
sustainability

Article

Assessing the Greenness of Enterprise Resource
Planning Systems through Green IT Solutions:
A Romanian Perspective

Minodora Ursacescu *, Dan Popescu, Cristina State and Ion Smeureanu

Faculty of Management, Bucharest University of Economic Studies, 6 Romana Square,
Bucharest 010374, Romania
* Correspondence: minodora.ursacescu@man.ase.ro

Received: 17 June 2019; Accepted: 16 August 2019; Published: 18 August 2019
����������
�������

Abstract: Businesses and technology play an important role in the global economy, where the
achievement of sustainability goals has a positive impact on society and companies. In this regard,
there is a need to integrate information technology and sustainability to enable companies to act in a
greener manner. Knowing that the Enterprise Resource Planning (ERP) system is one of the most
powerful business solutions for companies, it is crucial to align its use with sustainability elements
through the use of green information technology (IT). We explored the relationship between ERP
systems and green IT practices to assess how green IT provides an opportunity for organizations
to improve ERP systems in more environmentally responsible initiatives. For that purpose, we
empirically analyzed four Romanian economic sectors based on an online survey that contained
criteria to explore organizational awareness about developing green ERP systems. The findings
indicate that companies are generally focused on the key benefits of ERP systems related to operational
aspects and less on the sustainability benefits. Based on these results, the main conclusion highlights
the strong need to embed IT in business sustainability initiatives by adopting green IT solutions.
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1. Introduction

The global economy places companies in a new dynamic evolution that is highlighted by the three
pillars of social, economic, and sustainable development [1,2]. According to the systemic approach
to these pillars, companies’ responsibilities exceed the traditional goal of making a profit [3], thus
encouraging them to engage in sustainable development initiatives. The resources produced by healthy
and long-term growth are found in the innovation capabilities that are supported by information and
communication technology (ICT) [4–6]. Every company should consider the impact of the use of ICT
on the environment and take care to adopt solutions to minimize negative effects [7,8]. From this
perspective, a new paradigm in business sustainability solutions [9] and organization management
was revealed. This suggests that there is a need to integrate eco-responsible practices when using
information technology (IT) to ensure that all the software solutions that an organization applies
are environmentally friendly [10,11]. IT hardware has created environmental problems related to
its production and disposal. Computer, networking, and telecommunication technologies consume
electricity, raw materials, and chemicals that generate greenhouse gas (GHG) emissions and impact
the environment [12–16]. Given these circumstances, there is an increasing need for organizations to
minimize the environmental impact of IT to help create a more sustainable environment [17].

IT is expected to play a lead role in achieving the goals of sustainable business, through measures
that improve energy efficiency and reduce the carbon footprint. In this regard, the green potential of
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IT should be increased [18,19]. As an emerging topic in IT management, green IT involves applying
eco-friendly standards through the use of IT and is guided by several broad goals, such as sustaining
the environment by using renewable resources, recycling and reusing manufactured IT products,
and reducing waste and pollution by changing the patterns of production and consumption [20].
Nowadays, information technology offers software assets, hardware assets, tools, and practices that help
organizations to increase environmental compliance in terms of management functions and business
strategy. We are witnessing the emergence of a new concept (green IT), which Murugesan [21,22]
defined as the study and practice of efficiently and effectively designing, manufacturing, using, and
disposing of computers, servers, and associated subsystems, such as monitors, printers, storage devices,
and networking and communications systems, with minimal or no impact on the environment. Green
IT improves organizational performance by greening the information systems that organizations
use for business processes. Molla [23] referred to green IT as the ability of organizations to deploy
environmentally sustainable criteria for IT infrastructure life cycles.

Some of the most powerful business solutions for companies are enterprise resource planning (ERP)
systems. Such systems have become a strategic tool for addressing complex tasks involving different
departments, which usually have a common database. To increase the environmental friendliness of
an ERP system, companies should be aware of the role of green IT practices in meeting ecological
standards (i.e., energy efficiency, lowering greenhouse gas emissions, or using less harmful materials)
when using information technology.

Green IT has the ability to generate competitive opportunities for developing sustainable ERP
systems, which is a necessary step towards developing environmentally friendly organizations. Studies
have been conducted on the topic of green IT [7,20]; however, these generally highlighted the principles
and practices [21] and domain constructs of green IT [23]. Although the integration of IT with the
environment is a requirement nowadays, the extent to which the adoption of green IT can be used to
implement ERP systems remains unexplored. Many studies have addressed the organization of the
adoption of green IT. For example, Murugesan [22] presented a holistic approach that provided specific
ways to make IT infrastructure, applications, and practices environmentally sound. Additionally, Vom
Brocke [6] provided green IT solutions to environmental problems involving information systems and
IT hardware. However, there is a research gap regarding potential opportunities that IT solutions
could provide for the development of sustainable ERP systems. Moreover, it is necessary to develop
a comprehensive model that allows organizations to assess how green IT practices will be aligned
with the skills, knowledge, and efforts that are required to move from the previous generation of ERP
systems towards green ERP systems. A green IT framework was proposed by Philipson [24] as a way
of understanding its components, such as equipment lifecycle, end-user computing, data center, and
enterprise and enablement. Several studies have attempted to define the dimensions of ERP systems
to evaluate their greenness [25]. Therefore, it is necessary for ERP project managers to discover how
green IT solutions could be aligned with business processes to achieve green objectives.

Given the environmental impacts arising from IT, the purpose of this study is to explore the
possibility of improving the environmental friendliness of ERP systems using green IT practices.
The research questions which guided this study are (1) how can green IT practices be aligned with ERP
systems; and (2) how does this alignment affect the sustainability of these systems?

This study answered the above questions by focusing on four Romanian economic sectors which
are representative of market representation, flexibility, and contribution to gross domestic product
(GDP).

The main contribution of this study is reflected in a double perspective. First, it provides a
theoretical framework that can be used for the qualitative investigation of various aspects related to
awareness about the use of green IT practices to develop green ERP systems. Second, considering
the criteria of the proposed framework, companies can stimulate processes and activities to properly
manage their ERP system in a greener approach.
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The paper is organized as follows. Section 2 describes the existing theory on the traditional ERP
systems, sustainable ERP system, and green IT. Section 3 describes the theoretical framework used to
evaluate the current status of companies from Romanian economic sectors related to the green ERP
system criteria and green IT practices. Section 4 discusses the materials and methods used in the study.
The analysis and discussion of the study results are presented in Section 5. Finally, Section 6 provides
our conclusions and recommendations for further research arising from this study.

2. Literature Review

2.1. Defining Green ERP Systems

The contribution of informatics and communication technologies to extending globalization, as
well as to increasing an organization’s competitiveness and profitability, is unquestionable. Business
managers are now trying to find solutions from the perspective of integrated management information
systems (MIS) to satisfy the needs of decision-making at the operational level of the organization [26].
Thinking in terms of business processes, an integrated information system designed to effectively and
efficiently support sharing data between and within functional areas leads to the requirement of an
enterprise resource planning (ERP) system.

Based on unitary conception, ERP systems are core software programs used by companies to
integrate and coordinate information from every area of the business [27]. ERP systems enable
the management of all the company’s processes by integrating its functions, such as human
resources management, financial management accounting, decision support, sales, distribution,
supply, production, and e-commerce. Another approach was suggested by Aloini et al. [28], which
states that ERP systems assist enterprises in automating and integrating corporate cross-functions,
such as inventory control, procurement, distribution, finance, and project management.

Two main principles underline ERP systems. First, the system integrates different software
modules corresponding to various organizational functions, sharing a unified database to gather data
from the system modules. Thus, the problem of the lack of integration between business functions and
processes, as a major obstacle in simultaneously determining economic and managerial performance,
is resolved. An ERP system includes an integrated workflows management tool that provides a
complete overview of all active workflows and their statuses at all times [29]. According to Monk and
Wagner [27], the use of ERP systems has evolved as a result of the complexity of hardware and software
technology, as well as the emergence of a new vision about the reengineering of companies to shift from
individual business functional areas to integrated business-process areas. Beyond this vision, today’s
ERP systems should consider the goals of sustainability [30], by embedding into them solutions and
practices to contribute to reducing environmental problems. In this regard, the company’s sustainability
approach should involve replacing the current ERP system with a green solution to integrate the
information, internal function, and processes with company environment performances [31]. Thus,
to achieve the sustainability initiatives in business processes and in the core systems that support them,
a green ERP system concept was proposed [31]. Despite the research in sustainable ERP (S-ERP) or
green ERP system being in the introduction stage, some studies in this area have proposed opinions
and guidelines for these concepts.

Starting from the idea that sustainability of information systems can be seen as a real solution
to solving environmental issues, companies need a sustainable and integrated software solution to
collect, integrate, and manage information, such as S-ERP or green ERP systems [7]. Some authors
agree that the term “S-ERP” refers to a system that is able to support the sustainability initiatives,
allowing practitioners to centralize data and activities among business functions within an organization
into a single database, and provides reports that outline the sustainability performance [32,33].
The S-ERP system is the result of research in the field of the relationship between ERP and sustainability.
Considering this a driver for sustainable business operations, Chofreh et al. [34] stated that an S-ERP
system is driven by sustainability considerations that cover all aspects of the value chain. The S-ERP
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system can be approached as a holistic, integrative, and complete solution for sustainability business
issues [34].

Another study emphasized a more general approach using the notion of green ERP systems that
are environmentally friendly and allow organizations to cut costs while helping the planet [35]. Green
ERP systems cover a wide range of issues in environmental sustainability [36]. While the current
ERP systems are not designed to capture sustainability-related data, the philosophy of the green
ERP system consists of a holistic and integrative approach of software applications to support the
management of data and workflows in all sustainability dimensions [37]. Regardless of the terminology
used (i.e., S-ERP or green ERP), a major issue is highlighted. Companies are forced to admit that
sustainability performance is a key differentiating factor that requires improvements in IT infrastructure
in line with green transformations that lead to the best business outcomes [38,39]. In this regard,
the implementation of a green ERP system satisfies the organization’s need to integrate resources and
workflows embedded in their business functions with sustainability practices [40,41].

2.2. Defining Green IT

Achieving a green ERP system in a company requires more than merely using IT in practices that
involve measures of the development of greener applications and business transformation in adopting
green initiatives [42]. Logically, organizations should align their IT with sustainable development [43].
The term “green IT” is now generally accepted as a system that embeds practices, initiatives, and
measures with the final goal of reducing the negative impact of IT on the environment. Although
there are many approaches in terms of its scope and coverage [44,45], green IT has become a necessity
in IT management, being the first step toward the overall goal of sustainability. IT enables the
creation of greener and sustainable development with a focus on the efforts of an organization in
three directions [22]: (1) make IT systems and their use greener, (2) use IT in several ways to improve
environmental sustainability in different areas of business activities, and (3) use IT in innovative ways
to create awareness and promote sustainability among the employees and stakeholders. Studies have
indicated that green IT aims to achieve economic viability and improved system performance and use,
in accordance with an organization’s social and ethical responsibilities. Thus, green IT incorporates the
dimensions of environmental sustainability, the economics of energy efficiency, and the total cost of
ownership, which includes the cost of disposal and recycling [21]. To address the environmental impact
of IT, Murugesan’s green IT definition focuses on a holistic approach to the tangible IT hardware,
including the problems along four complementary paths: such are green use, green disposal, green
design, and green manufacturing [21]. However, this definition lacks organizational perspective.
According to Molla [46], the adoption of green technologies involves technological, organizational,
and environmental contexts that are inherent when creating economic and environmental value.
Another approach revealed that green IT provides a socio-technical perspective on the diverse complex
phenomena of organizational sustainability [47].

Green IT has strategic relevance, which refers to the necessity of aligning business, sustainability,
and IT domain. Porter’s generic strategies can be supported by green technologies to create a
competitive advantage in the business and sustainability domain. In this respect, green IT should
be addressed as a strategic issue [48]. According to Harmon and Auseklis [49], green IT refers to the
practice of maximizing the efficient use of computing resources to minimize environmental impact.
Therefore, the solutions proposed by green IT can enhance the energy efficiency of data centers and
computers, reduce the IT-related carbon dioxide emissions, and produce considerable cost savings.
From this perspective, green IT might be considered an important tool that is able to reduce the
environmental footprint of organizations [50]. As Murugesan [22] stated, green IT provides an
opportunity for organizations to reconsider their IT systems in terms of environmental regulations and
stakeholder’s demands, while considering their social and ethical responsibilities.

Beyond green-IT-specific literature, there is evidence that a business’s sustainability initiatives,
such as green strategy, green enterprise resources planning, green supply chain management, and
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implementation of environmental technology, can build a positive brand image and influence the
mindset of customers and investors [51]. As a result, the adoption of green IT can be considered a
critical factor in the sustainability of businesses and the success of the low carbon economy.

As summarized in Table 1, many studies on green IT revealed a holistic approach to creating a more
sustainable environment. Most of them addressed the following major issues: (1) green IT framework,
(2) green IT principles and practices, (3) green IT strategies, and (4) green IT environmental impact.

Table 1. Major literature on green information technology (IT) and topics covered.

Green IT and Topics Addressed

Green IT framework

Green IT Maturity Model

[43,46]
Equipment life cycle (Asset lifecycle)

End user computing

IT service management

Enterprise and data center

People practices

Green IT principles and practices
Green IT adoption in management process

[20,21,34,35,51]Sustainable enterprise resource planning

Corporate social responsibility and green IT practices

Green IT strategies Enterprise green IT strategy [21,36]
Strategic IT-business alignment

Green IT environmental impact Green strategies for sustainable development [22,39,44]

In line with the scope of this research, we refer to green IT as the many practices that help improve
information systems and IT applications to optimize the management of data and organizational
workflows through sustainability dimensions. Green IT promotes the relationship between ERP system
and sustainability. Companies should innovatively exploit the power of IT to make their ERP system
greener. In other words, a many eco-friendly practices are applied through the use of IT to create a
more sustainable ERP system. Thus, we examined the greenness dimension of the ERP system that can
be achieved by applying IT to create environmentally sustainable business processes and practices.
According to the intrinsic specificity of Romanian economic sectors on one hand, and the existing
theories in the literature on the other hand, this study provides a theoretical framework to define the
appropriate criteria to evaluate the relationship between ERP systems and the use of green IT.

The next section provides a brief outline of the components of the theoretical framework that was
measured to assess the manner in which IT is deployed to foster green ERP systems.

3. Theoretical Framework of the Study

This research was conducted using a general framework that can help with assessing the current
status of companies from Romanian economic sectors related to the relationship between ERP
systems and green IT. The theoretical framework has two components: (1) the green ERP system
criteria including dimensions to evaluate sustainable indicators related both to IT infrastructure and
implementation of an ERP system; and (2) the green IT practices focused on various aspects that can be
used in a greener approach of an ERP system.

3.1. Green ERP System Criteria

Research on green ERP system development is still in the preliminary stage. Research is lacking
in the identification of criteria for determining the greenness of ERP systems, despite various ERP
guidelines that have been introduced by academics and practitioners. Since ERP systems are considered
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the foundation of green ERP systems, the success of their implementation is determined by the
attainment of sustainability objectives in terms of business functions, internal organizational processes,
or corporate strategies. As green ERP systems are concerned with addressing the environmental
initiatives that cover all aspects of the business functions and processes, the theoretical framework
of this research provides dimensions to evaluate the greenness of ERP systems, which could be
split into two fields. The first field includes criteria to evaluate ERP system through a sustainable
development process. This involves the concept of sustainable software that Naumann et al. [52]
defined as software whose development, deployment, and usage results in minimal direct and
indirect negative impacts or even positive impacts on the economy, society, human beings, and the
environment. Previous studies [52–54] highlighted a number of criteria that have been proposed
to evaluate software sustainability, including attributes that can be defined as a measure of system
extensibility, interoperability, maintainability, portability, reusability, scalability, and usability. In this
paper, to assess the ERP software quality from the sustainability perspective, we selected appropriate
criteria, including:

1. Energy Efficiency: This criterion considers the optimization of the energy consumption of the
ERP system in relation to resource use in the data center.

2. Feasibility: This quality criterion evaluates the effects of the ERP system development and
implementation on sustainable development. In a broad context, aspects related to business
travel, asset life cycle, or user behaviors are considered.

3. Portability: Refers to the efforts to port ERP software from one hardware platform or software
environment to another.

4. Usability: This criterion covers the understandability, learnability, and operability of ERP software,
addressing the extent to which the system can be used by specific users, to achieve effectiveness,
efficiency, and satisfaction in a particular context of use.

These criteria intersect IT in the area of green IT practices that can be used to determine how the
ERP software can be sustainably developed. The main goal of considering green IT initiatives in ERP
software sustainability is to improve the sustainability of their interrelations.

The second field includes criteria for assessing the sustainable management process related to
ERP implementation. From the management perspective, Chofreh et al. [25] proposed a guideline to
effectively implement a sustainable ERP system within the organization including decision-making
levels, sustainability paradigm, strategic management, and project management. Concerning the ERP
implementation process, Kogetsidis et al. [55] suggested the benefits of properly selected ERP systems
in terms of time and cost reduction in processes, faster transaction processing, operational performance
improvement, financial management, customer services, web-based interfaces, and more effective
communication. An extended vision related to ERP system implementation was highlighted by Lubin
and Esty [56], who proposed a roadmap to implement sustainability initiatives in organizations,
encompassing five main areas: leadership, techniques and models for value assessment, strategic
alignment, integration, and reporting and communication. Sahran et al. [57] proposed guidelines
for implementing ERP systems in small- and medium-sized enterprises that included, among others,
management processes, recruitment of project team members, ERP vendor and software selection, and
business process re-engineering.

In this study, the sustainable management process of ERP system implementation emphasizes its
alignment with green IT practices to reduce IT’s environmental impacts. Summarizing the studies on
ERP systems and considering how green IT makes the systems “greener”, the criteria that we propose
as a part of the integration of sustainability elements into the ERP system are as follows:

1. Top management support [58,59]: This criterion addresses the role and importance of senior
management in incorporating ERP system goals into a holistic and integrative vision that addresses
sustainability issues, which covers all aspects of business processes.
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2. Strategic alignment [59–61]: The aim of this criterion is to investigate the linkage of environmental
IT initiatives with sustainability strategy in order to express how the application of green IT
practices is supposed to fulfill the requirements of the ERP system.

3. Vendor support and reputation [62,63]: This criterion refers to ERP system vendor profiles from
the perspective of their environmental values related to energy efficiency of software development,
good reputation in using IT-based environmental initiatives, or business processes certified for
environment friendliness.

4. User practices and attitude [64,65]: User awareness of environmental issues is one on the most
important criteria for assessing the sustainable management process of ERP implementation.
It refers both to practices and attitudes when dealing with green IT initiatives that lead to
behavioral change in using the ERP system (e.g., reducing paper use and printing, applying
teleworking and collaboration, using screensavers, turning off the system when not in use, and
programing computers to automatically power down).

Synthesizing the aspects discussed above, the set of criteria used to evaluate the ERP system by
incorporating green IT is presented in Figure 1.
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3.2. Green IT Practices

To effectively assess the contribution of green IT to more environmentally friendly ERP systems,
a theoretical framework that includes the main practices used to reduce IT’ s environmental impacts is
required. Many studies focused on the green IT framework for developing a better adoption process
at the organizational level. Molla [46] identified three drivers of green IT: economical, regulatory,
and ethical drivers. Bose and Luo [66] proposed an integrative framework for undertaking green
IT initiatives based on technological, organizational, and environmental contexts. To assess and
implement green IT practices, Desai and Bhatia [67], also Foogooa et al. [68] introduced a green IT
maturity model (GITM) that can be used to measure an organization’s maturity in being green. Their
model focuses on five pillars: data center and facilities, end user computing, asset lifecycle, IT service
management, and people practices. A research model for organizational green IT adoption was
proposed by Deng and Ji [69] to show the relationship between the determinants of this process and
organizational competitive advantage. The problem of addressing ERP systems in a greener manner is
linked to interrelated perspectives provided by the core green IT constructs, such as attitude, policy,
practice, technology, and governance [70].
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Based on our literature review, we propose green IT practices and technologies that can lead to
integrating environmental perception into green ERP system evaluations. Thus, according to the green
IT maturity model suggested by Desai and Bhatia [67], the following three focus areas are included
in the theoretical framework in our research: data center and energy efficiency, asset lifecycle, and
people practices.

3.2.1. Data Center and Energy Efficiency

Enterprises consider the data center as the main place of their operations, including two of the
most important types of ICT equipment: servers and storage devices. Usually, servers are the biggest
consumers of energy, continually increasing operational costs. In this context, the use of ERP systems
implies software and hardware resources consumption, which becomes a critical environmental impact
issue. Therefore, to improve data center efficiency, companies should consider green IT solutions in
terms of energy efficiency, such as:

1. Storage consolidation: The concept of centralizing and sharing storage resources among numerous
application servers. Storage consolidation allows organizations to increase the use of IT resources
so that energy consumption for data storage can be minimized. Depending on the systems and
circumstances involved, storage consolidation can be achieved in many different ways, such as
running multiple application schemas in one single database, hosting multiple databases on a
single platform, reducing data volume, and eliminating redundant data through de-duplication
and compression.

2. Server virtualization. Widely adopted as a green IT initiative, virtualization enables data centers
to consolidate their physical server infrastructure by hosting multiple virtual servers on a smaller
number of more powerful servers, reducing the data center’s energy demands [21]. According
to Barroso and Hölze [71], virtual servers use less power and have higher levels of efficiency
than standalone servers. Although virtualization technology allows the reduction of power
consumption by reducing the overall number of devices, in practice, most data centers’ power
consumption continues to rise because the devices are becoming increasingly powerful and use
more electricity. However, from a green IT perspective, this technology helps organizations to
achieve some of the objectives of their environmental policy.

3. Automated power management software: Refers to systems management and automation
software that is able to force system shutdowns during hours of inactivity (e.g., evenings and
weekends). Software-based solutions can enforce organizational policies regarding the use of
power saving features (turn off monitor, turn off hard drive, put system in sleep mode) so that
power consumption is minimized during operational hours [72].

4. Thin Clients: There are workstations with minimal hardware configurations, which are typically
designed with only rudimentary processing and memory functionality. Several applications are
hosted on a central server and then transmitted to the thin client via a network communication
process or virtualization technology. Using of thin clients could significantly save power because
their goal is essentially to act as a simple terminal, without memory resources, central processing
unit (CPU), or a full operating system [72]. A report conducted by Info-Tech Research [73]
highlighted that a typical computer uses up to a 250-watt power supply, a thin client uses a
4.8-watt power supply, so the reduction in electricity usage is 97.98%.

3.2.2. Asset Life Cycle

This focus area of green IT framework is an important aspect in terms of the overall impact on the
sustainability of an ERP system. The asset life cycle covers the procurement of data center equipment
and recycling at the end of its life cycle in an environmentally responsible fashion [74].

1. Procurement: Procurement is a major issue faced by green practices related to the use of ICT,
involving two crucial points: the nature of the equipment itself, and the nature of the suppliers of
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the equipment. According to Uddin and Rahman [74], the first may comply with environmental
standards, such as Energy Star and the Electronic Product Environmental Assessment Tool
(EPEAT), which provide a methodology and guidance for purchasing. The second point is linked
to the suppliers’ own green strategies and carbon footprints. These strategies include important
purchasing criteria, such as the supplier’s environmental values in the design and manufacture of
equipment, its compliance with relevant environmental laws and codes of practice, and whether
the supplier reclaims and recycles old equipment from customers [74].

2. Recycle and reuse: To reduce the organization’s environmental impact, recycling IT equipment
is an appropriate solution to extend their life cycle. Although the periodic replacement of IT
equipment is natural, many organizations do this too early, increasing the waste sent to landfills.
To harness the green dimension of an ERP system, some initiatives focused on equipment recycling
and reuse should be promoted. Thus, recycling can help with recovering valuable materials and
may reduce the greenhouse gas emissions associated with production of new equipment. Reuse
avoids the need to extract more valuable resources or expend energy in the manufacture of new
equipment [75].

3.2.3. People Practices

Due to the greatest effect on the green attitudes and behavior of the organization’s workforce,
people practices is the most important area of the green IT framework. Studies indicated that user
awareness can offer twice the energy savings compared to centralized power management solutions [67].
Concerning the impact on green ERP systems, the following people practices are considered:

1. User education: This is the basic step for individuals and organizations that could be adopted to
directly help with the greening of the ERP system. Many practices do not involve the purchase
of any new technology, but simply refer to techniques and behavior that people should adopt,
such as using screensavers, using e-mail, turning off personal computers (PCs) when not in use,
recycling printer paper, and printing less [76].

2. Printer consolidation: Printers are commonly used devices in any business that consume a
large amount of energy and paper. Printers themselves are environmentally unfriendly devices
because they are built from materials that are difficult to recycle or are toxic. Therefore, as an
important green IT solution, printer consolidation addresses the processes that optimize the
organization’s printer fleet to decrease the cost of hardware, consumables (paper, toner, ink),
electricity, and maintenance.

3. Telecommuting: Given the awareness of global warming caused by greenhouse gases emissions,
many companies wish to reduce travel to cut costs and decrease the negative impact of
travel on the environment. Telecommunication-related technologies (e.g., teleconferencing
and video-conferencing) are common solutions to reduce the need for business travel that
could help to green the use of an ERP system. Telecommuting technologies allow working at a
distance, and can be used for some remote management processes, document management, and
sharing knowledge.

Based on the three focus areas presented above, we propose a green IT framework that could
help with understanding how organizations should better identify the green practices that need to be
applied in their ERP system to minimize the environmental impact of IT (Figure 2).
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Figure 2. Green IT framework for constructing a green ERP system.

4. Material and Methods

4.1. Data Collection and Sampling

In Romania, reducing the environmental impacts of IT is an important topic, especially for
large companies. Small- and medium-sized enterprises (SMEs) still generally do not address the
environmental impacts of IT, due both to financial reasons and the unwillingness of leadership to
address such impacts. Therefore, in this study, we selected 17 companies across four Romanian
economic sectors and gathered data about their views and practices that influence the development of
a green ERP system. We focused on the industry sectors in Romania that have operated successfully
for many years. The National Strategy for Competitiveness 2015–2020 [77], which has been adopted by the
Romanian Government, identified 10 economic sectors with a competitive advantage; these correlate
with intelligent specialization areas mentioned in the National Strategy of Research, Development, and
Innovation 2014–2020 [78]. The economic sectors with competitive potential include the automobile
and automobile components industry, information and communication technology, health, and
pharmaceuticals. In this study, we also focused on the utilities sector, including companies related to
energy transport and distribution, and heat energy distribution. A study conducted in 2017 about
managers’ perceptions of the impact of digitalization on Romanian companies [79] revealed that
managers believed that the utility industry was traditionally slow in terms of digital transformation
compared to the telecommunication or manufacturing sectors. Based on this empirical evidence,
we considered it relevant for this study to perform a survey of Romanian companies from the
economic sectors listed below (Table 2) to determine whether green IT practices are able to increase the
sustainability of ERP systems. The survey was conducted between March 2018 and March 2019.

Table 2. Number of companies by economic sector.

Economic Sector Number of Companies Time Line to Conduct Survey

Manufacturing 7 March–May 2018
Telecommunication 2 June–July 2018

Pharmaceuticals 3 October–November 2018
Utilities 5 February–March 2019

Total 17

On the basis of the criteria presented in Section 3, a simple questionnaire for collecting observation
data was used. To capture information about organizational green IT practices that could be used
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to foster the greenness of the ERP system, the questionnaire was distributed to 180 respondents
and included questions structured within the following categories: Category 1: General information
concerning the respondent and their organization; Category 2: Awareness about software sustainability;
Category 3: Awareness about sustainable management process; and Category 4: Awareness about
green IT initiatives and practices. The respondents were selected through the non-probability method
by using convenience sampling. This type of sampling allowed us to conduct the preliminary stage
of the survey under the time and cost limitations of the research. Moreover, by using convenience
sampling, we had an ease of access to the respondents, who were arbitrarily selected among the Chief
Information Officers (CIOs), IT managers, Chief Technology Officers (CTOs), ERP project managers,
and other business managers from each of the 17 companies.

4.2. Research Model and Methods

Based on the conceptual research model shown in Figure 3, we conducted a study to investigate
the extent to which different green IT measures can increase the sustainability of ERP systems.
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This research builds on an inductive approach [80] which involves exploring the behaviors of
companies in order to generate a hypothesis. Using inductive reasoning, we made specific observations
related to the relationship between green IT initiatives and ERP systems. Based on this, we developed
the following hypothesis:

Hypothesis1 (H1): Green IT projects are positively related to the sustainable development of ERP systems.

As the information and data for the components of the above conceptual model are unstructured,
green ERP system criteria and green IT practices were assessed using the observational research method.

This is an obvious method for carrying out research in social science that involves the direct
observation of phenomena in their natural setting. Therefore, the observational research allowed us
to understand the behavior of companies related to their awareness about using green IT practices
to develop green ERP systems. Given the aims of the study, the research methodology involved
the use of mixed methods research within the same paradigm. Thus, our approach was based on
observational research as the qualitative method that seeks to describe a set of variables related to the
criteria presented in Section 3. Due the fact that we were interested in quantifying the behaviors that
we observed concerning the attitude toward green IT practices that improve the green dimension of
ERP systems, structured observation was used. This is a common type of observational research where
the emphasis is on gathering quantitative data rather than the qualitative data. Basically, to record the
level of awareness about green ERP system criteria and green IT practices, different categories of items
were defined (i.e., awareness about software sustainability, awareness about sustainable management
process, and awareness about green IT initiatives and practices). To collect the data, a questionnaire
was sent to respondents that were selected by convenience. The full questionnaire is provided in
Appendix A.

This questionnaire was distributed to 180 respondents, but only 146 from 17 companies were
considered complete for data analysis. Most questions in the online survey were structured using a
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seven-point Likert scale: (1) strongly disagree (SD), (2) disagree (D), (3) fairly disagree (FD), (4) neutral
(N), (5) fairly agree (FA), (6) agree (A), and (7) strongly agree (SA). The gathered data represent the
level of awareness of the companies related to the criteria of green ERP systems and green IT practices.
In this regard, the items in categories 2–4 from the questionnaire were used to establish the level of
agreement of the economic sectors, related to negative, neutral, and positive attitudes. To determine
the score for the levels of agreement for each economic sector, for each category of items, the statistical
data were processed using the following expressions:

LAm =
n
i
×Wsj, i = 1 to n; m = 1 to 4, (1)

Wsj = (
ts∑

k=1

Xkj)/100, k = 1 to ts, (2)

where LAm is the level of agreement score of the economic sector, m is the number of the economic
sectors, n is the total number of companies, i is the number of companies in the economic sector, Wsj is
the level of agreement of the category on type of attitude j (i.e., j = 1 negative attitude; j = 2 neutral
attitude; j = 3 positive attitude), s is the category number of the questions (s = 2–4), ts is the total
number of items from the category s, k is the item’s number, and Xkj is the level of agreement for item k,
corresponding to type of attitude j.

Questions in category 4 regarding the awareness of green IT practices allow the respondents to
rate their opinion with yes or no. Observing the data collected from the online survey, the following
results are highlighted.

5. Results and Discussion

5.1. General Information

Concerning the level of education, the data revealed that all 146 respondents had a bachelor’s
degree (100%), 64 respondents had taken a postgraduate course (43.8%), 71 had Master’s degrees
(48.6%), and eight had a PhD degree (5.4%) (Figure 4).

The survey results show that the respondents from the companies selected are represented by IT
managers (48%), ERP project managers (27%), other business managers (21%), 2% Chief Information
Officer CIOs, and 2% Chief Technology Officer CTOs (Figure 5).
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5.2. Awareness of Software Sustainability

Questions in this category were related to the software sustainability aspects of an ERP system in
order to align with environmental requirements. By investigating the respondents’ attitudes through
the Likert scale, we identified the level of agreement concerning the criteria that deal with sustainable
ERP software. The overall level of agreement related to category 2 from the questionnaire on type
of attitude (negative—SD/D/FD, neutral—N, and positive—FA/A/SA), for each economic sector are
shown in Appendix B.

The survey suggests that significant differences exist in terms of software sustainability awareness
related to economic sectors. According to the collected data, the companies from the utilities sector
indicate a negative attitude toward actions that can improve the sustainability of ERP software (13.66%),
followed by the pharmaceuticals sector (11.05%), telecommunication sector (8.58%), and manufacturing
sector (6.84%). This situation is attributed to the current understanding of software sustainability,
which is a vague term especially for companies in the utilities sector that are poorly reformed.

Companies in the telecommunication sector have the highest level of agreement concerning
positive attitudes toward applying various actions to improve the sustainability of ERP software
(37.23%). They are focused on optimization of resource usage during ERP software tasks, considering
the provision of energy efficiency conditions related to attributes that reflect the software quality
(i.e., portability, feasibility, usability). In the manufacturing sector, we noted a positive level of
agreement of only 6.14%, which suggests less interest in developing ERP software with minimized
environmental impacts. The results of the survey related to this category show that awareness about
software sustainability is heterogeneous through the selected economic sectors (Figure 6). We found a
substantial level of neutral attitude in the telecommunication and pharmaceuticals sectors, revealing a
misunderstanding about sustainable software aspects as a condition of developing green ERP systems.
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5.3. Awareness of Sustainable Management Process

This section is related to the third category of the questionnaire, which included questions about
how the organization deploys a sustainable management process to implement the ERP system.
The survey investigated the respondents’ attitudes using a Likert scale covering the criteria such as top
management support, strategic alignment, vendor support and reputation, and user practices and
attitudes. Appendix C presents the overall level of agreement concerning this category, structured
by economic sector. According to the descriptive data, the telecommunication sector had the highest
overall level of positive agreement regarding the sustainable management process in implementing
the ERP system (28.9%). We observed that companies from this economic sector consider at least
two criteria to be important when addressing sustainability issues when implementing the ERP
system: top management support (84%) and user practices (87%). Between the four economic sectors,
major differences were observed in terms of awareness about the sustainable management process.
The manufacturing sector, with a score of 6.75%, and utilities sector, with a score of 6.29%, both have a
poor level of positive attitude concerning the criteria that are embedded in the sustainable management
process that leads to the implementation of a green ERP system. This may be because companies from
these sectors are still suffering implementation failure because of non-performing or underperforming
leadership, the lack of strategic alignment between the IT and their business goals, and missing user
behavior in terms of eco-responsible practices. Even the pharmaceuticals sector had a higher level
of negative attitude (9.86%) than the manufacturing (4.56%) and utilities (4.03) sectors, the positive
level of agreement of 17.45% suggests a significant awareness concerning the criteria that are required
for the green dimension of an ERP system (e.g., top management support, vendor reputation, user
behaviors). The sustainable management process in implementing ERP systems can be considered
an enabler determining the greenness of this system. Despite this, the overall positive attitude about
the criteria that we propose to be integrated into ERP system implementation from a sustainable
perspective is reserved on the economic sector level. We observed a certain level of negative attitude
toward sustainable management processes that minimize the benefits of evolution to a green ERP
system (Figure 7).
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5.4. Awareness of Green IT Initiatives and Practices

This is the fourth category that aimed to explore the level of awareness of green IT initiatives
and practices that organizations apply to their ERP system to minimize the environmental impact of
IT. Companies selected in the study provided information on various topics related to how green IT
initiatives are able to improve the ERP system in a sustainable manner. To present the results of the
survey, two approaches are used. First, Appendix D presents the respondents’ attitudes distributed on
a Likert scale related to the first five items from the questionnaire about how green IT solutions offer
environmental benefits when using an ERP system. The summarized data on each economic sector are
shown in Figure 8.
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The results show that the telecommunication sector (31.36%) had the highest value of positive
agreement, unlike manufacturing, which only had 4.59%. This finding is likely due either to the
presence of more qualified employees in the telecommunication sector, who are aware of the relationship
between environmentally friendly IT practices and the use of an ERP system, or by better leadership
who develop a holistic IT strategy based on a sustainable vision. In analyzing the data, we also recorded
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a positive attitude related to how green IT solutions offer environmental benefits when using an ERP
system for the pharmaceuticals (16.37) and utilities (9.24) sectors.

From the perspective of negative attitude related to awareness of green IT practices, the levels of
disagreement are similar, displayed by some common aspects for all the companies. There are no official
regulations enforcing green IT practices; therefore, this topic is not included in organization policies.
There is no appropriate training for employees that help to motivate them to start environment-related
initiatives for using IT software and hardware infrastructure.

Our second approach involved representing statistical results graphically, revealing the awareness
of specific green IT practices the organization applied to operate their ERP system (e.g., storage
consolidation, virtualization, automated power management, IT procurement, IT recycling and reuse,
ERP system vendor compliance, etc.). These practices were analyzed within the companies as follows:

5.4.1. Green IT Solutions to Reduce Energy Consumption Related to ERP Systems

These include the most popular approaches to achieving energy efficiency, such as storage
consolidation, server virtualization, automated power management (APM), and thin clients. According
to the summarized data collected from the respondents from each economic sector, the statuses of the
applications of green IT solutions in the selected companies are presented in Figure 9.

Sustainability 2019, 11, x FOR PEER REVIEW 16 of 32 

From the perspective of negative attitude related to awareness of green IT practices, the levels 
of disagreement are similar, displayed by some common aspects for all the companies. There are no 
official regulations enforcing green IT practices; therefore, this topic is not included in organization 
policies. There is no appropriate training for employees that help to motivate them to start 
environment-related initiatives for using IT software and hardware infrastructure.  

Our second approach involved representing statistical results graphically, revealing the 
awareness of specific green IT practices the organization applied to operate their ERP system (e.g., 
storage consolidation, virtualization, automated power management, IT procurement, IT recycling 
and reuse, ERP system vendor compliance, etc.). These practices were analyzed within the companies 
as follows: 

5.4.1. Green IT Solutions to Reduce Energy Consumption Related to ERP Systems 

These include the most popular approaches to achieving energy efficiency, such as storage 
consolidation, server virtualization, automated power management (APM), and thin clients. 
According to the summarized data collected from the respondents from each economic sector, the 
statuses of the applications of green IT solutions in the selected companies are presented in Figure 9. 

 
Figure 9. The status of applications of green IT solutions. 

The data show that pharmaceuticals companies more frequently apply storage consolidation as 
a solution to reduce energy consumption than the others, whereas telecommunication and 
manufacturing companies use virtualization as the main practice to decrease the number of devices 
running in the server room. Large organizations in these sectors are in a better position to take 
advantage of storage consolidation and server virtualization since they have the budget to deploy 
solutions to improve energy efficiency and power performance. 

Concerning the implementation of thin clients, although they can help reduce energy 
consumption because they produce less heat than traditional PCs, the overall percentage of this 
solution is smaller than other green IT initiatives. A possible motivation for this finding is that even 
though the thin client measure is easily adoptable, it would not become a common practice because 
their action as a simple terminal eliminates the active participation of the users. To enforce this 
solution, companies must educate their employees to change their computer behavior to save energy 
and decrease the cost of maintenance of the information systems. Telecommunication and 
pharmaceutical enterprises apply this green IT solution more than the others because of the 

Figure 9. The status of applications of green IT solutions.

The data show that pharmaceuticals companies more frequently apply storage consolidation as a
solution to reduce energy consumption than the others, whereas telecommunication and manufacturing
companies use virtualization as the main practice to decrease the number of devices running in the
server room. Large organizations in these sectors are in a better position to take advantage of storage
consolidation and server virtualization since they have the budget to deploy solutions to improve
energy efficiency and power performance.

Concerning the implementation of thin clients, although they can help reduce energy consumption
because they produce less heat than traditional PCs, the overall percentage of this solution is smaller
than other green IT initiatives. A possible motivation for this finding is that even though the thin client
measure is easily adoptable, it would not become a common practice because their action as a simple
terminal eliminates the active participation of the users. To enforce this solution, companies must
educate their employees to change their computer behavior to save energy and decrease the cost of
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maintenance of the information systems. Telecommunication and pharmaceutical enterprises apply
this green IT solution more than the others because of the awareness of ICT departments in finding
appropriate solutions for power saving in all aspects of business.

The automated power management solution is preferred by companies from telecommunication
and manufacturing sectors, followed by pharmaceuticals and utilities companies. This is a basic energy
conservation solution that a large proportion of organizations have only partially implemented. All
the companies involved in the study have many desktops that lead to considerable expenses that
would be reduced by applying power saving features for systems. As automated power management
basically refers to some systems management software that are able to force system shutdowns during
hours of inactivity, the adoption of this measure is a problem of top management support and user
education. Therefore, to enhance their IT infrastructure to foster the green dimension of the ERP
system, companies should apply any one or a combination of the above green IT solutions.

5.4.2. ERP System Vendor Complies with Software Sustainability Criteria during Application Design

This is related to the question about how ERP system vendors conform to the software sustainability
criteria in the design of ERP applications. According to the number of respondents from each economic
sector (38 from manufacturing, 36 from telecommunication, 41 from pharmaceuticals, and 31 from
utilities), the percentages of the answers are presented in Figure 10a–d.
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Figure 10. (a–d) ERP system vendor compliance to software sustainability criteria.

In the manufacturing and utilities sectors, there is a lower level of awareness about the need for ERP
system vendor compliance with software sustainability criteria. The percentage of negative answers are
significant compared to the other two sectors. These results suggest little interest in ERP suppliers that
have a good reputation for using sustainable criteria to develop software applications. The higher level
of awareness of the green ERP system for this dimension was noted in the telecommunication sector
(52%), followed by the pharmaceuticals sector (43%). This shows a greater willingness of companies to
use business processes certified for environment friendliness, not only implementing some simple
energy efficient solutions to reduce operational costs.
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5.4.3. IT Procurement Policy

With this item in category 4, we wanted to investigate the IT procurement policies of companies
in terms of making an overall impact on the sustainability of the ERP system. The respondents were
asked about the organization’s initiatives that help make more informed choices when purchasing new
equipment, including aspects such as the supplier’s environmental values in the design of equipment
and its compliance with environmental regulations and best practices. Figure 11 presents the results
across the four economic sectors, structured by type of opinion.
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The results show that the higher percentage of positive answers was provided by the
telecommunication sector (46%), and pharmaceuticals sector (44%). Over one-quarter of the opinions
of respondents from these companies were negative, suggesting an important misunderstanding
related to the need for an IT procurement policy in aligning the ERP system with sustainability criteria.
Concerning the attitude toward IT procurement as an enabler for developing an ERP system, just
21% of respondents from the utilities sector and 31% of the manufacturing sector indicated a positive
awareness in terms of initiatives that organization adopted. Almost 50% of the answers from the
utilities sector (48%) were negative, reflecting the opinion of respondents about the lack of initiatives
in terms of developing policies for measuring the environmental performance of their IT suppliers.
The major reason for these lower levels of awareness about IT procurement policy in all companies is
derived from the fact that companies have inefficient procedures to ensure the purchase, delivery, and
installation of IT equipment, in conjunction with a strategic approach of IT infrastructure.

5.4.4. Awareness of IT Equipment Recycling and Reuse

This last item of the questionnaire aims to examine the behavior of selected companies concerning
IT equipment recycling and reuse. Figure 12 describes the perspective of respondents from economic
sectors in terms of positive, negative, and missing answers according to the compliance of companies
with the Waste Electrical and Electronic Equipment (WEEE) directive.
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Related to the topic of e-waste, all companies reported a positive attitude toward recycling and
reuse measures. The results show that, overall, more than 50% of respondents agree that there is a great
level of awareness about complying with the WEEE directive to decrease the amount of equipment sent
to landfills and to diminish e-waste by using responsible recycling vendors. The pharmaceuticals sector
pays more attention to recycling solutions (76%), whereas those in the utilities sector are less interested
(56%). Additionally, there appears to be a negative opinion about responsible recycling practices in the
manufacturing sector (25%) and utilities sector (20%). This suggests a poor e-waste culture in these
sectors and a combination of a lack of environmental responsibilities and regulatory pressures.

The above results are related to each item of the three categories from the questionnaire and
allowed us to explore the level of awareness of the companies concerning the integration of ERP
systems and advanced green IT solutions. Based on the empirical observational information gained
from the questionnaire, we concluded (i.e., regarding the first research question) that green IT practices
can be largely incorporated into ERP systems.

The second research question was related to how the incorporation of green IT practices into
an ERP system affects the system’s sustainability. To verify the conceptual model and the proposed
hypothesis, statistical analysis was conducted using the SPSS 21.0 software and an ANOVA F-test. The
hypothesis testing involved the construction of the two following statements:

• The null hypothesis: Green IT practices are not positively related to the sustainable development
of ERP systems.

• The alternative hypothesis (H1): Green IT practices are positively related to the sustainable
development of ERP systems.

In order to explore the relationship between sustainable IT projects and ERP systems we adopted
the one-way analysis of variance (ANOVA) to test the direct impact of the independent variable
(sustainable IT projects) on each dependent variable (i.e., ERP software sustainability, sustainable
management process, and green IT practices) separately.

According to [81], the relationship between two variables can be examined by comparing the
mean of the dependent variable between two or more groups within the independent variable.
To prepare for the ANOVA test the respondents were divided into four groups (i.e., manufacturing,
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telecommunication, pharmaceuticals, and utilities), based on the mean score and variance of the
data set related to the dependent variable. Table 3 presents the summary of the descriptive statistics
conducted to observe the distribution of the data.

Table 3. Descriptive statistics.

Issues in ERP
Systems

Groups

Manufacturing Telecommunication Pharmaceuticals Utilities

Mean Variance Mean Variance Mean Variance Mean Variance

Software
sustainability 0.032 0.444 0.481 0.483 0.221 0.641 0.085 0.720

Sustainable
management

process
0.180 0.858 0.436 0.657 0.268 0.774 0.206 0.825

Green IT
practices 0.024 0.627 0.564 0.580 0.288 0.744 0.260 0.868

Based on the ANOVA F-test for each economic sector, we attempted to support or reject the null
hypothesis depending on the statistical significance of a given set of observations (Table 4).

Table 4. ANOVA test for significant differences between economic sectors based on sustainable
IT projects.

ANOVA Test—Manufacturing Sector

Source of Variation SS df MS F-value p-value F-critical
Between groups 375.3647059 16 23.46029 37.80513 0.00001 1.649522
Within groups 1044.4 1683 0.620559
Total 1419.764706 1699

ANOVA Test—Telecommunication Sector

Source of variation SS df MS F-value p-value F-critical
Between groups 96.31059 16 6.019412 10.67971 0.00001 1.649522
Within groups 948.59 1683 0.56363
Total 1044.901 1699

ANOVA Test—Pharmaceuticals Sector

Source of variation SS df MS F-value p-value F-critical
Between groups 152.9024 16 9.556397 13.42735179 0.00001 1.649522
Within groups 1197.81 1683 0.711711
Total 1350.712 1699

ANOVA Test—Utilities Sector

Source of variation SS df MS F-value p-value F-critical
Between groups 328.7792 16 20.5487 25.84006 0.00001 1.649461
Within groups 1351.885 1700 0.795227
Total 1680.664 1716

It was found that the F-value calculated from the data exceeded the critical F-value, for each sector
(Table 5). Moreover, the p-value of the relationship between the data, which tests the validity of the
null hypothesis, is lower than the common alpha level for tests (0.05). Consequently, we reject the null
hypothesis and accept the alternative hypothesis as more credible. This means that green IT projects
are positively related to the sustainable development of ERP systems. These results also allowed us to
draw a conclusion regarding the second research question, i.e., regarding how the incorporation of
green IT practices into an ERP system affects the system’s sustainability.
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Table 5. Results of the hypothesis testing.

Economic Sector F-Value p-Value F-Critical

Manufacturing 37.80513 0.00001 1.649522
Telecommunication 10.67971 0.00001 1.649522

Pharmaceuticals 13.42735179 0.00001 1.649522
Utilities 25.84006 0.00001 1.649461

6. Conclusions

Sustainability requires the coordination between sustainable business practices and information
technology, which is considered as enabling organizations to improve productivity, reduce costs, and
increase competitivity. This paper illustrated how green IT practices can provide an opportunity
to increase ERP system value creation through measures that lead to addressing these systems in a
greener manner. Our research supports the argument that the integration of sustainability elements
into ERP systems is linked to the capacity to innovatively exploit IT, related to both developing software
applications and to using these information systems. In this context, we show how green IT practices
are able to increase the greenness dimension of an ERP system.

Based on a theoretical framework that proposes criteria for assessing green ERP systems and
green IT practices, we administered an online survey to evaluate the current status of companies from
Romanian economic sectors related to the relationship between ERP systems and green IT practices.
Our main conclusion is that organizational green IT adoption, to create the greenness dimension of an
ERP system, is still in the incipient phase. Companies from the manufacturing and utilities sectors
are mainly oriented toward inexpensive and easy-to-apply solutions, whereas organizations in the
telecommunication and pharmaceuticals sectors reveal a more complex approach to eco-responsible
practices. However, the research suggests that although several opportunities exist for undertaking
green IT initiatives in order to develop green ERP systems (i.e., sustainable ERP software, sustainable
ERP implementing process, energy-efficient computing, server virtualization, responsible IT recycling,
etc.), companies are first looking at the operational aspects of ERP systems and less at holistic and
integrative solutions for addressing sustainability-related business issues. We think that this situation
is generated by certain factors found in all companies.

First, as “going green” is an incremental process that requires top management support,
to implement successful projects in environmentally-friendly IT systems, the involvement of the
Chief Executive Officer CEO and IT manager is essential. In this regard, our research has emphasized
a higher level of awareness among telecommunication and pharmaceuticals companies related to the
need for a transversal vision approach to developing green IT solutions and integrating them in the
ERP system.

Second, the survey showed that companies adopting green IT practices may face barriers that
inhibit the successful implementation of these projects. Over half of the respondents confirmed major
weaknesses that limit green computing efforts in their organization, such as inadequate funding,
misalignment with strategic approach, no official legislation to promote green IT practices, and low
pressure from stakeholders and government. Therefore, the challenge to using eco-responsible IT
practices in fostering the green dimension of ERP systems is that companies must start to initiate a
comprehensive plan not only addressing the operational level of these systems, but also the integration
of sustainability elements in software quality, management aspects of ERP implementation, or business
attitudes to going green.

Third, we revealed that the relationship between green IT practices and ERP systems is not
relevant, especially due to the low level of environmentally-friendly culture within organizations.
The problems faced in addressing ERP systems in a greener manner are the users’ attitudes and their
motivation to develop an environmental consciousness concerning the opportunities that emerge from
green IT solutions. As the research revealed, a holistic approach to greening IT within the analyzed
companies is missing. Enterprises are focused on some practices to reduce IT’s environmental impact,



Sustainability 2019, 11, 4472 22 of 32

but actions to create eco-responsible behavior among IT users are sporadic and weakly represented
within internal formal procedures and best practices addressed by international regulations.

However, this research is only a step toward an approach to green IT alignment with software
business solutions. Our sample of companies from four economic sectors provides a limited overview
of the relationship between eco-responsible IT practices and ERP systems. Future studies can extend the
sample size and the framework of the criteria used to assess the greenness of ERP systems to examine
the potential of green IT practices for more environmentally responsible initiatives. There is also an
essential limitation of this study related to the qualitative approach of green ERP system criteria and
green IT practices. Future research is required to develop a quantitative model to assess the maturity
level achieved by an organization in adopting and implementing green IT solutions. This could be
done by using the metrics of green IT that are embedded in integrated information systems such as
ERP systems. To analyze the type of maturity level (i.e., from an ad hoc, immature process to a mature,
disciplined process), the capability maturity model (CMM) can be used [82]. Thus, the organization
can identify the best green IT initiatives and practices toward more sustainable development.
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Appendix A

Table A1. The questionnaire.

1. General Information

1.1 Education

Bachelors Postgraduate course
Masters PhD

1.2 Position in organization

Chief Information Officer (CIO)
Chief Technology Officer (CTO)

IT manager
ERP project manager
Business manager

1.3 Economic sector of your organization

Manufacturing Pharmaceuticals
Telecommunication Utilities

2. Software Sustainability Criteria

1—Strongly disagree; 2—Disagree; 3—Fairly disagree; 4—Neutral; 5—Fairly agree
6—Agree; 7—Strongly agree

2.1 Optimization of resource use during ERP software tasks considers
renewable energy sources.

2.2 There are specific sustainability requirements for practices and tools used
in the ERP system.

2.3 The portability of ERP software on another hardware or software
platforms increases energy efficiency conditions.

2.4 Energy use issues have an influence on feasibility of ERP system.

2.5 General sustainability policies affect the usability of the ERP system (to be
learned, used, and executed under specific conditions).

2.6 The usability and feasibility of the ERP system are affected by the need for
lower energy use.

2.7 The quality of the ERP software architecture (i.e., the system’s components,
their relationship, the rules governing its conceptual design) determines the
sustainability of the ERP system.
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Table A1. Cont.

3. Sustainable management process to implement ERP system

1—Strongly disagree; 2—Disagree; 3—Fairly disagree; 4—Neutral; 5—Fairly agree
6—Agree; 7—Strongly agree

3.1 Top management support is a critical success factor when developing
sustainability policies for the implementation of an ERP system.

3.2 There is a relationship between environmental IT initiatives and
sustainability strategy to fulfill the requirements of the ERP system through
eco-responsible IT practices.

3.3 We prefer ERP system vendors that have a good reputation for using
IT-based environmental initiatives.

3.4 The organization selects an ERP system vendor that is able to position the
products and services in terms of energy consumption and lower costs.

3.5 There is an awareness of users to change their behavior during ERP
software tasks (reducing paper, using screensavers, turning off the system
when not in use).

4. Green IT initiatives and practices toward more sustainable ERP system

1—Strongly disagree; 2—Disagree; 3—Fairly disagree; 4—Neutral; 5—Fairly agree
6—Agree; 7—Strongly agree

4.1 Green IT solutions are the best way to enhance the potential of the ERP
system in promoting sustainable business practices by reducing emissions,
waste, and costs.

4.2 The problem of addressing ERP system in a greener manner is linked to
green IT initiatives adopted at the organization level.

4.3 The main goal of optimizing IT infrastructure related to using an ERP
system is to reduce energy consumption and carbon emissions.

4.4 There are initiatives to help motivate employees to adopt environmental
practices related to the use of the ERP system (e.g., switching off computer,
screensavers, printer consolidation).

4.5 Telecommuting technologies (e.g., teleconferencing, video-conferencing)
should be introduced as common practices in using your own ERP system, in
order to make it more environmentally friendly.

4.6 To reduce the energy consumption related to the ERP system, the following green IT solutions are used
(please specify):

Storage consolidation Automated Power
Management

Server virtualization Thin Clients

4.7 Is your organization aware of whether the ERP system vendor complies
with the software sustainability criteria in the design of ERP applications?

Yes
No
Missing

4.8 Does your organization have an IT procurement policy with the aim of
limiting the environmental impact of purchases through initiatives that help
to make more informed choices when purchasing new equipment?

Yes
No
Missing

4.9 Is your organization aware of equipment recycling and reuse, according to
the Waste Electrical and Electronic Equipment (WEEE) regulations?

Yes
No
Missing
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Appendix B

Table A2. Category 2—Awareness about software sustainability.

Item
No.

Item
Level of Agreement (%)

SD/D/FD N FA/A/SA

Manufacturing Sector

2.1 Optimization of resource use during ERP software tasks
considers renewable energy sources. 41 23 36

2.2 There are specific sustainability requirements for practices and
tools used in the ERP system. 57 31 12

2.3 The portability of ERP software on another hardware or
software platforms increases energy efficiency conditions. 26 63 11

2.4 Energy use issues have an influence on feasibility of ERP system. 17 0 83

2.5
General sustainability policies affect the usability of the ERP
system (to be learned, used, and executed under specific
conditions).

79 12 9

2.6 The usability and feasibility of the ERP system are affected by
the need for lower energy use. 58 36 6

2.7

The quality of ERP software architecture (i.e., the system’s
components, their relationship, the rules governing its
conceptual design) determines the sustainability of the ERP
system.

4 0 96

Level of agreement score of the economic sector (%) 6.84 4 6.14

Telecommunication sector

2.1 Optimization of resource use during ERP software tasks
considers renewable energy sources. 24 17 59

2.2 There are specific sustainability requirements for practices and
tools used in the ERP system. 9 35 56

2.3 The portability of ERP software on another hardware or
software platforms increases energy efficiency conditions. 0 31 69

2.4 Energy use issues have an influence on feasibility of ERP system. 3 54 43

2.5
General sustainability policies affect the usability of the ERP
system (to be learned, used, and executed under specific
conditions).

0 21 79

2.6 The usability and feasibility of the ERP system are affected by
the need for lower energy use. 48 3 49

2.7

The quality of ERP software architecture (i.e., the system’s
components, their relationship, the rules governing its
conceptual design) determines the sustainability of the ERP
system.

17 0 83

Level of agreement score of the economic sector (%) 8.58 13.68 37.23



Sustainability 2019, 11, 4472 25 of 32

Table A2. Cont.

Item
No.

Item
Level of Agreement (%)

SD/D/FD N FA/A/SA

Pharmaceuticals sector

2.1 Optimization of resource use during ERP software tasks
considers renewable energy sources. 34 12 54

2.2 There are specific sustainability requirements for practices and
tools used in the ERP system. 26 5 69

2.3 The portability of ERP software on another hardware or
software platforms increases energy efficiency conditions. 19 29 52

2.4 Energy use issues have an influence on feasibility of ERP system. 11 72 17

2.5
General sustainability policies affect the usability of the ERP
system (to be learned, used, and executed under specific
conditions).

49 19 32

2.6 The usability and feasibility of the ERP system are affected by
the need for lower energy use. 51 7 42

2.7

The quality of ERP software architecture (i.e., the system’s
components, their relationship, the rules governing its
conceptual design) determines the sustainability of the ERP
system.

5 11 84

Level of agreement score of the economic sector (%) 11.05 8.78 19.83

Utilities sector

2.1 Optimization of resource use during ERP software tasks
considers renewable energy sources. 58 21 21

2.2 There are specific sustainability requirements for practices and
tools used in the ERP system. 83 0 17

2.3 The portability of ERP software on another hardware or
software platforms increases energy efficiency conditions. 95 1 4

2.4 Energy use issues have an influence on feasibility of ERP system. 54 10 36

2.5
General sustainability policies affect the usability of the ERP
system (to be learned, used, and executed under specific
conditions).

38 0 62

2.6 The usability and feasibility of the ERP system are affected by
the need for lower energy use. 56 16 28

2.7

The quality of ERP software architecture (i.e., the system’s
components, their relationship, the rules governing its
conceptual design) determines the sustainability of the ERP
system.

18 8 74

Level of agreement score of the economic sector (%) 13.66 1.90 8.22

Source: Field Data, 2018–2019.
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Appendix C

Table A3. Category 3—Awareness of sustainable management process.

Items
No.

Items
Level of Agreement (%)

SD/D/FD N FA/A/SA

Manufacturing Sector

3.1
Top management support is a critical success factor when
developing sustainability policies for the implementation of an
ERP system.

29 9 62

3.2
There is a relationship between environmental IT initiatives and
sustainability strategy to fulfill the requirements of the ERP
system through eco-responsible IT practices.

24 2 74

3.3 We prefer ERP system vendors that have a good reputation for
using IT-based environmental initiatives. 48 5 47

3.4
The organization selects an ERP system vendor that is able to
position the products and services in terms of energy
consumption and lower costs.

53 5 42

3.5
There is an awareness of users to change their behavior during
ERP software tasks (reducing paper, using screensavers, turning
off the system when not in use).

34 13 53

Level of agreement score of the economic sector (%) 4.56 0.82 6.75

Telecommunication sector

3.1
Top management support is a critical success factor when
developing sustainability policies for the implementation of an
ERP system.

13 3 84

3.2
There is a relationship between environmental IT initiatives and
sustainability strategy to fulfill the requirements of the ERP
system through eco-responsible IT practices.

27 0 73

3.3 We prefer ERP system vendors that have a good reputation for
using IT-based environmental initiatives. 24 21 55

3.4
The organization selected an ERP system vendor that is able to
position the products and services in terms of energy
consumption and lower costs.

45 14 41

3.5
There is an awareness of users to change their behavior during
ERP software tasks (reducing paper, using screensavers, turning
off the system when not in use).

13 0 87

Level of agreement score of the economic sector (%) 10.37 3.23 28.9

Pharmaceuticals sector

3.1
Top management support is a critical success factor when
developing sustainability policies for the implementation of an
ERP system.

17 4 79

3.2
There is a relationship between environmental IT initiatives and
sustainability strategy to fulfill the requirements of the ERP
system through eco-responsible IT practices.

14 2 84

3.3 We prefer ERP system vendors that have a good reputation for
using IT-based environmental initiatives. 39 0 61
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Table A3. Cont.

Items
No.

Items
Level of Agreement (%)

SD/D/FD N FA/A/SA

3.4
The organization selected an ERP system vendor that is able to
position the products and services in terms of energy
consumption and lower costs.

62 0 38

3.5
There is an awareness of users to change their behavior during
ERP software tasks (reducing paper, using screensavers, turning
off the system when not in use).

42 12 46

Level of agreement score of the economic sector (%) 9.86 1.02 17.45

Utilities sector

3.1
Top management support is a critical success factor when
developing sustainability policies for the implementation of an
ERP system.

23 18 59

3.2
There is a relationship between environmental IT initiatives and
sustainability strategy to fulfill the requirements of the ERP
system through eco-responsible IT practices.

13 24 63

3.3 We prefer ERP system vendors that have a good reputation for
using IT-based environmental initiatives. 31 0 69

3.4
The organization selected an ERP system vendor that is able to
position the products and services in terms of energy
consumption and lower costs.

52 0 48

3.5
There is an awareness of users to change their behavior during
ERP software tasks (reducing paper, using screensavers, turning
off the system when not in use).

47 33 20

Level of agreement score of the economic sector (%) 4.03 1.82 6.29

Source: Field Data, 2018–2019.

Appendix D

Table A4. Category 4—Awareness about green IT initiatives and practices.

Item
No.

Item
Level of Agreement (%)

SD/D/FD N FA/A/SA

Manufacturing Sector

4.1
Green IT solutions are the best way to enhance the potential of
the ERP system in promoting sustainable business practices by
reducing emissions, waste, and costs.

12 9 79

4.2 The problem of addressing ERP system in a greener manner is
linked to green IT initiatives adopted at the organization level. 39 21 40

4.3
The main goal of optimizing IT infrastructure related to using
an ERP system is to reduce energy consumption and carbon
emissions.

42 13 45

4.4
There are initiatives to help motivate employees to adopt
environmental practices related to the use of ERP system (e.g.,
switching off computer, screensavers, printer consolidation).

63 27 10

4.5

Telecommuting technologies (e.g., teleconferencing,
video-conferencing) should be introduced as common practices
in using your own ERP system, in order to make it more
environmentally friendly.

74 11 15

Level of agreement score of the economic sector (%) 5.58 1.96 4.59
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Table A4. Cont.

Item
No.

Item
Level of Agreement (%)

SD/D/FD N FA/A/SA

Telecommunication sector

4.1
Green IT solutions are the best way to enhance the potential of
the ERP system in promoting sustainable business practices by
reducing emissions, waste, and costs.

24 8 68

4.2 The problem of addressing ERP system in a greener manner is
linked to green IT initiatives adopted at the organization level. 19 17 64

4.3
The main goal of optimizing IT infrastructure related to using
an ERP system is to reduce energy consumption and carbon
emissions.

14 5 81

4.4

There are initiatives to help motivate employees to adopt
environmental practices related to the use of the ERP system
(e.g., switching off computer, screensavers, printer
consolidation).

21 10 69

4.5

Telecommuting technologies (e.g., teleconferencing,
video-conferencing) should be introduced as common practices
in using your own ERP system, in order to make it more
environmentally friendly.

9 4 87

Level of agreement score of the economic sector (%) 7.39 3.74 31.36

Pharmaceuticals sector

4.1
Green IT solutions are the best way to enhance the potential of
the ERP system in promoting sustainable business practices by
reducing emissions, waste, and costs.

36 19 45

4.2 The problem of addressing ERP system in a greener manner is
linked to green IT initiatives adopted at the organization level. 19 6 75

4.3
The main goal of optimizing IT infrastructure related to using
an ERP system is to reduce energy consumption and carbon
emissions.

31 0 69

4.4

There are initiatives to help motivate employees to adopt
environmental practices related to the use of the ERP system
(e.g., switching off computer, screensavers, printer
consolidation).

16 25 59

4.5

Telecommuting technologies (e.g., teleconferencing,
video-conferencing) should be introduced as common practices
in using your own ERP system, in order to make it more
environmentally friendly.

43 16 41

Level of agreement score of the economic sector (%) 8.21 3.74 16.37

Utilities sector

4.1
Green IT solutions are the best way to enhance the potential of
the ERP system in promoting sustainable business practices by
reducing emissions, waste, and costs.

23 20 57

4.2 The problem of addressing ERP system in a greener manner is
linked to green IT initiatives adopted at the organization level. 41 2 57

4.3
The main goal of optimizing IT infrastructure related to using
an ERP system is to reduce energy consumption and carbon
emissions.

16 15 69
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Table A4. Cont.

Item
No.

Item
Level of Agreement (%)

SD/D/FD N FA/A/SA

4.4

There are initiatives to help motivate employees to adopt
environmental practices related to the use of the ERP system
(e.g., switching off computer, screensavers, printer
consolidation).

67 5 28

4.5

Telecommuting technologies (e.g., teleconferencing,
video-conferencing) should be introduced as common practices
in using your own ERP system, in order to make it more
environmentally friendly.

13 26 61

Level of agreement score of the economic sector (%) 5.44 2.31 9.24

Source: Field Data, 2018–2019.
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