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– Abstract – 

For thousands of years human beings have been able to enjoy the best gift they could ever 

have: a healthy planet, a noble environment, and an exuberant nature. But as humankind has 

evolved, it has increasingly despised this treasure. The selfishness, greed, and lack of culture of 

the human race have led the entire planet to a situation of extreme gravity. That is why the idea of 

sustainability has emerged. To save the planet and to save our future and that of future generations. 

Nowadays, a growing part of society and organizations joins the defense of sustainability. 

But, unfortunately, this adhesion is too slow and insufficient. Most organizations, the main 

consumers of resources, are not yet aware of this situation. The root of the problem lies in the 

difficulty and handicaps that exist to adopt sustainable practices, due to the lack of guidelines, 

standards or frameworks to address sustainability in specific areas of the business. 

Of the areas of business, today the most important and determining for organizations is the 

area of Information Technology (IT). Its constant evolution, exponential growth, and adoption in 

all other areas have not only brought it to this outstanding position, but have also made it a clear 

enemy of the environment. For this reason, the so-called Green IT has emerged, which struggles 

to turn this situation around through sustainable practices in and by IT. 

In this sense, this PhD Thesis aims to end the handicaps that exist when it comes to bringing 

sustainability to IT through Green IT, proposing the “Governance and Management Framework 

for Green IT” (GMGIT). This framework contains the necessary characteristics and components 

to define, implement, assess/audit, control, and improve Green IT in organizations; all from the 

governance and management of this area and in a systematic and progressive manner. Likewise, 

the adoption and adaptation of wide adopted standards, such as COBIT (for the structure of 

governance and management components), ISO/IEC 33000 (for the maturity model developed 

specifically for the framework), and ISO 14000 (for the adoption of recognized sustainable best 

practices), make the GMGIT a solid framework and aligned with the best practices of the industry. 

In order to perform all this development, the research methodology that has been followed 

includes the Technical Action Research (to manage all the research work and cycles) combined 

with the Systematic Mapping Study (to analyze the state of the art) and case study and focus group 

(as empirical and theoretical validation methods, respectively). The empirical validations have 

been conducted in several organizations at international level (in four different countries) within 

the context of organizations dedicated to providing IT services in different areas (education, e-

administration, security, and so forth). 

Thus, the results obtained and validations conducted demonstrate that the GMGIT is a 

consistent, valid, and useful framework for organizations in their quest to be sustainable in and by 

IT, as well as to obtain greater efficiency and effectiveness in Green IT. 
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– Resumen – 

Durante miles de años los seres humanos han podido disfrutar del mejor regalo que jamás 

les pudieran otorgar: un planeta sano, un medioambiente noble y una naturaleza exuberante. Pero 

a medida que la humanidad ha ido evolucionando, ha ido despreciando cada vez más este tesoro. 

El egoísmo, codicia e incultura de la raza humana han llevado al planeta entero a una situación de 

extrema gravedad. Es por ello por lo que ha surgido la idea de la sostenibilidad. Para salvar el 

planeta y para salvar nuestro futuro y el de las generaciones venideras. 

Hoy en día, una parte cada vez mayor de la sociedad y de las organizaciones se une a la 

defensa de la sostenibilidad. Pero, por desgracia, esta adhesión es demasiado lenta e insuficiente. 

La mayoría de las organizaciones (principales consumidoras de recursos) aún no están 

concienciadas con esta situación. La raíz del problema se debe a la dificultad y hándicaps que 

existen para adoptar prácticas sostenibles, debido a la falta de guías, estándares o marcos para 

abordar la sostenibilidad en áreas específicas del negocio. 

De las áreas del negocio, la más importante y determinante en la actualidad para las 

organizaciones es el área de las Tecnologías de la Información (TI). Su constante evolución, 

crecimiento exponencial y adopción en todas las demás áreas, no solo la han llevado a esta posición 

destacada, sino que también la han convertido en un claro enemigo del medioambiente. Por este 

motivo ha surgido el conocido como Green IT, que lucha por darle la vuelta a esta situación 

mediante prácticas sostenibles en y desde las TI. 

Por todo ello, esta Tesis Doctoral pretende acabar con los hándicaps que existen a la hora 

de aplicar la sostenibilidad a las TI mediante el Green IT, proponiendo el “Governance and 

Management Framework for Green IT” (GMGIT). Este marco contiene las características y 

componentes necesarios para definir, implantar, evaluar/auditar, controlar y mejorar el Green IT 

en las organizaciones; todo ello desde el gobierno y gestión de esta área y de una manera 

sistemática y progresiva. Asimismo, la adopción de estándares reconocidos, como COBIT (para la 

estructura de componentes de gobierno y gestión), ISO/IEC 33000 (para el modelo de madurez 

desarrollado específicamente para el marco) e ISO 14000 (para la adopción de buenas prácticas 

sostenibles), hacen que el GMGIT sea un marco sólido y alineado con las prácticas de la industria. 

Para llevar a cabo todo este desarrollo, la metodología de investigación que se ha seguido 

incluye la investigación acción técnica (para gestionar todo el trabajo y ciclos de investigación) 

combinada con mapeo sistemático de la literatura (para analizar el estado del arte) y estudio de 

casos y grupo de expertos (como métodos de validación empírica y teórica, respectivamente). Las 

validaciones empíricas se han realizado en diferentes organizaciones a nivel internacional (en 

cuatro países diferentes) dentro del contexto de organizaciones dedicadas a proporcionar servicios 

de TI en diferentes áreas (educación, administración electrónica, seguridad, etc.). 
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Así pues, los resultados obtenidos y validaciones realizadas en diferentes organizaciones a 

nivel internacional demuestran que el GMGIT es un marco consistente, válido y útil para las 

organizaciones en su búsqueda por ser sostenibles en y desde las TI, así como para obtener una 

mayor eficiencia y eficacia en Green IT. 
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– Sommario – 

Per migliaia di anni gli esseri umani sono stati in grado di godere del miglior regalo che 

avrebbero mai potuto avere: un pianeta sano, un ambiente nobile e una natura esuberante. Ma come 

il genere umano si è evoluto, ha sempre più disprezzato questo tesoro. L’egoismo, l’avidità e la 

mancanza di cultura degli umani hanno portato l’intero pianeta a una situazione di estrema gravità. 

Ecco perché è emersa l’idea di sostenibilità. Per salvare il pianeta e il nostro futuro e quello delle 

prossime generazioni. 

Oggigiorno, una parte crescente della società e delle organizzazioni si unisce alla difesa 

della sostenibilità. Ma sfortunatamente questa adesione è troppo lenta e insufficiente. La maggior 

parte delle organizzazioni, i principali consumatori di risorse, non sono ancora a conoscenza di 

questa situazione. La radice del problema sta nella difficoltà e negli handicap esistenti per adottare 

pratiche sostenibili, a causa della mancanza di linee guida, standard o framework per affrontare la 

sostenibilità in aree specifiche del business. 

Tra le aree di business, la più importante e determinante per le organizzazioni è l’area 

dell’Information Technology (IT). La sua costante evoluzione, la crescita esponenziale e 

l’adozione in tutte le altre aree non solo hanno portato a questa posizione eccezionale, ma hanno 

anche reso un chiaro nemico dell’ambiente. Per questo motivo, è emerso il cosiddetto Green IT, 

che si sforza di trasformare questa situazione in giro attraverso pratiche sostenibili in e dall’IT. 

Pertanto, questa Tesi di Dottorato di Ricerca mira a porre fine agli handicap esistenti 

quando si tratta di applicare la sostenibilità all’IT attraverso Green IT, proponendo il “Governance 

and Management Framework for Green IT” (GMGIT). Questo framework contiene le 

caratteristiche e le componenti necessarie per definire, implementare, valutare/verificare, 

controllare e migliorare Green IT nelle organizzazioni; tutto dalla governance e gestione di questo 

settore e in modo sistematico e progressivo. Allo stesso modo, l’adozione e l’adattamento di ampi 

standard adottati, come COBIT (per la struttura di componenti di governance e gestione), ISO/IEC 

33000 (per il modello di maturità sviluppato appositamente per il framework) e ISO 14000 (per 

l'adozione di migliori pratiche sostenibili), fanno della GMGIT un framework solido e in linea con 

le migliori pratiche del settore. 

Al fine di realizzare tutto questo sviluppo, la metodologia di ricerca che è stata seguita 

include la Technical Action Research (per gestire tutti i lavori e cicli di ricerca) combinata con i 

Systematic Mapping Study (per analizzare lo stato dell’arte), insieme a case study e focus group 

(come metodi di convalida empirici e teorici, rispettivamente). Le validazioni empiriche sono state 

condotte in diverse organizzazioni a livello internazionale (in quattro paesi diversi) nel contesto di 

organizzazioni dedicate a fornire servizi IT in diverse aree (istruzione, amministrazione 

elettronica, sicurezza, ecc.). 
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Così, i risultati ottenuti e le validazioni condotte dimostrano che il GMGIT è un framework 

coerente, valido e utile per le organizzazioni nel loro tentativo di essere sostenibili in e dall’IT, 

nonché per ottenere maggiore efficienza ed efficacia in Green IT. 
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CHAPTER 1. INTRODUCTION 

his first chapter aims to give an overview of the subject of study and main 

characteristics of the Thesis. Thus, it shows what motivation has led to the 

development of the Thesis; the research objectives established; the 

methodologies used; a summary of the main research proposal; the context in 

which the Thesis has been developed; and the document structure. 

1.1. Background and Motivation 

Sustainability, a great unknown to many and a need for all. Since this idea began to take 

relevance after the publication of the Brundtland report in 1987 [1], the number of detractors and 

defenders has not stopped growing, as well as the harmful effects on the environment. 

Increase in the level of water that causes floods, change of ecosystems that adversely affects 

and leads to the extinction of flora and fauna, spread of diseases typical of other climates, 

increasingly intense and unpredictable atmospheric phenomena, problems in food cultivation and 

production... Only a small fragment of a list that does not stop adding new negative consequences 

for our environment and, therefore, for life. 

Many look the other way, ignoring it and trying to deny an increasingly evident and 

substantiated truth, but do not realize that, in the end, the truth cannot be avoided. This truth has 

led a large part of society to realize that sustainability is no longer an option, but a necessity and 

the true gear of progress. 

That is why government agencies around the world have focused on this global challenge. 

Without going any further, United Nations (UN) has developed the “Agenda for the Sustainable 

Development for the year 2030” [32], with 17 goals and 169 targets for the sustainable 

development. In the same way, European Economic Community (EEC) has also developed the 

“Circular Economy Action Plan” [9], with the measures that its member countries must adopt to 

achieve a sustainable development. 

Likewise, organizations such as International Organization for Standardization (ISO) have 

realized that sustainability is a fundamental element for the growth and development of society 

and of all the organizations of the world. For this reason they are devoting their efforts to develop 

standards in this regard, as is the case of the ISO 14000 family of standards [16]. 
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All these regulations and roadmaps established by government agencies and international 

organizations, highlight the importance of sustainability nowadays and the duty, of society in 

general and of organizations in particular, to adopt an approach aimed at remedying or mitigating 

their harmful effects on the environment. 

In this regard, organizations around the world are beginning to realize that to stay in the 

market they have to be constantly researching, innovating, and developing new ways of doing 

business (or new businesses in themselves), where sustainability is one of the key elements. Most 

of the organizations that have ventured into this path for a long time are proving that the 

commitment they have in terms of sustainability is not only giving them better economic results, 

but they are also gaining a great competitive advantage over their competitors [6] [34]. 

But, becoming a sustainable organization is not easy. It is a depth change that must be 

approached in stages, starting from the levels on which the business is built, i.e., the strategic levels 

of governance and management. Although it would be appropriate to start with these first levels, 

many organizations start “putting the cart before the horse”, directly implementing sustainable 

practices, having established few or no mechanisms to ensure their proper performance. This is 

due to the youth of the field of sustainability that entails the lack of frameworks, standards and 

best practices (among others) specific to the business areas on which these sustainable practices 

are carried out. 

Of these business areas, the one that has the greatest impact (and will have even more) in 

the way of operating and doing business in organizations, is the area of Information Technology 

(IT). The revolution that this has assumed, not only for organizations, but also for all of society, 

has led to it being known as the “new Industrial Revolution” [30]. 

However, this Technological Revolution has rarely been accompanied by the idea of 

sustainability, despite being a growing and more evident enemy of the environment. In fact, there 

are numerous reports that corroborate that IT is a large consumer of resources, as well as pollutants, 

and that these harmful effects will not stop increasing if nothing is done about it. Among these 

reports are: 

• Gartner, Inc. estimates that “global carbon emissions attributable to IT have been 

calculated at 2% to 2.5% of world totals - about the same as the airline industry - and as 

high as 5-6% of developed nation totals” [27]. 

• Ericsson stipulates that “the total electricity consumption of the IT sector is forecasted to 

increase by almost 60% from 2007 to 2020 owing to the increasing number of devices and 

network expansion”, and also indicates that “our future prognoses for IT indicate an 

increase in carbon footprint (CO2 emissions) of around 70% between 2007 and 2020” [8]. 
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Therefore, and due to all these evidences and pressures on IT, the idea of Green IT has 

arisen in order to stop this harmful advance of IT, changing the trend and converting it in turn into 

a beneficial asset for the environment. 

One of the definitions that best define what this area really is, is the following (adapted 

from Calero & Piattini [3]): 

 “Green IT is the study and practice of design, build, and use of hardware, software, and 

information technologies with a positive impact on the environment” 

Thus, analyzing this definition in detail, it can be observed that Green IT is a much wider 

area than is believed, since it not only tries to reduce the own negative impact that IT has on the 

environment, but also helps reduce the harmful impact that other areas have in this regard. This 

has led to Green IT being understood from two different perspectives (following the idea proposed 

by Erdélyi [7]): 

• Green by IT. In this perspective, IT is understood as a capacitator or enabler (in the sense 

of Unhelkar [31]), providing the tools needed to allow tasks of diverse nature in diverse 

areas to be carried out in a sustainable manner for the environment. 

• Green in IT. Through this point of view, IT is understood as a producer, i.e., when IT itself 

has an impact on the environment due to its energy consumption and the emissions it 

produces, which impact must therefore be reduced. 

Such is the importance and relevance that Green IT is having nowadays, that international 

organizations such as the Organization for Economic Co-operation and Development (OECD) [26] 

highlight the need and urgency to carry out eco-sustainable practices in and by the IT. 

All this has caused organizations around the world to start working in this area of Green 

IT, implementing some kind of sustainable practices/solutions in this regard [5]. However, as 

mentioned above, organizations lack the necessary tools on sustainability (frameworks, standards, 

guides...) specific to, in this case, the area of IT, which help them to establish adequately the bases 

on which the Green IT practices are built [4] [10]. 

Therefore, all of the above has led to the development of this PhD Thesis, which aims to 

put an end to this handicap that exists for organizations when implementing, assessing, controlling, 

and improving Green IT through the governance and management of this area. 
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1.2. Research Hypothesis and Objectives 

Since Green IT is an increasingly important and decisive area in the future and search for 

sustainability at organizations, and there is a lack of frameworks, standards and best practices 

(among others) in this regard, the research hypothesis of this Thesis is the following: 

Research Hypothesis 

Is it feasible to create a framework for Green IT that allows organizations to establish the 

necessary characteristics to govern and manage this area in an adequate and standardized 

manner, as well as to assess/audit that implementations in this regard comply with established 

best practices and objectives? 

Regarding this research hypothesis, it is feasible to develop a framework of these 

characteristics considering as a guide a recognized framework such as COBIT (Control Objectives 

for Information and related Technology) [11] [12] [13]. So, in this way, it will be possible to obtain 

a consistent framework with internationally recognized elements and best practices in this regard, 

as well as useful and valid for organizations of all types that seek to implement and improve Green 

IT practices. Therefore, the main objective of this Thesis is: 

Research Objective 

To create and validate a framework that will serve for defining and establishing the governance 

and management of Green IT in organizations, as well as for auditing and controlling that Green 

IT implementations are sufficient and accurate with expected performance. 

To attain this main research objective, the following secondary objectives must be 

achieved: 

1. To know the state of the art in the area of governance, management and audit of Green IT, 

as well as the frameworks and models related to this area and to sustainability. 

2. To develop a “Governance and Management Framework for Green IT”, in which the 

characteristics of Green IT governance and management are established and guidelines to 

conduct audits in this regard are offered. In addition, wide adopted international standards, 

such as ISO 14000 [16], should be adapted to this framework, in order to strengthen it by 

contemplating and adopting recognized practices, as well as to assist organizations in 

obtaining some type of certification in this field. 

3. To develop a maturity model for the “Governance and Management Framework for Green 

IT”, through which an organization can gradually implement the developed framework and 

improve its maturity level in this area of Green IT. 

4. To apply the “Governance and Management Framework for Green IT” in different 

organizations at international level, in order to validate and refine it through case studies. 
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1.3. Research Methodology 

To carry out the research work and attain the objectives established in the research 

hypothesis, different work and research methodologies have been followed. 

On the one hand, Technical Action Research (TAR) [33] (cf. Section 1.3.1) has been 

followed as main methodology for the management of the research work. Based on this 

methodology, three research cycles have been established, as can be seen in Figure 1.1, through 

which different objectives have been addressed: 

• First cycle. During this first cycle, different tasks are carried out to establish the basis on 

which in the rest of cycles work. To this end, the first is based on knowing the state of the 

art in the area of Green IT governance, management, and auditing, as well as in the area of 

Green IT maturity models. After knowing the state of the art, in this cycle is also performed 

the development of a first version of the “Governance and Management Framework for 

Green IT”, as well as a maturity model for this framework (based on the ISO/IEC 15504 

[14]). In the same way, the first validations of the developed framework and maturity model 

are also conducted, through several case studies at Spanish organizations, as well as focus 

groups and presentations at conferences. 

• Second cycle. In this cycle, the refinement and improvement of the “Governance and 

Management Framework for Green IT” and of the maturity model is carried out (based on 

the results and lessons learned from the first validations performed in the previous cycle). 

The updating of the maturity model to the ISO/IEC 33000 family of standards [17] is also 

carried out. All this leads to the development of the second version of the “Governance 

and Management Framework for Green IT” and of the maturity model, which during this 

cycle are also validated through different case studies at international level, as well as focus 

groups and publications at prestigious journals. 

• Third cycle. This cycle starts in a similar way to the previous one with the study and 

analysis of the results and lessons learned from the validations performed with the second 

version of the framework and of the maturity model, through which a new refinement and 

improvement of the “Governance and Management Framework for Green IT” and the 

maturity model is carried out. Likewise, the application/adaptation of the ISO 14000 family 

of standards [16] to the framework is also performed, as well as the updating to the new 

features defined by the new version of the COBIT framework, COBIT 2019 [12] [13]. 

However, the weight of this cycle falls on the execution of more validations through case 

studies at international level, which finish refining and improving the framework, obtaining 

the final versions of the “Governance and Management Framework for Green IT” and of 

the ISO/IEC 33000-based maturity model developed for the framework. 
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Figure 1.1. Research cycles of the PhD Thesis 

In addition to these cycles, it is important to highlight a zero cycle, since this PhD Thesis 

continues the work developed by the author during his Master’s Thesis. In this Master’s Thesis, a 

first analysis of the state of the art in the area of governance, management, and auditing of Green 

IT was carried out, as well as a first theoretical approach to the “Governance and Management 

Framework for Green IT”. 

On the other hand, to carry out the search, selection and analysis of the studies and state of 

the art on the topics related to this PhD Thesis, Systematic Mapping Study (SMS) [2] [28] (cf. 

Section 1.3.2) has been chosen as methodology in this regard. 

And, finally, in order to validate the proposal of both the “Governance and Management 

Framework for Green IT” and the ISO/IEC 33000-based maturity model developed for the 

framework, an empirical validation methodology based on case study [29] (cf. Section 1.3.3) has 

been chosen. Likewise, the validation has also been reinforced through the use of a theoretical 

validation methodology based on focus group [25] (cf. Section 1.3.4). 

In the following subsections, the theoretical basis of each of the methodologies that have 

been followed during the development of this PhD Thesis is explained in detail. 
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1.3.1. Technical Action Research 

Technical Action Research (TAR) [33] is a type of qualitative methodology for the 

management of research work that follows an iterative process, through which starting from a 

certain “artifact” seeks to validate it. For this purpose, first, an artifact is created, and a proof of 

concept is performed, to then it is tested in a small environment with ideal circumstances before 

testing it in larger scale and real environments. 

The iterative process that TAR follows is based on engineering cycles, through which four 

main activities are conducted in each one (see Figure 1.2). These activities begin with the 

investigation and analysis of the problem to be solved; subsequently, the design and development 

of an artifact that addresses the identified problem is carried out; after this, the developed artifact 

is validated to verify that it meets the needs and expectations; and, finally, the developed and 

validated artifact is implemented as a definitive result of the cycle in question. 

 

Figure 1.2. Engineering cycle in Technical Action Research 

1.3.2. Systematic Mapping Study 

Systematic Mapping Study (SMS) [2] [28] is a rigorous research methodology through 

which it is intended to collect and categorize existing information about a specific area, identifying 

the quantity, type, and results of research on that area. In this way, the necessary evidence is 

obtained to identify and develop new lines of work based on the needs within a specific area. 
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The process followed in SMS is divided into three main phases, as can be seen in Figure 

1.3. Through this process, the study starts with the most vital, planning and establishing in the 

most clear and adequate manner the review or research protocol (in order to avoid possible biases 

or ambiguities during the execution of the SMS); once all the elements of the plan have been 

established, the execution of the SMS is carried out, where the area under study is analyzed in 

detail (through all the information found) and the final results are obtained that will answer the 

established research questions; and, finally, all relevant aspects of the SMS are reported, such as 

the review protocol, the primary studies and results obtained, the discussions about the SMS and 

those results, and the conclusions and future work in the area studied. 

 

Figure 1.3. Research phases through Systematic Mapping Study 

1.3.3. Case Study 

Case study [29] is an empirical validation methodology through which the performance 

and adequacy of a proposal in a real context is analyzed and assessed in depth. Yin [35] defines 

this type of methodology as follows: “Case study is an empirical enquiry that investigates a 

contemporary phenomenon within its real-life context, especially when the boundaries between 

phenomenon and context are not clearly evident”. Therefore, the case study methodology is very 

appropriate in new research areas, where there are a specific hypothesis and proposal that need to 

be validated in a real environment, to verify its usefulness and to refine and improve those aspects 

that are not applicable/adequate in practice. 

When conducting a case study, there are four main phases (see Figure 1.4). These phases 

begin with the case study design, by means of which the objective, scope and research questions 
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are established, the case selection is made, etc.; after this, the data collection is carried out through 

different techniques (such as interviews, observations, documents collection, surveys...); 

subsequently, the collected data is analyzed; and, finally, the results obtained are reported, at the 

same time that lessons learned are identified. 

 

Figure 1.4. Empirical validation phases through Case Study 

1.3.4. Focus Group 

Focus group [25] is a theoretical validation methodology in which, through the experience 

and judgment of a group of independent experts gathered, it is discussed and analyzed if a certain 

proposal is adequate from a theoretical point of view. This type of methodology provides a very 

important basis before carrying out a practical validation, since through the discussion between 

experts it is possible to detect errors and inconsistencies that are not suitable to export in a practical 

context, so they must be refined beforehand. 

In order to conduct a focus group, it is necessary to consider four main phases, whose 

characteristics can be observed in Figure 1.5. In these phases, first, the planning of the focus group 

is carried out, in which the scope of the focus group, the questions that will be asked to the 

participants, who will be the experts that will participate, etc., are established; once everything is 

defined, the focus group is conducted, in which a moderator follows the established guide notes 

and collects the answers to the established questions, opinions and other relevant information; 

then, the analysis of all the information gathered during the focus group is carried out; and, finally, 

the results obtained are reported and the lessons learned are identified. 
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Figure 1.5. Theoretical validation phases through Focus Group 

1.4. Summary of the Research Proposal 

The main proposal of this PhD Thesis is the “Governance and Management Framework 

for Green IT” (from now on, GMGIT). Through this proposal, a complete and validated 

framework is offered that has the necessary characteristics to implement, assess/audit, control, and 

improve in a systematic and progressive manner the governance and management of Green IT in 

organizations. 

The main content of the GMGIT (which composes the Section II of the framework) is based 

on the COBIT framework [11] [12] [13], developed by ISACA (Information Systems Audit and 

Control Association), which is the default framework for IT governance and management. 

From the COBIT framework, the structure of components that it defines has been adopted, 

adapting each of these components to the Green IT. In this way, the relevant and necessary 

characteristics for the governance and management of the Green IT have been defined, following 

a well-founded structure such as COBIT, and obtaining a solid and consistent framework that is 

aligned with the main standards and frameworks of the industry. 

It is also important to highlight that the COBIT framework has been evolving over recent 

years, and has been updated from its COBIT 5 version [11] to the new COBIT 2019 version [12] 

[13]. The GMGIT has not only evolved in and by itself, but has also evolved along with COBIT 

and has been updated to this new COBIT 2019 version. 
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Thus, after three versions (each more complete and refined), the GMGIT is divided into 

four main sections that address different objectives: 

• Section I (Green IT). This sets out the conceptual basis needed to understand the rest of 

the document; it first gives an overview of the issue of Green IT, and the idea itself is 

defined. Secondly, there is a brief description of how the architecture of COBIT 2019 can 

be adapted to the specific needs of Green IT. 

• Section II (Components of COBIT 2019 Adapted to Green IT). The concept of specific 

components for the governance and management of Green IT is presented, and a detailed 

guide to these is provided. These components are adopted from the generic components of 

COBIT 2019, and specific standards, such as the ISO 14000 family of standards, have been 

adapted to these components. 

• Section III (Audit Framework of Green IT). An audit framework of Green IT is 

proposed, comprising the stages needed, along with the aspects and issues to bear in mind 

in a Green IT audit. 

• Section IV (ISO/IEC 33000-based Maturity Model for Green IT). This includes a 

maturity model based on the ISO/IEC 33000 to assess the governance and management of 

Green IT, through which the maturity levels of Green IT, the categorization of the processes 

in each of these maturity levels, the description of each of the attributes of the different 

processes, and the capability dimension of the processes are established. 

In order to see how the GMGIT has evolved, Figure 1.6 shows the progression and the 

main changes that have been made from the starting point of the first version (GMGIT 1.0) to the 

finish line with the final version (GMGIT 3.0). 

 

Figure 1.6. Evolution of the GMGIT throughout its versions 
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1.5. Context of the Thesis 

This PhD Thesis has been carried out in the context of a co-tutele agreement between the 

University of Castilla-La Mancha (UCLM), Spain, and the University of Bari “Aldo Moro” 

(UniBa), Italy. 

Likewise, this PhD Thesis is part of the Industrial PhD DI-17-09612, research fellowship 

granted to the author of the Thesis by the Spanish Ministry of Science, Innovation and Universities 

(MICIU). This Industrial PhD has been conducted at the international accredited laboratory 

AQCLab (Intelligent Environments, S.L.). 

On the other hand, the research addressed in this PhD Thesis has also been developed under 

the umbrella of five research projects (see Table 1.1). The abbreviations of the sponsor 

organizations that funded these research projects are: JCCM (Regional Government of Castilla-La 

Mancha); MINECO (Spanish Ministry of Economy, Industry and Competitiveness); ERDF 

(European Regional Development Fund); and MICIU (Spanish Ministry of Science, Innovation 

and Universities). 

This PhD Thesis is also framed on the CYTEMA (Energy and Environment Science and 

Technology Campus) project of the UCLM. This is a project that aims to promote energy and 

environmental R&D in and from the UCLM through different innovative objectives and actions, 

among which five R&D programs of excellence stand out. Within these programs are the 

sustainable information technologies, i.e., Green IT (main field of this PhD Thesis), as one of the 

key areas in which to focus and develop. 

Project Reference ID Sponsor Grant (€) Duration 

GLOBALIA PEII-2014-038-P JCCM 240,000 
27/09/2014 

15/11/2017 

GINSENG TIN2015-70259-C2-1-R MINECO and ERDF 132,132 
01/01/2016 

30/06/2019 

ECD PTQ-16-08504 MINECO 267,000 
01/01/2018 

31/12/2020 

SOS SBPLY/17/180501/000364 JCCM and ERDF 153,908 
01/09/2018 

31/08/2021 

BIZDEVOPS-

GLOBAL 
RTI2018-098309-B-C31 MICIU and ERDF 229,900 

01/01/2019 

31/12/2021 

Table 1.1. Research projects under which the PhD Thesis has been developed 
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Finally, it is important to highlight that, during the years of the Thesis, the author has 

performed two research stays. The first one, in Bari (Italy), with a duration of six months in 2018, 

at the UniBa (due to the co-tutele agreement), under the supervision of Dr. Maria Teresa 

Baldassarre. And, the second one, in Lund (Sweden), with a duration of 2 months in 2019, at the 

Lund University (LU), under the supervision of Dr. Per Runeson. 

1.6. Document Structure 

This PhD Thesis is composed of a compendium of research articles. All chapters (except 

“Chapter 1. Introduction” and “Chapter 5. Conclusions”) consist of a set of published articles that 

cover the purpose of the chapter in question. For this, a total of 6 published articles and 3 submitted 

articles have been chosen, whose scientific contribution and relevance is remarkable in the 

objectives of both the chapter and the Thesis in general. The contents of each of the five chapters 

in which this PhD Thesis is composed are briefly described below. 

Chapter 1. Introduction. The first chapter (current) gives an overview of the Thesis, 

showing the motivation, research objectives, methodologies used, general summary of the research 

proposal, context of the Thesis, and document structure. 

Chapter 2. State of the Art. This chapter shows the current state of research related to the 

subject of this PhD Thesis. Thus, it is divided into two sections that include two research articles: 

• Section 2.1. Governance, Management and Auditing of Green IT. 

Patón-Romero, J. D. & Piattini, M. Indicators for Green in IT Audits: A Systematic 

Mapping Study. In: 3rd International Workshop on Measurement and Metrics for Green 

and Sustainable Software Systems (MeGSuS’16), 2016, pp. 4-12. 

This conference article analyzes the state of the art in the governance, management 

and auditing of Green IT area, emphasizing the indicators used in Green IT audits. 

• Section 2.2. Maturity Models of Green IT. 

Patón-Romero, J. D., Baldassarre, M. T., Rodríguez, M., & Piattini, M. Green IT 

Governance and Management based on ISO/IEC 15504. Computer Standards & 

Interfaces, 60 (2018), 26-36. https://dx.doi.org/10.1016/j.csi.2018.04.005 

Impact factor (2018): 2.441 

Quartile (2018): Q2 

This journal article includes a study on the state of the art in the Green IT maturity 

models area. However, although this study is included, the main topic of the article 

has to do with the proposal of an ISO/IEC 15504-based maturity model for the 

GMGIT 1.0 (something shown in advance, but that is related to the next chapter). 

https://dx.doi.org/10.1016/j.csi.2018.04.005
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Chapter 3. Research Proposal. This chapter is the main core of the Thesis, since it 

presents the research proposal in detail, through which the research hypothesis and objectives are 

addressed. Thus, it is divided into three sections that comprise a total of four research articles: 

• Section 3.1. Governance and Management Framework for Green IT. 

Patón-Romero, J. D., Baldassarre, M. T., Piattini, M., & García Rodríguez de Guzmán, I. 

A Governance and Management Framework for Green IT. Sustainability, 9, 10 (2017), 

1761. https://dx.doi.org/10.3390/su9101761 

Impact factor (2018): 2.592 

Quartile (2018): Q2 

Patón-Romero, J. D., Baldassarre, M. T., Rodríguez, M., & Piattini, M. A Revised 

Framework for the Governance and Management of Green IT. Journal of Universal 

Computer Science, (2019). (Under Review) 

Impact factor (2018): 0.910 

Quartile (2018): Q3 

Patón-Romero, J. D., Baldassarre, M. T., Rodríguez, M., & Piattini, M. Auditing Green IT 

Governance and Management With COBIT 5. ISACA Journal, 4 (2019), pp. 1-5. 

While the first two journal articles present different versions of the main research 

proposal (the GMGIT), the third (also a journal article) shows an overview of the 

GMGIT and the experience gained auditing the Green IT. 

• Section 3.2. Maturity Model for the GMGIT. 

This section contains the information related to the proposal of the maturity model 

developed for the GMGIT. Because this proposal is presented in other articles 

included in previous sections, this section explains what different versions have 

been developed and in what articles of the previous sections they are, as well as 

shows an overview of the proposal. 

• Section 3.3. Application of International Standards to the GMGIT. 

Patón-Romero, J. D., Baldassarre, M. T., Rodríguez, M., & Piattini, M. Application of ISO 

14000 to Information Technology Governance and Management. Computer Standards & 

Interfaces, 65 (2019), 180-202. https://dx.doi.org/10.1016/j.csi.2019.03.007 

Impact factor (2018): 2.441 

Quartile (2018): Q2 

This journal article provides the proposal of application of the ISO 14000 family of 

standards [16] to IT through the GMGIT. 

  

https://dx.doi.org/10.3390/su9101761
https://dx.doi.org/10.1016/j.csi.2019.03.007
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Chapter 4. Empirical Validation. This chapter focuses on the empirical validations that 

have been conducted with the research proposal. Although many of the articles presented in the 

Chapter 3 already include validations of the proposals through case studies, in this chapter the 

most relevant empirical validations that have been conducted are shown in detail and in a more 

focused manner. Thus, it is divided into a section that contains three research articles: 

• Section 4.1. Case Study Approach. 

Patón-Romero, J. D., Baldassarre, M. T., Toval, A., Rodríguez, M., & Piattini, M. Auditing 

the Governance and Management of Green IT: A Case Study. IT Professional, (2019). 

(Under Review) 

Impact factor (2018): 2.424 

Quartile (2018): Q2 

Patón-Romero, J. D., Baldassarre, M. T., Rodríguez, M., Pérez-Canencio, J. G., Ojeda-

Solarte, M. L., Rey-Piedrahita, A., & Piattini, M. Application of ISO/IEC 33000 to Green 

IT: A Case Study. IEEE Access, 7 (2019), 116380-116389. 

https://dx.doi.org/10.1109/access.2019.2936451 

Impact factor (2018): 4.098 

Quartile (2018): Q1 

Patón-Romero, J. D., Baldassarre, M. T., Rodríguez, M., Runeson, P., Höst, M., & Piattini, 

M. Governance and Management of Green IT: A Multi-Case Study. Empirical Software 

Engineering, (2019). (Under Review) 

Impact factor (2018): 4.457 

Quartile (2018): Q1 

These three journal articles present the latest validations based on case studies that 

have been conducted with the research proposal of this PhD Thesis. While the first 

and second article focus on two particular case studies, the third shows a multi-case 

study performed in four organizations at international level. 

Chapter 5. Conclusions. This last chapter ends the Thesis through a summary of 

conclusions, analysis of attainment of goals, contributions and implications, research results, and 

lines of future work. 

 

https://dx.doi.org/10.1109/access.2019.2936451
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CHAPTER 2. STATE OF THE ART 

his chapter provides the background of the Thesis necessary to understand and 

develop the research proposal. To this end, the results of the research performed 

on the current studies related to the governance, management and auditing of 

Green IT, as well as the maturity models of Green IT, are shown. 

2.1. Governance, Management and Auditing of Green IT 

This section provides the current status of the studies and research that exist regarding the 

governance, management and auditing of Green IT. To this end, an article published in the 

MeGSuS’16 conference is included. Through this article, the results of a SMS conducted in this 

area are shown, with an emphasis on the indicators used in Green IT audits in this regard. 

The reference to this conference article is: Patón-Romero, J. D. & Piattini, M. Indicators 

for Green in IT Audits: A Systematic Mapping Study. In: 3rd International Workshop on 

Measurement and Metrics for Green and Sustainable Software Systems (MeGSuS’16), 2016, pp. 

4-12. 

 

T 



 

 

 



CHAPTER 2. STATE OF THE ART 19 

 

 

 



20 GMGIT PHD THESIS 

 

 

 



CHAPTER 2. STATE OF THE ART 21 

 

 

 



22 GMGIT PHD THESIS 

 

 

 



CHAPTER 2. STATE OF THE ART 23 

 

 

 



24 GMGIT PHD THESIS 

 

 

 



CHAPTER 2. STATE OF THE ART 25 

 

 

 



26 GMGIT PHD THESIS 

 

 

 



CHAPTER 2. STATE OF THE ART 27 

 

 

 



28 GMGIT PHD THESIS 

 

 

 

  



CHAPTER 2. STATE OF THE ART 29 

 

 

2.2. Maturity Models of Green IT 

This section focuses on the state of the art of Green IT maturity models. For this purpose, 

an article published in the Computer Standards & Interfaces journal is included. This journal had 

an impact factor of 2.441 and was in the Q2 quartile in 2018, according to the Science Citation 

Index (SCI) by Thomson-Reuters. 

Regarding the article itself, it presents the first proposal of an ISO/IEC 15504-based 

maturity model for the GMGIT 1.0. However, although the article is related to the topic of the 

Section 3.2, it is included in advance in this section because it also contains an SMS about the 

maturity models that currently exist in the area of sustainability and of Green IT. 

The reference to this journal article is: Patón-Romero, J. D., Baldassarre, M. T., Rodríguez, 

M., & Piattini, M. Green IT Governance and Management based on ISO/IEC 15504. Computer 

Standards & Interfaces, 60 (2018), 26-36. https://dx.doi.org/10.1016/j.csi.2018.04.005 

 

https://dx.doi.org/10.1016/j.csi.2018.04.005
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CHAPTER 3. RESEARCH PROPOSAL 

his chapter contains the main core of the Thesis, since it presents the research 

proposal. For this purpose, the proposals of the “Governance and Management 

Framework for Green IT” and the maturity model for this framework, as well as 

the application of international standards to the GMGIT, are shown. 

3.1. Governance and Management Framework for Green IT 

This section is supported by three journal articles, which defend the main proposal of this 

PhD Thesis, i.e., the “Governance and Management Framework for Green IT” (GMGIT). 

The first is an article published in the Sustainability journal, which presents the first 

proposal of the GMGIT (GMGIT 1.0). This journal had an impact factor of 2.592 and was in the 

Q2 quartile in 2018, according to the SCI by Thomson-Reuters. 

The reference to this journal article is: Patón-Romero, J. D., Baldassarre, M. T., Piattini, 

M., & García Rodríguez de Guzmán, I. A Governance and Management Framework for Green IT. 

Sustainability, 9, 10 (2017), 1761. https://dx.doi.org/10.3390/su9101761 

On the other hand, the second is an article submitted to the Journal of Universal Computer 

Science. This journal had an impact factor of 0.910 and was in the Q3 quartile in 2018, according 

to the SCI by Thomson-Reuters. The article includes the proposal of the second version of the 

GMGIT (GMGIT 2.0), as well as of the ISO/IEC 33000-based maturity model for this framework. 

The reference to this journal article is: Patón-Romero, J. D., Baldassarre, M. T., Rodríguez, 

M., & Piattini, M. A Revised Framework for the Governance and Management of Green IT. 

Journal of Universal Computer Science, (2019). (Under Review) 

And, finally, the last one is an article published in the ISACA Journal. This is the most 

important journal in the sector of IT-related audits, since ISACA is the most extended and relevant 

expert association in this area. Through this article, the proposal of the GMGIT is presented in a 

general manner, as well as the experience obtained from the Green IT audits conducted. It is 

important to highlight that, thanks to this publication, the proposal of the GMGIT has been 

evaluated and validated by the most important IT audit community in the world. 

The reference to this journal article is: Patón-Romero, J. D., Baldassarre, M. T., Rodríguez, 

M., & Piattini, M. Auditing Green IT Governance and Management With COBIT 5. ISACA Journal, 

4 (2019), pp.1-5. 

T 

https://dx.doi.org/10.3390/su9101761
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3.2. Maturity Model for the GMGIT 

This section is based on the maturity model developed for the GMGIT. In previous sections 

the different proposals of this maturity model have already been presented, since the publications 

in which this proposal is included also include other previously discussed topics. 

Thus, Section 2.2 contains the article “Green IT Governance and Management based on 

ISO/IEC 15504”, in which the first proposal of a maturity model for the GMGIT 1.0, based on the 

ISO/IEC 15504 family of standards [14], is presented. 

On the other hand, the article “A Revised Framework for the Governance and Management 

of Green IT” included in Section 3.1, in addition to the GMGIT 2.0 proposal, also contains the 

proposal of a new maturity model for this version of the framework, in this case, updated to the 

new ISO/IEC 33000 [17]. 

Likewise, Figure 3.1 shows an overview of the ISO/IEC 33000-based maturity model 

updated for the latest version of the GMGIT (GMGIT 3.0). In this overview, the description of 

each of the established maturity levels, as well as the processes of the GMGIT that are included in 

each maturity level, is presented. 

 

Figure 3.1. Overview of the ISO/IEC 33000-based maturity model for the GMGIT 3.0 
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3.3. Application of International Standards to the GMGIT 

This section focuses on the application of international standards to the GMGIT. To this 

end, an article published in the Computer Standards & Interfaces journal is included, in which a 

proposal of application of the ISO 14000 family of standards [16] to IT through the GMGIT is 

defended. This journal had an impact factor of 2.441 and was in the Q2 quartile in 2018, according 

to the SCI by Thomson-Reuters. 

The reference to this journal article is: Patón-Romero, J. D., Baldassarre, M. T., Rodríguez, 

M., & Piattini, M. Application of ISO 14000 to Information Technology Governance and 

Management. Computer Standards & Interfaces, 65 (2019), 180-202. 

https://dx.doi.org/10.1016/j.csi.2019.03.007 

  

https://dx.doi.org/10.1016/j.csi.2019.03.007
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CHAPTER 4. EMPIRICAL VALIDATION 

his chapter focuses on the empirical validations that have been conducted with 

the research proposal. For this reason, different case studies performed at 

international level to validate the GMGIT, as well as the maturity model and 

different characteristics included in the research proposal, are shown. 

4.1. Case Study Approach 

This section includes the different empirical validations based on case studies that have 

been conducted with the research proposal of this PhD Thesis. Many of these validations have 

already been presented in the articles included in the previous chapter, since they are part of a 

specific validation section in said articles. However, this section shows three journal articles, 

through which the methodology and results obtained from the latest and most relevant validations 

are presented in a more detailed and focused manner. 

On the one hand, the first is an article submitted to the IT Professional journal, through 

which a case study conducted in a Spanish organization is shown. This journal had an impact factor 

of 2.424 and was in the Q2 quartile in 2018, according to the SCI by Thomson-Reuters. 

The reference to this journal article is: Patón-Romero, J. D., Baldassarre, M. T., Toval, A., 

Rodríguez, M., & Piattini, M. Auditing the Governance and Management of Green IT: A Case 

Study. IT Professional, (2019). (Under Review) 

On the other hand, the second is an article published in the IEEE Access journal, which 

presents a case study conducted in a Colombian organization, emphasizing the ISO/IEC 33000-

based maturity model developed for the GMGIT. This journal had an impact factor of 4.098 and 

was in the Q1 quartile in 2018, according to the SCI by Thomson-Reuters. 

The reference to this conference article is: Patón-Romero, J. D., Baldassarre, M. T., 

Rodríguez, M., Pérez-Canencio, J. G., Ojeda-Solarte, M. L., Rey-Piedrahita, A., & Piattini, M. 

Application of ISO/IEC 33000 to Green IT: A Case Study. IEEE Access, 7 (2019), 116380-116389. 

https://dx.doi.org/10.1109/access.2019.2936451 

And, finally, the third is an article submitted to the Empirical Software Engineering journal, 

which presents a multi-case study performed in four organizations at international level (Spain, 

Italy, Mexico, and Colombia). This journal had an impact factor of 4.457 and was in the Q1 quartile 

in 2018, according to the SCI by Thomson-Reuters. 

T 
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The reference to this journal article is: Patón-Romero, J. D., Baldassarre, M. T., Rodríguez, 

M., Runeson, P., Höst, M., & Piattini, M. Governance and Management of Green IT: A Multi-Case 

Study. Empirical Software Engineering, (2019). (Under Review) 

Likewise, Table 4.1 shows an overview and relationship between all the empirical 

validations conducted with the locations, articles in which they have been published, and different 

proposals that validate. 
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1 Spain [JCR.1]      

2 Spain [JCR.1] [JCR.2] [ICF.5]      

3 Spain [SUB.1] [SUB.2] [SUB.3]      

4 Italy [SUB.3]      

5 Mexico [JRN.2] [SUB.3]      

6 Colombia [JCR.5] [SUB.3] [SUB.4]   *   

* Under development, not yet published/submitted 

** References included in Section 5.4.1 and Section 5.4.2 

Table 4.1. Overview of the empirical validations performed 
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CHAPTER 5. CONCLUSIONS 

his last chapter ends the Thesis through a set of conclusions about the work done. 

In this regard, it includes a general summary of conclusions; an analysis of the 

attainment of the established research goals; the main contributions and their 

implications for research and practice; the research results obtained (articles 

published and submitted, relationship between publications and research topics, and references to 

our research work); and, finally, the lines of future work that are beginning to be developed. 

5.1. Summary 

For years we have used nature as if it were a credit card with no spending limit, convinced 

that we could continue to consume natural resources of our planet without consequences. We are 

wrong. 

When in a period of five months until the end of the year, more than 7.6 billion inhabitants 

of the Earth have already consumed the reserves of that year1 (the one already known as “Earth 

Overshoot Day”, which occurs earlier each year), we know we have yet more work to do. 

Moreover, when forecasts indicate that by the year 2030 it will take two Earth planets to support 

the current level of natural resources consumption, we know that there is still so much more to do. 

Humankind is in red numbers. The ecological debt increases more and more. All this 

translates into an increase in temperatures and sea level, the disappearance (at a breakneck speed) 

of ecosystems and species, the presence of increasingly powerful and frequent meteorological 

phenomena, etc. And this is just the tip of the iceberg. 

We cannot continue behaving as if we were the last generation that will live on Earth. This 

is why government agencies and international organizations around the world have already started 

working towards sustainability [1] [9] [16] [32]. Only by achieving sustainable development in all 

areas will we be able to stop this destruction. 

However, it is not enough to say or write it, it must be done. We have to work, and we must 

all work together. And although more and more people are joining this necessary sustainable 

movement, there is still much of society and, mainly, of organizations that continue to doubt the 

reality of sustainability. 

 
1 According to data of the international organization Global Footprint Network (https://www.footprintnetwork.org) 

T 
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But, if the situation is so clear, if the evidence and consequences are so visible, why do 

some organizations continue to hesitate and refuse to adopt environmentally sustainable practices? 

The answer can be as wide as the number of justifications that exist, but deep down this indecision 

remains a matter of an economic nature. 

Carrying out sustainable practices means investing without certainty or reliable projections 

about the benefits and economic returns in this regard. In addition, these investments become even 

more expensive and pose an even greater risk due to youth in the field of sustainability. This means 

that in specific areas such as IT, there are no standards or frameworks to take advantage of the 

potential that these areas have in this regard; frameworks that would help organizations to avoid 

risking that their individual research and development efforts on sustainability issues may not lead 

to an adequate solution (something that, unfortunately, only the largest and most resourceful 

organizations can face). 

However, the problem of all this is that while many organizations (mainly the weakest) 

continue to resolve these doubts, others (with more resources and possibilities) invest, innovate, 

and improve in quality and performance with respect to sustainability, differentiating themselves 

from the competition, accessing other markets, and obtaining greater long-term benefits than 

originally planned [6] [34]. This demonstrates that sustainability is no longer an option, but the 

fundamental element on which all organizations must support their growth. 

Therefore, the development of this PhD Thesis has emerged within the context of Green 

IT, which aims to help and eliminate handicaps that lead many organizations to make decisions 

against implementing and developing sustainable practices in and by such an area as important 

and determinant for the business as IT is. Likewise, with the objective that organizations of all 

kinds, regardless of their size, available resources, context, etc., can access to implement these 

Green IT practices in a simpler, more affordable, and less risky manner. 

Thus, for this purpose and after carrying out several studies on different aspects of the state 

of the art of the Green IT area in organizations, the proposal of the “Governance and Management 

Framework for Green IT” (GMGIT) was performed and developed. 

The GMGIT is a framework (based on COBIT [11] [12] [13]) that has the necessary 

characteristics that organizations must consider when defining, implementing, assessing/auditing, 

controlling, and improving the Green IT, from the point of view of the governance and 

management of this area. This framework has gone through different phases in which it has been 

refined, improved, and expanded thanks to the results, experience, and feedback obtained after 

applying and validating it in different organizations at international level. In addition, these 

validations have not only allowed the GMGIT to evolve, but have also proven their validity and 

usefulness for organizations in this area of governance, management, and auditing of Green IT. 
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In the evolution of the GMGIT it is important to highlight two inclusions, due to the great 

contribution and relevance they have for this framework: the maturity model and the application 

of international standards. 

On the one hand, the inclusion of a maturity model (based on the ISO/IEC 33000) has made 

it possible to establish a guide to conduct the entire implementation, assessment, and improvement 

phase of the different GMGIT components in a much more simple, systematic, and progressive 

manner. Thanks to the maturity levels and the organization of processes in these different levels, 

both auditors and organizations have a more organized and structured vision that helps them 

identify and evaluate which elements and processes should be addressed in the first instance before 

moving on to more specific and complex processes. 

On the other hand, the application/adaptation of the ISO 14000 family of standards has 

been a great step forward in the applicability of the GMGIT, due to the alignment of the 

components and practices defined in the framework with respect to international wide adopted and 

recognized practices in the industry. The best practices related to the field of sustainability defined 

by the ISO 14000 had not yet been adapted or applied to IT. So, this application of the standard to 

the GMGIT also opens this way, demonstrating the correlation between the generic sustainability 

practices of the ISO 14000 with the practices of Green IT. Also, the application of the standard not 

only means that the GMGIT is a more applicable and reliable framework for organizations, but 

also helps them in the search for certifications in this regard. 

Therefore, by way of conclusion, thanks to the proposal of this PhD Thesis (the GMGIT), 

it has been possible to eliminate the handicap that the organizations had when carrying out the 

implementation, assessment, and improvement of the Green IT, providing them a complete, useful, 

and validated guide that will make more and more organizations decide to embark on this much-

needed area. Thus, organizations of all types and nature now have the possibility to carry out 

sustainable practices with the environment in and by IT in a much simpler and more affordable 

manner, as well as with a lower risk and with greater probabilities of success and benefits. 

Our most important challenge and mission as humankind is to take care of our planet, since 

it is our only home. We have had and have the nerve to call progress to the destruction we have 

created. Progress to behave like parasites that leave their host lifeless. Change the course. We can 

redirect this. We still have time to not accept this progress, this future. We must realize that 

development and evolution cannot be against life; “Sustainability” and “Progress” are two sides 

of the same coin. 

Whatever our struggle, whatever our personal and collective goals may be, it will not matter 

at all if we do not all work together to save our planet, to save the future. 

What will you do? 
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5.2. Analysis of Attainment of Research Goals 

As previously explained in Section 1.2, the main research objective of this PhD Thesis is 

as follows: 

Research Objective 

To create and validate a framework that will serve for defining and establishing the governance 

and management of Green IT in organizations, as well as for auditing and controlling that Green 

IT implementations are sufficient and accurate with expected performance. 

To achieve this main research objective, a set of secondary objectives were established. 

The justification of the attainment of these secondary objectives is presented below: 

1. To know the state of the art in the area of governance, management and audit of Green IT, 

as well as the frameworks and models related to this area and to sustainability. 

This objective has been fulfilled by performing several SMS, whose results and knowledge 

acquired have been shown in Chapter 2. 

2. To develop a “Governance and Management Framework for Green IT”, in which the 

characteristics of Green IT governance and management are established and a guide to 

conduct audits in this regard is offered. In addition, wide adopted international standards, 

such as ISO 14000 [16], should be adapted to this framework, in order to strengthen it by 

contemplating and adopting recognized practices, as well as to assist organizations in 

obtaining some type of certification in this field. 

This objective has been achieved through the development of the main research proposal 

of this PhD Thesis, the GMGIT, which has been presented in Section 3.1. Likewise, the 

application of international standards to the GMGIT has also been performed, as can be 

seen in Section 3.3. 

3. To develop a maturity model for the “Governance and Management Framework for Green 

IT”, through which an organization can gradually implement the developed framework 

and improve its maturity level in this area of Green IT. 

This objective has been addressed by the proposed maturity model developed for the 

GMGIT referred to in Section 3.2. 

4. To apply the “Governance and Management Framework for Green IT” in different 

organizations at international level, in order to validate and refine it through case studies. 

This objective has been accomplished through empirical validations based on case studies 

that have been conducted in different organizations at international level and whose results 

have been included in Chapter 4. 
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Therefore, based on the attainment of these secondary objectives, the research objective of 

this PhD Thesis has been fulfilled, as well as the established research hypothesis can be answered 

positively. A useful framework for organizations to implement and audit the Green IT, from the 

point of view of the governance and management of this area, has been created and validated. 

5.3. Main Contributions and Implications 

It is important to highlight four important contributions of this PhD Thesis, which have 

great relevance for both research and practice: 

• Governance and Management Framework for Green IT. The first and most important of 

these contributions is the GMGIT itself, a framework that contains the necessary 

components to define, implement, and assess/audit the governance and management of 

Green IT in organizations. The GMGIT is based on COBIT [11] [12] [13], the standard 

framework for the governance and management of IT. However, COBIT does not have any 

specific guidelines for sustainability or Green IT, so it was necessary to adapt this 

framework to this important area. Thus, from COBIT, the structure of the seven governance 

and management components has been taken as a basis, as well as thirty-eight of the forty 

business processes that it establishes. All these elements have been adapted to the Green 

IT in the GMGIT, identifying the characteristics, practices, activities, etc., that are relevant 

and necessary in this area. 

It is also important to highlight that the framework does not consider Green IT in general, 

but differentiates between Green by IT and Green in IT. This is another important 

contribution since it helps to identify, implement, and assess practices depending on 

whether organizations want to reduce the negative environmental impact of IT itself or if 

they intend to use IT to be more sustainable in the rest of the business areas. 

On the other hand, the GMGIT not only has a consistent theoretical base, but at the time of 

putting it into practice, its usefulness has also been demonstrated through several empirical 

validations that have been conducted in six different organizations at international level 

(four countries: Spain, Italy, Mexico, and Colombia). In addition, these validations have 

also allowed the framework to be improved, adapting it to the context and current needs of 

organizations in this regard. 

• Audit framework for Green IT. Together with the GMGIT, another important 

contribution is the audit framework for Green IT. Through this framework, first, the stages 

and characteristics that an auditor must consider when assessing the Green IT are identified. 

These stages are based on the different audit phases that COBIT recognizes. Likewise, a 

total of 648 Green IT audit questions are also established (324 for Green by IT and 324 for 
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Green in IT), covering the thirty-eight processes identified in the GMGIT, in which the 

practices and activities necessary to implement a proper governance and management of 

Green IT are established. 

On the other hand, to support this audit framework and automate the entire Green IT 

assessment process, a web application has been developed, called “GreenITAudit”, whose 

first version was presented in a conference article [ICF.1] (cf. Section 5.4.1.3). 

• ISO/IEC 33000-based maturity model for the GMGIT. This contribution has great 

relevance mainly for organizations. Thanks to the development of this maturity model 

based on the ISO/IEC 33000 family of standards [17], organizations can carry out the 

whole process of implementation, assessment, and improvement of Green IT (through the 

different components and characteristics established in the GMGIT) in an organized, 

progressive, and systematic manner. This model has a set of maturity levels in which the 

thirty-eight processes defined in the GMGIT have been organized, so that the most basic 

and necessary processes are found in the first levels, while the most complex and advanced 

are in the upper levels. 

Likewise, as with the GMGIT, this maturity model has been validated empirically through 

case studies in different organizations at international level. In practice, it has been proven 

that it is a model that helps and facilitates the entire assessment process, as well as the 

implementation and improvement of Green IT. 

• Application of the ISO 14000 family of standards to IT and to the GMGIT. Last but 

not least, the application of the ISO 14000 family of standards [16] represents a great step 

forward both for this series of standards and for sustainability, Green IT and the GMGIT. 

The ISO 14000 is very generic for the implementation of sustainable best practices, which 

until now had not been applied to IT. Thanks to the application that has been performed, 

the applicability of this series to IT has been demonstrated, aligning the best practices 

defined by ISO 14000 with the Green IT practices identified in the GMGIT. 

Regarding the implications, first, the GMGIT opens a new field of study in research that, 

to date, has had a very small number of studies (cf. Chapter 2) and, moreover, researchers. Thanks 

to the GMGIT, researchers within the area of sustainability and IT governance and management 

(mainly) already have a basis on which to develop new innovative research, either within the 

context of the framework itself or using the framework to reinforce their related theories. Also, 

due to the growing importance of the Green IT area, it is also expected that the number of 

researchers in this area will increase notably, and many of them will arrive thanks to frameworks 

such as the GMGIT, which allow them to develop more specific research with a valid and solid 

base. For example, the GMGIT has a very generic and broad scope since it deals with high-level 

components (of governance and management) applicable to all types of organizations and areas 
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within IT, so future lines of research may be related to the development of a specific model for the 

management of sustainable software development projects, or with the study of governance and 

management of Green IT within specific industries such as, for example, automotive. 

Second, the implications of the GMGIT in practice go far beyond a simple guide to achieve 

sustainability in and by IT. Thanks to the GMGIT, practitioners and organizations of all types 

finally have a useful and valid framework, both when initiating the definition and implementation 

of the Green IT and controlling and assessing the practices they carry out, all in a progressive and 

systematic manner. For their part, auditors and managers within the IT area will be able to expand 

their range of operations and include the Green IT among their competences. Likewise, both the 

relevance that Green IT is taking and the emergence of frameworks such as the GMGIT, will 

contribute so that more and more organizations decide to embark on this new field, allowing them 

to obtain better benefits and facilitating their operations in this regard. 

Therefore, all of the above results in a coherent, consistent, and useful framework in both 

research and practice, covering the need and lack of frameworks/standards in the Green IT area. 

5.4. Research Results 

Although this PhD Thesis is presented as a compendium of 6 published articles and 3 

submitted articles, the research results have also been published in other articles at journals, 

conferences, and other dissemination activities related to Computer Science. 

Thus, Table 5.1 shows a summary of the research articles that have been published during 

this PhD Thesis, as well as the publications that have been submitted and are under review. 

Likewise, the following subsections show in detail the articles published and submitted, the 

relationship between these articles and the research topics, and the references to our research work. 

Type of Publication Published Submitted Total 

Indexed journals 5 4 9 

Other journals 2  2 

International conferences 6  6 

Other dissemination activities 1  1 

Total 14 4 18 

Table 5.1. Summary of publications of the PhD Thesis 
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5.4.1. Published Articles 

The different research articles developed during this PhD Thesis that have been published 

are shown below. These publications are divided into several categories: JCR2 – Indexed journals; 

JRN – Other journals; ICF – International conferences; and DSA – Other dissemination activities. 

5.4.1.1. Indexed Journals 

[JCR.1] Patón-Romero, J. D., Baldassarre, M. T., Piattini, M., & García Rodríguez de Guzmán, 

I. A Governance and Management Framework for Green IT. Sustainability, 9, 10 (2017), 

1761. https://dx.doi.org/10.3390/su9101761 

Impact factor (2018): 2.592 

Quartile (2018): Q2 

[JCR.2] Patón-Romero, J. D., Baldassarre, M. T., Rodríguez, M., & Piattini, M. Green IT 

Governance and Management based on ISO/IEC 15504. Computer Standards & 

Interfaces, 60 (2018), 26-36. https://dx.doi.org/10.1016/j.csi.2018.04.005 

Impact factor (2018): 2.441 

Quartile (2018): Q2 

[JCR.3] Patón-Romero, J. D., Baldassarre, M. T., Rodríguez, M., & Piattini, M. Application of 

ISO 14000 to Information Technology Governance and Management. Computer 

Standards & Interfaces, 65 (2019), 180-202. 

https://dx.doi.org/10.1016/j.csi.2019.03.007 

Impact factor (2018): 2.441 

Quartile (2018): Q2 

[JCR.4] Patón-Romero, J. D., Baldassarre, M. T., Rodríguez, M., & Piattini, M. Maturity Model 

based on CMMI for Governance and Management of Green IT. IET Software, (2019). 

https://dx.doi.org/10.1049/iet-sen.2018.5351 

Impact factor (2018): 0.695 

Quartile (2018): Q4 

[JCR.5] Patón-Romero, J. D., Baldassarre, M. T., Rodríguez, M., Pérez-Canencio, J. G., Ojeda-

Solarte, M. L., Rey-Piedrahita, A., & Piattini, M. Application of ISO/IEC 33000 to Green 

IT: A Case Study. IEEE Access, 7 (2019), 116380-116389. 

https://dx.doi.org/10.1109/access.2019.2936451 

Impact factor (2018): 4.098 

Quartile (2018): Q1 

 
2 https://jcr.clarivate.com/ 

https://dx.doi.org/10.3390/su9101761
https://dx.doi.org/10.1016/j.csi.2018.04.005
https://dx.doi.org/10.1016/j.csi.2019.03.007
https://dx.doi.org/10.1049/iet-sen.2018.5351
https://dx.doi.org/10.1109/access.2019.2936451
https://jcr.clarivate.com/
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5.4.1.2. Other Journals 

[JRN.1] Patón-Romero, J. D. & Piattini, M. Modelos de Madurez de Green IT: Un Mapeo 

Sistemático. International Journal of Information Systems and Software Engineering for 

Big Companies (IJISEBC), 4, 2 (2017), 53-61. 

[JRN.2] Patón-Romero, J. D., Baldassarre, M. T., Rodríguez, M., & Piattini, M. Auditing Green 

IT Governance and Management With COBIT 5. ISACA Journal, 4 (2019), pp. 1-5. 

5.4.1.3. International Conferences 

[ICF.1] Patón-Romero, J. D. & Piattini, M. GreenITAudit: A Tool to Audit the Green IT. In: 2nd 

Green in Software Engineering Workshop (GInSEng 2016), 2016. 

[ICF.2] Patón-Romero, J. D. & Piattini, M. Indicators for Green in IT Audits: A Systematic 

Mapping Study. In: 3rd International Workshop on Measurement and Metrics for Green 

and Sustainable Software Systems (MeGSuS’16), 2016, pp. 4-12. 

[ICF.3] Patón-Romero, J. D. & Piattini, M. Auditorías de Green in IT: Un Mapeo Sistemático. 

In: XXI Jornadas de Ingeniería del Software y Bases de Datos (JISBD 2016), 2016, pp. 

577-590. 

[ICF.4] Patón-Romero, J. D. & Piattini, M. Green IT Maturity Models: A Systematic Mapping 

Study. In: 12th Iberian Conference on Information Systems and Technologies 

(CISTI’2017), 2017, pp. 2110-2115. https://dx.doi.org/10.23919/CISTI.2017.7975693 

[ICF.5] Patón-Romero, J. D., Rodríguez, M., & Piattini, M. A SPICE-Based Maturity Model for 

the Governance and Management of Green IT. In: 17th International SPICE Conference 

(SPICE 2017), 2017, pp. 143-155. http://dx.doi.org/10.1007/978-3-319-67383-7_11 

[ICF.6] Patón-Romero, J. D., Baldassarre, M. T., Rodríguez, M., & Piattini, M. Assessing the 

Greenability of Ensembles. In: 2nd ACM SIGSOFT International Workshop on 

Ensemble-Based Software Engineering for Modern Computing Platforms (EnSEmble 

2019), 2019, pp. 9-15. https://dx.doi.org/10.1145/3340436.3342727 

5.4.1.4. Other Dissemination Activities 

[DSA.1] Patón-Romero, J. D., Baldassarre, M. T., & Piattini, M. A Framework for Green IT 

Governance, Management and Audit. In: VII Jornadas Doctorales de la UCLM, 2017. 

  

https://dx.doi.org/10.23919/CISTI.2017.7975693
http://dx.doi.org/10.1007/978-3-319-67383-7_11
https://dx.doi.org/10.1145/3340436.3342727
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5.4.2. Submitted Articles 

Some research results of this PhD Thesis have been submitted recently for consideration at 

different journals and conferences. These submitted articles are shown below: 

[SUB.1] Patón-Romero, J. D., Baldassarre, M. T., Rodríguez, M., & Piattini, M. A Revised 

Framework for the Governance and Management of Green IT. Journal of Universal 

Computer Science, (2019). 

Impact factor (2018): 0.910 

Quartile (2018): Q3 

[SUB.2] Patón-Romero, J. D., Baldassarre, M. T., Toval, A., Rodríguez, M., & Piattini, M. 

Auditing the Governance and Management of Green IT: A Case Study. IT Professional, 

(2019). 

Impact factor (2018): 2.424 

Quartile (2018): Q2 

[SUB.3] Patón-Romero, J. D., Baldassarre, M. T., Rodríguez, M., Runeson, P., Höst, M., & 

Piattini, M. Governance and Management of Green IT: A Multi-Case Study. Empirical 

Software Engineering, (2019). 

Impact factor (2018): 4.457 

Quartile (2018): Q1 

[SUB.4] Patón-Romero, J. D., Baldassarre, M. T., Rodríguez, M., Pérez-Canencio, J. G., Ojeda-

Solarte, M. L., Rey-Piedrahita, A., & Piattini, M. Application of ISO/IEC 33014 to the 

Improvement of Green IT Processes. Journal of Systems and Software, (2019). 

Impact factor (2018): 2.559 

Quartile (2018): Q1 

5.4.3. Relationship between Publications and Research Topics 

With the purpose of better understand which research topic corresponds to each publication 

and vice versa, Table 5.2 shows the relationships between the publications and research topics of 

this PhD Thesis. 
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5.4.4. References to our Research Work 

The external references to the research work that has been developed during this PhD 

Thesis are shown below. 
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[REF.2] Acco Tives Leão, H., Canedo, E. D., & Felix Souza, J. C. Digitization of Government 
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“On the Move to Meaningful Internet Systems” (OTM 2018), 2018, pp. 3-20. 
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2019. 

[REF.7] Canedo, E. D., Parente da Costa, R., de Sousa Junior, R. T., & Amvame Nze, G. D. Best 

Practices Kits for the ICT Governance Process within the Secretariat of State-Owned 

Companies of Brazil and Regarding these Public Companies. Information, 9, 6 (2018), 

141. https://dx.doi.org/10.3390/info9060141 

[REF.8] Guerrero, J., Certuche, C., Zúñiga, K., & Pardo, C. What is there about DevOps? 

Preliminary Findings from a Systematic Mapping Study. In: XIV Ibero-American 

Symposium on Software Engineering and Knowledge Engineering (JIISIC’2019), 2019, 
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Scaling up Green IT Governance Indicators Through Balanced Scorecards: The Case of 

Datacenter Consolidation. In: The 2019 International Conference on Information 

Technology & Systems (ICITS 2019), 2019, pp. 133-142. 

https://dx.doi.org/10.1007/978-3-030-11890-7_14 

[REF.10] Leite Câmara, A., da Costa Figueiredo, R. M., & Canedo, E. D. Analysis of 
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[REF.11] Okour, S. The Impact of the Application of IT Governance According to (COBIT 5) 
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25-37. https://dx.doi.org/10.5539/mas.v13n7p25 

[REF.12] Owie, E. T. Sustainable Supply Chain Management in the Nigerian Consumer Goods 

Manufacturing Sector. PhD Thesis, Walden University, Minneapolis, MN, USA, 2019. 

[REF.13] Park, J. H. Advanced IT-Based Future Sustainable Computing (2017–2018). 

Sustainability, 11, 8 (2019), 2264. https://dx.doi.org/10.3390/su11082264 

[REF.14] Queirós, R. C. C. Proposta de Melhoria para a Adoção das Boas Práticas de TI Verde 

nas Organizações. Master Thesis, Universidade Federal Fluminense, Niterói, RJ, 

Brasil, 2019. 

[REF.15] Rivas-Asanza, W., Celleri-Pacheco, J., Andrade-Garda, J., García-Vázquez, R., Mato-

Abad, V., Rodríguez-Yáñez, S., & Suárez-Garaboa, S. Environmental Sustainability in 

Information Technologies Governance. Sustainability, 10, 12 (2018), 4792. 

https://dx.doi.org/10.3390/su10124792 

[REF.16] Schweigert, T., & Phillipp, M. ISO 33020 Cornerstone or Pitfall of Process 

Improvement. In: 25th European Conference on Software Process Improvement 

(EuroSPI 2018), 2018, pp. 318-328. https://dx.doi.org/10.1007/978-3-319-97925-0_26 

5.5. Lines of Future Work 

The development of this PhD Thesis entails a starting point in the area of governance, 

management, and auditing of Green IT, due to the lack of previous studies in this area (cf. Chapter 

2). Therefore, there are many lines of future work that have been opened thanks to the GMGIT. 

Among these lines, we are currently working or have in mind the following: 
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• To carry out improvement plans in the audited organizations. With the purpose of 

continue validating and refining the GMGIT, as well as to strengthen its applicability, 

improvement plans are being performed (following the ISO/IEC TR 33014 standard [15]) 

at the organizations in which the last case studies have been conducted. Thanks to these 

improvement plans, not only the GMGIT will improve in several aspects, but also 

continues the work with the organizations that have been involved during the development 

of the framework, helping them to progress and improve in this area of Green IT. In fact, 

the first results of this line of work have already been submitted for publication in a research 

journal [SUB.4] (cf. Section 5.4.2). 

• To apply/adapt new international standards. Just as the ISO 14000 family of standards 

[16] has been applied to the GMGIT, the application of other international standards related 

to this area of sustainability and IT will be performed. This will help the GMGIT to be an 

increasingly consistent framework, covering most of aspects/characteristics and practices 

recognized and adopted by the industry. Thus, in this regard, several standards are being 

analyzed, such as the case of the ISO 50000 series [19] (based on energy management in 

organizations); of the standards developed by the International Telecommunication Union 

(ITU) [20] [21] [22] [23] [24] (aimed at mitigating the negative impact of Information and 

Communication Technologies in different fields); and of the ISO 37120 standard [18] 

(which focuses on the development of sustainable and efficient smart cities). 

• To strengthen the empirical validation. In order to mitigate the threats to validity of the 

empirical validations already conducted, more international case studies are being carried 

out in organizations not only dedicated exclusively to the IT sector, but also in other sectors 

such as, for example, the automotive industry. This will allow analyzing the behavior of 

the GMGIT under different contexts, adapting it to the specific needs of each sector and 

consolidating the generic characteristics of Green IT applicable to all sectors. 

• To expand the scope towards social and economic sustainability. The GMGIT focuses 

exclusively on environmental sustainability, since it is the type of sustainability that is most 

worrying today and on which more efforts are being devoted. However, there are other 

important types of sustainability, such as social (about how Green IT practices affect the 

sociological and psychological aspects of people, with topics such as: psychological health, 

labor rights, social support, social equity, etc.) and economic (about how Green IT practices 

help to protect investments, ensure benefits, reduce risks, etc.). Therefore, expand the scope 

of the GMGIT towards these types will allow to consider the whole range and aspects that 

are necessary to achieve a total sustainability in organizations. 
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