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Abstract: The Public Administration (PA) in Portugal is impacted by the constant acceleration
and evolution of Information and Communication Technologies (ICT), where the Portuguese State,
transposing European Union directives, has legislated and encouraged their use as instruments
of added value for the PA. Establishing rigorous and sustainable governance is crucial, ensuring
that the organization’s strategic objectives are aligned with ICT and, preferably, with Green IT
practices. In this context, it is necessary to be able to estimate and subsequently evaluate the impact
of strategic and operational choices on improving environmental quality. For such, this article
presents a framework developed to optimize ICT management practices and indicators that, in this
environmental area, support the forecasting and assessment of the impact of the choices made in
the search for technologically advanced solutions in the Barreiro municipality. These choices enable,
among other things, a reduction in energy consumption, implying a reduction in financial costs,
resulting in environmental benefits, such as a reduction in CO2 emissions into the atmosphere or less
deforestation. The results presented, obtained in a real-world context, make it possible to assess the
progress of alignment with Green IT in this area, as well as the overall result.

Keywords: Green IT; environmental sustainability; governance

1. Introduction

Society faces environmental challenges arising from the excessive use of natural
resources, and one sector in particular, the ICT industry, is responsible for a total sector
footprint estimated in 2007 at 830 million tons of CO2—representing around 2% of total
emissions from human activity that year [1]. The share of Information and Communication
Technologies (ICT) in Greenhouse Gas (GHG) emissions was expected to increase to 6% by
2020 [1]. However, this is expected to be more than offset by the “enabling effect” of ICT on
the carbon efficiency of other sectors, such as transport, buildings, energy, and industry:
any increases in GHG emissions from ICT are expected to be five times greater than the
emissions saved by ICT elsewhere [1].

It is crucial to keep the focus on this issue to find solutions in line with Green IT, to
promote environmental sustainability in line with the European Union (EU) [1], which
has set three strategic objectives on climate change and energy, to be achieved by 2020: a
20% reduction in greenhouse gas emissions; 20% of energy from renewable sources; and a
20% increase in energy efficiency.

It was hoped, however, that these figures would be offset by the facilitating effect of ICT
on the carbon efficiency of other sectors, where the aim would be to harness the potential
of ICT to reduce GHGs, to which end virtualization, sensing, and digital transformation
would be some of the ways of achieving the goal [1].

The current economic and financial context, both national and international, requires
organizations to have a rigorous and demanding strategic vision to respond to challenges
and anticipate and minimize risk [2].
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Portuguese public services are now faced with the demands of today’s pace of life
and the increasingly demanding aspirations of citizens and customers. To promote general
economic development and meet collective needs, the Portuguese state, based on European
Union directives, has legislated to encourage and use modern technologies as an instrument
of added value in public administration [3].

Given this context, to control the use of Information Technology (IT) resources effec-
tively and efficiently, IT governance, which encompasses a structure of processes, policies,
standards, and procedures that organizations use to manage and control the use of IT
resources in a holistic and systemic [4] and scalable way, could be a solution.

IT governance mainly aims to align ICT with the organization’s strategic objectives,
minimizing risks [5], optimizing investments, and adapting ICT initiatives to business
needs [6]. This effective alignment facilitates the realization of strategies and objectives,
while strategically it can enable the environmental impact of ICT to be reduced through
energy savings.

For IT governance to be effective, it is essential to adapt its structure to the specific
needs of each organization, ensuring flexibility to adjust to the changing needs of strategic
objectives and emerging technologies. Investing in employee training is crucial to ensure
that they have the necessary skills to deal with information technologies safely and effec-
tively, while being aware of the risks associated with the use of ICT and being able to take
measures to protect the organization and citizens’ data [7].

With this in mind and to contribute to the national targets of the National Energy
and Climate Plan 2030 (PNEC 2030) [8] for GHG reduction, the municipality of Barreiro,
Portugal, opted to adopt a process of integrated governance to outline assertive strategies to
effectively contribute to reducing energy consumption, reducing CO2 into the atmosphere
and reducing the amount of materials to be recycled.

In this sense, and after assessing the needs of the local authority, a multidisciplinary
and aggregating framework [9] was developed, incorporating the various governance
strategies of the local authority, to optimize ICT management practices.

The framework developed was validated in the Barreiro municipality, Portugal, in
a real context and made it possible to estimate and evaluate the impact of strategic and
operational choices on the environment, particularly regarding energy consumption, in
line with Green IT. The results obtained were supported by quantitative and qualitative
indicators, based on four vectors—ICT, Financial, Environmental, and Social—specific to
the framework, the weightings of which were outlined by the municipality. Of the four
vectors, this article focuses only on the Environmental vector.

In this way, it was possible to evaluate and compare the contribution of environmental
results to the promotion of Green IT at the start of the project, as well as in more advanced
phases, which will be presented in this article.

The article is structured in six sections: Section 1, the introduction, presents the
background to the problem and the aim of the article; Section 2 presents the literature
review, which includes the theoretical foundations of the supporting theme; the methods
and materials used are described in Section 3; the results of the environmental aspect of
the framework, which includes the best ICT practices, aligned with Green IT and sup-
ported by international standards and frameworks, to optimize the practices instituted
in organizations, mainly in the Local Administration (LA) under study, is presented in
Section 4; Section 5 presents the discussion of the environmental results achieved, Fi-
nally, Section 6 presents some conclusions highlighting the advantages or consequences
of using the framework and its contributions to the community. The article ends with a
bibliographical presentation.

2. Theoretical Framework

Of particular note is the coverage of the International Organization for Standardization
(ISO) standards, Information Technology Infrastructure Library V4 (ITIL) [10], and Control
Objectives for Information and Related Technology (COBIT) [11], which are the most



Energies 2024, 17, 57 3 of 21

widely implemented from an IT governance perspective [12], in terms of good practices
and standards for the management of IT services, as well as for the control and governance
of IT-related processes. The ITIL and COBIT standards are summarized in [13]. These
references are based on good practices and successful experiences from other organizations,
allowing the organization that adopts them to benefit from years of learning and evolution
in the market. It should also be noted that the benchmarks are extremely valuable if they are
properly adapted to your business model or, in the case of public sectors, to your processes.

Other references could have been evaluated, such as the Project Management Body
of Knowledge (PmBOK) [14] for standardizing good project management practices or the
Capability Maturity Model Integration (CMMI) [15] to ensure the reduction in failures and
risks in the quality of projects, or others; however, they did not fit the context, nor the needs
assessed in the local authority.

However, the standards evaluated do not consider the reality of the Portuguese Public
Administration (PA) and LA, and the latter, mainly, despite its own revenues, also depends
on financial transfers from the central PA. This reality means that one of the essential
factors is to quantify, for example, the financial costs, not addressed in this article, or the
environmental alignment with Green IT, which triggered the identification of gaps and
the proposal of good practices for the qualification and quantification of indicators that
allow, among others, to establish energy-saving rules, quantify the environmental footprint,
alignment with Green IT, costs of implementing a particular technology or service, as well
as assessing whether or not a particular option affects productivity in the organization.

This article can be considered a complement to the context and several indicators,
including the other vectors that make up the FACIIL support tool, a work published by the
authors in [9,13,16,17]. Briefly, it is relevant in this context to consider that the virtualization
of infrastructure, with the replacement of physical servers by multiple virtual servers [18]
and the replacement of personal computers with thin clients [19], the replacement of Ca-
thodic Ray Tube (CRT) monitors with Thin Film Transistor (TFT) monitors, the replacement
of desktop printers by multifunction devices, and the replacement of paper by digital, will
be more environmentally friendly and energy-efficient ICT solutions, which can contribute
to the reduction in CO2 emissions, less deforestation, improvement of the environmental
footprint and in alignment with Green IT.

This is in line with the growing interest in the importance of environmental sustainabil-
ity in all sectors, as it can help organizations achieve significant benefits through sustainable
working practices [20].

This article reports part of a framework that solves constraints and facilitates the
use of identified opportunities, aligned with the strategic objectives of organizations,
digital transformation and digitalization processes, integrated governance, and with special
emphasis on alignment with Green IT.

As theoretical support for the alternative options presented, and for the objective
of environmental sustainability through Green IT options, as well as the results, a brief
framework of three pertinent themes in this context is below, digital transformation, IT
governance, and Green IT.

2.1. Digital Transformation

Digital transformation presents a new driving force for green development and can
significantly reduce companies’ pollution emissions [21]. They are increasingly being
driven to carry out digital transformation, which is expected to expand in the future [22],
and automation to maintain its competitive position. This accentuates the relationship
between man and machine, increasing the degree of automation of processes [23].

From the author’s perspective, digital transformation is not just about computerizing
a production system. It involves exploring these systems to develop, maintain, or improve
skills that a company needs or masters. Keeping this idea in mind is important when a
company is thinking about taking a step towards digital transformation [24].
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Digital transformation should not be seen as a simple adoption of technology, but
rather as a strategic, business-driven process, to improve operational efficiency and increase
the organization’s innovation and competitiveness. In addition to the digitalization of pro-
cesses, it is often necessary to re-engineer processes, create and optimize flows [25], acquire
new skills, and adopt innovative business practices, as can be seen in the following quote.

The conception of digital transformation is related to the adoption of business pro-
cesses and practices to respond to digital trends [26]. In the public sector, this kind of
radical transformation of services into platforms, smart products, and customer needs can
be seen quickly: the transition from paper-based government to digital government [27].

2.2. Governance IT

IT governance is a relevant part of the three pillars of governance management:
Governance, Risk, and Compliance, a structure aimed at improving the performance,
decision-making, and resilience of companies. IT governance encompasses a framework
of relational processes, policies, standards, and procedures [5,12] that organizations use
to manage and control the use of IT resources effectively and efficiently [28]. Each of
these instruments has a function and, when implemented, should positively affect the
organization [12].

The primary goal of IT governance is to ensure that IT is aligned with the organization’s
strategic goals [29], minimizing risk, optimizing IT investments, and aligning IT initiatives
with business needs so that strategies and objectives are achieved [5].

IT governance is a holistic approach that encompasses the entire organization, includ-
ing top management, IT staff, and other relevant stakeholders. It involves clearly defining
roles and responsibilities, adopting consistent policies and procedures across the organiza-
tion, managing risks, and establishing metrics and performance indicators to gauge their
success [28]. It is especially important in organizations that rely heavily on IT for their
business processes. Alignment of organizational and individual objectives is potentially
more difficult in the public sector due to the limited ability to establish market-linked
incentives [30].

For IT governance to be effective, it is important that its structure is tailored to the
specific needs of each organization and has enough flexibility to adjust to changing business
needs and emerging technologies. A successful strategic vision for the adoption of IT
governance practices in the PA, in Portugal, requires considering public-sector goals and
objectives aligned with IT strategies, following international best practices, and security and
data privacy standards, to ensure the protection of citizens’ sensitive data, in compliance
with the General Data Protection Regulation (GDPR) [28].

Investing in employee empowerment and training is crucial to ensure they have the
necessary skills to deal with information technology [31], securely and effectively, as well as
being aware of the risks associated with the use of ICT and being able to take the necessary
measures to protect the organization and citizens’ data. Organizations can adopt existing
governance frameworks, such as COBIT or ITIL, or both, or they can develop their own
custom IT governance frameworks.

2.3. Green IT

The growing demand for energy resources and the growing concern about climate change
have driven the search for more sustainable solutions in the information technology sector.

The environmental impact of ICT can be classified into direct and indirect effects
according to [32,33]. Direct effects refer to the environmental impact of extracting raw
materials needed to produce the ICT, manufacturing process, transportation, use, and
disposal. This is related to Green IT. Indirect effects refer to the positive impact of the use
of ICT on the environmental sustainability of business and economic processes. This effect
concerns Green IS. The author also mentions these effects [34] as worrisome for researchers
who look to ICT as a driving solution for environmental sustainability.
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As can be seen, some authors, when referring to environmental impact and sustain-
ability, use different terminologies, specifically Green IT and Green IS. In the case of this
article, an aggregating term Green IT will be used, which will relate environmental issues
with the energy efficiency of IT.

In this context, Green IT emerges as an approach to promote sustainability in the IT
sector, aiming to reduce the carbon footprint of ICT activities and promote more sustainable
practices in the use of resources, helping to reduce the amount of carbon emissions into the
atmosphere [7,35].

Society’s growing dependence on ICT has generated a significant increase in energy
and resource consumption, especially in the data center sector. This high consumption
not only harms the environment [36–38], but it also results in higher operating costs for
organizations and may even impair competitiveness in the market due to its contribution
to greenhouse gas emissions and global environmental degradation due to ICT lifecycles.

The adoption of Green IT practices can bring several benefits, such as reducing energy
consumption and operating costs, improving the organization’s image, and promoting en-
vironmental awareness among employees. However, the implementation of these practices
can also present some challenges, such as resistance to change, a lack of technical expertise
in Green IT, and the absence of government incentives.

On the contrary, and according to the authors [39], in developing countries, such as
Malaysia, although the adoption of Green IT is a necessity, and despite the numerous
government incentives that have been made available for the adoption of IT, there is still
a low adoption rate. In developed countries, Green IT has been adopted as a strategic
initiative considered for the development of sustainable business practices, through the
balance of an organization’s economic and environmental performance.

The concept of Green IT emerged from a worldwide movement, in response to the
growing concern with the preservation of the environment and the promotion of social and
environmental responsibility in the technology sector. The ideals of this movement focus
on a set of measures and initiatives that aim to reduce the negative environmental impact
of ICT, contribute to climate change mitigation, and promote environmental sustainability
in the ICT sector [40].

To ensure the quality, safety, efficiency, and effectiveness of products, services, and
management systems in various areas, it was important to consider ISO standards, in partic-
ular ISO/IEC 20000-1:2018 [41], ISO/IEC 27000:2018 [42], ISO/IEC 27001:2022 [43], ISO/IEC
27002:2022 [44], ISO/IEC 27005:2022 [45], ISO/IEC 27013:2021 [46], ISO 31000:2018 [47],
ISO/IEC 38500:2015 [48], ISO/IEC TS 38501:2015 [49], ISO/IEC TR 38502:2017 [50], ISO/IEC
55000:2014 [51], ISO/IEC 55001:2014 [52], and ISO/IEC 55002:2018 [53].

Existing systems such as ITIL were also considered [10], and COBIT [11], as part of the
initial design of the framework at each stage of the process. These international standards
establish guidelines, processes, and procedures to achieve these goals. Thus, it is considered
that the incorporation of these standards can contribute to the success of the project.

3. Methods and Materials

The PA currently operates by taking advantage of the facilities of ICT, allowing pro-
cesses to flow electronically between central, regional, and local administrations. This
results in greater speed since the ease of sending, receiving, and handling documents is
considerably improved. It translates into greater speed, streamlining of processes, and
facilitation of coordinated actions between the various stakeholders.

3.1. Object of Study

The object of study fell on the local authority of Barreiro, Portugal, in which, based on
the premises described, it was sought to harmonize this reality with the strategic objectives
of the municipality, at the same time in alignment with ICT. The study considered the
challenges and opportunities identified in the municipality of Barreiro, seeking an approach
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to optimize ICT management practices that were easy to implement, fast, integrated, and
progressive, and which provided environmental sustainability and aligned with Green IT.

3.2. Description of the Methodological Design

The methodological design is intended to provide a comprehensive overview of the
steps and processes involved, including how the study might be conducted.
Figure 1 shows the various stages and processes, as well as responsibilities, in a continuous
improvement cycle.
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In the specific case of the Barreiro municipality, this began with an internal audit, to
become familiar with the ICT infrastructure and existing assets, which would allow the
identification of risks, constraints, and opportunities for improvement in the diagnostic
phase. The municipality’s strategic objectives were also considered and incorporated,
together with a SWOT analysis. This was followed by the search for solutions in the market
and the evaluation of the standards referred to in Section 2. Theoretical Framework, where
it was found that they did not respond to the needs of the municipality, to quantify, for
example, the financial costs, not addressed in this article, or the environmental alignment
with Green IT. Therefore, the process of identifying the gaps and proposing good practices
for the qualification and quantification of the indicators that demonstrated the needs
identified by the municipality began. To support these indicators and quantification of
values, it was necessary to develop a tool, in this case the FACIIL framework, a qualitative
component of continuous improvement, as well as the calculation tool, which allows the
evaluation of the quantitative component of decision support. In the environmental aspect,
the indicators used were energy consumption, carbon footprint, amount of recycling,
climate change, and deforestation, as well as the alignment of this aspect with Green IT.

After the strategic implementation of the tools, a data analysis was carried out. If
the results did not meet the agency’s expectations, the framework cycle was restarted.
New strategic alternatives were applied, followed by a new quantitative assessment. This
process was repeated until the data were in line with the municipality’s expectations.

The method that we recommend in this article frames the results that will be presented
in the following section. The method presupposes the application of successive phases that
are included in its qualitative aspect: analysis, diagnosis, planning, study of alternatives in
design, communications, security, innovation, optimization, and evaluation, alluding to a
Plan, Do, Check, and Act (PDCA) cycle. Considering that throughout the nine phases of the
framework, the methodology can be considered identical, as it is planned, done, verified,
and acted, this cycle can be followed as many times as necessary until a good optimization
is achieved or if there are strategic or regulatory changes. On the quantitative side, the
framework presents a set of indicators in each of the vectors that support it, and in this
article, only the Environmental vector will be treated.

Figure 2 shows the phases of the framework, starting with phase zero, with the
identification of the problem, followed by eight more phases, in a governance model
that allows the identification of good practices that align with the strategic objectives of
the activity.
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Phases 1, 2, 3, 4, and 6 are highlighted in green as the phases where there is greater
alignment with Green IT. The model will be iterative from phase 2 to phase 6, going through
all phases until phase 8, where, based on the elements collected, evaluation, and opinion,
there may be a need to repeat the entire cycle, optimizing processes. It should be noted that
in the application of the model, choices are made, and, in the corresponding qualitative
component, greater weights are attributed to greater sustainability.

On the environmental side, in Phase 0—Knowing, it is essential to collect infor-
mation on the infrastructure and assets from the organization, and if this does not ex-
ist, an internal audit should be carried out to gain an understanding of them so that
in Phase 1—Diagnosing, all the information collected can be analyzed, checking what
is already being measured and at what level, identifying constraints and opportunities
for improvement.

In the case presented, the analytical accounting of the organization does not allow a
finer granularity, for example, energy consumption, so the data that can be worked with
and that consider the reference values of the equipment were used.

In Phase 2—Plan, the inputs from the previous phase will be included, and the
municipality’s strategic objectives will be incorporated. If necessary, a SWOT analysis may
also be used to help analyze the internal and external environment. The environmental
impact must be assessed, and what can cause the greatest impact must be analyzed to
prioritize and reduce it.

Phase 3—Design should take as inputs what resulted from the previous phase and
design a solution that contemplates an improvement in the environmental footprint and
greater alignment with Green IT. Phase 4—Communicating has to do with the improvement
of communications between buildings and the study of maintaining telephone exchanges
and telephone cords or passing the exchanges to the telecommunications operator and
cordless telephones, again aiming at environmental improvement. Phase 5—Protect encom-
passes the protection of infrastructure and active equipment, mitigating negligence and
exposures, using security policies. In Phase 6—Innovate, the aim is to innovate processes,
using the provision of online services to minimize the number of trips to the service coun-
ters, which implies less fuel costs and a reduction in CO2 emissions. Phase 7—Optimize
will have as inputs the work done up to this stage, and what is intended is the optimization
of processes that lead to the improvement of the quality of information, greater speed in the
response, and optimization of services to the citizen. Finally, Phase 8—Evaluate is intended
to be an internal and external evaluation of the work carried out to bind the opinions,
criticisms, and proposals for improvement that may arise from it.

In any of these phases, the tool is supported by a set of indicators that in the first stage
reflect the current state (analysis), and in the second stage allow the choice of alternatives,
which were considered based on the estimation of the impact of different strategies, which
contribute to the overall objective of the institution [7].

These indicators are made available by the calculation tool, developed with the FACIIL
framework, and presented below.

• The Energy Consumption indicator, which considers the consumption of IT equipment
and calculates the energy consumption per hour and year, is weighted to verify its
contribution to the alignment with Green IT.

CoEa = Annual Energy Consumption
NE = Number of equipments
FA = Power supply in W·h
H = Daily hours considered (10)
D = Days of the month considered (22)
M = Months considered (12)

CoEa = NE·FA·H·D·M
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The result of the annual energy consumption indicator is given by the previous
calculation formula, multiplying the amount of equipment by the power of the power
supply, per hour, times the number of daily hours considered, in this case it was 10,
multiplied by the number of monthly working days considered, in this case it was 22,
multiplied by the number of annual months, twelve.

• For the carbon footprint, the CO2 emissions indicator is available, where, based on
the annual energy consumption and the value made available by the electricity sup-
plier [54] CO2 g/kW·h, calculates the emission of grams of CO2 into the atmosphere in
a year. Each organization or country must consider its CO2 g/kW·h value adequate.

ECO2 = CO2 emissions
GCO2 = Grams of CO2 per kW·h
CoE = Energy consumption kW·h/year

ECO2 = GCO2·CoE

The result of the annual CO2 emissions indicator is given by the previous calculation for-
mula, multiplying the number of grams of CO2 per kW·h by the annual energy consumption.

• Recycling has a Material for recycling indicator, where the number of pieces of equip-
ment is counted by their weight.

MR = Material for recycling
NE = Number of equipment
PE = Weight of equipment in kg

MR = NE1·PE1 + NE2·PE2 + NEn·PEn

The result of the material for the recycling indicator is calculated by multiplying
the number of identical pieces of equipment by their weight. If there are several types
of equipment, multiply and then add up all the portions, according to the previous
calculation formula.

• The value of climate change is provided by a Global Warming indicator that calculates
the ratio of CO2 emissions, previously calculated, by the value of 1000 Gt, which
corresponds to 0.4 degrees centigrade, provided by [55].

GA = Global warming
ECO2 = CO2 emissions in grams per year
CO2 = 1000 Gt

GA =
ECO2

CO2
·0.4◦C

The result of the global warming indicator is calculated by multiplying the ratio of
CO2 emissions over 1000 Gt of CO2 by the value of 0.4 ◦C.

• The indicator for deforestation is Paper Reduction/Deforestation, which is based on
the ratio of the annual expenditure of reams of sheets of paper by the number of reams
obtained by each tree, a value made available by [56]. It tells us the number of trees
felled annually for our paper expenses.

UPA = Annual paper usage
Process = average A4 sheets
NPA = Number of cases*year
Req = Average Requirements A4 sheets*year + copies

UPA = Process·NPA + Req
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NAA = Number of trees/year

NAA =
UPA/500

20

The result of the paper reduction/deforestation indicator is calculated by the ratio
of annual paper use per 500 (the number of sheets in a ream of paper) divided by 20 (the
average number of reams obtained by each tree). This indicator is used to demonstrate the
evaluation of digital transformation results.

The results of the indicators used are intended to evaluate the results according to the
strategic alternatives tested so that decisions can be compared and made.

The calculation tool enables the evaluation of alternative strategies and measurement
of the values of alignment with the concept of Green IT, also supporting the analysis and
validation of the strategies that are intended to be implemented. One of the main objectives
is to assist IT technicians and other users in the application of the framework, allowing
them to perform calculations and analyses more efficiently and accurately. In addition, the
tool will also offer additional features to enhance the user experience, such as graphical
visualizations [7].

On the environmental side, discussed in this article, the indicators envisaged focus
on energy consumption, carbon footprint, recycling, climate change, and deforestation.
The practical validation of the work and demonstration of the applied theory included the
collaboration of the municipality of Barreiro, Portugal, which made it possible to analyze
the feasibility in a real context of the work.

4. Results: Environmental Aspect of the FACIIL Framework

Considering the environmental aspect of the FACIIL framework, there is the objec-
tive of achieving several goals. These goals include reducing energy consumption, as
well as reducing the amount of material to be recycled. The intent is to [15] also reduce
carbon dioxide emissions, contributing to the preservation of the ozone layer, promoting
environmental improvements, and aligning with Green IT principles.

Based on the 2016 values, the scenario experienced in the municipality of Barreiro was
identified, which is intended to be improved through this project and the tool developed.
Using the calculation tool of the FACIIL framework, several alternative strategies were
analyzed to assess the most appropriate perspective and the best way forward. Among the
analyses performed, some values were highlighted for comparison of the results obtained
in each scenario, since the main objective of this article is not to detail them exhaustively.

One of the premises of top management is to preserve or reduce costs, along with
environmental improvement. Based on these assumptions and based on the results of
Phase 1—Diagnosing, in which several obsolete computers at the end of their useful life
were identified, we carried out a hypothetical test. In this test, we replaced the obsolete
computers with thin clients and analyzed the values generated by the calculation tool of
the FACIIL framework to proceed with their evaluation.

Figure 3 shows the values of the environmental indicator regarding energy consump-
tion/hour. Considering these values, the Environmental vector is influenced by the results
in a satisfactory way, where in 2016 an average energy consumption of IT equipment per
hour of 216,000 W·h was found. Comparing these values with those obtained in 2022, after
evaluation in the framework, with the inclusion of equipment with lower consumption,
there is a reduction in the average consumption per hour, to 25,000 W·h, values that allow
a better alignment with Green IT.

Figure 4 allows the observation of annual energy consumption, where in 2016 there was
an average annual consumption of 571,507,200 W, and for the year 2022, this consumption
reduced to 66,000,000 W, improving the contribution to Green IT to 25%.

Because of these results, the strategy of exchanging 400 PCs and CRT monitors for
400 thin clients and LCD monitors resulted positively, allowing a reduction in energy
consumption of 191,000 W·h, corresponding to an annual reduction of 505,507,200 W.
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Figure 5 shows the values of improvement in the alignment with Green IT and energy
consumption. The results in 2022 can also be observed, also positive, demonstrating a
better alignment in annual consumption, going from 23% to 25%.
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Consequently, the reduction in CO2 emissions into the atmosphere will also be a reality.
Look at the data of this indicator in Figure 6, where it can be seen that emissions in 2016, as
a result of energy consumption, reached the approximate values of 112,593 kg of CO2 in
one year. In turn, the values in 2022 reduced to about 13,000 kg per year, as a result of the
strategic changes made.
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Using the values resulting from the strategy adopted, a reduction of 99,593 kg in CO2
emissions into the atmosphere can be achieved. Figure 7 therefore shows the values of the
alignment of CO2 emissions with Green IT. Also in this indicator, the results in 2022, with
20%, are positive compared to 2016, where it had 19%, demonstrating a better contribution
to the objective of alignment with Green IT.
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In the next environmental indicator, suitability for recycling in Figure 8, the values
of 258 PCs and CRT monitors for slaughter and recycling are used. In 2016, these add
up to a total of about 9800 kg of material, and for 2022, estimated values of the same
amount of equipment were used but according to those used after the implementation
of the adopted strategy, replacing them with 258 thin clients and LCD monitors. In this
scenario, a reduction of about 9000 kg of material is observed, increasing the values to
about 800 kg.
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The figures shown in Figure 9 confirm an improvement in the alignment of suitability
for recycling with Green IT, where in 2016 there was a 10% alignment, and in 2022 there
was a 24% alignment: Again, there is an environmental improvement and less quantity of
hazardous materials.
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In analyzing and comparing other environmental indicators, the next one measures
global warming. Figure 10 shows that through energy consumption and CO2 emissions
sent into the atmosphere, it is possible to reach a value of 4.504 × 10−5 ◦C in 2016, and
maintaining the strategy adopted in 2022, the value reduced favorably to 5.20106 × 10−6 ◦C,
improving the contribution to the reduction in global warming.

The alignment of global warming values with Green IT can be seen in Figure 11, where
the difference between 2016 and 2022 is not noticeable in the graph despite its improvement.
The values of the different indicators presented so far allow us to assess an environmental
improvement and reinforce the option taken with the exchange of equipment, where the
options for virtualization and digital transformation are gaining more and more strength.

The last indicator that is presented considers the annual paper expenses within the
organization., The values presented in Figure 12 allow us to verify that to meet the paper
expenses calculated for 2016, with ream values per tree provided by [56], It would be neces-
sary to cut down 255 trees per year. Given the strategy of dematerialization, digitization of
processes, and use of document management, this value in 2022 was reduced to the annual
felling of 101 trees.
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The reduction of 154 trees per year is also, in itself, a measure of environmental
improvement, which contributes to a better alignment with Green IT, as can be seen in
Figure 13, wherein in 2016 there was an alignment of 17%, and in 2022 it improved to 19%.
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Figure 13. FACIIL Framework, annual deforestation, alignment with Green IT.

Summarizing the analysis presented above, there is an environmental improvement
due to the reduction in energy consumption and CO2 emissions. This also contributes to
the reduction in global warming, with a lower number of materials that need to be recycled,
which, in turn, is more following the concept of Green IT.

Figure 14 shows the overall result of the alignment of the Environmental vector with
Green IT in 2016, where there was already a very good alignment of 79.10%.
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After the implementation of the framework and the alternative strategies tested. The
results obtained are more satisfactory, as the contribution of the Environmental vector
increased from 79.10%, considered Very Good, to 97.28% considered Excellent, as can be
seen in Figure 15.
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It should be noted that this was just one of many tests that can be carried out with the
tool developed and supported by the FACIIL framework.

Figure 16 allows the observation of four environmental indicators related to the year
of the project’s start, 2016, where you can see the values of energy consumption, CO2
emissions, suitability for recycling, and use of paper, values that are quite high compared
to those of 2022.
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Figure 17 shows the same four indicators, but with 2022 values, where lower values are
found, more aligned with environmental quality and alignment with Green IT, a reflection
of the test conducted.
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An overview of the Environmental vector indicators was presented in an example case.
After the analysis of the results obtained, through the alternative strategies tested, with
the FACIIL calculation tool, it was found that the adoption of a virtualized infrastructure
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presents itself as a positive and viable solution for the municipality, ensuring greater
efficiency and security in data management, and enabling users to carry out their activities
in a ubiquitous way, more productive and efficient, promoting environmental improvement
and improving its alignment with Green IT.

5. Discussion

The work presented is intended to be the first approach to these issues in the LA,
where we intend to direct it so that soon it can contribute to and emphasize the reduction in
the carbon footprint, environmental sustainability, and improvement and alignment with
Green IT. To this end, we oriented the framework so that it could align with the three main
drivers of Green IT initiatives, according to the authors [16]: cost reduction due to budget
cuts, consumption reduction due to resource constraints, and compliance with current
legislation. This is a reality on the national scene in the Portuguese LA, which we intend to
help improve.

Based on the literature and the results achieved, we argue that virtualization allows
for greater flexibility in implementing solutions, greater efficiency, and cost reduction and
contributes to environmental sustainability. The success of these environmental sustain-
ability initiatives and their alignment with Green IT in the LA will always depend on the
decision-makers. Our contribution will be to encourage the use of this framework in the
LA or other organizations.

5.1. Analysis of Results

The analysis carried out and the results presented in the previous chapter, referring
to the Environmental vector, through the alternative strategies tested, are aligned with
the literature presented in the theoretical framework of this article and prove that the
alternatives experienced can be a solution for a better alignment with Green IT, as intended.

One of the alternatives pointed out by the literature, for an improvement in the
alignment with Green IT, was the digital transformation based on the virtualization of
servers and workstations, as well as the strategic alternative tested proved through the
results obtained by this same theory.

The FACIIL framework resulted in good support in the resolution of some of the
constraints identified in the municipality of Barreiro, and the calculation tool facilitated
obtaining the quantification of the proposed and necessary indicators. It should be noted
that this set of proposed indicators may be revised, and their weightings changed, according
to the organization that uses them.

The results presented, because of the strategic alternatives tested, contribute to a better
environmental quality through the reduction in energy consumption, which, in the case
presented, directly and positively influences the indicators, energy consumption, carbon
footprint (CO2 to the atmosphere), a smaller number of materials to be recycled, less global
warming, and less deforestation.

In these results, it is also possible to identify the improvement of the alignment
with Green IT in the Environmental vector, which emerges as an approach to promote
sustainability in the IT sector, verifying that the role of the PA and LA is improved through
their contribution to this improvement, by about 21%, as can be seen in the results. It
should be noted that all Green IT indicators improved from 2016 to 2022.

5.2. Future Work

Based on the results presented and as perspectives for future work, the PA and LA
should be encouraged to seek solutions that involve the implementation of the FACIIL
framework, to promote a cultural change about sustainability in ICT management and
continuous improvement of the framework.

The adoption of this framework may also contribute to the advancement of scientific
knowledge around Green IT.
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It is recognized that the FACIIL framework has limitations and some challenges, which
can be overcome through the feedback of the municipalities or organizations that adopt
it, to ensure a constant evolution. Several initiatives that help promote environmental
sustainability may be considered in the future and take advantage of a new version of this
framework, such as e-commerce, green buildings, or teleworking.

6. Conclusions

Taking advantage of the facilities of ICT, the PA operates in such a way that processes
flow electronically between central, regional, and local administrations. In this way, it
is intended to achieve greater speed in the relationship with citizens and citizens in gen-
eral. This is achieved by improving the speed and streamlining of processes between the
various stakeholders.

Based on these assumptions and to align with this reality, the main objective of this
work was to develop an approach to optimize ICT management practices and alignment
with Green IT. The study considered the challenges and opportunities identified in the mu-
nicipality of Barreiro, seeking an approach that was easy to implement, fast, integrated, and
progressive. To achieve these objectives, international standards and reference frameworks
mentioned in the literature were analyzed. However, no appropriate approaches have been
found for the Public Administration in this specific context.

Against this backdrop, the appropriate response involved the creation of the FACIIL
framework, an innovative and comprehensive approach aimed at addressing the challenges
of Green IT, considering sustainable information technologies, and boosting sustainability
in the field of ICT. This framework was developed to be aligned with the needs and
reality of the municipality of Barreiro, Portugal, placing special emphasis on promoting
digital transformation, mobility, usability, and accessibility. In addition, the fundamental
importance of aligning ICT with strategic alternative processes is recognized, to ensure that
technologies play a strategic role in the overall improvement of organizational efficiency
and effectiveness and environmental improvement.

FACIIL brings together a qualitative component, continuous improvement, and a
quantitative component of decision support. The qualitative component includes the
Know, Diagnose, Plan, Design, Communicate, Protect, Innovate, and Optimize phases. The
quantitative component considers the four vectors Information Technologies, Financial,
Environmental, and Social, and, for each vector, a set of dimensions that gather, in turn,
the relevant indicators [7]. In this article, only the results of the Environmental vector
were demonstrated.

The scenario provided by the municipality of Barreiro, representative of the local
public administration, played a crucial role in the practical demonstration and subsequent
validation of the framework. During the audit, opportunities for improvement and areas
of risk were identified, which allowed for a deeper understanding of the context and its
specific needs. By testing, the proposed ideas and concepts were demonstrated, and it was
possible to translate them into concrete and advantageous results for the municipality. This
further strengthened the usefulness and relevance of the FACIIL framework in the context
of the local public administration.

The results obtained through the application of FACIIL showed the potential to achieve
positive results, and it is possible to evaluate them by comparing the results of 2016, the
initial state, and the results obtained in 2022, with the implementation of the project. There
is a significant reduction in the energy consumption of IT systems, as well as a decrease
in associated carbon emissions and even a smaller number of products for recycling. In
addition, the collaboration has made it possible to identify new research challenges and
opportunities, contributing to continuous improvements and future work. It also sought to
provide the LA’s internal and external customers (employees and citizens, respectively)
with efficient technologies that optimize the different aspects of the municipality, such as
performance, sustainability, productivity, safety, and innovation, aligning with Green IT [7].
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In conclusion, the FACIIL framework, developed in this work, represents an important
step for the municipality and the entire LA, allowing the evolution of its practices and
processes, consistently aligned with the best market practices and relevant international
standards. It is expected that the FACIIL framework can be applied in other municipalities
and organizations, providing tangible benefits and driving the digital transformation and
optimization of ICT in the public or private sector, quantifying its alignment with Green IT.
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