherwise difficult to see. Participants had to agree
or disagree with the relevancy of an attribute on a Likert scale of 1 to 5, where a
score of 5 was the highest relevancy option. A neutral position towards relevancy
was indicated by a score of 3. We considered an attribute relevant if its weighted
average relevancy was 3 or higher. Figure 4.3 shows the results for all attributes of
the model. Almost all attributes are considered relevant except two: ‘information
management’ and ‘other reductions with ICT’.

We also asked participants to motivate their score. If we focus on the two
low-scoring attributes we see for ‘information management’ that the participants
were triggered by the use of the word redundancy in the attribute description:
they do not believe information management can be used to reduce excessive
redundancy in ICT resources. For ‘other reductions with ICT’ it seems that this
attribute does not appeal to participants because it is too broadly defined: it
is described as a catchall, covering everything not mentioned by the other five
attributes in the domain ‘greening of operations with ICT’.

The second quality aspect we were interested in was whether attributes were
well defined. In the survey, this was a yes or no question where participants had
to motivate their answer if they disagreed. The results are shown in Table 4.3.

Figure 4.3: Weighted average relevancy scores for all attributes of the maturity
model.

A strict definition of being well defined would be that all participants agreed
with the definition of an attribute. This would translate into a 100% score in
the last column of Table 4.3 and the observation that only two attributes are
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Attribute Participants Agreement IDK Agree ex IDK
Green ICT in the organisation
Green ICT strategy 8 6 1 85.71%
ICT governance 8 6 0 75.00%
Green ICT procurement 8 6 1 85.71%
E-waste policy 8 5 1 71.43%
Green ICT architecture principles 8 4 1 57.14%
Information management 8 2 3 40.00%
Community collaboration 8 4 2 66.67%
Green ICT supply chain management 8 4 3 80.00%
Greening of ICT
Computing infrastructure 13 10 2 90.91%
Network infrastructure 13 10 1 83.33%
Storage infrastructure 13 7 4 77.78%
Housing 13 10 1 83.33%
End-user ICT equipment 13 9 1 75.00%
ICT services 13 7 2 63.64%
Green software development 13 8 1 66.67%
Greening of operations with ICT
Travel reductions with ICT 8 4 1 57.14%
Space reductions with ICT 8 7 1 100.00%
Energy reductions with ICT 8 7 0 87.50%
Paper reductions with ICT 8 7 1 100.00%
Other reductions with ICT 8 6 1 85.71%
Env. awareness and decision support 8 7 0 87.50%

Table 4.3: This table shows whether participants agreed with the definition of
attributes. IDK means ‘I don’t know’. The final column shows the agreement
excluding IDK.
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well defined. If we look into the motivation participants gave us, we see a clear
difference between high scores (above 80%) and low scores. In general, the high
scores have small comments for improvement often adding something relevant to
their own experience. The low scores show comments relating to the need for
more examples (too abstract), ambiguity, and scoping and focus issues.

The final aspect of the survey concerned the completeness of the maturity
model. We asked participants whether they were missing an attribute in a do-
main. In each domain two participants made suggestions: maintenance manage-
ment; people and culture; mindset and experience of staff; sustainable offices;
savings in productions and logistics; and improving work inefficiencies with ICT.
As participants were often only evaluating one domain, some suggestions do over-
lap with each other or attributes were already present in the model. Second, for
the domains ‘green ICT in the organisation’ and ‘greening of ICT’ a high per
centage of participants answered ‘I don’t know’; three out of eight and five out
of thirteen, respectively. It seems that this question was difficult to answer.

While it is difficult to draw any definitive conclusions from this survey, it
seems overall that the maturity model covers most aspects of green ICT within
the three domains. The results suggest that two attributes can be removed and
six suggestions for new attributes are offered. Most descriptions of the attributes
need small revisions, whereas some need more work, based on the feedback from
the participants.

4.6 Related Work

Many models, frameworks and tools on assessing the environmental impact of
ICT have been released over the past years from both research and practice. An
overview of related green ICT models can be found in Table 4.4 In addition, there
exist general impact assessment tools that can also be applied to ICT, such as life
cycle analysis or greenhouse gases audits (see Ecofys et al. [46]) for an overview
of general tools applied to ICT). We describe a number of models and compare
these to the SGIMM.

Curry et. al. [34] developed the data centre energy efficiency (DC EE) matu-
rity model. They stated that organisations have problems managing data centres
due to the complexity and rapid evolution. This maturity model could help or-
ganisations to systematically assess and improve capabilities for energy efficiency.
Their model focuses on the execution of four key actions to improve the man-
agement of EE in a DC, namely: define the goals and objectives for the DC EE
program, understand the current DC capability maturity level, systematically
develop and manage the DC capability building blocks, and assess and manage
DC progress over time. This maturity model consists of five maturity levels: (1)
initial, (2) basic, (3) intermediate, (4) advanced, and (5) optimising. These levels
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describe how well the behaviours, practices, and processes of an organisation can
reliably produce required outcomes. In the authors opinion, a maturity model
could also be used as an assessment tool and benchmark for the comparative
assessments of the capabilities of different organisations.

A framework which applies the same maturity levels as DC EE maturity model
is the ICT capability maturity framework (ICTCMF) developed by Donnellan et
al. [42]. According to Donnellan et al., ICT is responsible for a large per cent-
age of organisational footprints. Their model is a process framework to manage
sustainable ICT within an organisation and embedding sustainability into the
organisation to meet the potential of ICT to reduce the organisational footprint.
The framework uses four criteria to evaluate an organisation: strategy and plan-
ning, process management, people and culture, and governance. A core function
of the ICTCMF is to act as an assessment tool and a management system with
associated improvements. This guides ICT and business management in selecting
strategies to improve, develop, and manage sustainable ICT capabilities.

Babin and Nicholson [15] developed an approach to indicate how green an out-
sourcer is. To indicate this, they measure sustainability in global ICT outsourcing
(GITO); a business practice to reduce costs and improving performance. Organ-
isations who outsource often expect the outsource providers to be sustainable.
In addition, responsible and economic energy management is a critical business
capability in global outsourcing. Hence, Babin and Nicholson defined a three-
stage model to measure a provider’s stage of sustainability maturity. Those three
stages are (1) early-stage sustainability, (2) aspirant, and (3) mature global IT
outsource provider. They offer outsourcing practitioners a model for improving
sustainability capabilities. Hence they can measure and improve their sustain-
ability performance.

SustainaBits [39] is a framework to rate the sustainability of an organisation
according to best practices. The goal of the framework is to provide a reliable
and industry accepted framework to guide organisations within the IT sector to a
sustainable future. The difference with other models is a more broad focus on four
topics: social responsibility of the organisation, environmental savings, economic
stability, and innovative ideas. Each of these topics covers a number of green
ICT aspects which should help organisations be more environmentally, socially
and economically or financially sustainable. No maturity levels were mentioned
in this model.

According to Molla and Cooper [141], customers, competitors, and other
groups put pressure on organisations to implement sustainable business prac-
tices. The authors try to theoretically assess green ICT and the positions of
organisations. The research is based on four organisations which are used as
preliminary proofs of concept. Different perspectives, such as attitude and tech-
nologies, are combined into a green IT readiness framework which could help
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organisations to evaluate their maturity on green ICT based on their green IT
readiness. Molla and Cooper [141] argued that green IT readiness is a critical
capability of organisations. The paper does not define maturity levels despite
discussing the level of readiness.

In general, scientifically related work about green ICTmaturity models seemed
to be scarce and the ones related to the SGIMM differed. We compared the green
ICT-related maturity models in Table 4.4. We saw that the five related models
have a different focus on, for example, energy efficiency in data centres or finan-
cial aspects. All models use their own rating systems but only the first three
models use maturity levels which organisations could use to rank their maturity
and try to improve their performance on green ICT.

In order to compare the performance of organisations, a model should be
generic for different sectors and purposes. DC EE maturity model, for example,
is specified for data centres and cannot be used to evaluate the performance
of the whole organisation. The related models seemed to focus on measuring
the performance of green ICT in the organisation, for example reduce e-waste
and reuse ICT equipment. However, they do not cover the potential of ICT
to improve organisational operations (outside of ICT). The SGIMM could fill
this gap as the model could be used to rate and rank an organisation based on
green ICT aspects distributed over four domains including greening of operations
with ICT. The sector specific domain ‘greening of primary processes with ICT’
of SGIMM distinguishes the model from other models as related models do not
have a feature with which the organisation sector specifically could improve its
primary processes.

4.7 Conclusion from Survey

In this chapter, we explained how we developed a green ICT maturity model
that goes beyond the energy efficiency of ICT. To evaluate the quality of the
model, we defined three quality aspects: relevancy of attributes, well-defined
attribute descriptions and completeness of the domains. We created a survey
in which participants had to evaluate these aspects. Twenty participants con-
tributed meaningfully to the survey.

From the participants’ responses, it seems that the maturity model covers
most aspects of green ICT within the three domains. Two attributes were con-
sidered not relevant, and six suggestions were made for new attributes. Most
descriptions of the attributes need small revisions, whereas some need more work,
based on the feedback from the participants. While it is difficult to draw any
definitive conclusions from this survey, with these results the maturity model can
still be improved.

64



Chapter 4. Green ICT Maturity Model

Table 4.4: A comparison of green ICT models and frameworks.
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The results of the survey are indicative of the quality of the model, but they
are not conclusive. We will continue to find ways to assess the quality, because
we think it is important to ground this in science and in practice. Such grounding
is not only useful for the model itself, but conclusions can also be used in other
models. Similarly, we want to learn from other work as well and we think it
would be hopeful to see more work on quality assessment of green ICT models.

In the next chapters, we continue the evaluation of the SGIMM by following
its use in practice. We want to see how organisations use the model as a baseline,
what they do with the results, and if anything has changed in the organisation
after a period of time. We used an improved version of the maturity model in
these follow-up studies.

4.8 SURF Green ICT Maturity Model Version 2

With the results from the survey we made a number of adjustments to the matu-
rity model. Aside from (detailed) textual changes, we made a number of major
changes. First, we combined ‘green ICT architecture principles’ and ‘information
management’ because the latter did not score well in the survey and both at-
tributes have some similarities. We made a similar change to ‘ICT services’ and
‘green software development’, here motivated mostly by their excessive specificity,
and also because they are different phases of the same life cycle (software devel-
opment and use). Finally, we decided to exclude the attribute ‘other reductions
with ICT’ because of its low relevancy score. In Table 4.5, we display all the
attributes of Version 2 of the SGIMM.

In addition to the changes mentioned above, we also included the sector-
specific fourth domain ‘greening of primary processes with ICT’. A few models
and frameworks exist that help apply green ICT principles to primary processes in
an organisation. For example, the framework by Donnellan et al. [42] contains the
capability building block ‘ICT-enabled business processes’. The authors found
that involving the ICT department as well as business raises awareness on both
sides of the potential of green ICT. However, the framework seems to remain
high-level and offers little practical guidelines to apply green ICT to business
processes. While many studies apply green ICT to (sector-)specific problems, it
seems difficult to generalise this to make it part of a usable model.

With the example fourth domain we can demonstrate how the SGIMM could
offer practical guidance for green ICT in primary processes. We have developed
a sector-specific domain in SGIMM for the higher education sector using the
principles of the maturity model in combination with a reference architecture
developed for the Dutch higher education [195]. This reference architecture con-
tains detailed material on processes in higher education that we could reuse for
the maturity model.
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Green ICT in the organ-
isation

Greening of ICT Greening of operations
with ICT

Greening of Primary
Processes with ICT

Green ICT strategy Housing Travel reductions with
ICT

Education

ICT governance Computing infrastruc-
ture

Area reductions with
ICT

Education support

Green ICT procurement Network infrastructure Energy reductions with
ICT

Research

E-waste policy Storage infrastructure Paper reductions with
ICT

Research support

Green ICT in Informa-
tion Management and
Architecture

End-user ICT equip-
ment

Feedback and decision
support

Valorisation

Community collabora-
tion

Software and ICT ser-
vices

Information access

Green ICT Supply
Chain Management

Table 4.5: The domains and attributes of the SURF green ICT maturity model
version 2.0.

Using the higher education sector-specific domain as an example, we can now
define the general steps to develop such a domain. These steps can be used as
guidance for other sectors, too. They are the following:

1. Find a well-grounded description of the sector activities and processes: for
example, a reference architecture. If such a description is absent, one could
proceed with a description of the enterprise architecture of a single (typical)
organisation.

2. Identify the main primary processes or functions: for example, education.
These are the attributes in the sector-specific domain.

3. Find detailed descriptions of the previously identified attributes to deduce
building blocks or process categories. For the attribute ‘education’ these
categories are (amongst others): teaching and examination.

4. Describe the maturity levels for each attribute. This can be done in two
ways:

(a) Use general descriptions of maturity levels [156] and make these more
specific based on the architecture.

(b) Use the identified process categories, give them individual scales of
improvement and use a combination of the scales to describe each
level.
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5
Assessment of Green ICT in

Organisations

This chapter addresses RQ4: ‘How does the SGIMM function in practice?’. We
facilitated the use of the SGIMM in four organisations. These organisations
participated in a maturity scan, an evaluation session to discuss the results of the
scan and a questionnaire on the use of the model. The results show that the model
delivers specific suggestions for improvement both on reducing the environmental
footprint of ICT and on using ICT as a green solution for business processes.
Individual participants reported an increase in awareness of what green ICT can
do. We also looked at whether organisations were ready to use green ICT and
identified potential bottlenecks for further adoption, and it was possible to identify
such bottlenecks using the results of the maturity scan.

5.1 Introduction

Over the past decade, increasing number of organisations have realised that their
actions have long-term effects on the environment and society and are taking
responsibility for their actions through several social and environmental initiatives
that reduce their impact [142]. Green ICT can contribute significantly and can
thus help organisations achieve their sustainability goals. In order to do so, they
need to know how ICT can affect their environmental footprint in both negative
and positive ways.

For example, we know that ICT can consume large amounts of energy in
data centres and in (mobile) communication networks [64]. It is also important
to consider the use of rare materials in ICT equipment production as well as
what happens with the equipment at the end of their life cycle, also known as
e-waste [16]. On the other hand, ICT solutions can reduce the need to travel,
dematerialise paper use and material use, and optimise business processes as a
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whole. When organisations consider green ICT, they often focus only on the first
part; reducing the environmental impact of ICT. The second part, using ICT as
a solution, is much less common as a focus.

In the Dutch higher education sector, 91% of ICT managers consider green
ICT to be an important factor to help make their organisation more sustainable
(see also Appendix B) [72]. However, they recognise that there is a lack of
knowledge and expertise to make full use of green ICT. In fact, they asked SURF,
the collaborative ICT organisation for Dutch education and research, to help
them give the following:

• a more complete insight into green ICT and inspiration for improvement;

• knowledge about how well they are doing (compared to others);

• a shared language for knowledge exchange between organisations;

• a way for the ICT department to show higher management how they con-
tribute towards larger sustainability goals.

This is why SURF developed the SGIMM ([74], see also the previous chapter).
For this study, we followed four organisations that used the SGIMM to see

whether it does in practice what it is designed to do. We also wanted to know
if the model can help identify issues related to the state of the adoption of green
ICT solutions. We therefore have two research questions:

1. How does the SGIMM function in practice?

2. Which bottlenecks can be identified by the use of the SGIMM?

5.2 Related Work

To put our work into context, we looked at two topics. The first regards other
maturity models: which have been published, what their scopes are (with regards
to negative and positive impact), and how they are being used. The second is on
the adoption of green ICT: what happens when organisations use such maturity
models and what their general attitude towards sustainability and green ICT is.

5.2.1 On green ICT maturity models

In order to facilitate and promote the use of green ICT, frameworks and models
have been published both in the academic and practitioner literature. We also
identified general-purpose impact assessment tools that can be applied to ICT,
such as life cycle analysis or green house gases audits. Here we focus on those
publications that specifically target green ICT.
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Most of the green ICT models and tools focus on energy efficiency and reduc-
ing the negative impacts of ICT, such as those developed by the Green Grid and
the OpenDCME model. While these are mostly focused on data centres, others
such as those developed by Gartner [63] and Molla et al. [141], do capture the
entirety of ICT. However, they are often limited to the direct impacts in scope
or are highly abstract. A few tools have been developed to include the positive
impacts of ICT, such as those by UK HM Government [68], deMonsabert et al.
[39], and Donnellan et al. [42]. Still, such tools mostly focus on the negative im-
pacts as well. From a system perspective (or the total global footprint of society)
this seems surprising since the negative impacts are responsible for 2% of that
footprint, while the positive impacts have the potential to reduce the global foot-
print by 16% [65]. Therefore, we argue that models should include both positive
and negative impacts to fully understand the contribution ICT can have.

From the perspective of practical usability, the published models vary in how
abstract they are, their scope, and their ease of use. Some are general, simply
declaring areas that should be looked at, while others give detailed information
on how to improve an element. By looking at the meta-level, it can be seen
that most of them have a similar structure. Most of them have a general idea
of what should be included in green ICT (albeit different from other models),
and use a two-tier system (categories in which several components are grouped
together). Some of the models include extra aspects such as maturity levels that
help give direction for improvement. Such a general structure could indicate
a future standard structure for assessing, evaluating, and improving the use of
green ICT. If many organisations use the same model or at least the same struc-
ture in their models, this could pave the way for standardisation and eventually
benchmarking.

As far as we can conclude from research literature and practice, there is a
lack of publications that assess the quality of the tools, if and how they are being
used, and whether they achieve their intended effects. Similarly, there has not
been much research on what capabilities companies need in order to green their
ICT and how to measure these capabilities [142]. While such questions might
be trivial for other assessment topics, this is not the case for the environmental
impact of ICT. Environmental sustainability is typically multi-dimensional and
prone to local optimisations, and it is therefore complex to assess progress.

5.2.2 On green ICT adoption

Following our definition of green ICT, proper use of green ICT should affect many
if not all business processes and activities in an organisation. This means that
green ICT has a large impact on most of the staff, requiring them to have the
right attitude and skills to use it. Adoption of green ICT is therefore not a trivial
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problem merely contained to the technical domain, but a complex one that affects
policies and behaviours beyond the ICT staff.

In [140] Molla differentiates between the intention to adopt green ICT and
the actual adoption. The first steps in an organisation are usually taken by a
few individuals that were motivated to take them and had sufficient power to
initiate such a change. Even if successful, such individuals often find it difficult
to scale up their activities. Molla [140] identified three types of drivers for green
ICT: economic, regulatory, and ethical drivers. ICT is consuming large amounts
of energy, so energy efficiency gains can lead to significant cost reductions in
operating ICT. Governments can require ICT within organisations to become
compliant with environmental standards. Directive 2012/19/EU of the Euro-
pean Parliament and the European Council on waste electrical and electronic
equipment (WEEE) [54] set recycling targets for all types of electrical goods.
The government of the Netherlands has signed agreements with many sectors
(amongst which the higher education sector [1]) to increase energy efficiency ev-
ery year by 2%. Finally, ethical drivers refer to the pursuit of socially responsible
business practices and good corporate citizenship.

Even if an organisation has the intention to adopt green ICT, this does not
necessarily mean that it has the capability to do so. Molla and Cooper [142]
argue that there are at least five important properties that they together call the
critical capability ‘G-readiness’. These five properties are attitude, policy, prac-
tice, technology, and governance. Attitude refers to the extent to which leaders
and professionals are aware of and interested in environmental concerns; policy
refers to whether there are top-down strategies or other policy documents that
push people in the right direction; practice refers to whether the knowledge and
skills are present to carry out green ICT actions; technology refers to the presence
of a technological infrastructure that allows for environmentally friendly actions;
and governance refers to the presence of a proper management infrastructure
detailing clear roles, responsibilities, and relationships [142].

In 2013 we performed a survey [72] amongst managers and professionals in
the higher education sector in the Netherlands that relates to the concept of G-
readiness. Ninety-one per cent of the survey participants stated that they think
sustainability is an important topic. In contrast, only 59% of them believed their
own organisation considered it important. The survey respondents recognised a
lack of action which was attributed to a shortage of time, a lack of money, a lack
of expertise, no priority, or split budgets. Each of these factors can be connected
to one or more of the five properties that Molla and Cooper defined as part of
G-readiness [142].

We ask whether using tools, such as a maturity model, in practice will not only
identify areas of improvement that directly affect the environmental footprint but
also identify potential bottlenecks in an organisation to actually adopt green ICT.
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5.3 Method of Field Study

The maturity model was designed to help organisations improve their use of
green ICT. The assumption was that assessing the level of maturity of green ICT
increases awareness and motivation to improve across the full spectrum: from
reducing the negative impact of ICT to using ICT as an environmentally friendly
enabler in other processes. At this point, at least, it is impossible to test this
theory, as this requires large-scale use of the model and access to organisations
using the model to compare to those not using it. However, we do want to see
what the effect of using the model is in a qualitative manner.

In order to address our research questions, we carried out a field study in
which four organisations used the maturity model. The purpose of this study
was to see how the SGIMM is used in practice. We facilitated the process of
carrying out a maturity scan and collected data for our study while doing so. In
addition to the normal process, we added a questionnaire to gather individual
responses to the use of the model.

5.3.1 Data collection

Figure 5.1: The assessment process in a flow diagram. AM = assessment man-
ager; AT = assessment team; F = facilitator.

.

The organisations that participated were all facilitated in the same manner.
The approach was based on guidelines for a self-scan that are provided in the
instructions that come with the maturity model. The following steps were taken
(see also Figure 5.1):
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1. The primary contact at the participating organisation was the Assessment
Manager (AM), for example the CIO or an ICT manager with sustainability
in his or her portfolio. It is important that the AM has the influence and
the ability to make sure that the maturity scan is properly done and that
follow-up actions are implemented.

2. The AM composed an assessment team. This is a group of people that
represents the organisation and were tasked to fill out the maturity model.
Their scores are used to get an average maturity score for each attribute.
After obtaining the averages, they are discussed during an evaluation session
at which also a number of possible actions for improvement are defined. To
obtain good results, the right combination of team members is crucial.

3. The AM explained the purpose of the model and the assessment process to
the team (with or without our presence) and sent the SGIMM spreadsheet
to all the participants afterwards.

4. All participants individually filled out the spreadsheet and scored all the
attributes. When everyone had sent their scores back to the AM, we facil-
itated the AM by analysing the results and creating a summary.

5. The summary of maturity scores and how they related to the individual
scores were discussed in an evaluation session with the assessment team.
We facilitated this process by presenting the results and asking questions to
promote discussion amongst the team members. Based on this discussion,
actions for improvement were defined. We created a report on the results
of this evaluation session and shared it with the AM.

6. After the session, the participants were asked to fill out a questionnaire on
their experience with using the maturity model. As mentioned, the AM
was provided with a summary of the process that could then be used to
create an action plan.

The evaluation session is the key part of the assessment process, and not nec-
essarily the maturity scores that followed from the individual submissions. The
SGIMM is set up in such a way that organisations identify areas of improvement
rather than objectively assessing the maturity level of said organisation. Never-
theless, the scores do give a good indication of the maturity of the organisation,
especially when combined with and supported by the results of the evaluation
session.

The evaluation sessions were facilitated through presenting the analyses of
the individual scores combined. Each of the domains was briefly illustrated by
showing a radar diagram with the minimum, maximum, and median scores (an
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example is included in Figure 5.2). Then, the individual scores were shown as in
Table 5.1, in which the scores that deviated by 1 point or more from the average
were highlighted. Both strong individual deviations and the general averages
were used to stimulate the discussions. The sessions were video-recorded.

Figure 5.2: Example of a radar diagram with minimum, maximum, and median
scores. These scores are not based on a real organisation.

Table 5.1: Example of scores with 9 participants. The deviations of 1 point or
more from the average are highlighted.

Greening of Operations with ICT A B C D E F G H I Avg

Travel reductions with ICT 2 3 2 1 3 2 3 3 2 2.3

Area reductions with ICT 2 2 1 2 3 3 4 2 2 2.3

Energy reductions with ICT 1 2 2 3 2 1 4 2 1 2

Paper reductions with ICT 2 2 3 3 3 2 3 2 2 2.4

Feedback and decision support 1 3 2 1 2 1 3 1 1 1.7

The questionnaire after the evaluation session was purposely simple and brief
and consisted of the following questions:

• Did you find it useful to fill out the maturity model? Why (not)?

• Did you gain more insight into the possibilities of green ICT?

• Are you more motivated to apply green ICT?

• Will you apply more green ICT in your daily routines?
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• Do you have any feedback on the maturity model?

5.3.2 Method of analysis

In this study, we used the results of the maturity scan, the video recording and the
questionnaire in our qualitative analysis of the four participating organisations.
The direct results of this field study are mostly focused on identifying what can be
improved and possibly how they can be improved. Evaluating the collected data,
we can find indicators for other aspects as well. This will yield a qualitative
description of the state of adoption and identify possible bottlenecks for these
organisations.

For each of the organisations, we have collected evidence for the properties
of the G-readiness model: attitude, policy, practice, technology, and governance
[142]. From the descriptions of Molla [142], we adapted checks for each of these
properties:

• Attitude - Leaders and professionals, both in ICT and in business, are aware
of and interested in the role of ICT in resolving environmental problems.

• Policy - Green ICT and sustainability policies are developed throughout
the organisation and permeate the value chain.

• Practice - The organisation has implemented the policies and takes actions
to reduce their carbon footprint through the use of ICT.

• Technology - A green (business) infrastructure is present and updated ac-
cording to the latest green (ICT) standards.

• Governance - An organisation has clearly defined roles and responsibili-
ties for green ICT activities, administrates them properly, measures their
impact and has allocated resources for them.

We have used these checks to see whether the use of the SGIMM gives any
indications on these readiness issues. These can then be used to identify possible
bottlenecks for the further implementation of green ICT.

5.4 Results

Four organisations participated in this study. These organisations are all from
the Dutch higher education sector representing universities and universities of
applied sciences. Each has a staff of 3,000 - 5,000 employees (including academics)
and 20,000 - 40,000 students. ICT is a part of normal business operations in
administrative processes, management systems and as part of office equipment.
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In addition, ICT is used in primary processes for education and research, so
there is a significant presence of ICT equipment and services and therefore a
high potential for influencing the environmental footprint.

5.4.1 Results from the maturity scan and questionnaire

Each organisation had an assessment team of 4 - 10 members who all filled out
the maturity scan individually. Most of the team members were from the ICT
department and one or two were from other departments such as facilities or other
faculty staff. The averages for each organisation on each attribute are shown in
Table 5.2.

In the domain ‘green ICT in the organisation’, we found that for all organ-
isations a green ICT strategy document did not exist. Sometimes there was a
short position paper on sustainability from an ICT perspective that connected to
the general sustainability policies but those were not well known. Good gover-
nance of ICT services was common practice for the participating organisations,
even without environmental considerations. For other policies, there were usually
some guidelines that were applied by people motivated to do so, but these were
not broadly supported and communicated.

Common practices amongst the participants in the second domain were vir-
tualisation of server hardware, free cooling in data centres (where possible), ap-
plying sleep mode in equipment powered over ethernet (e.g. IP telephones), hot-
cold-frozen data storage, PC power management, and centralising equipment such
as printers (shared instead of private use). The organisations found it difficult
to balance reliability and availability (redundancy) with energy efficiency, which
was reflected in less green solutions for key elements in the ICT infrastructure,
such as network equipment. Monitoring of green KPIs was not common.

The scores in the third domain, ‘greening of operations with ICT’, showed
more variation between the organisations. One organisation focused more on
support for video conference solutions and teleworking, the other offered flexible
office space, and a third had banned all paper work as much as possible. For most
organisations the financial department was having difficulties in transforming to
a paperless state. In terms of using ICT to reduce other energy consumption,
this seemed difficult for all participants because there was not a strong connection
between those responsible for ICT and those responsible for building and facility
management.

The final domain appeared to be undiscovered territory for all organisations.
Sometimes, there was ad hoc collaboration between researchers, teachers, or stu-
dents and the ICT department, but this was rare on the theme of sustainability.
All organisations recognised the potential of such a collaboration, especially with
those working in fields closely related to the theme, and expressed the intention
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Table 5.2: Overview of average scores at each of the participating organisations.
The minimum score is 1; the maximum is 5.

A B C D
Green ICT in the organisation
Green ICT strategy 1.8 1.8 1.6 1.2
Governance of ICT services 2.6 3.8 2.6 2.8
Green ICT procurement 2.1 2.6 2.1 1.8
E-waste policy 2.2 3.2 2.3 1.4
Green ICT in information management
and architecture

1.7 2.0 1.4 1.4

Community collaboration 2.3 3.0 1.8 1.6
Green ICT supply chain management 2.0 2.6 1.8 1.6
Greening of ICT
Housing 2.0 2.2 1.8 1.6
Computing infrastructure 1.9 2.2 1.8 1.6
Network infrastructure 1.6 2.2 1.6 1.3
Storage infrastructure 2.0 2.0 1.6 1.3
End-user ICT equipment 2.4 2.6 1.8 1.4
Software and ICT services 1.6 1.6 1.4 1.2
Greening of operations with ICT
Travel reductions with ICT 3.0 3.0 2.3 1.8
Area reductions with ICT 2.7 2.6 2.3 2.4
Energy reductions with ICT 1.8 2.0 2.0 1.4
Paper reductions with ICT 2.9 2.8 2.4 2.2
Feedback and decision support 1.4 2.0 1.7 1.2
Greening of primary processes
with ICT
Education 1.5 2.0 1.9 1.6
Education support 1.6 2.0 1.7 1.6
Research 1.7 1.8 1.4 1.2
Research support 1.7 1.8 1.8 1.2
Valorisation 1.6 1.6 1.2 1.2
Information access 1.6 2.0 2.2 1.5
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to explore the possibilities.
The results for the questionnaire are summarised over all participating organi-

sations as they did not show any significant differences between the organisations.
Ninety-three per cent of all individual participants found it useful to use the ma-
turity model. In their comments, they commonly wrote that it helped their
awareness and that it gave insights into where their organisation stood. This was
also reflected in their answers to further questions where again 93% had learned
about new possibilities in using green ICT, 73% were inspired to promote more
green ICT activity, and 67% was planning to apply green ICT principles in their
daily work. The feedback on the maturity model consisted of detailed comments
that were used to improve the model and general comments that were on the
whole positive. Some found the survey difficult to complete or said that they
needed the evaluation session to fully understand the model.

5.4.2 Readiness to adopt green ICT

Besides the direct results of the maturity scan, we also looked at whether or-
ganisations were ready to adopt green ICT or whether the use of the maturity
model would identify potential bottlenecks for further adoption. What follows is
a summary of our observations for each organisation along the lines of attitude,
policy, practice, technology, and governance.

In Organisation A sustainability was an important topic in general policies.
For the ICT department, this meant that there was room to take sustainable ac-
tion in terms of budget and other resources, but there was not a strong demand
from the board as the strategy was focused on making buildings more energy-
efficient. The role of ICT in becoming more sustainable was unknown and if it
existed, rather focused on reducing the energy consumption of ICT itself. As a
result, the general attitude towards sustainability amongst ICT managers and
professionals was positive, but it did not have priority. Often, becoming more
green was a side-effect of normal business practices. Furthermore, a portion of the
ICT professionals feared that sustainability actions would affect their principle
priorities such as the reliability of ICT. While a general green ICT strategy was
present, there were little to no policy guidelines on topics such as procurement or
e-waste. Therefore, whether green ICT actions were taken was strongly depen-
dent on motivated individuals. In addition, there was not much communication
between these individuals and the rest of the ICT department on this topic; the
same was true for the ICT department and the rest of the organisation. There-
fore, the possibilities of green ICT remained unknown. This was also reflected
in the governance where sustainability within the ICT department was delegated
to these individuals instead of making it a shared responsibility of the entire
department. Finally, the technical infrastructure could become a bottleneck in
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the future if steps were taken to let energy consumption match the demand on
the infrastructure. Now, the infrastructure is designed to ’always on’ principles
because continuity and reliability are the highest priorities.

At Organisation B sustainability was an important topic in the general strat-
egy. This was felt throughout the organisation and also at the ICT department.
There were no specific green ICT policies; however, ICT usually connected to
general policies; for procurement, for example. There was a wish to develop such
policies though. At Organisation B many green ICT activities were being ap-
plied, but the organisation struggled with promoting new possibilities to users
throughout the organisation. Green ICT successes were not visible outside the
ICT department. Even though the policies side was lacking, in practice, sus-
tainability was almost always considered in projects and activities. In terms of
governance, roles and responsibilities were defined and resources were available.
The links with other departments outside of ICT could have been stronger, but
there were connections with facilities and the general sustainability staff. The
technical infrastructure was efficient and potentially adaptable to demand. In
general, in both technical aspects as well as user adoption, the possibilities to
grow and use green ICT to become more sustainable existed, but the next steps
had not yet been taken.

Organisation C were more formal in their approach to the topic. There was
not a specific push from the board to become more sustainable, and this was also
reflected in the ICT department; it did not have a high priority. The general
attitude towards sustainability was cautious, but positive: green ICT activities
should not affect other business processes negatively. ICT was not fully cen-
tralised, which meant that the governance of ICT infrastructure and services was
also not fully covered. For both governance and policies, there were no specific
green ICT documents implemented. In practice, some green ICT actions have
been taken, or some steps towards more efficiency could also be labelled green.
Individuals were certainly willing to take such actions, but sometimes lacked the
empowerment or the resources. Awareness of green ICT outside the ICT depart-
ment was not present, and there was little communication about the possibilities
of green ICT. Finally, the technical infrastructure did offer possibilities to make
use of green ICT solutions, but as in other organisations, the priorities of the ICT
departments were not saving energy but keeping the infrastructure available for
all users.

Organisation D was starting with green ICT so not many green ICT actions
had yet been implemented. There were some general procurement and waste-
process principles, but no policies were in place. Awareness of the role of ICT in
resolving environmental problems inside and outside the ICT department was low.
No individual was responsible for green ICT yet, so there was no governance on
the the topic either. In fact, each readiness aspect was lacking. The organisation
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were certainly aware of this, however, and saw the use of the SGIMM as their
starting point for implementing green ICT.

When framed in the context of attitude, policy, practice, technology, and
governance, the four organisations vary in their readiness to adopt green ICT. In
Table 5.3 the above observations are summarised.

Table 5.3: Overview of the readiness to adopt green ICT for all participating
organisations.

A B C D

Attitude Positive at-
titude but
not high pri-
ority in ICT
department

Positive at-
titude, both
from general
management
as in ICT
department

Cautious but
positive atti-
tude; not a
priority

Lack of aware-
ness through-
out

Policy General strat-
egy present but
no concrete
guidelines

None in place None in place None in place

Practice Actions have
been taken
but highly
dependant
on motivated
individuals

Many actions
have been
taken; struggle
to get users to
take advantage

Some actions
have been
taken; mostly
driven by
motivated
individuals

Just starting

Technology Designed for
energy efficient
’always on’;
other priorities
may prevent
further steps

Potential
present but
not fully taken
advantage of

Potential
present but
other priorities
may collide

Nothing spe-
cific

Governance Delegated
to individu-
als; not seen
as a shared
responsibility

Roles and
responsibili-
ties defined;
resources avail-
able

Nothing de-
fined

Nothing de-
fined

5.5 Discussion

The goal of the SGIMM is to help organisations learn more about the possibilities
of green ICT in a practical and efficient way. It gives an overview of the most im-
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portant issues and areas that can be addressed with green ICT. As demonstrated
in the results, organisations gain insight into both the ICT-as-a-problem as well
as the ICT-as-a-solution in their particular situation.

Looking at the most common improvement suggestions (for example: putting
a green paragraph in project documents, implementing total-cost-of-ownership in
procurement, virtualisation of servers, promoting teleworking, using power-over-
ethernet solutions, improving asset management, and improving monitoring) a
pattern seems to emerge in which organisations have started picking the low-
hanging fruit and are slowly moving beyond these. Some areas are clearly deemed
to be too advanced to take on for now, such as green supply chain management
and applying green principles in software and ICT services. The concept of a
maturity model works well to identify where an organisation stands and how it
can improve. The SGIMM also offers many ways to connect the ICT department
with other departments and the board to show how ICT can be used to resolve
environmental problems. The model can be applied in an improvement cycle and
used as a report. Measuring the green ICT maturity repeatedly in a standard
way allows organisations to see whether they have grown in maturity.

The questionnaire gave us insight into what the individual attitude of the
participants was regarding green ICT and the maturity model itself. The results
of the questionnaire are quite clear: almost everyone found it a useful (and effi-
cient) way to acquire an overview of where their organisation stands and quickly
generate ideas for improvement. Furthermore, the participants increased their
own awareness, learned more about the possibilities of green ICT (beyond ac-
tions in the data centre and also the application of ICT as an environmental
solution in business processes), and two thirds actually planned to apply green
ICT principles in their daily work. Even though this is a field study with limited
participants, the general attitude was highly positive and seems to be a good
indication of the positive effects the use of such a maturity model can have.

We did not facilitate a benchmark or a joint session with all participating or-
ganisations. However, because the use of the model is standardised, comparisons
can be made easily, both on scores as well as ideas for improvement. There-
fore, we envision the possibility of using the maturity model as a benchmark tool
to compare multiple organisations. It could be especially effective to identify
best practices in this way and stimulate organisations to exchange these amongst
themselves.

Based on the experiences with and the results of the four organisations, we
can therefore conclude that the SGIMM fulfils its design objective for these or-
ganisations: it gives suggestions for improvement on both the problem and the
solution side of ICT, and it can be used to address the needs of the ICT managers.
Aside from the direct results of the maturity scan, we also looked at whether the
SGIMM could identify potential bottlenecks for further adoption of green ICT.
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The issues and solutions that participants talked about in the evaluation
sessions were quite similar for the four organisations. In each case, there was
someone who was giving good examples on how to procure in a more environ-
mentally friendly way or dispose of equipment properly. However, their methods
were not formalised in policies and enforced, and therefore formalising individ-
ual methods into policies was a common suggestion for improvement. Similarly,
communicating about what was already implemented, from policy documents to
good practices, was also a popular action to follow-up with. Especially in the
’greening of ICT’ domain, reduction possibilities were in place but not taken ad-
vantage of by users. The same goes for ICT facilities such as videoconferencing
to reduce travelling. Promotion of and communication about these solutions is
a key activity for all participants (to different degrees). Since these are typical
signs of bottom-up enthusiasm, the reverse may also be true: the main issue
behind the above observations may represent a lack of top-down support. This
was also sometimes mentioned in the discussions, especially in relation to a green
ICT strategy: with a strong and clear strategy it would become much easier to
take the next step.

Looking at the individual organisations, we saw that at Organisation A en-
thusiasm was present, but there was little sense of urgency or importance. We
suspect that it will be difficult for them to move beyond the individual ad hoc
level, even though many actions could be taken in practice. Organisation B was
clearly the most mature with good support from the board. There was a lack of
policies on green ICT as well as a lack of awareness outside the ICT department
that made the progress feel fragile. In Organisation C, sustainability was not a
priority, which made it difficult to make progress. It would make sense for them
to focus on their readiness to adopt green ICT rather than take green ICT ac-
tions. And finally, for Organisation D, green ICT was clearly new. They wanted
to use the maturity model as a starting point, so it would be important for them
to address their readiness for green ICT jointly with implementing green ICT
improvements.

As we have seen, the results of the maturity scan can certainly be used to
identify potential bottlenecks. This may not be evident from the results directly,
but combined with another framework such as the G-readiness model by Molla
[142] it is possible to highlight problem areas for further adoption of green ICT.

5.6 Conclusion

The work described in this chapter focused on making green ICT more practical
for organisations as well as identifying potential bottlenecks for the adoption of
green ICT. Often, organisations know that they need to make their data centre
more energy-efficient by increasing the heat or thinking carefully about how they
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cool their equipment but they do not look beyond the data centre. For green ICT
to be truly effective, organisations need to know how they can both reduce the
environmental footprint of their ICT equipment as well as how to use their ICT
equipment to help reduce the footprint of their other business activities. The
SGIMM is designed to address exactly this issue.

We wanted to know whether the SGIMM does in practice what it is designed
for. We illustrated this through a field study that followed four organisations
which used a maturity model to gain insight into where they stand as well as
being inspired to take action. By using the model not only to acquire an overall
impression of the maturity of green ICT, but also to discuss the results with
participants in an evaluation session, the value of the maturity model was clear to
the participants. Both individuals and organisations as a whole were positive on
the use of the maturity model. It increased awareness, inspired taking action, and
was insightful. A model such as the SGIMM can be used to benchmark amongst
organisations, and may become a standard way of measuring and addressing
green ICT.

We also found that the results of a maturity scan can be used to identify
potential bottlenecks for the adoption of green ICT. By combining the SGIMM
with the G-readiness model [142] it was possible to see whether organisations
were ready in terms of attitude, policy, practice, technology, and governance.

In the next chapter we return to the organisations we followed to see whether
they actually follow-up on the results of their maturity scan. We wished to see
whether they would write an action plan and carry out improvement actions. Fur-
thermore, we also confirmed whether the potential bottlenecks that we identified
had become reality.

84



6
Adoption of Green ICT in Organisations

In this chapter, we address RQ5: ‘What factors of influence affect the adoption of
green ICT practices?’. We followed three organisations that used the SGIMM to
identify such factors. Tools such as the maturity model help organisations iden-
tify the ‘what’ and ‘how’. We found other factors, such as strategic alignment,
culture, and leadership, determine the ‘why’. As ICT is a general-purpose tech-
nology, it potentially affects all processes in an organisation. To have a greening
impact, the main challenge for green ICT is to take a systemic approach and in-
volve all (relevant) parties. ICT departments often position themselves as support
(followers, not leaders); this proves to be a significant hurdle in the adoption of
green ICT.

6.1 Introduction

In the previous chapter, we followed four organisations from the Dutch higher
education sector that used the SGIMM to see what the effect of the maturity
model was when it was used in practice. Both individual participants and or-
ganisations as a whole were positive on its use: the SGIMM increased awareness,
inspired taking action, and was insightful.

We left the participating organisations from our previous work at the end of
the maturity scan at the point where they knew how to benefit from the enabling
potential of green ICT in their own context. Whether they actually did so is what
we wanted to know when we started this follow-up study. Given that green ICT
potentially affects all business processes, we suspect that it would not be trivial
for organisations to carry out the suggestions for green ICT actions that followed
from the maturity scan; to adopt green ICT solutions. Therefore we wanted to
know what organisations would need to adopt green ICT.

We examined this question by returning to the four organisations that partic-
ipated in our previous study. After a year we wanted to see what happened and
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whether they were able to carry out green ICT activities. We lost contact with
one of the organisations because our participant left the organisation and had no
replacement, so we decided to leave them out of this study. We took interviews
at the remaining three organisations and we also wanted to do a second matu-
rity scan to measure their progress on green ICT. Our research questions are the
following:

1. What factors of influence affect the adoption of green ICT practices?

2. What role does a tool such as SGIMM have in the adoption of green ICT?

6.2 Method

To answer our research questions, we describe what happened at each of the three
participating organisations in a qualitative manner. After a year we returned to
each of these organisations and asked whether they would be willing to do another
maturity scan. We also wanted to do interviews with our contacts, the project
leads, and others involved if possible. After describing each case, we discuss the
observations made and explore the patterns that emerge from these. We expect
to see factors of influence that affected the success of the process of applying
green ICT in the organisation.

For the maturity scans, the approach was based on guidelines for a self-scan
that are provided in the instructions that come with the maturity model. These
are also described in Section 5.3.1 and Figure 5.1).

With a second maturity scan, we can see whether scores are different from the
first scan and if so, whether that can be attributed to green ICT actions taken.
This is an indication of whether the maturity model is effective and correct.

The interviews were semi-structured and addressed the following topics:

• Attitude towards sustainability and the role of ICT in greening the organ-
isation

• How sustainability and green ICT is organised (responsibilities)

• Opinion and attitude regarding the first scan and its results

• What happened after the first scan and why

• What should have happened and why it did not

In order to assess what affects the adoption of green ICT, we use the properties
of the G-readiness model - attitude, policy, practice, technology, and governance
[142]:
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• Attitude - Leaders and professionals, both in ICT and in business, are aware
of and interested in the role of ICT in resolving environmental problems.

• Policy - Green ICT and sustainability policies are developed throughout
the organisation and permeate the value chain.

• Practice - The organisation has implemented the policies and takes actions
to reduce their carbon footprint through the use of ICT.

• Technology - A green (business) infrastructure is present and updated ac-
cording to the latest green (ICT) standards.

• Governance - An organisation has clearly defined roles and responsibili-
ties for green ICT activities, administrates them properly, measures their
impact, and has allocated resources for them.

We scanned the results from the maturity scans and the interviews for aspects
that affect these five properties, We then framed these aspects in terms of factors
of influence (see [75]) that were present and influenced the success of the (adop-
tion of) green ICT. We did so for each organisation and we reviewed the combined
results for patterns that might emerge that relate to our research questions. Dif-
ferences and similarities between organisations were extracted through differences
in factors of influence and the drivers behind them or multiple occurrences of the
same factor of influence.

6.3 Field Study

In this section, we describe each of the three organisations participating in our
study. We start with the results of the first maturity scan and then present a
summary of the interviews done one year later. If present, we compare the two
maturity scans and see whether changes in scores can be attributed to actions
taken or not. Finally, we give an analysis of the readiness to adopt green ICT.

6.3.1 Organisation A

Organisation A is a university of applied sciences in the Netherlands. They are
one of the largest universities of their kind, with roughly 30,000 students and
3,000 staff. In terms of sustainability, they state that they are one of the front
runners in greening their business operations and integrating sustainability in
curricula. They also run a centre of expertise dedicated to renewable electrical
energy. In addition, they take part in a sector agreement with the government to
improve their energy efficiency, which is mainly focused on optimising the energy
consumption of their buildings and procuring and generating renewable energy.
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First maturity scan

At the time of the first maturity scan, Organisation A had a special programme
to develop and support sustainability. The budget was made available through-
out the organisation to stimulate ideas and projects, from renovating buildings
to improving daily issues such as separating waste. Within the ICT department
some steps were taken as well. One person, the project lead (PL), was desig-
nated to champion the topic and push for change through setting up projects
and stimulating others to participate. One of the activities was carrying out a
maturity scan to learn where the organisation stood and to gain inspiration for
improvement actions.

Together with the PL, we organised the maturity scan at Organisation A. Ten
participants filled out the maturity model which resulted in the scores in Table
6.1.

Table 6.1: Overview of average scores of the scans at Organisation A. The min-
imum score is 1; the maximum is 5. Scores are computed by taking the average
of the maturity levels that individual participants scored on each attribute.

1st 2nd 1st 2nd
Green ICT in the organisa-
tion

Greening of operations with
ICT

Green ICT strategy 1.8 Travel reductions with ICT 3.0
Governance of ICT services 2.6 Area reductions with ICT 2.7
Green ICT procurement 2.1 Energy reductions with ICT 1.8
E-waste policy 2.2 Paper reductions with ICT 2.9
Green ICT in information man-
agement and architecture

1.7 Feedback and decision support 1.4

Community collaboration 2.3
Green ICT supply chain manage-
ment

2.0

Greening of ICT Greening of primary pro-
cesses with ICT

Housing 2.0 Education 1.5
Computing infrastructure 1.9 Education support 1.6
Network infrastructure 1.6 Research 1.7
Storage infrastructure 2.0 Research support 1.7
End-user ICT equipment 2.4 Valorisation 1.6
Software and ICT services 1.6 Information access 1.6

We discussed the scores with the participants in an evaluation session. In
general, they agreed that the organisation of the ICT department was becoming
more sustainable but that this was mostly driven by cost efficiency rather than
green motives. They had already drafted a green ICT strategy document, but it
was not being used in practice. For procurement and e-waste, there were good
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practices but none was mandatory, so the application of such practices depended
on individuals. By extension, this applied to supply chain management as well.
Conclusions from these topics were that the ICT department could document
practices better and improve communication on green ICT options so that people
are aware of the choices they can make.

In the ICT infrastructure, continuity and reliability was the first priority. En-
ergy efficiency was not of the highest importance unless it would clearly affect
the business case in terms of cost reductions. The ICT department did take
energy-saving measures in their data centres and for the end user equipment.
Some monitoring was in place, which could be used for sustainability KPIs. In
addition, the participants saw possibilities to improve, especially in making con-
sumption more visible for the business (i.e. education and research). If the
impact of primary processes were more visible, a shift of priorities might become
possible (away from overly high reliability demands for example).

As for using ICT to green other processes, the ICT department could be
more involved: either in the decision-making process so that they could offer
green ICT solutions or in communication between needs and options already
in place. For example, there was an option of high-quality videoconferencing
between two main locations of the organisation, yet many people still travelled
for a meeting because they did not know of this option. Collaboration with
the facilities department did not happen very often while there were plenty of
opportunities. Similarly, knowledge, manpower, and willpower in education and
research (such as specialised scholars, student projects, and so on) could be used
for joint projects and visibility of green ICT.

While discussing the results of the maturity scan, it was clear that the ICT
department felt a real tension between what (they think) is the business demand
and their role in the organisation on the one hand and trying to be sustainable on
the other hand. Even though the organisation was favourable towards sustain-
able action, the role of ICT in becoming more sustainable was unknown. Green
ICT actions were mostly focused on reducing the energy consumption of ICT
itself to reduce costs. The effect of this was that the general attitude towards
sustainability amongst ICT managers and professionals was positive, but that it
did not have priority. Furthermore, part of the ICT professionals feared that sus-
tainability actions would affect their principle priorities such as the reliability of
ICT. In the end, becoming more green was often a side-effect of normal business
practices rather than a conscious choice.

After discussing the results of the maturity scan, we shared all suggestions for
improvement that followed from the scan with the PL. He intended to ask the
management of the ICT department to prioritise the possible actions so that he
could take these projects on.
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One year later

A year later we returned to the PL to repeat the maturity scan and see if there
was any improvement and whether that could be attributed to the actions the
ICT department had taken. Unfortunately, the PL did not think that repeating
the scan would be useful. After he shared the results with his management, there
was no response on how to proceed. He reminded them a couple of times, but
no actions were taken by the management. Therefore, he was disappointed with
the lack of progress in the past year. Instead of repeating the scan, we then
proceeded with interviewing him and two colleagues that also participated in the
first maturity scan: the ICT head manager (ICTM) and the services team lead
(TL). We chose these three individuals because we wanted to gather information
from different management layers in the ICT department. We used the informa-
tion from the interviews to derive which factors influenced the decision-making
and why there was no follow-up from the maturity scan.

The attitude of the PL towards sustainability was highly positive. He thought
it was important to reduce the human environmental footprint so that we preserve
what we have for future generations, took actions at home and was happy to be
able to contribute through his work as well. He was designated by the ICTM to
take the lead on sustainability projects for the ICT department. No one else in
the ICT department had (or was given) time to work on such projects and his
colleagues showed little interest in his activities. When he started working on
green ICT, the entire organisation was strategically encouraging sustainability
so it was relatively easy for him to successfully work on green ICT projects. In
the past year, sustainability was deemed by the board to be part of the daily
responsibilities of the staff and lost its special status. Together with pressure to
cut budgets, he saw this strategic change as the cause for the low priority of green
ICT in the ICT department, and this affected his motivation. The PL saw the
maturity scan as an opportunity to promote green ICT in the ICT department
and to make it a shared responsibility instead of something only he worked on.
He also wanted to push management to take the lead. This did not happen and
left the PL frustrated. He had come to the realisation that something else was
needed, such as pressure from outside (e.g. governmental policies).

The ICTM described a similar turn of events after the maturity scan. He
acknowledged that he still had to respond to the request of the PL and felt guilty
about the lack of response. He was happy with how sustainability was organised
at the ICT department and how the PL carried out his work, but he also saw the
PL struggling. He wanted to support but did not take action. The main reason for
this was that he had priorities elsewhere: the business demanded more efficiency;
there were structural changes in the ICT organisation, daily issues, and so on.
While he considered sustainability as important, he was not able to apply this in
his daily work. He acknowledged there were opportunities to do so, incorporating
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green ICT principles in roadmaps, for example, but did not act upon them. The
ICTM also mentioned other reasons for not doing so: he missed a top-down
strategy on sustainability; he could use examples from other organisations; ICT
people are focused on technology and not on sustainability which makes them
difficult to move; no money was available for green ICT projects. All in all, the
ICTM still wanted to do something with the results of the maturity scan, but at
the same time had little confidence he would do so due to the reasons mentioned
above.

Finally, the TL stated that he did not know how to contribute to sustain-
ability in his specific area. He thought others could have a larger contribution
than the marginal gains he could make. At home, he considered himself quite
sustainability-minded and transferred such views to his work environment, think-
ing the buildings could be equipped with light sensors, replacing paper cups with
mugs, and so on. He did not have significant knowledge of green ICT and there-
fore needed good examples from others. In addition, he felt the pressure of daily
issues and needed to hear from head management that this had priority, including
having targets.

Analysis of actions and scan results

Since there was no second scan, we could not make a comparison and see if
changes in scores relate to what happened in the past year.

Analysis of adoption of green ICT

Up until the time of the first scan, sustainability was being stimulated by the
board at Organisation A. While the ICT department was not a large part of
the sustainability programme, the general attitude of the maturity-scan partici-
pants towards green ICT was positive during the discussion and the evaluation
of the scan. In terms of policy, a general green ICT strategy was present but
not being used, and there were little to no policy guidelines on topics such as
procurement or e-waste. Because of this, whether green ICT actions were taken
was strongly dependent on motivated individuals. In addition, participants in
the maturity scan showed surprise when green ICT solutions were shared in the
group and argued for more communication between these expert individuals and
the rest of the ICT department on this topic. A similar comment was given on
communication on the (green) services the ICT department had to offer to the
rest of the organisation. The way green ICT was governed reflected this, because
green ICT responsibilities were delegated to a few individuals motivated and in-
terested in green ICT instead of making it a shared responsibility of the entire
department. Finally, the technical infrastructure could become a bottleneck in
the future if steps were taken to let energy consumption match the demand on
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the infrastructure. At this point, the infrastructure was designed according to
’always on’ principles because continuity and reliability are the highest priorities.
These aspects of the readiness to adopt green ICT at Organisation A at the time
of the first scan are listed in Table 6.2.

From the interviews after a year, we can derive a number of factors of influence
that can explain the lack of progress in applying green ICT in Organisation A.

First, it seems that several things are happening in the area of attitude. On
a personal level, the interviewees all responded positively towards sustainability.
However, in their work, green ICT clearly had low priority (PL, ICTM, and
TL). Both the PL and TL were missing leadership from the ICT management,
which they could demonstrate by saying it was important, allocating budget and
setting targets. The ICTM found it difficult to act for several reasons: one was
that he believed the ICT culture did not match well with sustainability aspects.
It seemed that sustainability was accepted and important when it affects their
work environment (more efficient buildings, use of cups versus mugs, and so on)
but people responded insufficiently when the demands affected the work itself
(i.e. green ICT). In addition, the PL and the ICTM mentioned the organisation
changed its strategy on sustainability and emphasised cost-effectiveness and other
priorities over sustainability (and green ICT).

The area of policies already scored poorly during the first scan, and no changes
were mentioned during the interviews. In the area of practice, the observation
that green ICT actions were dependent on motivated individuals was confirmed
in the interviews where the PL said green ICT projects were only successful if he
was involved, and the ICTM and the TL delegated everything on green ICT to
the PL. In addition the TL mentioned a lack of knowledge of how to apply green
ICT in daily practices. As there was no follow-up on the maturity scan, very
little action has been taken since. The PL therefore saw the governance of green
ICT as a real problem: there was no shared ownership in the ICT department.
Furthermore, there was a lack of budget to run green ICT projects (PL and
ICTM).

The ICTM, who had the power to change some of these limiting factors, re-
alised this on the one hand but also admitted he probably would not do anything
about it (even though he said he wants to). In addition to the reasons mentioned
above (organisational strategy and ICT culture), he thought examples from other
organisations would help as well (sector standards). Similarly, the PL thought
that external pressure from the student population (market forces) or the govern-
ment (compliance) would push the organisation to give sustainability and green
ICT a higher priority.

In Table 6.2 we list the factors of influence we derived from the interviews
and the maturity scan. As can be seen, there are factors that have a negative
influence on the adoption of green ICT in all areas of readiness.
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Table 6.2: Readiness to adopt green ICT at Organisation A

State of readiness at first
scan

Factors of influence

Attitude Positive attitude but not high
priority in ICT department

Strategy / alignment with business :
organisation changed strategy on sus-
tainability, causing a low(er) priority
at the ICT department (PL, ICTM)

Culture / leadership: there is a
lack of leadership from the ICT man-
agement regarding green ICT (PL, TL)

Culture / internal motivation: the
ICT culture is more focused on
technology rather than topics as sus-
tainability (ICTM)

Culture / internal motivation: all
interviewees personally respond posi-
tive towards sustainability in general,
but act differently in work practice
(PL, ICTM, TL)

Policy General strategy present but no
concrete guidelines

Corporate policies: there are no poli-
cies (e.g. procurement or e-waste) doc-
umented that help stimulate green ICT
actions

Practice Actions have been taken but
highly dependent on motivated
individuals

Governance / roles and evaluation:
there are no targets for green ICT so
no incentive to act (TL)

Current state / knowledge & skills :
there is a lack of knowledge and skills
on green ICT (TL)

Technology Designed for energy efficient ’al-
ways on’; other priorities may
prevent further steps

Current state / technical infrastructure:
the current infrastructure might be-
come a bottleneck when more advanced
Green ICT actions are required

Governance Delegated to individuals; not
seen as a shared responsibility

Governance / ownership: ownership of
green ICT is delegated to a few individ-
uals rather than a shared responsibility
(PL, ICTM)

Green ICT business case: there is
no budget for green ICT projects (PL,
ICTM)
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6.3.2 Organisation B

Organisation B is a university of applied sciences in the Netherlands. They
provide education to roughly 35,000 students and employ nearly 3,000 people.
Sustainability is a key strategic area for Organisation B. They see being sustain-
able as a duty to society and as a requirement for the future. Sustainability is
stimulated throughout the organisation in education, research, and operations.
In operations, the main focus lies on efficient buildings, efficient use of space, and
mobility. Green ICT is not specifically mentioned but there is room for good
ideas that contribute towards the sustainability goals of Organisation B.

First maturity scan

The maturity scan was presented at Organisation B as a source of inspiration
to become more sustainable. As such, it was not difficult for the project leader
(PL) to get people involved to participate in the scan, including from outside the
ICT department. Another reason was to make both the environmental impact
as well as the potential to green other processes more visible to the rest of the
organisation. Five participants filled out the maturity model and the results are
presented in Table 6.3.

Table 6.3: Overview of average scores of the scans at Organisation B. The min-
imum score is 1; the maximum is 5. Scores are computed by taking the average
of the maturity levels that individual participants scored on each attribute.

1st 2nd 1st 2nd
Green ICT in the organisa-
tion

Greening of operations with
ICT

Green ICT strategy 1.8 2.2 Travel reductions with ICT 3.0 3.0
Governance of ICT services 3.8 3.0 Area reductions with ICT 2.6 2.6
Green ICT procurement 2.6 3.0 Energy reductions with ICT 2.0 2.4
E-waste policy 3.2 3.6 Paper reductions with ICT 2.8 3.0
Green ICT in information man-
agement and architecture

2.0 2.2 Feedback and decision support 2.0 2.2

Community collaboration 3.0 4.2
Green ICT supply chain manage-
ment

2.6 3.0

Greening of ICT Greening of primary pro-
cesses with ICT

Housing 2.2 2.4 Education 2.0 2.4
Computing infrastructure 2.2 2.4 Education support 2.0 2.6
Network infrastructure 2.2 2.0 Research 1.8 2.4
Storage infrastructure 2.0 2.0 Research support 1.8 2.6
End-user ICT equipment 2.6 2.2 Valorisation 1.6 1.8
Software and ICT services 1.6 1.4 Information access 2.0 2.8
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While there were many green ICT activities at Organisation B, there was no
specific green ICT strategy. The strong push for sustainability from the board
was sufficient to stimulate motivated individuals to take up such activities. How-
ever, to achieve higher ambitions, the participants felt a need to develop a green
ICT strategy to make the activities more coherent and in connection with other
strategic sustainability activities such as the reduction of the footprint of mobility.
Similarly, there were general procurement guidelines that pushed sustainability,
which also had an effect on choices the ICT department had to make, but there
were no specific green ICT procurement policies. E-waste was properly disposed
of, but this was not well known outside the ICT department, which led to a situ-
ation in which some people did not properly dispose of their ICT equipment. As
for community collaboration, Organisation B was partnering with other schools
and universities regionally as well as nationally to share knowledge and resources
on ICT (and by extension on green ICT). In the supply chain, the participants
saw room for improvement by getting the vendors more involved in sustainability
and tracking their scores on responses to tenders.

The participants felt that the ICT department had done what it could to make
the ICT infrastructure more energy efficient. They explained their lower scores
by saying that they should keep track of a number of metrics to have KPIs and
insight into the true performance of the ICT infrastructure. The same was true for
end-user equipment, where the population of workstations and printers had been
significantly reduced, but the ICT department could not make it visible to the rest
of the organisation to a significant extent because they did not keep track of KPIs.
The participants thought the way ICT was organised was something to be proud
of, so they recommended making use of KPIs throughout the infrastructure.
Finally, sustainability in software and services had not been touched upon.

As for the role of ICT in greening other processes, the participants were mildly
positive with respect to the actions that had been taken up until now. They saw
the potential ICT could have, especially in contributing towards the reduction of
the footprint of mobility and buildings and the use of space; both aspects that
were of strategic importance to the board. They felt that the ICT department
should take a more prominent role, should positively demand influence in the
outcome, and communicate about the potential of green ICT solutions. Similarly,
the collaboration with the primary processes education and research could be
improved and is something that could be mutually beneficial: ICT offers many
solutions to help green education and research, and education and research could
help the ICT department take future steps and be more innovative through joint
projects.

The results of the maturity scan were presented to the PL together with a
number of suggestions for improvement with which he could begin working. A
year later, we returned to Organisation B to see what had happened.
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One year later

After a year, we invited the PL to repeat the maturity scan and the same par-
ticipants filled out the scores. The second scores can also be found in Table 6.3.
In addition, we interviewed the PL to gain some more insight into what had
happened over the past year.

The PL was very passionate about sustainability. It was important for him
to do what he could, as he worried about the state of the world and the direction
it was going. In his daily work, he approached this in a pragmatic way, doing
what he was able to do; the organisation gave him the freedom to do so.

The PL was happy with the results of the first maturity scan as it provided
a good reflection on the current state as well as a means to talk about (the
potential) of green ICT outside the ICT department. Unfortunately, he was
not able to take up many of the suggestions that followed from the scan as the
ICT department had a number of other priorities, amongst which changes in the
organisation of ICT and changes in the technical infrastructure (moving some of
the on-premise services to the cloud). Therefore, there was little room to move on
hard actions; however, some things did change on the softer side: the potential of
green ICT became better known as ICT was more involved with projects of other
departments. The ICT department also saw an increase in the number of student
projects that studied or piloted potential green ICT solutions. By extension,
suppliers were interested in joining such student projects increasing the scope
beyond their own organisation. Even in non-green ICT projects, sustainability
was always part of project plans through a mandatory chapter.

Reflecting on the past year and on how sustainability at Organisation B was
organised, the PL found that the clear message from the board that sustainability
was important helped him in his (side) projects. There was always room for good
ideas, and he felt he had the freedom to act (and to fail). The PL would like
to see the culture change at Organisation B accelerate, suggesting sustainability
should be ‘by design’ (which in terms of maturity is a high ambition). The pace
differed between organisational units, and in this case, the ICT department was
more a follower than a leader. The department did not have its own green ICT
strategy and the managers did not champion it. They also did not block it, but
the priorities were elsewhere. The effect of this was that success depended on
motivated individuals and that collaboration with other units (i.e. outside ICT)
more focused on sustainability had a higher chance of success.

Analysis of actions and scan results

Organisation B carried out a second maturity scan after a year (see Table 6.3)
so we can compare scores and see whether changes in the scores reflect actions
taken.
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In the first domain of green ICT in the organisation, most attributes scored
better than the previous year but one attribute (governance of ICT) dropped sig-
nificantly. The reason for this was that part of the technical infrastructure moved
to the cloud, which participants viewed as a loss of control (most likely temporar-
ily, because they needed to learn of other ways to improve control). Attributes
that were related to policies (strategy, procurement, e-waste, and architecture)
all scored higher because there was more communication on and knowledge about
sustainability in ICT. The increase in community collaboration can be explained
by the participation of the organisation in national projects to develop joint
infrastructure, which promised to significantly reduce the footprint of the ICT
department. Finally, the supply chain management scored higher because of
improved communication and joint projects with suppliers on sustainability.

In the domain greening of ICT, not much changed. Most scored roughly the
same (i.e. minimal change of ¡= 0.2). The lack of change was due to the fact
that the ICT department was working on large infrastructural projects (with the
potential to improve scores) that had not yet been implemented. The focus on
such projects left little time and incentive to improve the existing infrastructure.

The final two domains of greening operations and primary processes with
ICT all showed (marginal) improvements. This was clearly attributed to the im-
provement in communication about the potential of green ICT as well as ICT
participating in multidisciplinary teams. In addition, the ICT department pro-
viding research questions for student projects had a positive impact as well.

Analysis of adoption of green ICT

At the time of the first scan, sustainability was an important topic in the gen-
eral strategy of Organisation B. This was felt throughout the organisation and
also in the ICT department. There were no specific green ICT policies however.
Guiding principles on sustainability usually followed from general policies: for
procurement, for example. There was, however, a wish to develop such policies.
At Organisation B many green ICT activities were being put to practice, but they
struggled with promoting new possibilities to users throughout the organisation.
Green ICT successes were not visible outside the ICT department. Even though
the policies side was lacking, in practice, sustainability was almost always con-
sidered in projects and activities because of the top-down push from the board.
In terms of governance, roles and responsibilities were defined and resources were
available. The links with other departments outside of ICT could have been
stronger, but there were connections with facilities and the general sustainabil-
ity staff. The technical infrastructure was efficient and potentially adaptable to
demand. In general, in both technical aspects as well as user adoption, the pos-
sibilities to grow and use green ICT to become more sustainable existed but the
next steps had not yet been taken.
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Table 6.4: Readiness to adopt green ICT at Organisation B

State of readiness at first
scan

Factors of influence

Attitude Positive attitude, both from gen-
eral management as in ICT de-
partment

Strategy / alignment with business : the
board strongly pushes for sustainabil-
ity, stimulating the necessary culture
change

Culture / leadership: there is lit-
tle management leadership in the
ICT department (i.e. followers not
champions)

Policy None in place Corporate policies : there are no spe-
cific green ICT policies (e.g. procure-
ment or e-waste) documented that help
stimulate green ICT actions. There
are strong general sustainability poli-
cies though that have an effect on ICT.

Practice Many actions have been taken;
struggle to get users to take ad-
vantage

Governance / roles and evaluation:
there are no targets for green ICT, but
every project does need to consider
sustainability in a dedicated chapter

Technology Potential present but not fully
taken advantage of

Current state / technical infrastructure:
as the infrastructure is adding compo-
nents from the cloud, it gains the po-
tential to be flexible and provide just
sufficient to meet demand

Governance Roles and responsibilities de-
fined; resources available

Governance / ownership: ownership
of green ICT is delegated to a few
individuals

Green ICT business case: the or-
ganisation is willing to consider solid
green ICT business cases, but the ICT
management is somewhat reluctant
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From the two maturity scans and the interview with the PL, we found a
number of interesting factors that influenced the adoption of green ICT.

First, the positive attitude and leadership of the board towards sustainability
was a strong driver for success at Organisation B. Motivated individuals such
as the PL felt sufficient support to act on their ideas. Similarly, the PL felt
that sustainability was part of a long-lasting culture change, and even though
he thought the change could go faster, it was not difficult for him to promote
and push ideas on sustainability and green ICT. The PL did notice that the
ICT management showed different leadership as opposed to the board of the
organisation. In this respect, ICT was more a follower than a leader and this had
an effect on priorities.

For policy, there was not much in place at Organisation B on green ICT.
However, the strong general policies on sustainability did have an impact on the
decision-making in ICT. During the past year, best practices on procurement
and e-waste became better known although they were not fully documented in
specific policies.

In practice, there were no specific sustainability targets for ICT. As a result,
sustainability was not highly prioritised throughout the ICT department. Or-
ganisational policies and mandatory paragraphs on sustainability when drafting
a project or a tender did have an effect, however.

As for the technological infrastructure, Organisation B was performing well
in terms of architecture, technical solutions and how they approached balancing
supply and demand through cloud solutions. The use of the infrastructure was not
fully optimised because there was no measurement of sustainability indicators.

Finally, the governance of green ICT was limited. A few enthusiastic individ-
uals had some leeway to act on good ideas but there were no other roles defined
in the ICT department or targets that the organisation held them accountable
for. The difference in attitude between the board and ICT management could be
a limiting factor to further advancement.

6.3.3 Organisation C

Organisation C is one of the largest universities in the Netherlands, with over
30,000 students and 5,000 staff. Sustainability is an important topic for Organ-
isation C, and they have set themselves targets on reduction of CO2-emissions,
energy efficiency, and reducing waste. Especially in reducing waste, they see a
prominent role for ICT as digitisation leads to less use of materials (e.g. paper).
Other than that, the sustainability strategy focuses mainly on procuring renew-
able energy, producing renewable energy themselves, and increasing the energy
efficiency of buildings.
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First maturity scan

At the time of the first maturity scan, the ICT department of Organisation C
had recently finished a reorganisation. They thought this was a good moment
to measure the current state of sustainability in ICT and to make a start with
green ICT in the new organisation. The project leader invited nine colleagues to
participate. The scores of the first maturity scan are shown in Table 6.5.

Table 6.5: Overview of average scores of the scans at Organisation C. The min-
imum score is 1; the maximum is 5. Scores are computed by taking the average
of the maturity levels that individual participants scored on each attribute.

1st 2nd 1st 2nd
Green ICT in the organisa-
tion

Greening of operations with
ICT

Green ICT strategy 1.6 1.1 Travel reductions with ICT 2.3 2.1
Governance of ICT services 2.6 2.6 Area reductions with ICT 2.3 2.1
Green ICT procurement 2.1 2.2 Energy reductions with ICT 2.0 1.5
E-waste policy 2.3 2.7 Paper reductions with ICT 2.4 2.2
Green ICT in information man-
agement and architecture

1.4 2.1 Feedback and decision support 1.7 1.4

Community collaboration 1.8 1.7
Green ICT supply chain manage-
ment

1.8 2.1

Greening of ICT Greening of primary pro-
cesses with ICT

Housing 1.8 1.7 Education 1.9 1.8
Computing infrastructure 1.8 2.0 Education support 1.7 1.8
Network infrastructure 1.6 1.5 Research 1.4 1.5
Storage infrastructure 1.6 1.6 Research support 1.8 1.6
End-user ICT equipment 1.8 1.9 Valorisation 1.2 1.4
Software and ICT services 1.4 1.1 Information access 2.2 1.4

In the domain ‘green ICT in the organisation’, the strategy did not score
highly, because the ICT department did not have a specific green ICT strategy.
The organisation did have a general strategy, the effects of which were visible, and
there were plenty of activities related to sustainability. Participants did recom-
mend translating the general strategy to a green ICT strategy and incorporating
current activities. This would also provide a means to communicate more about
green ICT activities as they were not well known, even inside the ICT depart-
ment. The governance for ICT services was at an acceptable level, but some
employees would still buy their own ICT equipment rather than turning to the
ICT department for support. There were some procurement guidelines, but they
were not heavily enforced. In addition, there was an e-waste policy but this was
not well known. Participants were not entirely sure everyone followed the policy
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and recommended increased communication about it.
As for ‘greening of ICT’, a large infrastructural project impacted the scores

in this domain. Many changes had been implemented that should have a positive
influence on future scores. Such changes included virtualisation, use of cloud
services, and potential use of sleep mode in unused devices. The score of the
attribute ‘end-user ICT equipment’ could be explained through the many desktop
computers still present at the campus. There were plans to shift towards a bring-
your-own-device approach.

In the domain ‘greening of operations with ICT’, the ICT department offered
services to work from home and had a number of projects to reduce the use of
paper. However, such services were not always well-known or stimulated in the
organisation. Similarly, the ICT department saw the potential to help reduce the
use of energy and buildings but was not responsible for these areas, and there
was little communication between them and the facilities department. In terms
of feedback and decision support, there was plenty of information stored through
monitoring and logging, but there was no reporting on green ICT performance
indicators.

Finally, the participants responded to the scores of ’greening of primary pro-
cesses with ICT’ with that this was a new subject for them. Again, there were
sufficient opportunities for the ICT department to provide services that could
help green primary processes, but this was not happening because of a lack of
communication between ICT and primary processes. Furthermore, the partici-
pants thought they could show greater initiative in bringing these services to the
customers rather than responding to requests alone.

One year later

Not long after the maturity scan, the project leader left Organisation C. This
had a major impact on their progress on green ICT activities.

After the first scan was finished the old project leader (OPL) wrote a report
on the scores with a number of recommendations. Because he felt that they were
just starting, he suggested taking up a number of small initiatives first, combined
with formulating policy documents such as a green ICT strategy to provide a
solid base for future steps. Amongst the initiatives were adding a sustainability
chapter to all project documents and communicating more about what the ICT
department was already doing and how ICT services could improve sustainability
for the whole organisation.

A year later, no recommendations from the report were turned into actions
because the OPL left and there was no replacement. Recently, a new project
leader (NPL) was appointed by the ICT director (ICTD) and she requested re-
peating the maturity scan to make a new start. We did so (scores added to Table
6.5) and we interviewed these three to reflect on the past year.
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In his daily life, the OPL considered sustainability important and he found it
satisfying that he could work on sustainability through his green ICT activities.
He was happy with the maturity scan and found the results useful, regretting
leaving at the point at which actions could be taken. He did consider it indicative
that nothing happened after he left. There was no real (formal) strategy so
anything that happened depended on the persons involved and their individual
motivation. He experienced that most people were positive to the first ideas,
but responded in a lacklustre or negative manner when it came to the business
case. The reason for this was the lack of top-down encouragement in terms of
leadership and targets. During his time as a ‘champion’, the OPL found that his
role was necessary to pave the way and keep people involved but that he lacked
the support and a mandate to create movement. This was a matter of culture and
leadership and the OPL thought such change should start at the top. He saw the
ICTD as supportive but not encouraging green ICT, so the middle management
was mostly ignoring it. Finally, outside pressure from the municipality or the
government could help, but should be made more specific as general pressure on
sustainability was not felt at the ICT department in Organisation C.

The NPL had recently begun after roughly a year but did participate in the
first scan. She was passionate about sustainability herself and was convinced that
she and her colleagues at the ICT department should do more to promote green
ICT solutions. She was motivated to pick up where the OPL left off, but also
saw some organisational problems that could block progress. These were similar
to what the OPL mentioned: there was some support from the top but this was
lacking on the middle (tactical) level. There were no targets on green ICT, so
it did not have priority and anything that happened depended on enthusiastic
individuals adopting bottom-up initiatives. There was not much communication
on what ICT could do for sustainability, although there were opportunities in
procurement and architectural principles to improve sustainability at the ICT
department.

Finally, the ICTD also had a positive attitude towards sustainability. He saw
a role for green ICT and what the ICT department could do for the organisa-
tion, but he did not receive any directions from the board, so it was difficult to
prioritise it. He saw more potential to succeed in seizing sustainability oppor-
tunities when possible, such as when procuring new equipment and making sure
they followed the latest sustainability standards. Therefore, green ICT was not
really organised (other than having a champion) but was something that should
be part of everyone’s thinking, according to the ICTD. A champion was necessary
to keep green ICT visible but should not be responsible (it should be a shared
responsibility). Furthermore, he did not think that they were doing very bad
in terms of green ICT as he saw a lot of activities that could be related to sus-
tainability, such as how they approached procurement and e-waste, virtualisation
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of servers, flexible work and travel services, digitisation of paperwork processes,
and so on. He was also open to new ideas and proposals from his staff, willing to
make money and time available for such projects. He did think it could help to
get inspiration from other universities and see how they are doing.

Analysis of scan results

Because Organisation C redid the maturity scan, the expectation was that there
were not many differences between the two scans. The scores in Table 6.5 confirm
this. Furthermore, the evaluation of the second scan with the participants did
not lead to new insights (similar conclusions were drawn).

Analysis of adoption of green ICT

From the first scan and evaluation we could say the following about the readiness
to adopt green ICT at organisation C. The ICT department was more formal in
their approach to the topic. There was not a specific push from the board to be-
come more sustainable, and this was also reflected in the ICT department: it did
not have a high priority. The general attitude towards sustainability was cautious
but positive. ICT was not fully centralised, which meant that the governance of
ICT infrastructure and services was also not fully covered. For both governance
and policies, there were no specific green ICT documents implemented. In prac-
tice, some green ICT actions had been taken, and some efficiency steps could
also be labelled green. Individuals were certainly willing to take such actions,
but sometimes lack the empowerment or the resources. Awareness of green ICT
outside the ICT department was not present, probably caused by the lack of com-
munication on the possibilities of green ICT. Finally, the technical infrastructure
did offer possibilities to make use of green ICT solutions, but as in other organ-
isations, the priorities of the ICT departments were not at saving energy but at
keeping the infrastructure available for all users. In Table 6.6 we summarised
this.

From the scans and the interviews one year later, we found a number of factors
that influenced the adoption of green ICT at Organisation C.

First, the attitude at the ICT department at Organisation C was mostly
determined by the organisational strategy and the leadership and culture in the
ICT department. While the organisational strategy on sustainability had a clear
direction including targets for energy and CO2-reductions, there was no link
with ICT services. It seemed that from both sides, from the board towards the
department and from the ICT department towards the rest of the organisation,
that there was little initiative or motivation to make this link stronger. Within
the ICT department the ICTD showed his support when discussing green ICT
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Table 6.6: Readiness to adopt green ICT at Organisation C

State of readiness at first
scan

Factors of influence

Attitude Cautious but positive attitude;
not a priority

Strategy / alignment with business :
the organisation as a whole consid-
ers sustainability important but the
ICT department is not strategically
aligned. There is no demand from the
organisation and no push from the ICT
department.

Culture / leadership: there is lit-
tle management leadership in the
ICT department. The ICT director
is positive, but does not champion it.
The middle management is passive.

Policy None in place Corporate policies: there are no specific
green ICT policies (e.g. procurement or
e-waste) documented that help stimu-
late green ICT actions.

Practice Some actions have been taken;
mostly driven by motivated indi-
viduals

Governance / roles and evaluation:
there are no targets for green ICT

Technology Potential present but other pri-
orities may collide

Current state / technical infrastructure:
changes in the infrastructure to move to
virtual servers and cloud services can be
used for green ICT solutions.

Governance Nothing defined Governance / ownership: the ICTD
wants green ICT to be a shared re-
sponsibility but sets no target, with the
effect that no one prioritises it outside
a number of motivated individuals.

Green ICT business case: the ICTD
is willing to consider solid green ICT
business cases
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solutions, but he did not champion it. As a result, the general attitude towards
sustainability in the ICT department was not positive or negative but passive.

The passive attitude affected all other indicators for adoption. There were
no specific policies on green ICT, although those could be derived from good
practices already in the department, such as those relating to e-waste. There
were some good practices, but these were dependent on motivated individuals
whereas others were not pushed by targets required to be met. The current state
of the technological infrastructure did provide some opportunities to take green
ICT actions, but none were taken.

Finally, the way green ICT was governed is not insufficient in theory, as the
ICTD thought everyone should be involved and that green ICT was a shared
responsibility. He was also willing to support green ICT projects if the business
case was sound. However, it was also ok for members of the ICT department to
not be involved, so there was little action.

6.4 Discussion

Now that we have described each of the three participating organisations in our
study, we can use the data collected to see whether any patterns emerge that
help us answer our research questions.

6.4.1 Many factors influence the adoption of green ICT

From the field study, we see that there are many factors at play that influence
whether green ICT solutions will be adopted or not. We mapped these onto the
five properties of G-readiness [141] for our three organisations. From these re-
sults we found a number of prominent factors of influence: strategic alignment,
culture and leadership, ownership, knowledge and experience, and technical in-
frastructure. These all seem to be prerequisites or at least areas that need to be
attended to, once an organisation wants to apply green ICT solutions.

Strategic alignment

All three participating organisations had green ICT champions who ran green
ICT projects and activities. On the top level, their organisations made sustain-
ability a priority, which gave the champions the motivation and freedom to act.
Some of them, however, became frustrated along the way. This is because there
was a difference in priority on sustainability between the board-level strategy and
the strategy of the ICT department. They were not (sufficiently) strategically
aligned to advance green ICT beyond the ad hoc projects stage. Even within the
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ICT department, we observed at Organisation A that the ICT manager (depart-
ment lead) took a different position from the middle management (team lead).
Such different priorities at different layers in the organisation make it difficult for
champions to move forward on green ICT. There is also a lack of strategic knowl-
edge of the impact of green ICT that makes (the role of the) ICT department
poorly visible: organisations focus on greening their buildings, recycling, and so
on, but not much on applying green ICT. This is what we see at Organisations
A and C which do make sustainability a strategic priority, but do not translate
this to the ICT department.

Culture and leadership

A consequence of different (and low) priorities at the management level in the ICT
department is that there is a lack of leadership. In such situations, as we have seen
at Organisation A (and to a lesser extent at the other organisations), the topic
of green ICT is delegated to the champions and no one else feels responsible.
As we have argued, sustainability is typically a topic that needs to be carried
throughout the organisation. This leadership does not need to come from the
ICT department but can also come from higher up such as the board, as we have
seen at Organisation B. As long as the leadership is strong enough, such support
will be sufficient.

Leadership is strongly linked to culture. The ICT department typically po-
sitions itself as a service and support unit; which translates to followers, not
leaders — not only in behaviour but also in belief. There are also beliefs from
ICT professionals that green ICT actions have a deep impact on the quality of
the ICT infrastructure and services (e.g. that repeatedly turning equipment on
and off has an impact on the life cycle). The ICT manager at Organisation A
believes that ICT professionals are mostly interested in the newest technology
and not the most energy-efficient technology. Such beliefs impact how leadership
acts on and prioritises green ICT.

Finally, there is a typical behaviour linked to sustainability that is also recog-
nisable in the ICT department: people say sustainability is important, but they
do not act on this belief. They need external motivation (e.g. hard targets,
priorities) before their behaviour changes. This is often linked to the idea that
sustainability equals renewable energy, recycling, fair trade, and so on, and not
changes in their own daily work.

Ownership

We have followed three organisations that have shown a positive attitude towards
sustainability and are (in principle) willing to take some green ICT actions. As
green ICT is not common grounds, these organisations are not representing the

106



Chapter 6. Adoption of Green ICT in Organisations

average but rather the early adopters. Even so, or maybe because of this, green
ICT is not anchored in the organisation of the ICT departments. At all three
organisations, there was a clear champion (or a few) which had all responsibilities
delegated to. This is an indicator of low maturity and a lack of readiness.

Both Organisations A and C mention this in their interviews and they think a
sense of shared responsibility is needed to proceed further (and not frustrate the
motivated individuals). While Organisation B has a similar organisation of green
ICT in the ICT department, there is strong support (and sense of responsibility)
outside the department, which helps in having successful green ICT projects.

Knowledge and experience

Something that continuously appeared in the maturity scan and interviews is
the lack of knowledge of green ICT and the lack of communication on green
ICT solutions already present in the organisation. Therefore, there is very little
knowledge of green ICT and the solutions it can provide within the organisation
and even within the ICT department. This affects new ideas for green ICT
projects, the willingness to participate in green ICT activities, the development of
policies and strategies on green ICT and users applying green ICT solutions. This
is also where Organisation B was most successful between the two maturity scans:
there was a lot more sharing and collaboration between the ICT department and
other departments within the organisation.

Technical infrastructure

None of the three organisations show high scores in the domain ‘greening of ICT’.
That is because they have applied the quick wins (motivated by cost efficiency)
with data centre cooling techniques and virtualisation techniques, for example
- techniques that make the use of ICT more energy efficient. However, they
have not applied the more advanced green ICT techniques that focus more on
dynamic use of ICT, thus creating a better fit between supply and demand on a
day to day basis. However, from a readiness perspective, the state of the technical
infrastructure and the services provided is not a limiting factor. The technology
is ready for green ICT solutions.

6.4.2 Tools help adoption once an organisation is ready

The SGIMM is designed to give organisations a practical and accessible way to
reduce the environmental impact of ICT and make use of green ICT solutions.
After the first scan participants confirmed that the model helped them under-
stand and apply green ICT. In general, they found it a useful (and efficient) way
to gain an overview of where their organisation stands and quickly generate ideas
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for improvement. Furthermore, the use of the model increased their own aware-
ness as they learned more about the possibilities of green ICT, including how it
can enable environmentally friendly solutions in other business processes.

From the results of our field study and the way other factors were of influence,
we can derive the basic conclusion that using tools such as SGIMM is not by itself
sufficient for organisations to adopt green ICT. Therefore, we ask what role do
tools such as SGIMM have in the adoption of green ICT.

Tools can measure progress

The SGIMM provides a maturity scan, which is a snapshot of the state of green
ICT at the organisation at that moment in time. We assumed that repeating the
maturity scan one year later would reflect changes made in between the scans.
For that, the model needs to be sufficiently reliable, which means changes in
maturity scores can be explained by actions taken and vice versa (no actions
taken equals no change in scores).

Starting with the latter, at Organisations A and C there were no green ICT
actions taken in between the maturity scans. Organisation A saw no point in
repeating the scan, but C wanted to make a fresh start and redid the scan. We
found that the scores were quite similar, meaning that the model is reliable when
there are no changes.

At Organisation B a number of changes took place. we found the use of the
maturity model itself had a positive effect on the organisational aspects of green
ICT such as policies. Because people from different disciplines within the ICT
department participated in the maturity scan, this allowed them to share good
practices and discuss improvements for policies such as e-waste and procurement.
Not only because these were identified as areas for improvement, but also because
the maturity model provided a shared language and made it easier to discuss and
implement policies.

In addition, involving participants from outside the ICT department increased
awareness of green ICT solutions for the whole organisation. One of the main
outcomes of the scan was to communicate and collaborate more on green ICT.
From the interview, we understand that the ICT department is more actively
searching for collaborations with other departments, with student projects (pri-
mary process) and with vendors (supply chain). Many attributes of the maturity
model improved their scores because of this proactive behaviour.

Aside from the organisational aspects, the model also describes the technical
aspects of green ICT. In the year between the scans, there were no significant
technical green ICT projects at Organisation B that could impact the results
of the second scan. The main reason was that larger ICT projects prevented
green ICT activities to start (the timing was not right). However, there was a
change that had a significant impact on the scores. The governance of ICT scored
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significantly lower in the second scan due to the strategic decision of moving
part of the ICT infrastructure off the premises and into the cloud. In terms of
reliability, this is important because other (non-green ICT) technical activities
can impact the results of the maturity scan.

The use of tools can help identify potential bottlenecks

The maturity model is designed to identify areas of improvement and make sug-
gestions to improve them. It focuses on ‘what’ would benefit from green ICT in
an organisation and ‘how’ the organisation can do so. We see that the factors of
influence we identified in the field study are more related to ‘why’ an organisa-
tion would (not) apply green ICT solutions: individual or strategic motivation,
culture, organisational structure, who benefits and who does not, and so on. It
seems that if the ‘why’ is not in order; this will be a bottleneck to getting green
ICT solutions beyond a certain (maturity) point.

While tools such as the maturity model do not address the ‘why’, the results
of the maturity scan can be used to identify potential bottlenecks. For example,
the fact that there is no green ICT strategy implies there is no strategic alignment
with the organisation on the topic of sustainability. The fact that there is little
communication on current green ICT solutions and sharing of good practices,
implies that there is no shared ownership and that any progress is dependent on
motivated individuals. Such implications can then be used with models such as
the G-readiness model by Molla ([142]) to target specific bottlenecks and address
the ‘why’.

Readiness to adopt and implement

While simply using a tool such as SGIMM is not sufficient to make organisations
act on green ICT solutions, once an organisation is ready, the SGIMM is an
effective tool to identify what needs to be improved and how. In addition, such
tools can be used to measure progress and identify potential bottlenecks in the
adoption of green ICT. Combined with a model such as the G-readiness from
Molla [142], they cover the bases of ‘why’, ‘what’, and ‘how’ to get organisations
ready to adopt and implement green ICT solutions.

6.4.3 Green ICT adoption needs a systemic approach

Green ICT seems to be different from some other technologies in the sense that
there can be many bottlenecks that prevent its adoption. We argue that this is
because green ICT adoption needs a systemic approach from the organisation.

First, we have to recognise that ICT is a general-purpose technology, meaning
that it is a technology that can affect an entire economy and drastically alter
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society. Likewise, it can have a large impact on an organisation, affecting all
business processes.

ICT can affect processes in a number of different ways, but they can be
broadly divided into two categories: ICT solutions that automate or optimise
processes, improving on what we have but not changing the way we do it, and ICT
solutions that change the workflow of the process, for example by dematerialising
or substituting parts in flow. Generally speaking, the first class of solutions are
easy to implement, but the latter require a change in behaviour of those working
on that process. For green ICT, this means that to fully benefit from its enabling
potential, everyone needs to be on board and willing to change the way they
work.

From an environmental sustainability perspective and starting from the large-
scale view: we have a global challenge to reduce our footprint in order to prevent
global warming and climate change. The way we collectively act can change its
course, but if we act individually, we do not see its impact (generally speaking)
and gain little benefit from it. In other words, as an individual or as an organi-
sation we do not feel the pain and the need to change even though we rationally
know this is the right thing to do. This difference in priority and impact repeats
itself in every layer of society and on every management level in an organisation.
As a consequence, there are often different priorities at the organisational level,
department, team and individual level; as we have seen in our field study.

This combination of the thoughts ‘I need to change the way I work’ and ‘Why
should I change my behaviour if I have so little impact and gain no benefit from
it?’ makes it difficult for individuals to act on green ICT. While few actions can
be carried out by individuals or are such low-hanging fruit that other incentives
such as significant cost reductions are dominant drivers, most green ICT activities
require involvement from multiple parts of the organisation and a certain mindset
(often different from current one). Often the benefits of such activities are at
a different part of the organisation than where the costs are (ICT department).
This again requires a step up in the hierarchy in the organisation to make it work.
Therefore, green ICT adoption needs a systemic approach from the organisation.

6.5 Conclusions

In this chapter we have followed three organisations that used the SGIMM.
Through our field study, we wanted to find out what organisations need in order
to adopt green ICT. Specifically, we wanted to know what factors of influence
affect the adoption of green ICT and what role tools such as the SGIMM have in
this adoption process. All three organisations used the model to make a maturity
scan and discussed the results with the participants. This led to suggestions for
actions they could take to improve their green ICT. We returned to these organi-
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sations a year later to repeat the scan and see if there were any differences in the
results. We repeated the scan at two of the three organisations and conducted
interviews to collect information on what happened in between the scans and
why.

Taking the perspective of green ICT readiness [142], we took the results from
the scans and the interviews and derived factors of influence at each of the three
organisations that affected the adoption of green ICT.We found that many factors
influence the adoption of green ICT and discussed five important ones. The first
is strategic alignment at all the (management) layers in the organisation: we
found that if on some layer there are different priorities (and the rest of the
organisation accepts this fact), this will block green ICT adoption. Second is
that bottom-up enthusiasm is not sufficient; leadership is also required because
sustainability actions often cannot be contained — they affect a larger part of the
organisation. A third factor is culture and beliefs on ICT and sustainability that
need to be changed. Fourth is about ownership and how green ICT is governed:
ownership needs to go beyond the motivated individuals and be made a shared
responsibility. Lack of knowledge of and communication on green ICT solutions
is the fifth factor of influence we found. Finally, we concluded that the technical
infrastructure is or will not be a bottleneck for the adoption of green ICT.

Tools such as the SGIMM can help organisations adopt green ICT once they
are ready to do so. Their main role is to identify areas of improvement (‘what’)
and generate suggestions on how to do so (‘how’). Tools can be used to measure
progress (such as we did by repeating the scan) and they can also be used to
identify potential bottlenecks in the organisation (some results such as the lack
of a green ICT strategy, imply a lack of strategic alignment if there is a green
strategy at the organisational level). If at the organisational level there is no
good answer to ‘why’ they should work on green ICT, tools such as the SGIMM
can make only a small difference.

The key insight is that green ICT requires a systemic approach from the
organisation because it affects the workflow of all members of the organisation
and every process they carry out. It cannot be delegated to a few individuals
without taking some (shared) responsibility. As long as members or groups are
not willing to look beyond their own tasks, organisations cannot grow much more
mature and are limited in their adoption of green ICT.
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7
Conclusions

The ways in which ICT can impact the environment are manifold. As we have
seen, ICT can have a positive or negative effect on our footprint, and it can in-
fluence the environment in direct, indirect, and systemic ways. This complexity
makes it difficult to understand the complete impact of ICT on the environment.
The research on such processes is not complete, and translating this to a practical
tool for organisations is not trivial. In this thesis, we have seen what the state of
the green ICT research field is, the factors that influence the environmental impact
of ICT and the creation and application of a maturity model within organisations
to assess the impact and adoption of green ICT. This final chapter gives a sum-
mary of the main contributions structured accordingly to the research questions
and suggestions for future research directions. This thesis then concludes with
some final thoughts.

7.1 Main Contributions

The goal of this thesis is to contribute towards making green ICT in its entirety
more accessible to organisations. We identified a lack of a practical and complete
model on green ICT that organisations can use, that also considers higher-order
effects. The main research question is ‘How can organisations make use of the
potential of green ICT?’. We divided this research question into a number of
sub-research questions. This section gives a summary of our answers to these
research questions.

7.1.1 RQ1.1. How is the potential of green ICT reflected
in research?

We addressed this research question through a systematic literature review of the
main activities, trends and issues that can be found in the green ICT literature.
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We found that green ICT research became more active from 2009 onwards. When
categorised, the research was mostly focused on direct and optimisation effects
(74% of the primary studies). This confirmed our experience from practice that
there is a certain bias in green ICT towards direct effects. In contrast we found
few studies addressing systemic effects. We identified seven classes of issues
reported by the studies, with lack in research and documentation and lack of
people awareness were the most dominant ones. This again showed that green
ICT is still a young (research) field.

When mapping the environmental effects reported in the primary studies to
the ones described in Hilty’s framework (Figure 1.2), we discovered an interesting
gap. A class of papers could not be classified as they did not report any of the
effects described in the framework. These papers focused on people awareness
strategies [111], which can be defined as strategies to use ICT to give people in-
sight into their energy consumption and suggest alternative consumption models.

7.1.2 RQ1.2. What are the factors of influence on the en-
vironmental impact of ICT?

For this question, we also used a systematic literature review to collect factors
of influence regarding the environmental impact of ICT. We wanted to know
which factors of influence have been published and how they would map onto a
classification of environmental effects of ICT (i.e. Hilty’s framework). From the
data we collected and the analyses made, we created a taxonomy and reported
on the frequencies of the factors of influence in the primary studies and gaps
and additions compared to Hilty’s framework. We found 97 unique factors of
influence that we classified into five domains in a taxonomy: ‘societal impact on
organisation’, ‘organisational impact on ICT’, ‘direct impact of ICT’, ‘indirect
impact of ICT’ and ‘systemic impact of ICT’.

Comparing the taxonomy with Hilty’s framework, we identified gaps in the
indirect and systemic orders of impact. The problem side particularly is missing
amongst the factors of influence found, but the domain ‘systemic impact of ICT’
is weakly represented in general. We used Hilty’s framework as a conceptual
starting point, but from a practical perspective it made sense to add two domains
to the taxonomy: ‘societal impact on the organisation’ and ‘organisational impact
on ICT’. We think there is a natural flow between the domains that can be
represented as a cycle (Figure 7.1).

Taking the primary studies as a representation of the research field, we found
that there is a strong focus on the domains ‘direct impact of ICT’ and ‘organi-
sational impact on ICT’. Given the enabling potential of green ICT, the lack of
attention to the indirect and systemic impacts of ICT is striking. In addition,
none of the primary studies comes close to complete coverage of all the factors of
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Figure 7.1: The five domains presented in a cycle.

influence found. These findings confirm the conclusions from RQ1.1.

7.1.3 RQ2. How can the potential of green ICT be mod-
elled for organisations?

This part of the research took a practical approach. We had the opportunity to
work with a green ICT community. From that community we found a need to
develop a practical tool to model green ICT for organisations. Together with a
number of experts from the community, we created the SURF green ICT maturity
model (SGIMM) that was used for further research. In this model we chose to
stay away from the common bias towards direct effects and introduce a complete
view on green ICT (while keeping a balance with practical needs).

The SGIMM conceptually consists of four domains covering negative and
positive impacts and aspects of ICT: ‘green ICT in the organisation’, ‘greening
of ICT’, ‘Greening of operations with ICT’ and ‘greening of primary processes
with ICT’. The first three domains are applicable to any organisation. The
fourth domain is sector-specific as it covers primary processes: for example, for
the higher education sector, the primary processes would relate to education
and research. Each domain consists of attributes that have a definition and a
description of a level five maturity.

The SGIMM is designed to give organisations insights into the maturity of
green ICT of the organisation. It is set up as a self-assessment and enables or-
ganisations to have an internal dialogue, to gain agreement on the status quo and
to define actions for improvement. By letting several individuals within an or-
ganisation score the attributes and discussing theses scores with the participants
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(average, minimum, maximum scores, etc.), an organisation can identify weak
and strong green ICT aspects.

7.1.4 RQ3. How is the quality of the SGIMM assessed by
its potential users?

Before we could use the SGIMM in research, we wanted to know if the quality of
the model would be sufficient to do so. The quality of the model and its accuracy
to capture the full scope of green ICT was evaluated through an online survey.
We evaluated the quality of the model according to the relevancy of attributes,
whether the attributes were well defined, and whether the domains were com-
plete. From the participants responses, it seemed that the maturity model was
covering most aspects of green ICT within the three domains. Two attributes
were considered not relevant and six suggestions were made for new attributes.
The participants considered the description of the attributes in general well-
defined with some small revisions. With the results of the survey, we improved
the maturity model and continued our research with the improved model.

7.1.5 RQ4. How does the SGIMM function in practice?

We then wanted to know how a model that would address a (more) complete
approach on green ICT would function in practice. In addition (as sub-research
question 4.1), we were also interested in whether the use of the SGIMM would
identify potential bottlenecks for adoption.

We addressed this research question through a field study that followed four
organisations which used the maturity model to gain insight into where they
stand as well as to be inspired to take action. These organisations participated
in a maturity scan, an evaluation session to discuss the results of the scan, and
a questionnaire on the use of the model. By using the model not only to gain
an overall impression of the maturity of green ICT but also to discuss the results
with participants in an evaluation session, the value of the maturity model was
clear to the participants. Both individuals and organisations as a whole, were
positive on the use of the maturity model. The results show that the model
delivers specific suggestions for improvement both on reducing the environmental
footprint of ICT and on using ICT as a green solution for business processes.
Individual participants reported an increase in awareness of what green ICT can
do. Therefore, the model increased awareness, inspired taking action and was
insightful.

We also found that the results of a maturity scan can be used to identify
potential bottlenecks for the adoption of green ICT. By combining the SGIMM
with the G-readiness model [142] it was possible to see whether organisations were
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ready in terms of attitude, policy, practice, technology and governance. These
five aspects allowed us to profile the participating organisations, for example
‘enthusiastic but lacks a sense of urgency’ or ’good support from the board, but
lack of policy makes progress fragile’.

7.1.6 RQ5. What factors of influence affect the adoption
of green ICT practices?

The final step in our work was to study how the results of the use of the ma-
turity model were used in the participating organisation. In other words, would
the organisations successfully adopt green ICT practices? What factors were of
influence in this adoption process? In addition (as in sub-research question 5.1),
we were also interested in the role of a tool such as SGIMM in the adoption of
green ICT.

We addressed the research question by following-up on the field study and
returning to the participating organisations one year later. Three organisations
participated in the follow-up through interviews and of these three, two organisa-
tions repeated the maturity scan so that we could see if there were any differences
in the results.

We found that there were many factors that influence the adoption of green
ICT and discussed five important ones. The first was that green ICT should be
strategically aligned on all the (management) layers in the organisation. Second
was that bottom-up enthusiasm is not enough, leadership is required because
sustainability actions affect a larger part of the organisation. A third factor
was culture and old beliefs on ICT and sustainability that need to be changed.
Fourth was about ownership and how green ICT needs to be made a shared
responsibility. Lack of knowledge of and communication on green ICT solutions
is the fifth factor of influence we found. Finally, we concluded that the technical
infrastructure is or will not be a bottleneck for adoption of green ICT.

Tools such as the SGIMM can help organisations adopt green ICT once they
are ready to do so. Their main role is to identify areas of improvement (‘what’)
and generate suggestions on how to do so (‘how’). Tools can be used to measure
progress and they can also be used to identify potential bottlenecks in the organi-
sation. If at the organisational level there is no good answer to ‘why’ they should
work on green ICT, tools such as the SGIMM can make only a small difference.

The key insight is that green ICT requires a systemic approach from the
organisation because it affects the workflow of all members of the organisation
and every process they carry out. It cannot be delegated to a few individuals
without taking some (shared) responsibility. As long as members or groups are
not willing to look beyond their own tasks, organisations cannot grow much more
mature and are limited in their adoption of green ICT. Because ICT departments
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often position themselves as support (followers, not leaders), this proves to be a
big hurdle in the adoption of green ICT.

7.1.7 The main research question: How can organisations
make use of the potential of green ICT?

When we started this research, our aim was to bring the conceptual and practical
perspectives on green ICT closer together, with the assumption that this would
help green ICT reach its full potential. Furthermore, we found little information
on the effectiveness of green ICT tools in organisations and wanted to work on
that as well. We addressed both issues in the work described in this thesis.

Our literature reviews in previous chapters confirmed that there was a certain
bias in green ICT, especially towards the direct effect of ICT on the environment.
Conversely, we identified gaps or a lack of work on the systemic impacts of ICT
as well as the negative indirect impacts of ICT. These are no doubt difficult to
translate to the practical environment of an organisation, but they are necessary
for a complete view of the environmental impact of ICT. In addition, people-
awareness, or informing people at the right time so that they can make a conscious
decision, is something that emerged from practical studies and (at least in relative
weight) is missing in conceptual publications. Therefore, there are many aspects
of green ICT that are not well studied (from the organisational perspective) and
that can be included in tools such as the SGIMM.

Given the potential of green ICT (ICT can potentially reduce the global foot-
print up to 20%) it is unfortunate that it is not a simple direction to merely focus
on the positive impact of ICT. We designed the SGIMM to attend to at least the
direct and indirect impact of ICT on the environment. With the findings from
this thesis, the SGIMM could be further improved.

We found from working with the SGIMM, that many people were enthusiastic
about the use of the tool. However, a good tool does not mean it will be used.
Following the organisations in our field study, we saw that it was difficult to adopt
green ICT solutions: the organisations were not entirely ready. In hindsight, this
was not surprising since getting organisations to make use of the potential of
green ICT requires a systemic approach and therefore a lot of involvement; more
than a green ICT champion can take care of.

We have seen that shifting focus from the direct negative impact of ICT to
a broader holistic approach to green ICT, including the positive impacts, is not
trivial, even though the base figures (negative impact is 2% of global footprint,
the potential reduction is 20%) seem to make it clearly beneficial. Organisations
need to be ready to adopt green ICT solutions and approach the problem from a
systemic perspective. Only then can organisations make use of the full potential
of green ICT.
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7.2 Future Directions

The research in this thesis is far from complete. It is a contribution to a young
and growing field and many challenges remain. Based on our work, we suggest
three future research directions.

7.2.1 The human factor

As with any technology, but from our practical experience especially with ICT,
there is a clear risk relying excessively on a technological solution for sustainabil-
ity or green ICT. Even though we can solve a problem in a technical way, this does
not mean that such solutions will be used or be used in the right way. The re-
bound effect is an example of an unexpected effect of technological advancement.
In terms of ICT, such technical solutions focus on automating or optimising pro-
cesses, making them more efficient. Another aspect of ICT is about processing
data, creating information that can be valuable as feedback or support in making
decisions. This ranges from complex climate models to monitoring the energy
consumption of a workstation. Information is valuable and making people aware
of such information in a timely fitting way is a capacity of ICT that is underval-
ued in the models and frameworks describing ICT. We have included ‘feedback
and decision support’ as one of the attributes in our maturity model, but this
might not be a full appreciation of the value of this aspect of green ICT. There
are many studies on how well ICT can process data and give feedback, but we
found few when placed in a holistic context of using green ICT in an organisation
(or any other system). Therefore, a next step would be to look into these studies,
derive aspects that can be used in models such as the SGIMM and apply this in
practice to see its effects.

7.2.2 Cycle of factors of influence

When studying the factors that influence the environmental impact of ICT, we
quickly found that many models included not only the impact of ICT as categories
but also enablers or drivers that promote or inhibit green ICT solutions. We
expressed this in a cycle ((Figure 7.1), which we immediately found appealing,
because the long-term technological impact affects how society responds to new
challenges. The cycle is the result of our inventorisation of factors of influence but
was not our study object per se. If the green ICT research field were to appreciate
a unifying green ICT model, we think that further study into this cycle would
improve our understanding. Because such a cycle can possibly be generalised
to any (general-purpose) technology, we think there are links with other fields
looking into the impact of technology on the environment in general or the field

119



Chapter 7. Conclusions

of innovation studies. Finally, a better understanding of the interactions between
the (categories) of factors of influence, could be valuable input in improving
models such as the SGIMM.

7.2.3 A tool with a systemic approach

We ended our work in this thesis with the key insight that green ICT requires
a systemic approach from the organisation. Tools such as the SGIMM address
what topic organisations can work on to apply green ICT solutions and how
they can do this but do not address why they should do so. Including the ‘why’
in tools such as the SGIMM would improve the usefulness of such tools and
generate more realistic expectations for organisations wishing to use green ICT
solutions. We combined the SGIMM with the G-readiness model [142], and this
would be a good starting point for expanding the model, but insights from the
suggested research directions above should also be included. In addition, from
our literature reviews we found a number of gaps, such as the lack of awareness of
systemic impacts such as the rebound effect, that should be further investigated
in terms of whether they can be translated to practical attributes in a usable
model or tool for organisations. Such a complete model should then again be
used and tested in practice in order to see if it is effective.

7.3 Final Thoughts

The transition to a low-carbon society is one of the great challenges of the 21st
century. ICT can play a humble but significant part of this transition. As a
general-purpose technology, it can be a part of many solutions that help us closer
to an ecological footprint that is within the carrying-capacity limits of our planet.
As we have seen, this is not trivial. It requires us to collaborate, to look at
the larger picture from whichever system is being considered. In terms of the
organisations we followed, what is best for the organisation might not be best for
the ICT department. Similarly, what is best for society might not be best for an
organisation. This systemic interaction is intrinsically connected to the concept
of sustainability; at the same time it is difficult for many of us to approach
sustainability in this way.

Fortunately, ICT can offer solutions that provide an alternative that is more
sustainable and many times better than the current options. Dematerialising
goods, for example, such as audio and video, and paper administrations, by
making them digitally available, means a lower footprint as well as a reduction
in material use. In addition, the contents are much more accessible than before,
they are faster and easier. Green ICT solutions can offer increased quality, but
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also more efficiency. Simply put, more efficiency means there is more time and
or money to spend.

In the IPAT-formula our environmental impact is a function of population,
affluence, and technology. Clearly, green ICT can have a positive influence on
the technology part with optimisations and dematerialisations. Additionally, and
maybe somewhat underestimated given how often we concluded this from our
work, green ICT can have an impact on affluence as well, by offering information
for feedback and decision support. Making people aware and influencing their
decisions can have an essential impact.

In the end, I believe we already have all the tools we need to make the
transition to a low-carbon society, even without relinquishing much of our quality
of life.It is up to us then how we want to spend our time and money; and how
we make our choices.
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The transition to a low-carbon society is one of the great challenges of the 21st
century. ICT can play a humble but significant part of this transition. As a
general-purpose technology, it can be a part of many solutions that help us closer
to an ecological footprint that is within the carrying capacity limits of our planet.
Therefore, we ask how individuals and organisations can put ICT to green use.

Information and communication technologies (ICT) are a powerful force for
change in society. They impact the way we work, live and play on different lev-
els. The scientific advances in computer technologies and the widespread use of
telecommunication have made information exchange virtually free and indepen-
dent of geographical distance. Being able to exchange information freely, and
perhaps more importantly, automatically and intelligently, are currently impor-
tant drivers for efficiency gains. It is therefore no surprise that many innovations
in products, services, processes, and so on, have an important ICT component.
In other words, ICT is can be found in many places and many things are becom-
ing connected. These innovations and the omnipresence of ICT bring efficiency
gains in terms of sustainability. However, ICT is also part of the environmental
problems we have, as exemplified by enormous data centres and all the network
equipment needed to keep us connected and let us make use of the Internet. As
is the case for any other goods we use, ICT requires materials and energy to
function: the footprint of ICT that should be minimised.

The field of green ICT is associated with minimising the problems and op-
timising the solutions associated with ICT and its environmental impact. Most
consider the global environmental impact of ICT to be around 2% and growing
fast. These 2% only include the negative impact of ICT, meaning that the so-
lution space of the positive enabling impact is 98%. Using ICT as an enabler
for efficiency in other processes could lead to a reduction in the global footprint
of 20%. Even though we need to work on energy efficiency continuously, the
promise of green ICT is therefore that the net environmental impact of ICT will
be a considerably positive one.

Unfortunately, it seems that whenever ICT researchers and professionals dis-
cuss the environmental impact of ICT, most of the efforts go towards the direct
impact. In our literature reviews, we confirmed this strong bias and identified
gaps in other areas of green ICT; there are many aspects of green ICT that are
not well studied (from the organisational perspective). If the effects of ICT as a
solution can be that much greater than reducing the problematic side of ICT, it
makes sense to shift efforts from reducing the 2% to help to reduce the other 98%.
It is this gap that motivated this research. The goal of this thesis is to contribute
towards making green ICT in its entirety more accessible to organisations: we
asked how organisations can make use of the full potential of green ICT.

To address this question, we used a green ICT maturity model (SGIMM) that
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was developed by SURF, the Dutch higher education and research partnership for
ICT. This model was developed based on expert views and opinions and validated
through a survey spread amongst practitioners. An important requirement for
the model was that it should include both the ‘problem’ and ‘solution’ parts
of green ICT. The SGIMM is designed to give organisations insights into the
maturity of green ICT of the organisation. It is established as a self-assessment
and enables organisations to have an internal dialogue, to reach agreement on
the status quo and to define actions for improvement.

We followed a number of organisations from the green ICT community which
were willing to use the maturity model and to assess its use in practice. In order
to assess whether organisations would be successful in embedding green ICT, it is
not only necessary to have a tool such as the SGIMM being used to satisfaction,
but also to actually see green ICT solutions be adopted. Both individuals and
organisations as a whole, were positive on the use of the maturity model. The
results show that the model delivers specific suggestions for improvement both in
reducing the environmental footprint of ICT and on using ICT as a green solution
for business processes. Individual participants reported an increase in awareness
on what green ICT can do. Therefore, the model increased awareness, inspired
to take action and was insightful.

A year later, we returned to the participating organisations to see how they
made use of the results and whether they successfully adopted green ICT prac-
tices. We saw little progress and found that many factors influence the adoption
of green ICT. An organisation needs strategic alignment on all the (management)
layers; bottom-up enthusiasm as well as leadership from the top; and a sense of
shared responsibility. The key insight is that green ICT requires a systemic ap-
proach from the organisation because it affects the workflow of all members of
the organisation and every process they conduct. It cannot be delegated to a few
individuals without taking some (shared) responsibility. As long as members or
groups are not willing to look beyond their own tasks, organisations cannot grow
much more mature and are limited in their adoption of green ICT. Because ICT
departments often position themselves as support (followers, not leaders), this
proves to be a big hurdle in the adoption of green ICT.

Working with the SGIMM, we found that many people were enthusiastic
about the use of the tool. However, a good tool does not mean it will be used.
Following the organisations in our field study, we saw that it was difficult to adopt
green ICT solutions; they were not entirely ready. Getting organisations to make
use of the potential of green ICT, requires a systemic approach, it requires us to
collaborate, to look at a larger picture from whichever system is being considered.
In terms of the organisations, what is best for the organisation might not be
best for the ICT department. Similarly, what is best for society, might not be
best for an organisation. This systemic interaction is intrinsically connected to

124



English Summary

the concept of sustainability; at the same time it is difficult for many of us to
approach sustainability in this way. However, this is what we have to do if we
want to transition to a sustainable low-carbon society.
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De transitie naar een duurzame samenleving is een van de grote uitdagingen
van de 21e eeuw. ICT kan hier een belangrijke rol in spelen. Als algemene
technologie kan ICT onderdeel zijn van veel oplossingen die ons helpen dichter bij
een ecologische voetafdruk te komen die binnen de draagkracht van onze planeet
ligt. Hoe zouden individuen en organisaties ICT op een duurzame manier kunnen
inzetten?

Informatie- en communicatietechnologieën (ICT) zijn een krachtige motor
voor verandering in de samenleving. Ze bëınvloeden de manier waarop we werken,
leven en spelen op verschillende niveaus. Door de wetenschappelijke vooruit-
gang op het gebied van computertechnologieën en het wijdverbreide gebruik van
telecommunicatie is de informatie-uitwisseling vrijwel gratis en onafhankelijk van
geografische afstanden geworden. Het vrij kunnen uitwisselen van informatie, en
misschien nog wel belangrijker, het automatisch en intelligent kunnen uitwisselen,
zijn momenteel belangrijke drijfveren voor het vernieuwen en efficiënter maker van
allerlei zaken. Het is dan ook niet verwonderlijk dat veel innovaties in producten,
diensten, processen enzovoort, een belangrijke ICT-component hebben. Met an-
dere woorden, ICT is op veel plaatsen te vinden en steeds meer voorwerpen en
handelingen zijn verbonden via het internet. Deze innovaties en de alomtegen-
woordigheid van ICT zorgen ook voor efficiëntiewinsten op het gebied van du-
urzaamheid. Aan de andere kant is ICT ook onderdeel van de milieuproblemen
die we hebben, zoals blijkt uit de enorme datacenters en alle netwerkapparatuur
die nodig is om ons gebruik te laten maken van het internet. Net als bij alle
andere goederen die we gebruiken, heeft ICT materialen en energie nodig om te
functioneren; de voetafdruk van ICT die tot een minimum moet worden beperkt.

Het veld van groene ICT wordt geassocieerd met het minimaliseren van de
problemen en het optimaliseren van de oplossingen die verband houden met ICT
en de milieu-impact ervan. De meeste groene ICT-activiteiten zijn echter vaak
gericht op het verminderen van de directe impact van ICT. Veel publicaties duiden
de wereldwijde milieu-impact van ICT rond de 2 % en dat deze snel groeit. Dat
betekent ook dat ICT een positieve impact kan hebben op de overige 98 %. Het
gebruik van ICT als enabler voor efficiëntie in andere processen kan leiden tot
een vermindering van de wereldwijde voetafdruk van 20 %. Hoewel we continu
aan de energie-efficiëntie van ICT moeten werken, is de belofte van groene ICT
daarom dat de netto milieu-impact van ICT behoorlijk positief zal zijn.

Het lijkt erop dat wanneer ICT-onderzoekers en -professionals zich richten op
de milieu-impact van ICT, de meeste inspanningen naar de directe impact gaan.
In onze literatuuronderzoeken vonden we deze sterke neiging terug en identificeer-
den we hiaten op andere vlakken binnen groene ICT: er zijn veel aspecten van
groene ICT die niet goed bestudeerd zijn (vanuit organisatorisch perspectief).
Als de effecten van ICT als oplossing veel groter kunnen zijn dan het vermin-
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deren van de problematische kant van ICT, is het logisch om de inspanningen te
verschuiven van het verlagen van de 2 % naar het bieden van oplossingen voor de
andere 98 %. Dit onderzoek draagt bij aan het in balans brengen hiervan. Het
doel van dit proefschrift is om bij te dragen aan het toegankelijker maken van
groene ICT in zijn geheel voor organisaties: inzicht geven in hoe organisaties het
volledige potentieel van groene ICT kunnen benutten.

Om deze vraag te beantwoorden, gebruikten we een volwassenheidsmodel
voor groene ICT (SGIMM) dat is ontwikkeld door SURF, het Nederlandse hoger
onderwijs- en onderzoekspartnerschap voor ICT. Dit model is ontwikkeld op basis
van input van experts en gevalideerd door middel van een enquête onder profes-
sionals. Een belangrijke vereiste voor het model was dat het zowel de ‘probleem’-
als de ‘oplossings’-onderdelen van groene ICT zou moeten bevatten. De SGIMM
is ontworpen om organisaties inzicht te geven in de volwassenheid van groene ICT
van de organisatie. Het is opgezet als een zelfevaluatie en stelt organisaties in
staat een interne dialoog te voeren, overeenstemming te bereiken over de status
quo en acties voor verbetering te definiëren.

We volgden een aantal organisaties die bereid waren het volwassenheidsmodel
te gebruiken en het gebruik in de praktijk te beoordelen. Om te beoordelen of or-
ganisaties succesvol zijn in het inbedden van groene ICT, is het niet alleen nodig
om een tool als de SGIMM naar tevredenheid in te zetten, maar ook om daadw-
erkelijk te zien dat groene ICT-oplossingen worden toegepast. Zowel individuen
als organisaties waren positief over het gebruik van het volwassenheidsmodel. De
resultaten laten zien dat het model specifieke suggesties voor verbetering doet,
zowel bij het verkleinen van de ecologische voetafdruk van ICT als bij het ge-
bruik van ICT als groene oplossing voor andere bedrijfsprocessen. Individuele
deelnemers meldden een toenemend bewustzijn over wat groene ICT kan doen.
Het model verhoogde dus het bewustzijn, inspireerde om actie te ondernemen en
was inzichtelijk.

Een jaar later keerden we terug naar de deelnemende organisaties om te kijken
hoe ze van de resultaten gebruik maakten en of ze groene ICT-activiteiten met
succes hebben uitgevoerd. We zagen weinig vooruitgang en ontdekten dat veel
factoren de adoptie van groene ICT bëınvloeden. Een organisatie heeft strate-
gische afstemming nodig op alle (management)lagen; enthousiasme van onderop
en leiderschap van boven; en een gevoel van gedeelde verantwoordelijkheid. Het
belangrijkste inzicht is dat groene ICT een systemische aanpak van de organisatie
vereist omdat het de workflow van potentieel alle leden van de organisatie en elk
proces dat ze uitvoeren bëınvloedt. Het kan niet aan een paar individuen worden
gedelegeerd zonder enige (gedeelde) verantwoordelijkheid te nemen. Zolang leden
of groepen niet verder willen kijken dan hun eigen taken, kunnen organisaties niet
veel volwassener worden en zijn ze beperkt in het gebruik van groene ICT. Omdat
ICT-afdelingen zich vaak positioneren als ondersteunend (volgers, geen leiders),
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blijkt dit een grote hindernis te zijn bij de adoptie van groene ICT.
Bij het werken met de SGIMM ontdekten we dat veel mensen enthousiast

waren over het gebruik van de tool. Een goed hulpmiddel betekent echter niet
dat het zal worden gebruikt. Bij de organisaties in ons veldonderzoek zagen we
dat het moeilijk was om groene ICT-oplossingen uit te voeren; ze waren er nog
niet helemaal klaar voor. Organisaties laten profiteren van het potentieel van
groene ICT, vereist een systemische aanpak, het vereist samenwerking en het
kijken naar een groter plaatje vanuit welk systeem dan ook. Omdat bijvoorbeeld
wat het beste voor de organisatie is, niet per se het beste voor de ICT-afdeling is.
Of bijvoorbeeld wat het beste voor de samenleving is, niet per se het beste voor
een organisatie is. Deze systemische interactie is intrinsiek verbonden met het
concept van duurzaamheid; Tegelijkertijd is het voor velen van ons moeilijk om
op deze manier duurzaamheid te benaderen. Dit is echter wat we moeten doen
als we de transitie willen maken naar een duurzame samenleving.
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Of Supply Chain Management In The Information Technol-
ogy Industry As Function Of Sustainable Development. 2014.
URL: ftp://ftp.repec.org/opt/ReDIF/RePEc/osi/bulimm/PDF/

BusinessLogisticsinModernManagement14/blimm1409.pdf. (Cited on
page 186.)

[3] A. Adepetu, E. Arnautovic, D. Svetinovic, and O.L. de Weck. Complex
Urban Systems ICT Infrastructure Modeling: A Sustainable City Case
Study. IEEE Transactions on Systems, Man, and Cybernetics: Systems,
44(3):363–374, March 2014. doi:10.1109/TSMC.2013.2257744. (Cited on
page 200.)

[4] Namrata Agrawal and Kamal Nayan Agarwal. Current Trends in Green
ICT. JoAAG, 7(1):71–85, 2012. URL: http://joaag.com/uploads/7_1_
_6_Agarwal____Agrawal_FINAL.pdf. (Cited on page 186.)

[5] JOSIAH Ahaiwe and Onyegbule Oluchi Ngozi. Information Technology
Sustainability in Nigeria. Information Technology, 3(1), 2014. URL:
http://ijcsse.org/published/volume3/issue1/p1-V3I1.pdf. (Cited
on page 194.)

[6] Jussi Ahola, Toni Ahlqvist, Miikka Ermes, Jouko Myllyoja, and Juha
Savola. ICT for environmental sustainability. Green ICT Roadmap. VTT
Tiedotteita—Res Notes, 2532:51, 2010. URL: http://www.vtt.fi/inf/
pdf/tiedotteet/2010/T2532.pdf. (Cited on page 192.)

[7] Ibrahim Akman and Alok Mishra. Sector diversity in green information
technology practices: technology acceptance model perspective. Computers
in human behavior, 49:477–486, 2015. (Cited on page 197.)

[8] B. Alcott. Impact caps: why population, affluence and technology strategies
should be abandoned. Journal of Cleaner Production, 18(6):552–560, 2010.
(Cited on pages 3 and 4.)

[9] S. Aleksic. Green ICT for sustainability: A holistic approach. In 2014 37th
International Convention on Information and Communication Technology,
Electronics and Microelectronics (MIPRO), pages 426–431, May 2014. doi:
10.1109/MIPRO.2014.6859604. (Cited on page 202.)

133

ftp://ftp.repec.org/opt/ReDIF/RePEc/osi/bulimm/PDF/BusinessLogisticsinModernManagement14/blimm1409.pdf
ftp://ftp.repec.org/opt/ReDIF/RePEc/osi/bulimm/PDF/BusinessLogisticsinModernManagement14/blimm1409.pdf
http://dx.doi.org/10.1109/TSMC.2013.2257744
http://joaag.com/uploads/7_1__6_Agarwal____Agrawal_FINAL.pdf
http://joaag.com/uploads/7_1__6_Agarwal____Agrawal_FINAL.pdf
http://ijcsse.org/published/volume3/issue1/p1-V3I1.pdf
http://www.vtt.fi/inf/pdf/tiedotteet/2010/T2532.pdf
http://www.vtt.fi/inf/pdf/tiedotteet/2010/T2532.pdf
http://dx.doi.org/10.1109/MIPRO.2014.6859604
http://dx.doi.org/10.1109/MIPRO.2014.6859604


Bibliography

[10] Buchalcevova Alena and Gala Libor. Green ICT Adoption Survey Fo-
cused on ICT Life-cycle from the Consumer’s Perspective (SMEs). Journal
of Competitiveness, 4(4):109–122, 2012. URL: http://www.cjournal.cz/
files/120.pdf. (Cited on page 187.)

[11] Alisha Ali and Andrew J. Frew. ICT for sustainable tourism: a chal-
lenging relationship? Information Technology & Tourism, 14(4):261–
264, December 2014. URL: http://link.springer.com/article/10.

1007/s40558-014-0020-x, doi:10.1007/s40558-014-0020-x. (Cited on
page 192.)

[12] Mansir Aminu, Abdul-Nassir Matori, Wan Yusof, Khamaruzaman, and
Rosilawati Zainol. A Framework for Sustainable Tourism Planning in Johor
Ramsar Sites, Malaysia: A Geographic Information System (GIS) Based
Analytic Network Process (ANP) Approach. SSRN Scholarly Paper ID
2559017, Social Science Research Network, Rochester, NY, 2013. URL:
http://papers.ssrn.com/abstract=2559017. (Cited on page 191.)

[13] Pernilla Andersson and Linnea Malmkvist. Green it balanced scorecard: A
model developed for the swedish environment, 2012. (Cited on page 52.)

[14] Bokolo Jnr Anthony and Mazlina Abdul Majid. Development of a green ict
model for sustainable enterprise strategy. Journal of Soft Computing and
Decision Support Systems, 3(3):1–12, 2016. (Cited on page 52.)

[15] Ron Babin and Brian Nicholson. How green is my outsourcer-environmental
responsibility in global it outsourcing. 2009. (Cited on page 63.)

[16] Balakrishnan Ramesh Babu, Anand Kuber Parande, and Chiya Ahmed
Basha. Electrical and electronic waste: a global environmental problem.
Waste Management & Research, 25(4):307–318, 2007. (Cited on page 69.)

[17] D. Barbosa, J.P. Barraca, A.-J. Boonstra, R. Aguiar, A. van Ardenne,
J. De Santander-Vela, and L. Verdes-Montenegro. A sustainable approach
to large ICT science based infrastructures; the case for radio astronomy.
In Energy Conference (ENERGYCON), 2014 IEEE International, pages
668–674, May 2014. doi:10.1109/ENERGYCON.2014.6850498. (Cited on
page 199.)

[18] Lotfi Belkhir and Ahmed Elmeligi. Assessing ict global emissions foot-
print: Trends to 2040 & recommendations. Journal of Cleaner Production,
177:448–463, 2018. (Cited on page 8.)

[19] Fredrik Bengtsson and Pär J. Ågerfalk. Information technology as
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A
Overview of Kinds of Effect of ICT on the

Environment

This is an excerpt and has been previously published in [73].

The starting point for analysing the higher-order impacts of ICT is a con-
ceptual framework presented by Hilty [79]. Ignoring the first-order effects, there
are six effects mentioned: optimisation effects, substitution effects, induction
effects, deep structural change towards a dematerialised economy, rebound ef-
fects, and new critical infrastructure. In addition to these, there are a number
of other effects mentioned in the literature, such as in the SMARTer2020 report
[45]. This report defines four change levers: digitalisation and dematerialisation;
data collection and communication; system integration; and process, activity, and
functional optimisation. Further effects attributed to higher impacts of ICT are:
obsolescence effects, rematerialisation effects, and network effects [83, 208].

I think these effects capture the most important aspects of the higher-order
impacts of ICT. Note that there is some overlap between them, as we shall see
below. What is distinct about the second and third-order impacts from the first-
order impacts is that they usually require a behavioural change or have some
impact on behaviour. This interaction between technology and behaviour, the
socio-technological aspect, is I think, key to a better understanding. Below we
take a closer look at them.

Optimisation effects

Optimisation effects may occur ‘in all phases of the life cycle, as well as in the
design phase. Computer-aided design (CAD) tools, for example, can be used to
optimise a product for environmental criteria (eco-design). Design has a strong
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impact on the life cycle because it constrains the optimisation potential that will
exist in the production, use, and end-of-life phases. For example, if the variety of
materials or the complexity of the product can be reduced in the design phase,
it will be possible to reach a higher efficiency level in end-of-life treatment’ [83].
Here ICT can have a positive effect because it can make processes, products,
and services more effective by automating steps (letting ICT make decisions) or
making conversions (e.g. digital - material - digital) disappear. Broadly speaking,
optimisation can have an effect on time (the same process can be done faster),
costs (the same process can be done more cheaply) and environmental impact (the
same process has less environmental impact). Of course, optimisation changes
often do not lead to singular effects but are rather a combination of these.

Substitution effects

Substitution effects occur ‘when an ICT service replaces the use of a physical
product, e.g. when e-mail replaces the use of conventional paper-based mail’
[83]. This positive effect is profound when the ICT service is functionally equal or
superior. Dematerialising goods such as books and music are the first that come
to mind. Often, these substitutions are functionally not entirely the same, which
may lead to incomplete substitutions. Take, for example, videoconferencing,
which is not exactly the same as face-to-face meetings. Organisations might
install videoconferencing equipment and still have people travelling almost as
much as they did before [177]. Substitution effects are a question of adoption
and depend on how users respond to a functional change within the process.
They might not want to use the ICT substitute because it is functionally weaker
in some respects (incomplete substitution), they might be indifferent or simply
accept the change (complete substitution), and they might use the ICT substitute
more because of new additional features (over-complete substitution). These
usage patterns have different effects on the environment.

Induction effects

Induction effects occur ‘when an ICT service stimulates the use of the other
product, i.e. more functional units per unit of time are consumed (e.g. the text-
processing service provided by a PC system with a printer may stimulate paper
consumption)’ [83]. Contrary to rebound effects, the induction effect is purely
based on a response to some functional change that may lead to extra use of
other products.
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Deep structural change towards a dematerialised econ-
omy

Traditionally, an economy was usually represented as the value of natural re-
sources, labour, and capital. Growth depended on the ability to utilise more
resources or labour, but more recently this simple description was found to be
lacking essential components, namely skills, knowledge, and information. With
the rise of ICT use, another ‘immaterial’ component became visible - that of dig-
ital or virtual goods. While there is a certain dependency on material resources,
which have a direct link to environmental impact, the move towards immaterial
goods does not necessarily lead to a greater impact.

The assumption here is that ICT is an enabler for decoupling economic growth
from growth in the use of natural resources (material and energy): that is, envi-
ronmental impact. It is possible that ICT stimulates a move towards an economy
in which we could limit the use of natural resources in this way (globally). Extra
value for the economy is created only through the creation of immaterial goods.

It seems that such a structural change will not happen by itself and needs
to be imposed on from above through policies and regulation. Of course, ICT
stimulates the use of immaterial goods, but often the liberated material resources
are then used in other ways. In other words, it is hard to imagine that this
change happens automatically because users and organisations are motivated
and incentivised to limit themselves to value creation through digital goods, at
least as long as there are free common resources such as air (the tragedy of the
commons).

Rebound effects

Rebound effects, in general, are all effects that are a (system) response to change
introduced by ICT. In their simplest form they are a behavioural change that
follow a certain introduction of technology, for example, an optimisation or a
substitution. Note that rebound effects can be both positive and negative. How-
ever, the rebound effect has become synonymous with a phenomenon known as
Jevons’ Paradox. Already in 1865, Jevons found a pattern in coal consumption
in which an increase in efficiency leads to an increase in consumption. Generally
speaking, there seems to be a relationship between efficiency and consumption.
Simply put, an increase in efficiency leads to lower costs, which leads to lower
prices, which leads to increased demand. This increase in demand can be caused
by current users consuming more than previously or by new users who can now
afford consumption.

Similar patterns are imaginable when ICT is introduced in a process or as a
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new technology. This effect may be especially profound when something becomes
so efficient it is almost free (for example, e-mail versus regular mail). If something
becomes more efficient, it generally saves time or money, and it makes sense to
ask the question what happens with that time or money on a system level [52]:
we might use it to send more e-mails or invest it in other activities. We ask how
environmentally friendly these activities are.

A more complex form of the rebound effect is when something becomes so
efficient that it enables new forms of technologies, behaviour, or processes: essen-
tially innovation. There are thresholds or tipping points that mark this enabling
point, and this change could lead to either a positive or a negative environmental
impact. These innovations can either be known or unexpected.

New critical infrastructure

As with all technologies that become an essential part of our lives, ICT introduces
an infrastructure that we depend upon in our daily lives. For most of us, it is hard
to imagine a life without the Internet. In addition, since ICT is a general-purpose
technology, it becomes part of other infrastructures as well, such as energy and
transport infrastructures. The ICT infrastructure and its interconnectedness with
our daily lives lead to two kinds of criticalities: how vulnerable it is and how easily
it can be replaced. Hilty [83] links vulnerability to complexity and whether it
is mastered or not. Specifically, unmastered complexity, translated to not fully
understanding software code and its interaction with the underlying (networked)
hardware, leads to vulnerabilities because it is impossible to assess if the risk of
failure and abuse is acceptable. The second criticality is more linked to innovation
and future change. Whereas a new infrastructure is an enabler for all kinds of
innovations, legacy infrastructure can be an obstruction. Take, for example,
the power grid, which is designed for few and large production facilities that
provide power to consumers (unidirectional) and is not designed for large numbers
of consumers that also want to produce small amounts of energy and deliver
any excesses back to the network (bidirectional). This property of the power
infrastructure is obstructing a fast change towards a smart grid. This was not
foreseen when the old infrastructure was designed and something similar could
happen to the ICT infrastructure.

Digitalisation and dematerialisation

The SMARTer2020 report takes a different angle with the next four change levers
(G-J). Their description for digitalisation and dematerialisation is ‘substituting
or eliminating the need for an emissions-intensive product, material process, or
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service. Also the reuse/multiple use of information sources, media, etc. via ICT’
[45]]. Examples here are videoconferencing, telecommuting, online media and
e-commerce.

This change lever seems more or less identical to the substitution effect men-
tioned above with a focus on a one-to-one comparison in terms of impact on the
environment. The success of this change lever largely depends on the complete-
ness of the substitution. There are some other effects at the system level that
should be taken into account, however. Take, for example, e-commerce in which
the need for stores and showrooms are eliminated, but extra transportation is
required.

Data collection and communication

Data collection and communication is described as ‘providing real-time data and
analysis that allows for better decision making, identifies a need for change, or
encourages more efficient behaviours’ [45]. Examples here are time-of-day pricing
(of energy), real-time traffic alerts, asset sharing and using weather forecasts for
soil management.

The availability of the right information at the right time, the granularity of
information, and the ability to process large amounts of information quickly are
all enablers (provided by ICT) for these examples. Basically, the assumption is
that the better knowledge we have about the system state and impact of our
choices, the more able we are to make efficient decisions that in turn should
relieve pressure on the environment.

System integration

System integration is described as ‘managing the use of resources and integrating
lower-emissions intensive processes’ [45]. Examples given are the integration of
renewables, virtual power plant, fleet management and telematics, and a building
management system.

This change lever seems to be a combination of optimisation and system
knowledge through data collection and analysis. There is a strong pattern in the
examples here to centralise resources and then distribute them again in the most
efficient manner. The difference with the previous change lever, data collection
and communication, is that this system optimisation is done automatically within
parameters set by users.
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Process, activity and functional optimisation

Finally, the description for the last change lever ‘process, activity and functional
optimisation’ is ‘intelligent simulation, automation, redesign, or control to opti-
mise process, activity, function, or service’ [45]. Examples here are power-load
balancing, optimisation of truck route planning, and minimisation of packaging.
This change lever seems identical to the optimisation effect described above.

Obsolescence effects

ICT products and services can lead to the planned or unplanned rapid obso-
lescence of other products, within ICT (for example, mobile phones and sub-
scriptions or hardware-software interactions) or outside the ICT realm through
substitution effects, for example. The obsolescence effect is in some ways opposite
to induction in the sense that a functional change leads to decreased use of other
products.

In addition, ICT components in products may transfer their rapid lifecycle to
the whole product. When ICT becomes part of common household products, for
example, it may introduce new functionalities as well as extra complexity. Both
changes could cause a speed up in the replacement cycle: for example, demand
for new functionalities that are not introduced on the old model or increase in
maintenance costs, which rebalance the choice between repair and replace.

Finally, if an ICT change results in time and cost efficiency, these benefits
may also lead to obsolescence effects, mainly because it may become cheaper to
replace a product rather than repair it (especially when extra functionalities are
taken into account).

Rematerialisation effects

Rematerialisation is in a sense the opposite of dematerialisation: virtual goods
become physical goods (again). Printing is, of course, the most obvious example
in which electronic texts are made into texts printed on paper. Sometimes print-
ing is planned and the process has less impact than before because the input (e.g.
writing a manuscript) has been dematerialised, but the output (book) has not.
Often, rematerialisation is not planned by one person delivering the input: for
example, printing e-mails. Most senders of e-mails do not expect their e-mails to
be printed by the receivers, yet this is common practice in some areas.

With 3D-printing the scope of goods that can be (re)materialised becomes
much broader. Ideally, 3D-printing substitutes for process steps (and saves trans-
portation costs) in the manufacturing of goods we would have bought anyway.
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However, it is imaginable that we will print beyond such a level: that digital
goods that were never meant to be physical goods will be printed.

Rematerialisation is not caused by efficiency gains or saving effects, but rather
the opposite. Having the physical good instead of the digital one has some added
benefit that we would like to ‘pay’ for it and cause additional environmental
impact. Rematerialisation can be seen as a form of induction.

Network effects

One of the fundamental impacts of the ICT infrastructure on our daily lives is
that it increases connectivity in the broadest sense. Everything from the physical
to the social is becoming more connected. This opens up the world.

Most of the effects described here, relate to input and output (time, costs,
resources, and environmental impact) and how they move around the system.
Increased connectivity affects these movements in terms of scope and granularity:
it affects choice.

Examples of this increase in choice are plentiful: thanks to the Internet, we
can do price comparisons more easily and are less bound to regional choices.
With online auctioning and second use marketplaces, it becomes easier to find
both new users for our old objects as well as find components to fix something
broken. ICT allows us to create tools to share information or use information
more easily, which in turn enables us to share goods we do not use all the time,
such as car sharing. In contrast, social networks become more global as well,
giving us incentives to do business beyond our borders and visit places we may
not have had otherwise (such as friends abroad and tourism) [208].

In short, network effects may increase the lifetime and utilisation of goods
and may let us make more informed but also more global decisions. The network
effects can have both positive and negative impact on the environment.
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B
Community on Green ICT in Dutch

Higher Education

Introduction

In the Netherlands the ICT infrastructure is well developed. The Netherlands is
ranked sixth in the Networked Readiness Index of the World Economic Forum, an
index expressing the propensity for countries to exploit the opportunities offered
by ICT [60]. Looking specifically at the higher education sector, most of the ICT
network infrastructure is serviced by SURFnet, the Dutch National Research and
Education Network (NREN; NRENs are specialised and often not-for-profit in-
ternet service providers dedicated to supporting the needs of the research and
education community in a country). SURFnet is part of the SURF foundation,
which is the Dutch higher education and research partnership for network ser-
vices and ICT. Given any national ICT initiative in the higher education sector,
SURF is usually involved. Together with the higher education institutions, SURF
started a green ICT community, the special interest group (SIG) Green ICT, in
2010.

Community Description

From a general sustainability perspective the Dutch higher education sector
agreed in 1999 (and again in 2002 and 2005) to work on energy efficiency, specif-
ically to become 30% more energy efficient in the period 2005-2020 [1]. Until
recently, not much attention had been paid to the energy efficiency of ICT and
the role that ICT could play as an enabler. In 2010 SURF and AgentschapNL,
a Dutch governmental organisation focused on implementing innovation and sus-
tainability policies (amongst others), carried out a so called ICT-scan at nine
higher education institutions (Table B.1). This ICT-scan aimed to determine
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the amount of energy consumed by workstation equipment and data centres and
to give recommendations on how to reduce that consumption. The scan showed
that Dutch higher education institutions could on average reduce the ICT energy
consumption by 44% by improving the energy efficiency of their ICT. The ac-
tions that institutions should take were essentially low-hanging fruit: increased
temperature in data centres, earlier write off of data centre equipment, more
efficient use of data centre space, more efficient workstation equipment, and en-
ergy management measures on those workstations [196]. The results of this scan
were presented during our first symposium in 2010, which was attended by over
100 people and marked the beginning of the Special Interest Group Groene ICT
(hereon abbreviated as SIG).

Energy consumption Savings possible

Total of nine institutions 179 GWh
Data centres (9% of total) 161 GWh 25%
ICT equipment in data centres 7,9 GWh
Workstation equipment (13 % of total) 24 GWh 56%

Table B.1: ICT energy consumption of nine Dutch HE-institutions [196].

The SIG came to life after members of the Dutch HE-community expressed
their interest in the energy efficiency of ICT and to create a platform in which
staff, students, teachers and researchers alike could share knowledge and experi-
ences. A LinkedIn group was chosen as the central meeting place for announce-
ments, discussions and publications. The group is open to anyone interested but
individuals must request membership. In less than two years the group grew to
over 330 members. Although the group is predominantly lurking and dependent
on outside stimulations from SURF, for example, activity is slowly rising with
regular discussions, news postings, and the creation of workgroups within the
community on specific topics.

Community Activities

This section highlights a number of (recurrent) community activities to illustrate
which activities are strengthening the community and its goals and what their
effects were. The community also supports other activities, such as publicising
white papers and best practices, sharing business cases, and supporting a wiki
but they are not mentioned here further. The topics that are most discussed
in the community are: green data centres, PC power management, sustainable
procurement, e-waste, green cloud computing, green software, and sustainable
ICT-curricula.
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Measuring the effects of ICT

After the ICT-scan in 2010, SURF started the benchmark pilot in 2012. The
ICT-scan was based on the OpenDCME model (Figure B.1), a measurement
model on data centre efficiency [124]. The creators of the OpenDCME model
had launched an online tool in which data centres could keep track of the 16
KPIs by measuring and reporting various variables. The pilot made this tool
freely available for the whole higher education community during 2012. The idea
was to let all institutions become acquainted with measuring the sustainability
of their data centre through the use of this comprehensive model. Together with
four pilot participant meetings, we hoped to stimulate sharing of knowledge and
best practices as well as get an idea of the national progress being made.

Figure B.1: Example of the OpenDCME model [124].

While the actual results of the pilot will be known by the end of 2012, some
observations can already be made. Nine institutions participated in the pilot
out of roughly a hundred institutions. Some institutions also participated in the
2010 ICT-scan; some were newcomers. It is interesting to note the differences
between participants. Some took the lessons from 2010 to heart and improved
the energy efficiency of their ICT; others are facing the same issues as those
found in 2010. Two of the most common reasons for not joining the pilot were
(1) that institutions have already done an ICT-scan and (2) that institutions did
not have the time to participate. The latter is quite interesting given the current
environment in which institutions are looking for savings where they can and
that (the energy efficiency of) ICT is, on average, hardly exploited. One might
think that learning about possible ICT savings might be worth the effort. One
of the root causes of this paradox is that ICT departments at institutions are
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minimally responsible for their own energy bill.

Funding for green ICT projects

In 2011 as well as in 2012 funding was made available for innovative green ICT
projects at higher education institutions. The purpose was to stimulate those
projects that are innovative and whose results could be shared with and learned
from by other institutions. The main criterion was that the results should some-
how have a positive effect on CO2-emissions in the broadest sense (greening of
and by ICT) so that we would see a wide range of ideas, conventional and uncon-
ventional. On the financial side, projects could earn up to 20,000 euros, which
must be matched by the institutions. Projects could apply through a template
in which they describe their proposal. After the application date had passed, a
jury determined which proposals would be awarded.

Year Topic
2011 Sustainable ICT-education

Paper reduction (dematerialisation)
Digital mobility in education
Sustainability in e-science

Visualisation of personal energy consumption
2012 Software energy footprints

Sharing green ICT practices
Virtual teaching

Smart data storage
Using gamification for energy consumption awareness

Table B.2: Overview of topics in the funding arrangement for innovative green
ICT projects at institutions.

In 2011 as well as in 2012, five proposals were awarded sponsorship (Table
B.2). All projects were innovative green ICT projects in their own sense, but
covering a wide range of topics and methods. However, during both rounds, not
all of the funding was allocated due to a lack of well-written proposals. This
surprised us especially after the second round since the funding arrangement
should have been more known in the community. The projects themselves have
seen a number of spin-offs though, ranging from internal and external follow-up
to (scientific) publications.
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Green ICT gatherings

An important function of the community is disseminating knowledge from prac-
titioners of green ICT in higher education. Several meetings, workshops, and
seminars on specific topics as well as a yearly general symposium on green ICT
and sustainability have been organised with various degrees of success. Roughly
fifteen gatherings have been held, mostly on specific topics. Those were attended
by an average of 20-30 people, whereas the yearly symposium has consistently
attracted over 100 attendants. The general impression is that many people want
to be aware of what is happening but do not have the time or the power to be
actively involved. This is also something that was shown in one of the question-
naires we took in the community.

Community Opinions

We know from experience that creating and raising a community takes time.
Unless there is a true sense of urgency, it takes at least a year for a community
to become active and for members to start profiling themselves and making (pro-
active) contributions. After about one year and a half, we wanted to learn what
members themselves thought about the community and where it is going. We
asked them a number of questions through a questionnaire (n = 38). In the same
period a survey (n = 35) on green ICT was held amongst higher ICT managers
(directors, CIOs, and so on) in general. A selection of both sets of questions is
mentioned here and reflect well the current mindset in the community and at the
higher education institutes in general.

Figure B.2: Obstacles for green ICT activities.

When asked whether community members find sustainability an important
topic, 91% submitted that they think it is reasonably to very important. Given
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the same question on their institution only 59% of the institutions are perceived
to rank sustainability as an important topic. This is also reflected in whether
community members are working on sustainability: only 14% are paid to work on
sustainability, 51% are doing it in between their normal tasks, and another 14%
would like to work on sustainability issues. When we asked the managers whether
they think green ICT contributes to a more sustainable institution, 96% thought
this would be an important factor. However, there is a lack of action, which 46%
of the managers recognised. The reasons behind this, they expressed in Figure
B.2. The reasons are similar to those found in the community activities: no time
(24%), no priority (41%) and split budgets between ICT and other departments
(21%).

We also asked whether community members think SURF should continue to
support the SIG, to which 85% agreed. However, the community is not very in-
fluential with an average rating of 4.2 on a scale of 10 and 22% of the respondents
stating that they felt no effect at all yet. The irony is that community members
themselves need to be active to let the community gain influence. This is also
reflected in the next question on activity, to which 91% stated to be a mainly
passive member.

Finally, we asked a number of questions on the ICT-scan. Fifty per cent of
the community members were familiar with the scan and its results of possible
savings averaging 44%. Figure B.3 displays the response of all the members to
what effect these results had on their institution. Only 10% got to work straight
away, and 20% said it had no effect at all. The large ‘No idea’ component is
largely explained by the other part of the aforementioned 50% (they were not
familiar with the results in the first place).

Figure B.3: Effects of the results of the ICT-scan on the institutions.
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Lessons Learned

When we look at the SIG ourselves, we see a passive community that is slowly
transforming into a more active one. Compared to other communities we support,
this SIG has some interesting characteristics. Firstly, it is one of the largest
communities we have. However, secondly, it remains passive longer than we
anticipated. The previous sections illustrated why this might be the case.

Figure B.2 summarised it nicely in lack of time, no priority, and split budgets.
ICT departments are often not responsible for their energy bill and thus hardly
care about energy savings. Moreover, they ask why the ICT department should
make the investments while another department gets the returns. In addition,
priorities often lie elsewhere, mainly in keeping everything running smoothly.
Tinkering with proven settings, even including raising the temperature in the
data centre, meets resistance.

Another interesting discrepancy is the general interest and the belief in the
topic of green ICT compared to actual community behaviour. The yearly sym-
posium is well attended, but activities on specific topics less so. The support for
the community is there, yet most members can only give attention to green ICT
issues in between their normal tasks.

As facilitators, we evaluated our role as well. We concluded that two aspects
needed to be changed. First, we originally wanted to let the community and its
activities grow organically and thus supported a wide range of topics. While we
still think that all these topics have their merits, this gave the community little
focus and widened the gap between those that were well versed in the possibilities
of green ICT and those that had only recently started. We decided to focus on
those activities that proved to be easy best practices for the environment as well
as financially (the low-hanging fruit) until the message reached the right group of
people. The second gap we noticed was between staff and higher managers and
directors. There is a willingness on the floor to actively engage in green ICT but
a lack of time and priority to do so. On the other hand, managers recognise the
importance of sustainability and green ICT but lack the sense of priority to act
upon it. This is often dependent on the environment in which ICT is embedded:
ICT use steadily grows year after year; whether ICT pays the energy bill; and
so on. We want to remedy this by organising meetings at individual institutions
inviting stakeholders from all relevant departments and layers of the organisation
and discuss ways to move forward. In the end, ICT in itself is often seen and
must be seen as part of or a function of something else: it is a means to an end.
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Discussion

One of the important values of sustainability is collaboration. This is because
sustainability must be seen as a systemic issue: something that must be solved
at the systemic level and not individually. Optimising locally might have reverse
effects on the whole system, whereas helping with a neighbour’s problem could
solve one of your own. Take, for example, the warmth generated by ICT equip-
ment in data centres. This could be used to warm residential buildings instead
of releasing it into the open air. From this perspective, communities such as the
one discussed here, help move thinking towards the systemic level.

However, this community is not where it could be. The reason for this might
be enclosed in the scope, the topic of green ICT. We ask if it is possible that
the scope is too narrow and whether it should envelop the processes in which the
ICT is used as well.

Looking at green ICT in general, there is regularly a call from influential
NGOs such as the World Wildlife Fund to focus on the enabling powers of ICT.
ICT could indeed be made more energy-efficient, but it is much more interesting
to focus on solutions for the other 98%: solutions that the ICT sector should
deliver. We also ask whether it is fair to look at the ICT sector and ask for
solutions to green other activities.

Whether society or higher education institutions make full use of the enabling
power of ICT and preferably not fall into the trap of the rebound effect is not
clear. There is a gap between those who know how to make efficiency gains
with the use of ICT and those who know about specific processes and activities
and could actually use such ICT solutions but do not know how. It would be
interesting to learn more on how to bridge this gap and with that be one step
closer to a low-carbon society.
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C
The SURF Green ICT Maturity Model in

detail

For each of the four domains, the attributes and their maturity level descriptions
are listed here.
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Figure C.1: The domain ‘green ICT in the organisation’ in detail.
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Figure C.2: The domain ‘green ICT in the organisation’ in detail.
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Figure C.3: The domain ‘greening of ICT’ in detail.
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Figure C.4: The domain ‘greening of ICT’ in detail.
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Figure C.5: The domain ‘greening of operations’ in detail.
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Figure C.6: The domain ‘greening of operations’ in detail.
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Figure C.7: The domain ‘greening of primary processes with ICT’ in detail.
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Figure C.8: The domain ‘greening of primary processes with ICT’ in detail.
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D
Primary Studies in SLR on Green ICT

Research Challenges

Here we include all the primary studies used in this SLR.

Table D.1: Literature summary and mapping to effects

Title: ”Green” direct and enabling effects of ICT-focus on mobile
[189]

Short summary: Research focusing on direct effects related to emission re-
duction and energy savings within the mobile sector. Fur-
thermore the study reports the indirect effects enabled by
mobile technologies in other sectors, e.g. logistics and in-
dustry.

Effect(s): Direct, Optimisation, Substitution, Rebound, Decoupling
of growth

Title: Environmentally Sustainable ICT: A Critical Topic for IS
Research? [48]

Short summary: Paper that illustrates the relationship between research on
information system and green ICT. Focuses on ICT as a
problem by considering direct, induction and obsolescence
effects.

Effect(s): Direct, Induction, Obsolescence
Title: A framework for sustainable product service systems: with

particular reference to ICT industries [223]

Short summary: Study that proposes a framework for Sustainable Product
Services Systems (S-PSS). Focuses on materials, energy
consumption, emissions and the end-of-life waste produced
in relation to the use of any manufactured good.

Effect(s): Direct
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Table D.1 Continued: Literature short summary and mapping to effects

Title: A glance on ICT programmes and projects in the field of
sustainable development in Portugal [173]

Short summary: Research that provides an overview of the research situ-
ation in the field of ICT for sustainability in Portugal.
Focuses on direct effects and optimisation effects of Infor-
mation Systems on the environment.

Effect(s): Direct, Optimization
Title: A Strategic Model for Evaluating Energy Efficient ICT In-

frastructures for Sustainable Environment [128]

Short summary: Paper focusing on impact of ICT on the environment.
Takes into account how negative effects of IS on the en-
vironment can be mitigated by lowering their energy con-
sumption.

Effect(s): Direct, Optimization

Title: Changes of supply chain management in the information
technology industry as a function of sustainable develop-
ment [2]

Short summary: Research focusing on IT supply chain improvements to-
wards environmental requirements and legislation. Uses
for the analysis one the world’s biggest IT company –
Hewlett-Packard. Moreover, the paper explores the cor-
relation between supply chain and impacts on the environ-
ment.

Effect(s): Direct
Title: Current trends in Green ICT [4]

Short summary: Study analysing the possible factors of environmental
degradation due to the IT industry. Reports the challenges
and steps towards a greener future. Explores the various
initiatives taken by countries, practitioners and industry
towards environmental sustainability.

Effect(s): Direct, Optimization
Title: DC-based Power Feeding System Approaches for Green

ICT in Korea[191]

Short summary: Paper focusing in Research on DC-based Power Feeding
Systems and how their deployment in Korea. The im-
pact of such infrastructures on the environment is also dis-
cussed.

Effect(s): Direct
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Table D.1 Continued: Literature short summary and mapping to effects

Title: Developing Organizational Capabilities in SMEs: Enabling
Environmentally Sustainable ICT [49]

Effect(s): Direct, Optimization
Short summary: Study that illustrates how to facilitate the development

of SME business practice towards environmental sustain-
ability through ICT. Highlights what would be industry-
relevant for the IS research agenda.

Title: Green and Sustainable Information Technology: A Foun-
dation for Students [161]

Short summary: Paper discussing the features of green IT practices. Sug-
gest a basic knowledge foundation that will serve our future
technology professionals.

Effect(s): Direct, Optimization

Title: Green by ICT [85]

Short summary: Paper providing an overview of Optimization strategies.
In particular focuses on Life Cycle Assessment tools and
their possible impacts on climate change.

Effect(s): Optimization

Title: Green ICT Adoption Survey Focused on ICT Lifecycle
from the Consumer’s Perspective (SMEs) in the lifecycle
of information and communication technologies (ICTs) in
Czech Small and Medium Enterprises (SMEs) [10]

Short summary: Article examining to which extent the Green ICT initia-
tives are embraced by Czech Small and Medium Enter-
prises in order to reduce their direct impact on the envi-
ronment.

Effect(s): Direct
Title: Green ICT: A strategy for Sustainable Development of

China’s Electronic Information Industry [158]

Short summary: Study giving an overview of Green ITC practices in China.
Takes into consideration the presence of Direct, Obsoles-
cence and Rebound effects in Chinese companies.

Effect(s): Direct, Obsolescence, Rebound

Title: ICT Applications as a Key Element in Sustainable Con-
sumption in Europe [117]
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Table D.1 Continued: Literature short summary and mapping to effects

Short summary: Article analyzing the potential of information systems in
supporting sustainable consumption and in providing en-
vironmental information.

Effect(s): Direct, People awareness

Title: ICT Applications in the Research for Environmental Sus-
tainability [29]

Short summary: Paper investigating if ICT constitutes a threat or a cure
to the increasing environment´s deterioration.

Effect(s): Direct
Title: ICT for Eco-Sustainability [185]

Short summary: Survey assessing the Australian ICT industry’s capability
to provide solutions that enable businesses to reduce con-
sumption and optimize chain processes.

Effect(s): Direct, Optimization, Substitution, Decoupling of Growth

Title: ICT Getting Green[122]

Short summary: Study analysing the impact of the ICT industry on the
environment.

Effect(s): Direct
Title: Information and Communication Technologies for sustain-

able renewable energy sources promoting green environ-
mental growth[186]

Short summary: Paper analyzing the adoption of renewable energy sources
for ICT infrastructures in order to increase the environ-
mental sustainability of Information Systems.

Effect(s): Direct
Title: Lifetime exergy consumption as a sustainability metric for

information technologies [114]

Short summary: Report summarizing recent explorations of the use of life-
time exergy consumption as a thermodynamically based
metric for sustainability of information technologies.

Effect(s): Direct
Title: An Ontology-Based and Service-Oriented Information Sys-

tem Architecture to Enable Sustainable Management of
Scarce Non-Renewable Resources [67]

Short summary: Article explaining whether an ontology-base system can
improve the management of non-renewable resources.

Effect(s): People Awareness
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Table D.1 Continued: Literature short summary and mapping to effects

Title: Moving to Green ICT: From stand-alone power-aware IC
design to an integrated approach to energy efficient design
for heterogeneous electronic systems [175]

Short summary: Paper that broadly evaluates the energy consumption of
electronic devices and heterogeneous systems. Further-
more the research reports some hints on how to make ICT
more environmentally sustainable.

Effect(s): Direct, Optimization

Title: Overall ICT footprint and green communication technolo-
gies .[212]

Short summary: Paper reporting a summary of the enviromental issues of
ICT. Gives a comprehensive estimation of information sys-
tems’ carbon footprint.

Effect(s): Direct
Title: Power data management on the Internet space: Green ICT

projects in Japan [152]

Short summary: Report of electricity management by using ICT of 5 cam-
puses of the Tokyo University.

Effect(s): Direct, Optimization
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Table D.1 Continued: Literature short summary and mapping to effects

Title: Prospects for an environmentally sustainable ICT soci-
ety [131]

Short summary: Study on the environmental impact of ICT on society in
the short-term and long-term future. Takes into account
direct effects as well as more complex ones, as decoupling
of growth and substitution effects.

Effect(s): Direct, Optimization, Substitution, Decoupling of growth,
People awareness

Title: Review of research on environmental impact of ICT and
human rights bifurcation of Green ICTs [205]

Short summary: Paper providing an overview of the impact of ICT on the
environment. Furthermore the research presents the post-
disposal and re-manufacture processes of hardware impact
on society.

Effect(s): Direct
Title: Sustainable Development: the Role of Information and

Communication Technology .[69]

Short summary: Overview on processes aimed to reduce the direct ICT ef-
fects. Furthermore the study presents how IT could be
beneficial for the environment. Impact of Green ICT on
the society are also take into account in this research.

Effect(s): Direct, Optimization, Substitution, Decoupling of growth,
People awareness

Title: Accelerating Green Building Market Transformation with
Information Technology [164]

Short summary: Paper analysing how Green ICT can positively influence
the environmental impact of built environments’ design,
construction and operation.

Effect(s): Optimization

Title: A Cloud-based Sustainable Business Model for Effective
ICT Provision in Higher Education[200]

Short summary: Research proposing a Cloud based business model for
Higher Education Institutes aimed to facilitate their sus-
tainable ICT provisions.

Effect(s): Optimization

Title: A digital ecosystem approach to using ICT for sustainable
development in communities [168]
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Table D.1 Continued: Literature short summary and mapping to effects

Short summary: Study reporting an ICT enabled community centric socio-
technical system designed to support sustainable develop-
ment projects.

Effect(s): People Awareness

Title: A Framework for Sustainable Tourism Planning in Johor
Ramsar Sites, Malaysia: A Geographic Information Sys-
tem (GIS) Based Analytic Network Process (ANP) Ap-
proach [12]

Short summary: Research introducing a framework combining a GIS based
ANP and the Water Quality Index (WQI) for sustainable
tourism planning in Malaysian wetlands. The framework
is aimed to conserve natural environments and habitats
through sustainable tourism planning.

Effect(s): People awareness

Title: A framework to identify opportunities for ICT support
when implementing sustainable design standards [172]

Short summary: The study proposes a framework aimed to analyse the po-
tential positive impacts of the application of ICT for the
implementation of new standards in the construction in-
dustry.

Effect(s): Optimization

Title: A global perspective on cadastres and Geo-ICT for sustain-
able urban governance in view of climate change[148]

Short summary: Paper focusing on how collection, management and use
of spatial ICTs guarantee the integrated sustainability of
policies used to tackle global, national and local environ-
mental issues.

Effect(s): Optimization

Title: ICT applications on the road to sustainable urban trans-
port [209]

Short summary: Paper addressing the impact of ICT on sustainable trans-
port by examining the direct application of ICT in urban
transportation systems. The study shows how ICT innova-
tions can be effective in reducing fuel consumption through
fuel-intelligent vehicles.

Effect(s): Optimization
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Table D.1 Continued: Literature short summary and mapping to effects

Title: ICT as a enabler for sustainable development: reflections
on opportunities and barriers [174]

Short summary: Study providing examples of adoption of ICT aimed to
reduce buildings’ energy consumption. Takes into account
also cases where ICT control and monitoring systems may
drive up the energy consumption.

Effect(s): Induction, Optimization

Title: ICT for environmental sustainability [6]

Short summary: Article focusing on the analysis of the state of the art green
strategies deployed to improve positive environmental pro-
cesses achieved by the adoption of ICT.

Effect(s): Optimization

Title: ICT for Green: How Computers Can Help Us to Conserve
Energy [132]

Short summary: Study describing the adoption of ICT to induce be-
havioural change towards more environmentally sustain-
able practices through ubiquitous computing.

Effect(s): People Awareness

Title: ICT for sustainable tourism: a challenging relationship[11]

Short summary: Paper analysing the impact of providing environmental
awareness through ICT on sustainable tourism activities.

Effect(s): People Awareness

Title: ICT Mobility Research in Finland: From Immaterial Con-
sumption to Material Sustainability? [197]

Short summary: Article reviewing the most recent studies on the relation-
ship between ICTs and mobility in Finland. Overview on
the links between the ICT Mobility and dematerialization.

Effect(s): Decoupling of Growth

Title: Identifying System Characteristics for Development of a
Sustainability Management Accounting Information Sys-
tem: Towards a Conceptual Design for the Manufacturing
Industry [159]

Short summary: Research aiming to identify effective management account-
ing information system’s characteristics to facilitate man-
aging and measuring environmental and social costs while
adding value to sustainable manufacturing organizations.

Effect(s): People Awareness
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Table D.1 Continued: Literature short summary and mapping to effects

Title: Impact of nanotechnology advances in ICT on sustainabil-
ity and energy efficiency [126]

Short summary: This paper presents an overview of the ICT benefiting from
development in nanotechnology with respect to sustain-
ability and energy efficiency.

Effect(s): Optimization

Title: Implementation of green ICT for sustainable economic de-
velopment [213]

Short summary: Article exploring how ICT could be a major part of the
solution in tackling climate change and related environ-
mental challenges. Furthermore, the study analyses how
Structural change can be reached trough dematerializa-
tion.

Effect(s): Optimization, Decoupling Of Growth

Title: Implementing and Planning ICT Strategy for Sustainable
Development in Electrical/Electronics Goods Manufacture
[204]

Short summary: Research presenting general guidelines on how to imple-
ment and plan ICT strategies for sustainable development
in the electrical/electronic goods manufacture industry.

Effect(s): Optimization

Title: Incorporating sustainability into information technology
management [167]

Short summary: Article discussing various aspects of sustainable IT pro-
grammes. Proposes sustainability metrics for IT aimed to
demonstrate the positive impacts of ICT on the environ-
ment.

Effect(s): Optimization

Title: Influence Processes for Practicing Green Information
Technology: Elaboration Likelihood Model [36]

Short summary: Survey contributing to the Green IT literature by exploring
a new area of research: The process of influence that might
shape the perceptions of individuals towards the adoption
of Green ICT practices.

Effect(s): People Awareness

Title: Information and communications technologies and sustain-
ability [133]

Short summary: Paper presenting the major issues related with the life cycle
energy and environmental components of ICT.
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Table D.1 Continued: Literature short summary and mapping to effects

Effect(s): Direct, Optimization, Substitution

Title: Information and Communication Technologies for Sustain-
able Manufacturing: Evaluating the Capabilities of ICT
with a Sustainability Balanced Scorecard [116]

Short summary: Article analyzing Performance Measurement Systems
aimed to facilitate a differentiated assessment of ICT en-
vironmental initiatives. Moreover, the study analyzes pos-
sible optimizations for more environmentally sustainable
manufacturing processes.

Effect(s): Optimization

Title: Information Technology and sustainable development: in-
compatible or merely a paradox [157]

Short summary: Survey analyzing the degree of awareness of Technical In-
formatics students on the possible environmental effects of
ICT.

Effect(s): People Awareness

Title: Information technology as a change actant in sustainability
innovation: Insights from Uppsala [19]

Short summary: Study investigating the effects of a sustainability initiative
in a Swedish municipality from a network theory point of
view. In addition, the paper analyzes the optimization
of sustainability of organization processes through under-
standing usual routines.

Effect(s): Optimization, People Awareness

Title: Information Technology As A Facilitator For Green
Initiatives-a Sectoral Analysis.[136]

Short summary: Review aimed to publicize various models and practices
implemented by individuals and organisations using Infor-
mation Technology to facilitate environmentally sustain-
able procedures in diverse sectors.

Effect(s): Optimization, People Awareness

Title: Information Technology Sustainability in Nigeria [5]

Short summary: Paper addressing the issue of continuous sustainability of
information technology in Nigeria and IT can offer possi-
bilities for building infrastructures and creating opportu-
nities.

Effect(s): Optimization

Title: Innovative Green ICT For Environmental Sustainabil-
ity [169]
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Table D.1 Continued: Literature short summary and mapping to effects

Short summary: Survey assessing the current role of ICT in increasing the
level of environmental awareness. The goals of the research
are to identify new ways to produce technology in an envi-
ronmentally sustainable manner and support the increase
of awareness on environmental topics.

Effect(s): People Awareness

Title: Innovative ICT public awareness campaign strategy to
communicate environmental sustainability in Africa [153]

Short summary: Paper reporting the results of a study carried out in
Uganda aimed to reveal the urgent need of adoption of
ICT in environmental policy awareness strategies.

Effect(s): People Awareness

Title: Integration of remote sensing technology to geographic in-
formation system for sustainable planning of water re-
sources [55]

Short summary: Paper focusing on a geographical information system and
its integration with Remote Sensing Technologies. The
resulting system is used to implement general purpose
agricultural engineering applications concerning water re-
sources management.

Effect(s): Optimization

Title: Key research themes on ICT and sustainable urban mobil-
ity [30]

Short summary: Report giving an insight of pros and cons of the substitu-
tion effect generated by ICT on urban mobility and related
long-term effects.

Effect(s): Substitution, Decoupling of Growth

Title: Knowledge-based environmental information system for
sustainable development of wetland area[21]

Short summary: Paper that aims to support the sustainable development of
wetland by creating a knowledge base system integrating
new information with the existing ones and improving the
accessibility of the data available to support environmental
decision processes.

Effect(s): People Awareness

Title: Land Resource Information System Of Cagayan Valley A
Guide for A Sustainable Agricultural Production System
[127]
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Table D.1 Continued: Literature short summary and mapping to effects

Short summary: Guidebook describing a Land Resource Information Sys-
tem that provides awareness on sustainable agricultural
production.

Effect(s): People Awareness

Title: Leveraging Energy Efficiency Pathways for the Sustainable
Design of Appliances, Buildings and ICT Products [179]

Short summary: Paper proposing a process model for sustainable design and
manufacture operations. Presents the various components
that form the paradigm and also energy efficiency metrics
based on measurement of various discrete manufacturing
processes.

Effect(s): Optimization

Title: Load Balancing for Sustainable ICT [199]

Short summary: Research providing a model and guidelines for construct-
ing a sustainable ICT setting aimed to minimize energy
consumption of hardware components by adopting virtu-
alization techniques. Moreover the model is aimed also to
reduce carbon emissions by creating a load balanced charge
of the computers that build the infrastructure.

Effect(s): Optimization

Title: Major components associated with Green Networking in In-
formation Communication Technology systems[181]

Short summary: Study showing how green networking improves the impact
of the new technologies.

Effect(s): Optimization

Title: Mobile Environmental Sensing and Sustainable Public
Transportation Using ICT Tools [222]

Short summary: Paper explaining the environmental benefits of adopting
sensor networks to collect data for environmental purposes.

Effect(s): Optimization, People Awareness

Title: Proposal of a toolset for the improvement of industrial sys-
tems’ lifecycle sustainability through the utilization of ICT
technologies [27]

Short summary: Study proposing a toolset for the improvement of industrial
systems’ lifecycle sustainability. This goal is achieved by
the adoption of ICT technologies by covering the identified
gaps and achieving the industrial needs.
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Table D.1 Continued: Literature short summary and mapping to effects

Effect(s): Optimization

Title: Sector diversity in Green Information Technology prac-
tices: Technology Acceptance Model perspective [7]

Short summary: Survey investigating differences among public- and private-
sector establishments in terms of the adoption of Green IT
practices.

Effect(s): People Awareness

Title: Smartphone-based Traffic Information System for Sustain-
able Cities [123]

Short summary: Paper addressing challenges on traffic estimation of urban
road networks and exploring the security and privacy is-
sues that can arise when taking into consideration Traffic
Information Systems.

Effect(s): People Awareness

Title: Smart sustainable cities – Exploring ICT solutions for re-
duced energy use in cities [106]

Short summary: Article exploring the opportunities of using ICT as an en-
abling technology to reduce energy consumption in urban
areas.

Effect(s): Optimization

Title: Social Electricity: A Case Study on Users Perceptions in
Using Green ICT Social Applications [96]

Short summary: Study providing insights on the usefulness and adoption of
large-scale green ICT social applications. Considers also
the potential of such platforms in affecting energy con-
sumption knowledge and awareness, providing users infor-
mation on how to become more conscious about the envi-
ronment and adopt environmentally sustainable practices.

Effect(s): People Awareness

Title: A Holistic Impact-Assessment Framework for Green ICT
[170]

Short summary: Research presenting an impact-assessment framework in-
tended to assess the economic and environmental effects of
ICT. Primarily takes into account optimization effects of
Green ICT.

Effect(s): Optimization
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Title: An Agent Based approach for sustainable ICT services to-
ward environmental sustainability [188]

Short summary: Study analysing the ICT-driven behavioural changes and
their effects on environmental sustainability. Takes also
into account the unintended effects on society as the Re-
bound effect.

Effect(s): People Awareness, Rebound

Title: Analysis of the Potential Contribution of ICT Services to
a Sustainable Society [145]

Short summary: Paper reporting an overview on the methodologies with
which ICT services can lower their environmental impact.

Effect(s): Optimization

Title: An Environmental Management Information System
for Closing Knowledge Gaps in Corporate Sustainable
Decision-Making [193]

Short summary: Study presenting an environmental management informa-
tion system (IS) aimed to improve the quality of corporate
sustainable decision-making.

Effect(s): Optimization

Title: An ICT Solution for Sustainable Tobacco Cultivation in
Mysore Region of India [109]

Short summary: Article focusing on a sustainable agriculture framework
based on mobile information and communication technolo-
gies.

Effect(s): Optimization

Title: An information technology enabled sustainability test-bed
(ITEST) for occupancy detection through an environmen-
tal sensing network [41]

Short summary: Paper focusing on optimization of buildings’ energy con-
sumption by analyzing occupancy detection trough sensor
networks.

Effect(s): Optimization

Title: An investigation of the adoption of Green ICT in IIUM
Communities towards sustainable environment [129]

Short summary: Research on the awareness and adoption of Green ICT
practices. Reports a survey on the topic conducted in a
Malaysian University.

Effect(s): People Awareness
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Title: A Self Green ICT Maturity Assessment Tool for SMEs [57]

Short summary: Paper presenting a self green ICT maturity assessment tool
aimed to provide a simple framework for the assessment of
SMEs green ICT adoption

Effect(s): People Awareness

Title: Assessing the ICT sector contribution to the millennium
development goals: Status quo analysis of sustainability in-
formation for the ICT sector [108]

Short summary: Report of a project focusing on the assessment of sustain-
ability risks and opportunities for ICT sector and ICT ap-
plications. Particular effort is spent in analyzing the Re-
bound effect complications.

Effect(s): Rebound
Title: A Study on Role of ICT in Improving of Sustainable De-

velopment in Iran [113]

Short summary: Research on the potential new opportunities and solutions
to achieve sustainable development goals through ICT in
Iran. The sharing of knowledge achieved with the adoption
of ICT is considered paramount.

Effect(s): People awareness

Title: A Survey on Sustainability in ICT A Computing Perspec-
tive [198]

Short summary: Study providing an overview on the state of the art evo-
lutionary and genetic algorithms adopted to optimize the
energy efficiency of cloud computing.

Effect(s): Optimization

Title: A sustainable approach to large ICT science based infras-
tructures; the case for radio astronomy [17]

Short summary: Paper providing an overview of the approaches that can be
used to optimize the energy efficiency of large-scale radio
astronomy projects.

Effect(s): Optimization

Title: Challenges and complexities in application of LCA ap-
proaches in the case of ICT for a sustainable future [138]

Short summary: Study analyzing the potential and challenges of Life Cycle
Assessment (LCA) from an ICT prospective. According to
the paper, obsolescence effect is one of the major issues.
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Effect(s): Obsolescence, Optimization

Title: Challenges toward gigabit-scale spin-transfer torque ran-
dom access memory and beyond for normally off, green
information technology infrastructure [98]

Short summary: Optimization of energy consumption of IT infrastructures
by the adoption of spin-transfer torque RAM (SPRAM)
technology as a true nonvolatile RAM.

Effect(s): Optimization

Title: Changing behavior towards sustainable practices using In-
formation Technology [91]

Short summary: Paper focusing on how to influence through ICT individ-
uals’ behaviors towards more sustainable practices. In-
troduces a framework, the Commonality Framework for
IT-enabled Change, in order to carry out an analysis of
sustainable behavioral change on a study case.

Effect(s): People awareness

Title: Complex Urban Systems ICT Infrastructure Modeling: A
Sustainable City Case Study [3]

Short summary: Research focusing on a sustainable ICT city infrastructure
modeling: presents an ICT systems modeling technique
based on integrating different subsystems and their char-
acteristics into a single model.

Effect(s): Optimization

Title: Deal with Reality: How ICT Enables Education to Go
Green. [134]

Short summary: Study presenting awareness strategies that enable educa-
tional institutions to be more environmentally sustainable.

Effect(s): People awareness

Title: Designing for Sustainability: Involving Communities in
Developing ICT Interventions to Support Water Resource
Management [192]

Short summary: Research focusing on optimization of water supply man-
agement in rural landscapes of Uganda by the adoption of
ICT community management models.

Effect(s): Optimization

Title: Developing an Environmental Management Information
System to Foster Sustainable Decision-Making in the En-
ergy Sector [151]
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Short summary: Paper reporting a decision making framework aimed to
optimize the trade-offs between power supply and demand
in order to achieve more sustainable systems. Takes into
account environmental sustainability aspects of both cor-
porate and consumer points of view.

Effect(s): Optimization, People Awareness

Title: Developing an ICT-enabled, anti-prophetic approach to
sustainable cities [33]

Short summary: Study that provides a set of core principles needed when
dealing with the inherent complexity of delivering success-
ful sustainable cities.

Effect(s): Optimization

Title: Environmental Sustainability in Organizations: The Infor-
mation Technology Role [187]

Short summary: Research investigating the role of ICT in optimizing the en-
vironmental sustainability of organizations. The research
is carried out by an interpretive analysis of the environ-
mental IT implementation processes of three study cases.

Effect(s): Optimization

Title: From green to sustainability: Information Technology and
an integrated sustainability framework [37]

Short summary: Research proposing an integrated sustainability framework
based on a resource-based view aimed to enable firms to
develop sustainability capabilities.

Effect(s): Optimization

Title: Green ICT Awareness in Organization-An Empirical Study
in Romanian Companies [207]

Short summary: Research assessing the organizational behavior on adopting
green information tools into the policies and processes of
enterprises.

Effect(s): People awareness

Title: Green ICT dynamics: key issues and findings for Germany
[217]

Short summary: Study reporting an overview of the impact of Green IT
in Germany. Particular emphasis is put on rebound effect
issues.

Effect(s): Rebound
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Title: Green ICT: Energy Efficiency in a Motorway Model [56]

Short summary: Paper proposing an optimization algorithm to reduce en-
ergy consumption of motorway ad-hoc wireless networks.

Effect(s): Optimization

Title: Green ICT for sustainability: A holistic approach [9]

Short summary: Research on technologies and processes aimed to imple-
ment high-performance and energy-efficient communica-
tion networks. Reports a holistic framework for efficiently
manage energy, entropy, and exergy flows in heterogeneous
systems through combining thermodynamic and commu-
nication approaches.

Effect(s): Optimization

Title: Green ICT Practices among Egyptian HEI’Students [50]

Short summary: Survey of Green ICT practices adoption among Egyptian
Higher Education Institutions’ students.

Effect(s): People Awareness

Title: Green ICT practices among tertiary students: A case study
[171]

Short summary: Survey on Green ICT practices adoption by Malaysian ter-
tiary students.

Effect(s): People Awareness

Title: Green ICT: Self-organization aided network sharing in
LTE-A [143]

Short summary: Research presenting an energy reduction approach for mo-
bile communication through self-organization aided net-
work sharing.

Effect(s): Optimization

Title: Green Information Technology, Energy Efficiency, and
Profits: Evidence from an Emerging Economy [137]

Short summary: Study analysing the impact of the introduction of Green
ICT practices into companies internal processes in terms
of energy conservation and profits.

Effect(s): Optimization

Title: Green Information Technology (GIT) and gender diversity
[135]

Short summary: Survey investigating the gender diversity in terms of ap-
plying Green ICT practices among IT professionals form
public and private sector organizations.
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Effect(s): People Awareness

Title: Green Information Technology influence on car owners’ be-
havior: Considerations for their operative support in col-
laborative eLearning and social networks [130]

Short summary: Research investigating the behavioural changes in private
transportation usage caused by the introduction of ICT
enabled environmental information sharing.

Effect(s): People Awareness

Title: Green Information Technology (IT) framework for energy
efficient data centers using virtualization [206]

Short summary: Study focusing on the adoption of virtualization techniques
aimed to improve the performance and energy efficiency of
data centers.

Effect(s): Optimization

Title: ICT-Based Touristic Activities: The Case of Pafsilipo
Park in Greece [184]

Short summary: Paper investigating the benefits of the introduction of ICT-
based activities in touristic projects.

Effect(s): People Awareness

Title: ICT and environmental sustainability in a changing soci-
ety: The view of ecological World Systems Theory [202]

Short summary: Research on the role of ICT in promoting environmental
sustainable practices.

Effect(s): People Awareness

Title: ICT and Sustainable Mobility: From Impacts to Policy
[219]

Short summary: Analysis on the long-term rebound effects caused by the
adoption of ICT to achieve sustainable mobility.

Effect(s): Rebound
Title: ICT applications for energy efficiency in buildings: Re-

port from the KTH Centre for Sustainable Communication
[107]

Short summary: Literature research on Green ICT software, services and
hardware that can be used to optimize the energy con-
sumption of existing buildings.

Effect(s): Optimization
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Title: Social Electricity: The evolution of a Large-Scale, Green
ICT Social Application through two Case Studies in Cyprus
and Singapore [97]

Short summary: Paper describing the development and management of So-
cial Electricity, a large-scale online social application aimed
to influence people to reduce their personal carbon foot-
print.

Effect(s): People Awareness

Title: Standards for ICT - A green strategy in a grey sector [47]

Short summary: Research on the effects of the introduction of compatibil-
ity standards such as reducing variety, avoiding lock-in,
and building critical mass aimed to reduce environmental
impact of ICT and therefore also to reduce obsolescence.

Effect(s): Obsolescence
Title: Sustainable consumption and the Information Technology

revolution [220]

Short summary: Research focusing on three distinct topics: Shifts in trans-
port and building energy usage due to adoption of digital
lifestyles; effects of knowledge goods on the energy of a typ-
ical basket of consumer products and the rebound effects
caused by ICT-stimulated economic growth.

Effect(s): Induction, Optimization, Rebound, People Awareness

Title: Sustainable Development and ICT in Slovenian Primary
and Secondary Schools: Media-Ecological Perspective [224]

Short summary: Research assessing the possibilities of sustainable develop-
ment in relation to information and communication tech-
nologies in Slovenian primary and secondary schools.

Effect(s): People Awareness

Title: Sustainable Development and Ict Interpreted in a Natural
Science Context [84]

Short summary: Article discussing from a natural science point of view, the
importance of a far-reaching dematerialization of consump-
tion as a necessary condition for sustainable development.

Effect(s): Decoupling of Growth

Title: Sustainable development of land and water resources using
geographic information system and remote sensing [44]
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Short summary: Study reporting an approach to generate information on
natural resources from remote sensing satellite images
through a systematic visual interpretation. By integrat-
ing the gathered data with collateral information, optimal
land use plans and relative action plans for sustainable
development of land resources can be generated.

Effect(s): Optimization

Title: Sustainable rural development with the application of Spa-
tial Information Technology and Mahatma Gandhi na-
tional rural employment guaranteed scheme [183]

Short summary: Article describing the possible usage of spatial information
obtained from geographic information system to enforce
a sustainable development and to provide awareness on
environmental practices in Indian rural areas.

Effect(s): Optimization, Peope Awareness

Title: Sustainably ours: Information System Design As Catalyst:
Human Action and Environmental Sustainability [146]

Short summary: Article describing the role of information system design in
achieving a cultural shift towards the adoption of environ-
mental sustainable practices.

Effect(s): People Awareness

Title: The adoption of green information technologies and sys-
tems as a driver within green SCM [182]

Short summary: Research analyzing the adoption of ISO 14001 by
Malaysian manufacturing companies and the benefits re-
lated to adhering to the latter standard.

Effect(s): Optimization

Title: The Dark Green Side of Information Technology [211]

Short summary: Paper identifying the entities in the IT ecosystem and the
processes with which they affect the environment. More-
over the study proposes some practical solutions to make
the ICT industry more sustainable.

Effect(s): Optimization

Title: The essence of future smart houses: From embedding ICT
to adapting to sustainability principles [66]
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Short summary: Study analyzing from a theoretical point of view case mod-
els of smart houses. The research is aimed to identify
the essence and characteristics of smart houses, highlight-
ing the importance of integrating this projects with other
smart components of cities in order to archive a significant
enhancement of life quality and a more sustainable urban
environment.

Effect(s): Optimization

Title: The Evolution of Green ICT Practice: UK Higher Educa-
tion Institutions Case Study [28]

Short summary: Paper giving an interpretation on the main concepts of
Green ICT and presenting a framework designed to evalu-
ate Green ICT strategies, practices, and measurements in
UK Higher Education Institutions. The study takes into
account various environmental effects of ICT.

Effect(s): Obsolescence, Optimization, Decoupling of Growth

Title: The Green Practitioner: A Decision-Making Tool for
Green ICT [119]

Short summary: Paper presenting a web-based tool that enables practition-
ers (i.e. agents) to browse a number of Green ICT solutions
and calculate their estimated impact if applied to their or-
ganization, through customized parameters. Furthermore,
the tool provides a creation interface for contributors who
want to generalize and share their own Green ICT prac-
tices.

Effect(s): People Awareness, Optimization

Title: The Road Extension Model in the Land Change Modeler
for Ecological Sustainability of IDRISI [94]

Short summary: Study introducing a road extension model aimed to simu-
late roads network expansion. The model can be used to
simulate scenarios of different road placement strategies
and their impact on the environment.

Effect(s): People Awareness

Title: The Role Of Information Technology (BMS) In Maintain-
ing A Sustainable Energy: The Case Of Iran. [125]

Short summary: Article focusing on ICT Building Management Systems
and their roles in efficient energy saving.

Effect(s): Optimization
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Title: The TeliaSonera Green room Concept for high and mid
density ICT equipment [51]

Short summary: Paper presenting an approach for construction and cooling
of mid and high density equipment located in designated
areas in Data Centers.

Effect(s): Optimization

Title: Ubiquitous Environmental Infra Systems for the Green
City [99]

Short summary: Research presenting an ubiquitous environmental infra
system for controlling green house gas (GHG) emissions
through various environmental, visible, and satellite sen-
sors.

Effect(s): People Awareness

Title: Use Of Environmental Intelligence For Green ICT In The
Manufacturing Sector [203]

Short summary: Article explaining how Green ICT can be adopted by or-
ganizations to reduce their carbon footprint and manage
their business in a more sustainable way.

Effect(s): Optimization

Title: Using ICT & Analytics to Build Demand for Sustainable
Power Consumption in a Rural Mountain Community [26]

Short summary: Paper developing a model and implementation plan for
using ICT combined with Predictive and Behavioral An-
alytics to create demand for more sustainable power con-
sumption in small rural communities.

Effect(s): Optimization
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