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Abstract: Information and communication technologies (ICT) are present in almost all fields of human
activity. The expansion of their use should be balanced by the results of the studies on the negative
effects on the environment. The relationship between these technologies and the environment is
relatively new. The application of environmental criteria is commonly referred to as green ICT or
green computing. Awareness of the importance of the ecosystem has led to increased interest in its
protection both in production and in consumption. Green ICT should be a major concern not only for
the hardware and software producers but also for the users. They could stimulate the demand for
less harmful products for the environment with an essential role in the after-sales stages. Companies
can contribute to this process by resource efficiency, dematerialization, and minimizing e-waste,
increasing recycling, and producing fewer CO, emissions. The decision to adopt green ICT depends
on the expected benefits and investments. This decision depends on costs, competitiveness, financial
support, managers and employees’ characteristics and skills, legal regulations, supply, and demand.
The contributions of the paper cover identifying, analysing and classifying general and specific
determinants of green ICT adoption in organizations based on the literature in this field.

Keywords: green information and communication technologies; green ICT, determinants;
environment protection; motivations; sustainable; legal regulations

1. Introduction

The interest of research and industry, both in the public and private sectors, in environmental
problems is not new. Theories regarding the concept of green and sustainability started to influence
the market and consumers’ preferences ever since the 1970s; first in United States as “societal
marketing” [1]. During that period, organizations interested in environmental protection managed
to persuade the consumers to be more eco-friendly in some actions and decisions. After a flurry
of conceptual papers to initiate the field of study, research now focuses on resource efficiency,
dematerialization, and reduction of e-waste and emissions, leading to improved environmental
performance and/or reduced environmental impact [2]. Concepts such as eco-innovation, sustainable
development, and environmental friendliness have had great success in research and in practice, partly
due to the strengthening of environmental regulatory restrictions. The success of concepts such as these
has become a major social phenomenon, supported by national and international non-governmental
organizations dedicated to environmental protection and by regulatory agencies.

Thus, environmental concerns have influenced the field of green information and communication
technologies (ICT), which is considered the most innovative at present. Its evolution through
eco-innovations is a natural result of progress over the last decades. The ubiquity of ICTs leads
to increased energy consumption and CO, emissions with considerable negative effects on the
environment in terms of sustainable development [3-8]. This ubiquity also leads to increasing the
volume of e-waste [9-12]. However, the relationship between ICTs and the environment is complex.
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ICTs can play a positive role as well, through dematerialization and online delivery, transport and
travel substitution, a host of monitoring and management applications, greater energy efficiency in
production and use, and product stewardship and recycling [13,14]. The favourable effects mentioned
above and the development of environmentally friendly ICT products and services, defined in the
following section, lead to diminishing the negative influences on the environment, thereby stimulating
the use of eco-friendly ICT in a wide variety of activities. Based on these reflections, we consider
very important factors that influence organizations to select ICT products and services with minimal
negative environmental influences, also known as green ICT.

This study attempts to identify the research trends and emerging areas in determinants influencing
the adoption of green ICT and to identify any gaps in the literature for future research. The absence of
a theoretical framework is still a major gap in green ICT literature [15-17]. While most studies focus
on green ICT implementation results, this paper identifies, analyses and classifies the determinants
of green ICT adoption in the pre-implementation stage. Furthermore, this paper contributes the
identification of specific determinants of the adoption of green ICT in organizations to research on
green ICT. While previous research analyses, theoretically and empirically, the general motivations of
green ICT adoption, similar to EMP motivations, our study identifies and classifies specific motivations
of green ICT adoption in organizations and highlights the differences between implementing actions
of green ICT and other EMPs. Thus, this paper provides an overview of the current research on the
general and specific determinants that influence the adoption of green ICT in organizations.

2. Definition of the Topic

In the case of ICT, environment protection involves the development of hardware and software
with minimal influence on the environment (radical innovation) or improving the existing ones
(incremental innovation), and using ICT for diagnosing and solving environmental problems. Concepts
such as green information technologies (IT) or green ICT—especially targeted to reduce the negative
effects of ICT usage on the environment and IT for green, ecological informatics, environmental
informatics, and computational sustainability—for development and usage of applications dedicated
to environmental protection were introduced after the mentioned concerns in literature and practice.
Table 1 presents some representative definitions for green ICT/IT.

Table 1. Definitions of green information and communication technologies (ICT).

Author Green information technology (IT)/ICT is . ..

... how “hardware and other infrastructure [ ... ] can be better managed and designed

1 . .
(18] from an environmental perspective.”

... “the study and practice of designing, manufacturing, using, and disposing of
computers, servers, and associated subsystems—such as monitors, printers, storage
devices, and networking and communications systems—efficiently and effectively with
minimal or no impact on the environment. Green IT also strives to achieve economic
viability and improved system performance and use, while abiding by our social and
ethical responsibilities.”

[19]

[20] ... “mainly focused on energy efficiency and equipment utilization.”

. “an organization’s ability to systematically apply environmental sustainability criteria
(such as pollution prevention, product stewardship, use of clean technologies) to the
design, production, sourcing, use and disposal of the IT technical infrastructure as well as
within the human and managerial components of the IT infrastructure.”

[21]

... “design technique, construction technique, the function of the information diffusion
technique to achieve optimal environmental governance, and the approach is also about
optimization and improvement of the organization’s operational processes without
hindering its progress in use of technology.”

[22]
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The terminology “Green IT/ICT” became popular after the publication of a Gartner report in
2007 [23] and was later joined by “Green Computing”, “Green Software”, “Green Software Engineering”
and “Green Information Systems” [24]. Green ICT addressed developers” and ICT users’ concerns for
solving environmental problems. The direct benefits, manifesting mainly in savings from reduced
energy consumption, which lead to CO; reduction, are the base for attracting interest. Bachour
and Chasteen believe that the adoption of green ICT in organizations means using technology
efficiently while taking into account the triple bottom line: “economic viability, social responsibility,
and environmental impact” [25].

The effects of green ICT, which have the potential to be substantial, can be direct by reducing
negative ICT impacts on the environment or indirect by using information systems to support other
business initiatives in reducing their negative environmental impacts [26]. Concepts such as “green
by ICT” and “green in ICT”, “green by software” and “green in software”, “green by hardware” and
“green in hardware” refer to specific subdomains or various levels of involvement in environmental
protection through ICT [27]. Table 2 presents their definitions and descriptions based on literature in
the field.

Table 2. Green IT: green software and green hardware.

Concept Definition Concept Description
Equipment and installation to help monitor
“the impact of IT on the ~ 8reN by and protect the environment; The use and
green by IT environmental hardware disposal of hardware with minimum
productivity of other negative influences on the environment.
sectors” [27] Software dedicated exclusively to
green by environmental protection and monitoring;
software Software that provides efficient resources
management for other applications.
) ) green in ANlICT infiustry initiatives to reduce the
green in IT thg I‘T sector’s own hardware consumption of non-renewable resources,
activity and its impact on pollution and waste efficient management.
environmental . .
efficiency” [27] ' Minimizing negative 1nﬂuences of software
green in development on the environment and
software supporting the complete life cycle of

sustainable software system engineering.

These distinctions highlight the particularities of green ICT. They also highlight how an
organization can contribute to environmental protection through ICT development and adoption. The
most important feature of the ICT industry, which distinguishes it from other industries, is its double
role: on the one hand, it supports environmental protection, and on the other hand, it contributes
to the degradation of the environment, both by through the hardware and software dedicated to its
monitoring and protection. An important vector for promoting the importance of green ICT adoption is
the increasing ubiquity of ICT at all levels (individual, organizational and societal) and their important
contributions to economic and social progress. They are strategic technologies because they have an
essential role in the redesign of business and production processes through green information systems,
in order to decrease the CO, emissions of organizations [28]. The ICT contribution to environmental
protection can become manifest in the reduction of energy consumption, in the development and
use of hardware and software (e.g., replacing desktop PCs with thin clients), in virtualization, in the
reduction of energy consumption in data centres, in the reduction of emissions from transport by
promoting communication in the virtual environment, in recycling and reuse, and in the increased
access to information. From “enabling a carbon footprint analysis, monitoring and reporting capability
through supplanting eco-unfriendly business practices, to deploying computerized models to increase
energy efficiency and reduce greenhouse gas emissions,” [29] hardware and software make green ICT
essential and unique.
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Nevertheless, the environmental concerns were introduced into organizations by environmental
management practices (EMPs). These practices include environmental audits, total quality
management, pollution prevention plans, environmental training for employees, total cost accounting,
life cycle analysis, research and development (R&D), environmental standards for suppliers, and
employee incentive programs for environmental suggestions [30]. Green ICTs have some particularities
that differentiate them from other EMPs. They offer the necessary tools to implement some important
EMPs in organizations but also extend the application of these practices on ICTs through their
recycling and reuse, proactive cost reduction, and surveillance of the market for environmental
issues as well. Below, we present some specific determinants of the adoption of green ICTs to highlight
these differences.

Current green IT trends are characterized by the efforts of IT management, primarily to use IT
resources more efficiently and effectively and to reduce the environmental impact [31]. The direct
or indirect benefits influence the involvement in green ICT development and implementation in
organizations or their usage by individuals. The following sections analyse the main general and
specific determinants influencing the adoption of green ICT identified in the literature.

3. Research Methodology

3.1. Research Questions

The goal of this work is to identify the main factors influencing the adoption of green ICT. We
will answer the following two important questions:

Q.1:  What are the general and specific motivations in the adoption of green ICT?
Q.2: How can the motivations in the adoption of green ICT be classified?

While previous research focused on the effects of green ICT adoption [32-36], this paper addresses
the pre-adoption phase of green ICT.

3.2. Research Method

The first step for analysing the determinants of green IT in organizations was to conduct a
comprehensive review of the current literature. We used content analysis for this research. This
methodology has become popular in social sciences in recent years, especially thanks to technological
advances. According to Kassarjian, this is “a phase of information-processing in which communications
content is transformed, through objective and systematic application of categorization rules, into data
that can be summarized and compared” [37]. Krippendorff offers a conceptual framework for content
analysis with six components: (1) “a body of text, the data that a content analyst has available to begin
an analytical effort”; (2) “a research question that the analyst seeks to answer by examining the body
of text”; (3) “a context of the analyst’s choice within which to make sense of the body of text”; (4) “an
analytical construct that operationalizes what the analyst knows about the context”; (5) “ inferences
that are intended to answer the research question”; and (6) “validating evidence , which is the ultimate
justification of the content analysis” [38] (pp. 29-30). Below, we address all these components.

We searched in several academic databases and search engines, such as ACM Digital Library,
Web of Science, Science Direct, and IEEE Xplore Digital Library. The keyword used was “green ICT”.
Through these searches, we identified 435 papers focused on green ICT and/or green IT. For the
following steps, we used EndNote to eliminate redundancies and to explore the scope of the articles.
Titles and abstracts were analysed to identify the articles related to determinants of green ICT from a
business perspective. This process led to a final number of 70 articles that we considered for further
analysis. The timeframe for our review was the period in between the years 2008 to 2015. We chose
2008 as the starting point, since the concept of green ICT has only become significant and attracted the
attention of researchers since 2008 as a reaction to the Gartner report, which estimated the global ICT
industry to account for approximately 2 percent of global carbon dioxide (CO,) [23].
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4. Analysis, Findings and Discussion

4.1. Publications by Year

The interest in studying the relationship between ICT and the environment in literature began
to increase as of 2008. Table 3 shows the number of papers published from 2008 to 2015 in some
representative international databases.

Table 3. Amount of papers in international databases found with the keywords “green ICT”/”green IT”.

Database 2008 2009 2010 2011 2012 2013 2014 2015 Total
ACM Digital Library - 3 5 6 8 8 7 5 42
Web of Science 1 8 6 9 21 19 18 13 95
Science Direct - - 2 3 23 16 15 31 90
IEEE Explorer - 6 4 10 19 47 9 113 208
Total 1 17 17 28 71 90 49 126 435

Researchers’ interest regarding the relationship between ICT and the environment appears to
be increasing. Organizations and individuals are increasingly concerned about their study and their
use in the current activity. There is a lot of discussion about theory and practice but few real-world
implementations—the suspicion being that there are not many to examine and that, as pointed out by
researchers, the metrics are difficult to quantify and measure [39].

4.2. Overview of Factors Influencing the Adoption of Green ICT in Literature

A mix of both pragmatic (e.g., financial and legal) and idealist (e.g., moral and ethical) factors
influence managers’ decisions to adopt green ICT according to Lampe et al. [40]. There are general
motivations, applied to all EMPs, and specific motivations applied only to the ICT field (Figure 1).
In this section, we have selected and reviewed articles addressing all sets of determinants.

GENERAL DETERMINANTS

» Competitiveness

* Pro-environment grants SPECIFIC DETERMINANTS

 Company characteristics

o Entrepreneurs’ skills « Collaborative green business processes

* The knowledge and technological capabilities « Modeling and implementation of new green processes
« Organization strategy o Transfer of responsibilities

o Supply and demand  Unlocking the business potential of virtual worlds

o Cost reduction without negatively affecting company's image

* Human resources characteristics  Dynamic of the ICT industry

* Entrepreneurs’ altruism * Support for EMP implementation

o The environmental conditions

* Social responsibility

* Initiatives of non-governmental institutions
* Internal and international policy

* Legal regulations

Figure 1. The determinants of green information and communication technologies (ICT) adoption.
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Figure 1 presents, on the left, general determinants of green ICT adoption as identified in the
literature. The specific determinants, presented in the right side of the figure, reflect our opinion
about the motivations of green ICT adoption in organisations. We consider that the first category of
determinants provides general framework for green ICT adoption and the second category represents
effective exploitation of green ICT opportunities.

There are vast amounts of literature on the main motivations of the adoption of EMPs. The
reason is that the costs of environmental irresponsibility have become much clearer because of
global and regional problems, such as global warming, ozone depletion, deforestation, and loss of
biodiversity [41,42]. The introduction of the ISO 14000 standards family [43] plays the most important
role in taking initiatives for the environment's protection inside organizations. The researchers
identified the following determinants in this case: environmental legislation, incident prevention,
improving corporate image and ethics, costs, human resources, customers and suppliers, and the
technological, organizational, and environmental context [42,44,45]. This section analyses the general
motivations of the adoption of EMPs inside organizations, identified in the literature, on the particular
case of green ICT. In the second part of this section, we identify a series of specific determinants of the
adoption of ICT in organizations.

From a theoretical perspective, the motivations that influence companies to engage in
technological innovation development for the protection of the ecosystem or its adoption are the
planet's problems which are reflected in global warming, the reduction of non-renewable resources
and pollution. They are listed by Gérling et al. [46] and refer to: (1) air pollution (outdoor and indoor);
(2) solid waste disposal; (3) topsoil erosion; (4) ozone layer depletion; (5) population growth; (6) marine
and freshwater pollution; (7) toxic waste accumulation and disposal; (8) reduction in biodiversity; (9)
wetlands destruction; (10) deforestation; and (11) climate modification. Some authors linked these
reasons with the theory of organizational motivation [47-51]. They rely on civic sense and social
responsibility within companies.

The application of the theory of organizational motivation to ICT and eco-sustainability implies
that an organization’s belief and value system associated with eco-sustainability as well as the influence
of external institutions can drive organizational actions to green ICT [47,52]. In reality, in most
cases, the involvement in environmental protection is constrained through legal regulations [53,54].
Regulations targeting results (not processes) make companies redesign technologies in order to increase
the efficiency of the activity by reducing costs and increasing product quality and develop less
polluting goods [55-57]. In the European Union, green ICT is one of the ICT4Society pillars [58].
Different directives support and sometimes impose, directly or indirectly, the adoption of green ICT
in organizations. For example, e-waste management (including that from the ICT field) is a priority.
Directive 2012/19/EU [59] of the European Parliament and of the Council from 4 July 2012 regulates
this problem. The objective is to promote reuse, recycling and other forms of recovery of e-waste
to reduce the disposal of waste. It is based on a take-back system: the authority is given to the
manufacturers for managing e-waste properly because the consumers can return the used products
free of charge. This directive supports the adoption of the green by hardware concept inside the
organizations by replacing ICT with others that are more environmentally friendly. A Digital Single
Market Strategy for Europe [60] displays another way through which the European Commission supports
green ICT Digital, by contributing to increasing access to information, transparency, and competition.
The Good Practices collection in Green Public Procurement [61] promotes the adoption of green ICT in
public institutions with the selection of hardware. Regarding ICT manufacturers, one of the most
important regulations and the first law in the world that limits the use of hazardous substances in
electrical and electronic equipment is the Restriction of the use of certain hazardous Substances in
Electrical and Electronic equipment (RoHS) Directive [62]. It was updated in 2011 by the RoHS Recast
Directive (RoHS 2). The restricted substances list was modified for the last time in 2015 [62]. These
regulations sustain the green hardware concept. These are just some of the regulations adopted by the
European Union that support green ICT, involving both users and developers.
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Responsiveness to the regulatory changes focused towards environmental protection, as well as
their anticipation, can provide the advantage of a temporary monopoly for the organizations, such
as all technological innovations, especially in the field of ICT, considered being extremely dynamic.
Due to the regulations, market-based mechanisms to address climate change increase, businesses will
focus on environmental sustainability and some buyers in the field are asking their suppliers to take
measures to “green up” their products and their manufacturing processes, including those from the
ICT field [63]. According to Bose and Luo [64], the primary drivers of green IT are reducing costs due
to budget cuts (cost), complying with the local law (legislation) and reducing consumption due to
resource restrictions (environment).

Molla et al. [29] mention the following factors of green ICT adoption in organizations, in
order of their importance: reducing the cost of IT, corporate strategy, environmental consideration,
social acceptance, the maturity of the green IT industry, government regulations, government
incentives, clients/consumers’ pressure, green IT uptake by more organizations, industry associations,
competitors’ actions, and vendors’ pressure.

The negative effects have been analysed at each stage of the life cycle, from manufacturing to
usage and disposal [65]. In these circumstances, if the motivations of ICT adoption and implementation
are clear, their correlation with the environmental issues is relatively new. Chen et al. [53] identified
three eco-motivations:

e  Eco-efficiency refers to a business’s desire to deliver “competitively priced goods and services
[ ... ] while progressively reducing ecological impacts”.

e  Eco-equity focuses on “equal rights of people to environmental resources” and a business’s “social
responsibility for the future generations”.

e  Eco-effectiveness “aims to stop contamination and depletion [ ... ] by directing individual and
organizational attention to the underlying and fundamental factors of environmental problems
[ ... ] through a fundamental redesign of the system”.

Starting from the motivations proposed by Chen et al., Molla and Abareshi [47] identified
and analysed the following reasons for the adoption of green ICT in organizations, relative to the
theory of organizational motivation, which involves a combination of ecological and operational
performance considerations: eco-efficiency motives, eco-effectiveness motives, eco-responsive motives
and eco-legitimacy motives. The study conducted on a sample of 176 companies from various business
areas showed that the first two reasons mentioned (eco-efficiency and eco-effectiveness) have the
greatest influence in the adoption of green ICT.

Oltra [66] classified the determinants into three main categories: regulation and policy
determinants, supply-side determinants and demand-side determinants. In the first category, the
author mentions:

¢ implementation of environmental policy instruments: economic and regulatory;
e existence and anticipation of environmental regulations;

e regulatory design.
The second category refers to:

e  costsavings and productivity improvements;

e organizational innovations;

e R&D activities;

e industrial relationships, supply chain pressure and networking activities.
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Finally, the last category of determinants includes:

e environmental consciousness and consumers’ preferences for ecological products;
e  expected increase in market share or penetration of new market segments.

Kuo [67] identified three categories of determinants that make companies interested in green
ICT: motivational determinants (competitiveness, legitimacy and social responsibility), organizational
determinants (related to the internal environment of organizations such as human resources and
capabilities), and technological constraints (related to ICT available on the market that can significantly
limit the field of green ICT initiatives). These factors are found in other approaches as well, as we will
present below.

Competitiveness [68,69] is an important determinant of the adoption of green ICT favoured by
the market evolution. The advantages obtained by companies are essential both internally and in
their relations with the external environment, providing a competitive market position [70] (pp. 6-11).
Competitiveness between ICT manufacturers in terms of pro-environment characteristics is quite
large, and their popularization has become commonplace for each sub-sector, with larger companies
competing for supremacy, according to studies published by Green Peace [71]. Bansal and Roth
also mention this factor [72]. They identify two additional determinants: stakeholders’ pressure and
ethical motivations. The stakeholders can be external (regulators, community, suppliers) or internal
(employees, management, and shareholders). The ethical motivations are the desire to “do well” for the
environment out of a sense of social obligation. The study was conducted on a sample of 53 companies
in the UK and Japan and emphasised that these motivations were influenced by three contextual
conditions: field cohesion, issue salience, and individual concern.

Changes or initiatives stimulated at national and international levels by grants represent another
category of factors [73-75]. It is very important for green ICT if we consider that many of the
priority axes are closely linked to it. Relevant at the European level is the Europe 2020 strategy,
called suggestively a “European strategy for smart, sustainable and inclusive growth” [76]. Wide
environmental priorities set by the European Union in this strategy are highlighted in the following
objectives: investing 3% of gross domestic product in research and development, a 20% reduction
in emissions of greenhouse gases (even 30% if the conditions are favourable), a 20% increase in the
percentage of renewable energies and increasing energy efficiency by 20% [77].

Some components of green ICT involve major investment. This makes the financial strength of
the company another important factor for the use of ICT consistent with the company’s environmental
footprint. Large companies are more willing to invest in ICT than small ones [78]. As a consequence,
their ability to replace equipment and applications with eco-friendly ones is higher or, more
appropriately, opportunities to invest in innovation in green ICT are bigger.

Organization characteristics [54,79,80] as an important determinant of green ICT adoption are
highlighted by Ashford [80] as desire, exploitation of opportunities and the ability to innovate. Desire
is influenced by the attitude in relation to the industry in general, by the comprehension of possible
options and solutions and the ability to evaluate alternatives. The exploitation of opportunities refers
to supply and demand in the company’s activity field. The offer is considering possible gaps between
existing technologies in the company and in the industry and the pressures arising from relationships
with partners that could stimulate investment in innovation. Potential savings may motivate the
demand of requesting greener products by pressures from the consumers and employees. The last
determinant, considered the most important by Ashford and Hall [56] the company's “capacity to
innovate”, is reflected in the company's desire to be involved in the innovative process, but also in the
existence of the necessary skills and collaboration with the external environment.

Green ICTs have specific determinants as well. These make this field different from the other
EMPs. One of these is the transfer of the responsibilities. It is facilitated by cloud computing. This
is a new model that integrates existing technologies and models, in order to optimize the use of
physical and logical resources. In the case of cloud computing, the responsibility for software updates,
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security, disaster recovery and storage of information falls to the cloud services provider. Practically,
the environmental benefits of cloud computing are better strategies for reduced energy consumption,
a smaller volume of required equipment [81] (pp. 29-31) and consequently of necessary resources for
their production as well as decreased waste after discharge.

Another important determinant in favour of the adoption of green ICT is the dynamics of the ICT
industry: the high technology industry has been one of the fastest-growing industries in the world
that increasingly leads to technological innovations and global economic developments, while there
are concerns regarding the sustainability of the industrial energy consumption and CO; emissions [82].
It enforces companies in the rapid adoption of next-generation technologies, particularly where they
form the basis for the design and production processes. In many industries, the adoption of green ICT
is a condition for eco-design rules and directives and for cleaner technologies. They have the goal of
eliminating the least performing products from the market, significantly contributing to the energy
efficiency objective.

The support for the implementation of EMPs is another specific determinant of adopting green
ICT. Green ICT is the basis for green information systems. It can have different sophistication,
can be used at different levels and provides support to the business to implement EMP and
its environment strategies [83] (pp. 219-220). Green ICT can be used for measuring, monitoring
and performance-checking of the various emissions generated by the devices employed in the
organization’s activities. However, green ICT is not limited to the information system of a single
organization. It provides the necessary tools for comparing the performance in reducing carbon
emissions across organizations and multiple industry sectors and facilitates the understanding of the
economic advantage of green initiatives among competing organizations [83] (pp. 219-220).

Green ICT also refers to communication with customers, suppliers, public institutions and
communication and interaction among employees or members of an organization. The implementation
of some collaborative green business processes, based on green web services, is conditioned by
the adoption of green ICT and constitutes the base of the corporate environmental strategy. The
situation is similar for modelling and implementation of new green processes which is impossible
to achieve without adoption of green ICT, and, at a broader level, without implementing a green
information system.

Finally, the last determinant specific to the adoption of green ICT that we have identified is
harnessing the potential of the presence in the virtual environment without adversely affecting the
company’s image. As we have previously mentioned, ICT consumes resources and causes pollution.
Mainly, the dimensions of these negative effects constitute the difference between ICT and green
ICT. The use of virtual environments that promote environmental protection (such as green cloud
computing, green web, green social networks, etc.) helps to maximize the benefits of the presence in
the virtual environment and to minimize its influences on the ecosystem.

4.3. Classifications of the Determinants Influencing Green IT Adoption

Above, we identified the main determinants of adopting green ICT. Some of these determinants
are general and some are specific to the field analysed in this paper. Now, we classify the identified
determinants in three categories, based on literature [50]: economic, ethical and regulatory. Starting
from these three categories, we have classified general determinants as shown in Table 4.

The specific determinants are important for the adoption of green ICT as well. They are the
next level of green ICT adoption when general determinants are known, understood and accepted by
managers and employees. We have classified specific determinants in the same categories as general
determinants, economic, ethical and regulatory, as shown in Table 5.
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Table 4. General determinants of green ICT adoption.

Economic Ethical Regulatory
Competitiveness [40,44,67-69,72] — —
— Social responsibility [44,49,53,65,67] —

— — Initiatives of non-governmental institutions [71,84]

The environmental conditions: pollution, diminishing
— of exhaustible resources, global warming, etc. —

[40,46,47,66]
Pro-environment grants [70,73-77] — Pro-environment grants [70,73-77]
Company characteristics [25,54,56,79,80] Company characteristics [25,54,56,79,80] —
— — Internal and international policy [61,62,66,70,77]
Entrepreneurs’ skills [67,80,84] Entrepreneurs’ skills [67,80,84] —

— Entrepreneurs’ altruism [21,52,72,84] —

The knowledge and technological capabilities [67,80,84] — —

Organization strategy: eco-efficiency, eco-equity, Organization strategy: eco-efficiency, eco-equity,
eco-effectiveness [49,53] eco-effectiveness [49,53]

— — Legal regulations [11,40,44,53-57,63,64,66,67,84]
Supply and demand [29,44,66] — —
Cost reduction [29,42,44,45,55-57,64,66,72] — —

Human resources characteristics [42,44,67] Human resources characteristics [42,44,67] —
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Table 5. Specific determinants of green ICT adoption.

Economic Ethical Regulatory

Collaborative green

Collaborative green business processes — .
business processes

. . . H ing th ial of th
Harnessing the potential of the presence in arnessimg the p.Otentla of the
presence in the virtual

the virtual environment, without adversely . . —
. L environment, without adversely
affecting the company's image . yos
affecting the company’s image

Modelling and implementation of new
green processes

The transfer of responsibilities The transfer of responsibilities —
The dynamic of the ICT industry The dynamic of the ICT industry The dynamic of the ICT
industry
. . The support for implementation The support for
The support for implementation of EMPs of EMPs implementation of EMPs

Green ICT is a complex concept. It involves placing environmental concerns at all stages of a
product’s life, from design to disposal. The product development factor involves the greening of
the existing product (e.g., using recycled content, using biodegradable materials or using alternative
sources of fuels and materials) and developing new green sustainable products (e.g., reverse logistics,
design for disassembly, use of renewable resources, and use of biodegradable materials) [85].

5. Conclusions

This paper set out to examine the determinants that positively influence green ICT adoption
in organizations. The general contribution of the article is that it proposes the general and specific
determinants that motivate managers and employees to engage in pro-environmental actions through
green ICT adoption. The general motivations for the adoption of EMP practices in organizations
have often been described. We have summarized these motivations in the particular case of green
ICT and we have classified them in three categories identified in the literature: economic, ethical and
regulatory. This classification may guide companies’ managers towards a particular environmental
strategy according to their priorities, resources, industry, and vision. The main contribution of
this paper is the identification of the specific determinants of green ICT adoption: transfer of the
responsibilities, dynamics of the ICT industry, support for the implementation of EMPs, collaborative
green business processes, harnessing the potential of the presence in the virtual environment without
adversely affecting the company’s image, and modelling and implementation of new green processes.
These motivations are related to the specific characteristics of different technologies. They create a
technological context for green ICT adoption that improves the environmental performance of the
organization. The specific determinants are the next level of green ICT adoption after the awareness
and appropriate evaluation of general determinants.

This paper is not without limitations: The first limitation is that the paper is a theoretical
piece and it has not been tested empirically. Future research should be focused on the empirical
evaluation of the specific determinants for the case of green ICT adoption. Second, the general
determinants and the specific determinants have been analysed separately. We have not examined the
interrelationship between them. Future research ought to explore this relationship as well, because the
general determinants are the basis for the specific determinants.

From the technical perspective, green ICT is a broad concept, which includes numerous
technologies, such as e-commerce, virtualization, Internet of Things, telecommuting, supercomputers,
smart grids and cloud computing. Future research should expand and customize the determinants of
green ICT adoption on each technology. The specific characteristics of these should be considered as
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potential motivations for its adoption in practice. Accordingly, the results of this study can be used by
academics as a roadmap for future research. This paper is useful to practitioners as well: Managers can
use the specific determinants identified with the objectives and strategies of the organization to adopt
decisions on the implementation of green ICT according to technical requirements. Hardware and
software engineers can use the specific determinants to establish the order of the adoption of green
ICT depending on the priorities of the organization or society (in the case of ICT manufacturers or
providers). Regulatory agencies are interested in these changes, as indicated in Section 3 of this paper.
They can use specific determinants for setting the future directions of public funding and regulations.

Furthermore, regulations that apply to ICT products and internal and external politics specific
to the green ICT field are further important problems not entirely clarified. The main measures by
which regulatory organizations can get involved in environmental protection are adopting some strict
regulations in this field and grants dedicated to eco-innovations in ICT. There are great differences
between the regulations adopted in different countries, determined mainly by the level of economic
development and education. The less developed countries have a very low level of adoption of
regulations on environmental protection. Contextual differences such as these could also well be the
focus of future research in green ICT.

Finally, it is important to note that the results of green ICT adoption are not immediate,
both financial and those relating to environmental benefits. Therefore, beyond the rational and
pragmatic factors, values and altruistic motivations of organizations’ managers are very important in
adopting green ICT. The study of these aspects, based on specific determinants, will be the subject of
future research.
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