
Energy Policy, After Acceptance Manuscript 

1 
 

Evaluation of challenges for sustainable 
transformation of Qatar oil and gas industry:  

A graph theoretic and matrix approach 
 
 
 

Redouane Sarrakh  
Faculty of Science and Engineering 

 University of Wolverhampton 
England United Kingdom 

R.Sarrakh@wlv.ac.uk 

 
Suresh Renukappa 

Faculty of Science and Engineering 
 University of Wolverhampton 

England United Kingdom 
suresh.renukappa@wlv.ac.uk 

 
Subashini Suresh 

Faculty of Science and Engineering 
 University of Wolverhampton 

England United Kingdom 
s.subashini@wlv.ac.uk 

 

mailto:R.Sarrakh@wlv.ac.uk
mailto:suresh.renukappa@wlv.ac.uk
mailto:s.subashini@wlv.ac.uk


Energy Policy, After Acceptance Manuscript 

2 
 

Abstract 

Despite Qatar’s National Vision 2030 implementation, several organisations within the oil and 

gas sector still have difficulties in embedding sustainability agenda in their systems and 

processes. There is, also, a paucity of empirical research on the key challenges Qatar oil and 

gas organisations face in embedding sustainable strategies to improve competitiveness – which 

is the core raison d’être of this paper.  A qualitative approach was adopted to collect and analyze 

data based on 24 interviewees from eight organizations. Six key challenges hindering the 

implementation of sustainability strategies. They are: stakeholders’ issues, volatility of price, 

resistance to change, knowledge and awareness, initial cost and strategic issues. Furthermore, 

the graph theoretic and matrix approach was applied to evaluate the challenges inhibiting the 

implementation of sustainability strategies within the Qatar oil and gas industry. The results 

show that strategic issues represent a greatest challenge when compared to other challenges.  

Keywords: Qatar oil and gas sector, Sustainable development, Sustainability challenges, 

Graph theoretic and matrix approach. 
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1. Introduction 

With the increasing importance given to sustainable development (SD) nowadays, countries 

around the world are shifting their focus and efforts to changing the previous unsustainable 

growth framework that has been ineffective. The term “SD” had received several different 

definitions throughout the years and experienced continuous improvement (Lopez-Cabrales 

and Valle-Cabrera, 2020; Renukappa et al, 2014). However, for local, regional and national 

governments and organisations, having a clear and comprehensive understanding of SD is 

critical in order to pursue a sustainable pathway of development (Richer, 2015). Qatar had 

experienced an unparalleled development and economic growth; this is seen in the increase in 

the standards of living of the Qatari population (Richer, 2015; Aboushaqrah et al, 2019). The 

rapid development, especially between 2005 and 2008, was considered unsustainable by 

several scholars and specialists (Sillitoe, 2014), and was the product of three main factors, the 

population’s rapid growth, the high energy consumption and production patterns and the 

significant technological change the country is experiencing (Salahiddin and Gow, 2019).  

 

Qatar had a significant social and economic transformation in a very short period (Weber, 

2014), due to its abundance of natural resources. Qatar’s transition to an economy away from 

fossil fuel is one of the critical challenges the government is currently facing, as it needs to 

look into a more sustainable and cleaner energy and set up new approaches to analyse the 

interaction between the environment, energy and the country’s development. This would 

require the implementation of significant changes within the national and regional energy 

strategies and industry sector taking into consideration the social, technological, economic and 

political aspects. The country’s remarkable economic advances along with its unsustainable 

consumption could be considered as the foundation on which Qatar launched its long-term 

vision ‘Qatar National Vision (QNV) 2030’, in the hopes of transforming the country into an 

advanced state sustaining its development and assuring a high quality of life for its people and 

the generations to come.  

 

The QNV 2030 aimed to ‘provide a framework within which national strategies and 

implementation plans could be developed’. It offered a set of guiding principles that all national 

development must adhere to, and it was based on four fundamental pillars of human, social, 

environmental and economic development. The overall aim of the QNV 2030 was to build a 
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‘bridge between the present and the future’. The vision envisaged: ‘a vibrant and prosperous 

country in which there is economic and social justice for all, and in which nature and man are 

in harmony’. Despite Qatar’s economic, social and environmental progress, SD in the country 

is still facing a number of challenges (Al Nabit, 2017). A key challenge for Qatar in achieving 

SD lies in translating the national goals of the QNV 2030 into concrete and workable 

programmes and projects as well as establishing appropriate regulatory mechanisms and 

policies. 

 

This means significant changes in the national and regional energy and industry sector, thus 

the introduction of Qatar Energy and Industry Sustainability Strategy (QEISS), which put the 

intergenerational fairness in regards of the use on non-renewable resources as the heart of its 

SD strategies. But it should be noted that the consideration of sustainability within the Qatar 

oil and gas sector does not mean an indefinite production of the country’s oil and gas resources, 

but a production of these resources at a minimal impact to society and environment until a more 

reliable source of energy is developed. Therefore, a successful implementation of sustainability 

initiatives within the Qatar oil and gas sector is vital for the country’s ability to attain 

sustainability values outlined in QNV2030. However, while Qatar has moved quickly to ratify 

international conventions and establish regulatory and managerial bodies, progress on 

implementing SD plans has been slow.  Qatar faces numerous challenges in its transition to SD 

and putting theory into practice, especially because of its institutional and human capacity 

constraints. 

2. Research Gap 

From an organisational perspective, SD is a holistic approach that covers social, economic and 

environmental issues that would be beneficial for current and future generations of the 

concerned stakeholders (Renukappa et al, 2014). Several scholars argue that the concept of the 

tipple bottom line, developed by Elkington (1998), is the best fit to follow for organisation to 

implement sustainability practices within their activities. Elkington (1998) developed the triple 

bottom line to be a more practical definition of sustainable development, a concept that 

considers simultaneously and equally the economic (profit), social (people) and environmental 

(planet) performances of organisations. Epstein et al, (2010) noted that corporate progression 

not only with economic growth, but with environmental sustainability and social responsibility. 
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Therefore, managing these three aspects simultaneously represents one of the biggest 

challenges for the Qatar Oil and Gas sector organisations.  

 

The Qatar Oil and Gas sector had been focusing closely, and working hard, on lowering its 

impact on society and the environment and on improving accessibility of energy but has been 

neglecting two of the energy pillars of sustainability – being the renewability of energy 

resources and efficiency in energy conversion, distribution, and consumption. Even with the 

efforts of some companies to implement energy efficiency measures to decrease the 

consumption of energy, the overall energy consumption increased between 2013 and 2014. The 

Qatar oil and gas sector identified six main areas of interest in which to evaluate the 

performance of the sector and its organisations: workforce, health and safety, society, 

environment, climate change, and economy (Sarrakh et al, 2021). However, even though the 

QEISS had been introduced in 2010, several organisations still face challenges in embedding 

sustainability strategies within their systems and processes (Kirat, 2015). The question still 

arises as to how the Qatar oil and gas sector leaders can practically embrace sustainability 

related changes and embed them within their organisations. While there is a substantial body 

of literature on technical issues of sustainability, notably resource and carbon management, 

and metrics to measure change, there has been considerably less research into the actual 

practices, challenges, and integration of sustainability thinking into oil and gas sector business 

models and policies. There is, therefore, a paucity of empirical research on the key challenges 

Qatar oil and gas organisations faces in implementing sustainable strategies to improve 

competitiveness – which is the core raison d’être of this paper. The purpose of this paper is to 

identify and evaluate the key challenges the Qatar oil and gas industry facing in embedding 

sustainability strategies.  

 

Organisations’ ability to implement sustainability strategies is considered one of the most 

challenging activities for decision makers and top management (Bode and Wagner, 2015; 

Sroufe, 2017). Serdarasan (2013) defined sustainability challenges as any aspect of the value 

chain of any industry that might introduce or increase complexity in the implementation of 

sustainability strategies. The author highlights that these challenges could be dynamic (i.e., 

lack of control over processes, systems’ uncertainty, market trends), static (i.e., products 

variety, customers changing needs) or caused by decision making (i.e., organisation’s structure, 

changes in the environment). Table 1 summarises important studies tackling challenges 

inhibiting the implementation of sustainability initiatives within different sectors and different 
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countries. Generally, the literature review indicates that similarities between the inhibitors 

hindering the implementation of sustainability initiatives across different sectors is limited, 

which could be due to the differences in external pressures or internal capabilities and 

resources. But it should be noted that there is a lack of research undertaken on the challenges 

of implementing sustainability within the Qatar oil and gas sector.  

 

Table 1: Studies related to sustainability implementation challenges 

Challenges Authors Description Country Research Methodology 

Lack of 
training and 

education 

Luthra et al (2011) 

The absence of regular and 
better-quality training and 
education for employees will 
certainly hinder the 
implementation of sustainability 
culture and create an awareness 
about sustainability practices.  

India Literature review/ISM 
and MICMAC analysis 

Toke el al (2012) 

Lack of resources and training 
programs for employees in 
companies can prevent them to 
raise their awareness and top 
managements about the benefits 
of sustainability practices. 

India Questionnaire survey 

Ghazilla et al 
(2015) 

Lack of training in sustainability 
practices would be a barrier that 
hinders a successful 
implementation of sustainability 
in organisations 

Malaysia Focus groups 

Lack of 
stakeholders’ 

external 
engagement 

Geffen and 
Rothenberg (2000 

A weak relationship and 
collaboration with the suppliers 
result in diminishing 
environmental performance of 
the company.  

United States Case studies 

Rueda-Manzanares 
et al (2008) 

The exclusion of stakeholders 
into decision making process 
related to sustainability stops 
organisations from 
implementing environmental 
strategies.  

Andorra, 
Austria, Ca-
nada, Spain, 

USA, Finland, 
France, 

Germany, Italy, 
Norway, 

Sweden and 
Switzerland 

Questionnaire 

Zhu et al (2011) 

Manufacturers has the 
opportunity to improve their 
environmental and social 
performances through the 
adaptation of sustainability 
practices, and not including of 
upstream (Suppliers) and 
downstream (Customers) into 

China Questionnaire survey 
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the process can only disrupt their 
efficient implementation. 

Garrido-Miralles et 
al (2016) 

Lack of stakeholder’s 
engagement is very important to 
companies’ ability to adapt 
sustainable development and 
corporate social responsibilities.  

Spain Case studies 

Lin (2013) 

Absence of external stakeholders 
(Supplier and customers) 
collaboration plays an important 
part in the failure of sustainable 
development management 
programs. 

Taiwan Fuzzy DEMATEL 

Misaligned 
vison 

Park et al (2008) 

The lack of an evolving long-
term vision of the company 
negatively impacts the necessary 
decisions about the 
organization’s sustainability 
strategies. 

South Korea Case study 

Belwitt (2015) 

The failure in formulating a 
long-term sustainability vision, 
mission and principles and high-
level strategies would harm 
businesses’ ability to efficiently 
adopt processes of sustainable 
development.  

- - 

Misaligned 
culture 

Laudal (2011) 

A miscoordination between an 
organization’s culture, activities 
and strategies would ensure the 
failure in achieving 
sustainability. 

Global Literature review 

Wals (2012) 

Culture, in large, has a part in 
pre-determining the way issues 
related to sustainable 
development are addressed in 
specific contexts. 

- - 

Problems in 
employees’ 
engagement 

Buzzelli (1991) 

The lack of active participation 
of employees into the 
organization’s sustainability 
issues is very impactful, since 
they are the agents that would 
determine the success or failure 
of any initiative. 

United States Case study 

Reed (2002) 

Employees’ lack of involvement 
plays an important role in 
implementing efficient 
sustainability measures. 

United States Case study 
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Hitchcock and 
Willard (2006) 

Sustainability can be a one of the 
powerful frameworks that can 
only succeed with employee 
commitment and energy. 

- - 

 

3. Research methodology 

This research aims to identify the key challenges organisations face in embedding sustainability 

strategies in the Qatar oil and gas sector and to quantify the adverse impact of these challenges 

on embedding sustainability strategies. Given the relatively new and unexplored nature of the 

research problem, the study was based on the pragmatic approach. The research development 

started with the systematic literature review aimed at highlighting the challenges faced by 

organisations in implementing sustainability initiatives. The systematic literature review 

provided a starting point for this paper and helped to identify the baseline of the desired 

objectives that are to be met. A qualitative research approach was carried out to explore the 

research objectives. Creswell and Poth (2017) noted that it is appropriate to use this method. 

Qualitative research methods focus on discovering and understanding the experiences, 

perspectives, and thoughts of the participants. It explores meaning, purpose, and reality 

(Creswell and Creswell, 2018). This corresponds with the research topic, which requires 

understanding of the key challenges organisations face in embedding sustainability strategies 

in the Qatar oil and gas sector. However, Diefenbach (2008) highlights that unconscious bias 

is amongst most important drawbacks that accompanies qualitative approach. Since 

interviewees’ answers might be impacted by their emotions, previous experiences or perceived 

purpose of the interviewer. Additionally, interviewers’ values can involuntarily dominate or 

control the participants responses. Therefore, in order to minimise unconscious bias, gain 

participants confidence and ensure the acquisition of good data Saunders et al (2015) “five Ps” 

framework was followed (Prior, Planning, Prevents, Poor, Performance). An initial search was 

done into each of the targeted oil and gas organisations through their publications, such as their 

annual sustainability reports and related news. This enabled the authors to assess the accuracy 

of the participants’ responses and to encourage them to be more engaged and offer more 

detailed answers. Upon starting the data collection process, the authors made sure the set of 

questions were properly understood by the participants as it was intended by the researchers 

and ensured the answered provided by the participants are correctly understood by the 

researchers as the participants intended.  
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Semi-structured interviews were selected as the data collection tool to answer the research 

questions. Fifteen oil and gas organisations in Qatar were invited to take part in the study of 

which eight major organisations agreed to participate. A set of twenty-four semi-structured 

interviews were carried out with professionals from eight different organisations in the Qatar 

oil and gas sector. Creswell and Poth (2017) assert that twenty to sixty interviews could be 

enough for qualitative studies. While Saunders et al (2015) considers between twenty to thirty-

five interviews to be sufficient for grounded theory-based studies. Additionally, Mason (2010) 

states that PhD studies that adopt qualitative approaches may require between four and eighty-

seven interviews, that has a mean of twenty-five.  

 

The research followed a purposive sampling method; this type of sampling techniques is widely 

used for exploratory research (Palinkas et al, 2015). However, due to the nature and the 

sensitivity of the oil and gas industry in Qatar and the middle eastern culture, a further sampling 

technic needed to be implemented, thus the addition of snowball sampling. The paper followed 

Blaikie (2018) assertion regarding confounding fundamental issues to be taken into 

consideration in the determination of the sample size. The focus on thematic analysis, as the 

construction and generation of the themes and sub-themes was conducted to capture the range 

of, variations in the meaning given to the identified themes within the context of Qatar oil and 

gas sector. The second confounding factor considered is the meaning of qualitative 

methodology, the authors restricted the meaning of qualitative approach to matters related to 

data, that is data collection and analysis. The third confounder considered concerns the logics 

of inquiry chosen for the study, the paper adopted an inductive approach. First, this was due to 

its ability to allow the authors to have a better understanding of the Qatar oil and gas 

sustainability situation. Such an understanding is clear in the researcher’s interpretation of the 

views of the participants. Second, and unlike the deductive approach which sets up rigid 

methodologies and limits the researcher’s alternatives to exploring the investigation, an 

inductive approach, which is less structured, might end up revealing new perspectives with 

which to approach the research. Third, the results of the data gathered allow for the formulation 

of a new theory, expressed in the paper’s findings. The final confounder issue is the ontological 

assumptions, the study follows the pragmatism philosophy for several reasons, namely its 

flexibility when compared to other ideologies (Strang, 2015). It allows for the use of a wide 

range of research methods to collect and analyse the data. This does not mean that this 
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investigation has adopted a mixed methodology. In addition, in pragmatism, great importance 

is given to the research problem, where the research question constitutes a crucial component 

of the philosophy. This means that interest is given to practical solutions and useful outcomes 

instead of abstract distinctions. This falls in line with the current study since the paper’s 

problem, namely Qatar’s implementation of sustainability initiatives, does not suggest any 

ambiguity. More practical outcomes are preferred by the authors, and they would also be more 

useful to the industry as a whole.  

 

The questions of the interviews were designed to examine the interviewee’s perception 

regarding the challenges and their impact on the implementation of sustainability strategies. 

The initial interview question was about the interviewees’ knowledge of sustainable 

development and sustainability strategies within their industry in order to obtain an 

understanding of their overall knowledge on the subject (‘Given your role in this organisation, 

can you please explain what sustainability means to your organisation?’). Thereafter, the 

interviewees were asked about the challenges faced by the organisation when adapting 

sustainability strategies in an attempt to get a better understanding of the factors that inhibit the 

implementation of sustainability strategies and their impact on the organisation (‘What do you 

think are the key challenges that your organisation face when implementing sustainability 

strategies?’). The interviews lasted between twenty and thirty minutes, with necessary ethical 

issues considered such as confidentiality and anonymity. The interviewees were, top 

management which included directors and engineers (directors, project directors, quality 

directors, environmentalist engineers, process engineers and maintenance engineers) amongst 

other with a minimum of three years’ experience within the oil and gas industry. Table 2 

represents the interviewees that participated in the study, interviewee code, company code, 

profession of each interviewee in the organisation and their years of experience.  

 

Table 2: Classification of interviewees 

No Participants Profession Company Experience 

1.  SUSC1 Director Company A >13 

2.  SUSC2 Process engineer Company A >6 

3.  SUSC3 Senior health and safety officer Company A >5 

4.  SUSC4 Process engineer Company A >3 

5.  SUSC5 Director of sustainable development Company B >14 
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6.  SUSC6 Environmental engineer Company B >5 

7.  SUSC7 Environmental engineer Company B >3 

8.  SUSC8 Director Company C >10 

9.  SUSC9 Project director Company C >8 

10.  SUSC10 Project director Company C >7 

11.  SUSC11 Environmental engineer Company C >5 

12.  SUSC12 Process engineer Company C >3 

13.  SUSC13 Mechanical engineer Company C >3 

14.  SUSC14 Quality director Company D >15 

15.  SUSC15 Senior process engineer Company D >8 

16.  SUSC16 Process engineer Company D >6 

17.  SUSC17 Mechanical engineer Company E >5 

18.  SUSC18 Maintenance engineer Company F >4 

19.  SUSC19 Facility engineer Company F >4 

20.  SUSC20 Senior project engineer Company G >7 

21.  SUSC21 Reservoir engineer Company G >5 

22.  SUSC22 Electric engineer Company G >4 

23.  SUSC23 Maintenance engineer Company H >7 

24.  SUSC24 Exploration supervisor Company H >4 

 

Thematic analysis was selected to acquire an in-depth knowledge of the collected data. The 

analysis would follow Elo et al (2014) guide for qualitative analysis. The steps followed are 

transcription of the audio interviews, preparation of transcripts, multiple reviews of transcripts, 

coding of transcripts and generation of themes and subthemes. The interviews were coded to 

ensure anonymity of the participants, with each interview being coded as: Sustainability in 

Company #  SUSC#. The themes were carefully generated from the interviews and followed 

by coding with the help of Nvivo11, a qualitative data analysis computer software. Because of 

the nature of the interviews, where participants tend to discuss several subjects at the same time 

with relatively incomplete sentences, the thematic analysis was set by phrase in the Nvivo11 

software. Issues with validity were minimised through triangulation of data collection methods 

(interviews, observations, internal and external documents) and verification of the initial 

thematic codes by participants, where they judged the accuracy of data collected, though not 

its conclusions (Tajeddini and Mueller, 2009). 

A graph theoretic and matrix approach (GTMA) has been used to carry out the evaluation of 

the inhibiting strength challenges. This would enable to study the different challenges as a 
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group and not individually, which can give a better description of the situation more accurately 

than when taken in isolation.  

4. Graph theoretic and matrix approach 

The decision-making process is a vital part of the daily life of organisations, considering the 

number of situations they face ranging from simple to complex ones (Chankong and Haimes, 

2008). The process requires an evaluation and identification of the possible alternatives 

available in the situation based on the goals, objectives and values of the decision maker. 

Consequently, the diversity and complexity of situations lead to the development of several 

decision-making process (Geetha and Sekar, 2017). Several methods were identified in the 

literature to help in handling decision-making problems such as Analytic Hierarchy Process 

(AHP), Weighted Sum Method (WSM), Analytic Network Process (ANP), Technique for 

Ordering Preference by Similarity to Ideal Solution (TOPSIS), Grey Relational Analysis 

(GRA), Compromise Ranking Method (VIKOR), Structural Equation Modelling (SEM) and 

Graph Theoretic and Matrix Approach (GTMA).  

 

The methods’ application has been recorded extensively within the literature in different areas 

of study. For instance, the AHP was adapted in comparison of the catering industry in Turkey 

(Kahraman et al, 2004); WSM was used to propose a model for the cost-emission problem 

within battery cells (Majidi et al, 2017); The ANP was adapted in the assessment and 

evaluation of third-party logistic companies’ performance from a managerial perspective 

(Kayakutlu and Buyukozkan, 2011); the GTMA has been used vastly in numerous occasions, 

quality management, manufacturing sciences, system modelling and supply risk management 

amongst others (Grover et al, 2006; Raj et al, 2010; Anand and Kodali, 2010; Faisal et al, 

2006). In this study, the GTMA is adopted for the evaluation of readiness for implementing 

sustainability strategies within the Qatar oil and gas industry. The AHP was not considered for 

the study since it fails to capture the interdependence of variables, which is important to 

evaluate the relationship between the factors and subfactors to quantify the influence of the 

challenges on implementing sustainability strategies within the Qatar oil and gas industry. 

Although the ANP does capture the interdependence of factors, it lacks a hierarchical 

representation between them. Even though the TOPSIS is an easy and simple methods for 

decision making, it does not take into consideration the correlation of factors since it is based 
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on the Euclidean Distance, therefore it would be difficult to weight in the importance of these 

factors.  

The GTMA is a powerful and useful tool for modelling and analysing complex types of 

systems, due to its ability to represent the one-to-one interrelationship between systems’ 

elements, evaluate their behavioural properties and provide a synthetic score of the studied 

system (Rajesh et al, 2013). The GTMA mainly consists of three terms: a) the digraph 

representation; b) the matrix representation and c) the permanent function representation. The 

digraph representation aims to structure the system in the forms of nodes and edges, where 

nodes depict the measurement of characteristics and edges their dependence. The matrix 

representation is the one-to-one correspondence between the characteristics. The permanent 

representation is the mathematical expression of the system and its characteristics and the 

interdependence between them. The GTMA convert the impact of each of the identified 

challenges that inhibit the implementation of sustainability strategies into numerical values, 

which would enable the comparison of the effect of each challenge. 

 Digraph representation 

A digraph is depicted to showcase the system’s elements and their interdependence in form of 

nodes and edges. Two types of graphs could be used; i) undirected, which do not have a 

direction assigned to the graph’s edges and ii) directed, which has directional edges. The set of 

nodes N = {ni} and set of edges E = {cij} with (i,j) = 1,2,3,….M. The number of nodes, M, is 

equal to the total of parameters within the system. In case of a node i has a relative importance 

over j, a directed edge (arrow) is set from node i to j. An example of a digraph representation 

of three parameters systems can be seen in Figure 1.  

 

Figure 1: Digraph representation of a 3 parameters system 
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 Matrix representation 

The digraph depiction brings in visual representation that is not suitable for computer 

processing. Furthermore, systems with numerous parameters with complex interrelationships 

would make of the understanding of the digraph a difficult task. Therefore, it is required to 

transform the digraph representation into one that can be processed via computer software. 

Harary (1969) proposes that the adjacency and incidence matrix is the best mathematical 

modelling for a digraph representation. The matrix is a square matrix M×M, the matrix 

representation for the example proposed in Figure 1 is as follow:  

𝐴 = (
𝑁1 𝑐12 𝑐13
𝑐21 𝑁2 𝑐23
𝑐31 𝑐32 𝑁3

)          (1) 

 Permanent representation 

The permanent function is a standard matrix function in combinatorial mathematics. The 

function was introduced in 1812 by Binet Cauchy (Minc, 1978). It is obtained in a similar 

manner to the determinant with a basic difference, the signs of permutations (minus) are not 

taken into consideration. This would ensure a better appreciation of the system since no 

information would be lost because of the lack of negative signs. The permanent of matrix     

X = (xij) a m×n matrix, with m ≤ n is (Minc, 1978): 

𝑃𝑒𝑟 (𝑋) =  ∑ 𝑥1𝜎(1)𝜎 𝑥2𝜎(2)𝑥3𝜎(3)… . . 𝑥𝑚𝜎(𝑚)      (2) 

With the summation extending over al one-to-one functions from {1, 2, 3,…, m} to {1, 2, 3,…, 

n}. 𝑥1𝜎(1), … , 𝑥𝑚𝜎(𝑚) are sequences called diagonal of the matrix X and their product 

𝑥1𝜎(1)… . 𝑥𝑚𝜎(𝑚)is a diagonal product of X. Making from the permanent of X the sum of all its 

diagonal products. The permanent of the matrix A for the example if Figure 1 is as follow:  

𝑃𝑒𝑟 (𝐴) =  𝑁1𝑁2𝑁3 + 𝑁1𝑐23𝑐32 +𝑁2𝑐13𝑐31 + 𝑁3𝑐21𝑐12 + 𝑐31𝑐23𝑐12 + 𝑐13𝑐32𝑐21  (3) 

The Per (A) consists of 6(3!) terms, that are grouped into 4(3+1) groups as shown in Table 2. 
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Table 3: Representation of the different terms of the example’s permanent function  

 

N1 

N2 N3 

N2 
c

31
 

c13 

c12 

c23 

c31 

5. Challenges for embedding sustainability strategies in the Qatar oil and gas sector 

The challenges facing the Qatar oil and gas sector in embedding sustainability strategies were 

identified based on a thematic analysis. Six key challenges were generated and presented, 

stakeholders’ issues, volatility of price, resistance to change, knowledge and awareness, initial 

cost and strategic issues, with sub-challenged further explored as shown in Table 3. Each of 

the six challenges is discussed in more depth below.  

Table 4: Sustainability implementation challenges and their sub-challenges 

Volatility of prices (VP)  
 
 

Market uncertainty (VP1) 
Geopolitical challenges (VP2) 
Competitiveness (VP3) 

Stakeholders’ issues (SP)  
 
 
 
 

Lack 
Lack 
Lack 
Lack 
Lack 

of 
of 
of 
of 
of 

clarity of sustainability related governmental programs 
engagement with the third sector (SP2) 
support from top management (SP3) 
support from shareholders (SP4) 
suppliers’ support (SP5) 

and regulations (SP1) 

Resistance to change (RC)  
 
 

Individual level (RC1) 
Groups level (RC2) 
Organisation’s level (RC3) 

Knowledge and awareness (KA)  
 
 

Lack 
Lack 
Lack 

of 
of 
of 

effective processes to manage data/information/knowledge (KA1) 
sustainability related knowledge flow across the value chain (KA2) 
awareness related to sustainability (KA3) 
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 Lack of sustainability related knowledge (KA4) 
Initial cost 

(IC) 

 High direct costs (IC1) 
 Increase in transactional costs (IC2) 
 Lack of financial resources (IC3) 
 Long time horizon for financial return (IC4) 

Strategic issues (SI)  Lack of clarity in sustainability goals within the organisation (SI1) 
 Lack of long-term vision embedding sustainability (SI2) 
 Lack of smart/digital [Industry 4.0] strategies within the organisation (SI3) 
 Lack of long-term human resources strategy (SIS4) 

 

5.1 Strategic issues 

Cavaleri and Shabana (2018) argue that the greatest challenges facing sustainability are of 

strategic nature. Incompatibility and a non-alignment between the organisation’s sustainability 

strategies with its business vision and strategy would only serve to undermine its capacity to 

create and sustain its competitive advantage. In this study, interviewees noted that strategic 

issues are amongst the main obstacles for implementing sustainability strategies within the 

Qatar oil and gas industry. They highlighted for the necessity of a fit between the organisations’ 

sustainability practices, their organisational goals and long-term vision. Interviewee SUSC3 

considers the organisation’s long-term vision as one of the critical components for 

implementing sustainability strategies:  

“The ministry’s vison and roadmap towards implementing sustainability 

strategies within the sector is very nice, but the execution itself, I can say it 

is very different between an organisation and another.” 

The above statement of the interviewee suggests that an efficient and successful 

implementation of sustainability strategies within the Qatar oil and gas industry depends 

heavily on how closely they are aligned with the organisations’ vision. Mainly since a 

misalignment between the two would limit the opportunities to benefit from the 

implementation of sustainability strategies. Therefore, organisations with either a lack or 

misalignment of long-term vision for embedding sustainability, would be unable to effectively 

execute their intended sustainability strategies, losing in the process their competitive 

advantage. Additionally, several interviewees highlighted that the lack of clarity in 

sustainability objectives is one of the challenges that prevent organisations within the Qatar oil 

and gas industry from implementing sustainability strategies.  

 

Jansen (2003) considers the technical and technological difficulties organisations encounter 

when implementing sustainability block the development of new eco-efficient technologies and 
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policies and inhibit the implementation of all sorts of sustainability strategies. In this study, 

interviewees noted that a lack of smart technologies within the Qatar oil and gas sector is an 

inhibitor limiting organisations’ implementation of sustainability strategies. Smart technology 

is becoming more present within the oil and gas industry, mainly since it improves operations 

efficiency within the production line (Sarrakh et al, 2019). However, the Qatar oil and gas 

sector is still heavily relying on conventional methods for communication, assessment and 

management of data, which leads to a loss of valuable information, an increase in operational 

costs and a high risk and uncertainty related to employees’ safety. 

5.2 Volatility of prices 

Interviewees stated that the volatility of the oil and gas prices is a challenge that inhibits the 

implementation of sustainability strategies within the Qatari oil and gas sector. For instance, 

the interviewee SUSC13 noted the impact volatility of oil prices have on sustainability 

strategies: 

“The unpredictability nature of the industry, the oil prices are unpredictable; 

their drop can seriously hinder planned sustainability projects or put them on 

hold.” 

It is evident from the above statement that the uncertainty existing within the oil market can 

act as a barrier to organisations when planning for upcoming sustainability strategies. Elder 

and Sertelis (2010) assert that the uncertainty within the oil market have a tendency to depress 

organisations current investments, including sustainability related strategies that require strong 

and long-term capitals. Furthermore, the uncertainty of the market would not only have strong 

implications for oil prices but for organisations’ long-term sustainability strategies, especially 

in the absence of pre-set reaction mechanisms (Boakye et al, 2012). In agreement with the 

above statement, many interviewees referenced the sharp drop of oil prices in 2014 to showcase 

the impact of such event on SD strategies implementation. For instance, the interviewee SUSC3 

stated that:  

“The oil prices dropped to less than half, and the gas prices are linked to the 

oil prices; so it was a challenge to keep the sustainability strategies actives 

during that period; because of budget cuts, this impacted the planning and 

execution.” 

As the interviewee highlighted, the changes of oil and gas prices directly affect organisations’ 

capital investment, financial decisions and thus their budgeting plans to finance their current 
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and future sustainability strategies. Furthermore, many interviewees noted that the last fall of 

oil prices meant that new investments in SD were paused for a period of time with some 

projects being even shut down.  

5.3 Knowledge and awareness 

Benn et al (2014) argue that a successful implementation of sustainability strategies requires 

an important input of the organisation’s human capital, since such activity is heavily reliant on 

the workforce’s skills and knowledge. That is why appropriate environmental and social 

knowledge are extremely vital for organisations to transform their sustainability vison, 

objectives and strategies into reality (Doppelt, 2009). In this study, it was highlighted that the 

lack of knowledge and awareness related to sustainability amongst the organisation’s different 

level employees is a critical challenge that inhibit sustainability strategies within the Qatar oil 

and gas industry. Interviewee SUSC9 gave an example of the zero-waste programme that lack 

of knowledge was one of its main barriers:  

“One of the challenges that were raised during the round table meetings, were 

the knowledge difficulties accompanying the implementation of some of the 

sustainability projects, for example Company C faced some difficulties when 

decided to implement to ‘zero waste’ programme back in 2016.” 

The interviewee’s statement reveals that with the complexity of the sustainability strategies, a 

proper knowledge is essential to carry out a successful and efficient sustainability strategy 

implementation. Therefore, a lack of SD professional knowledge in the different levels of the 

organisation is considered one of the most common challenges inhibiting the implementation 

of sustainability strategies. Consequently, a limited knowledge would lead to inappropriate 

implementation of sustainability agenda, giving thus very little possibility for sustainability 

performance improvements.  

 

Much like other industries, the oil and gas sector had seen an increase in information input 

volumes since the 1990s, massive volumes of data and information available through 

governmental reports, NGOs and competitors; but, and unlike other industries, companies 

within the oil and gas sector do not benefit properly from this information and are usually 

thrown away (Sarrakh et al, 2019). The Qatar oil and gas industry is no exception, the sector 

is lacking in terms of effective processes to manage the generated data and information. As it 

is shown in the example given by the interviewee SUSC24:  
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“Can you believe me when I say, that until now we are still using faxes 

contact when dealing with several companies … we print thousands of papers 

daily for special reports, Company C documents and logs and everything that 

can be easily done as a soft copy or put in a USB.” 

From the above statement, it is evident that the Qatar oil and gas sector is falling behind in 

data, information and knowledge management. The example given by the interviewee indicates 

the sector’s conventional approach to data despite the technological development occurred in 

information and communication technology (ICT) management. Therefore, organisations 

would only use a small fraction of the generated data, overlooking thus valuable information 

that could impact the decision-making process. In line with this, Glimer (2014) noted that the 

majority of the data collected within the oil and gas industry goes unused and the impact of the 

development of ICT is still insignificant.  

 

A number of the interviewees consider a low sustainability awareness to be a barrier to 

implement sustainability strategies. Therefore, it is important for Qatar oil and gas 

organisations to plant the seeds of sustainability awareness within their employees at the 

beginning of the implementation of its sustainability strategies. In order to create and ensure 

an extensive and lasting sustainability awareness in all segments of their everyday work. Iqbal 

et al (2018) assert that a special and a clear message from top management should be 

communicated to all employees to guarantee the establishment of sustainability within the 

organisation’s rhythms. This is done through a series of workshops and training programs that 

aim to show to employees that sustainability is an integral part of their job and not just an added 

work. 

5.4 Initial cost 

The implementation of sustainability practices within an organisation’s processes requires 

substantial financial funds (Mudgal et al., 2010). An organisation that chooses to implement 

sustainability strategies should be willing to invest heavily in upgrading several aspects of its 

system. Al Khidir and Zailani (2009) assert that an organisation’s engagement in sustainability 

necessitates two forms of cost, specifically direct and transaction costs. In this study, the 

interviewees highlighted that the cost of implementing sustainability strategies have challenged 

some of the organisations within the Qatar oil and gas industry when adopting them. Several 

interviewees revealed that the unpredictability of the oil and gas market and the high costs 
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required for sustainability strategies constitute a challenge for Qatar oil and gas organisations. 

This puts pressure on the organisations’ ability to establish genuine plans and budgets for their 

future sustainability-related projects. This is mainly since important initial investments are vital 

to supporting the requirements needed for sustainability in order to ameliorate their information 

technology, infrastructure, manpower, knowledge, and skills. This has put organisations off 

from implementing sustainability strategies, especially since it will add costs and not yield 

immediate financial benefits. In line with this, Nidumolu et al (2009) argue that some 

organisations believe that the implementation of sustainability strategies would only reduce 

their competitiveness on the international level, because of the high initial investments and the 

late and slow financial return. In agreement with this, the interviewee SUSC15 gave an 

example when the initial cost of a sustainability project constituted a barrier for implementing 

a project that was proposed:  

“The initial cost makes a big difference; we came up with a proposal to install 

robots to do the calibration for the drilling, the project would have cost 

around USD300k this was directly refused. They have to understand that 

sustainability gains can be seen in the long-term and not short-term.”  

From the above statement, it is evident that some organisations within the Qatar oil and gas 

industry still perceive sustainability strategies as a cost centre rather than a profit centre. 

Meaning that their perception of sustainability strategies is a mean to only add costs and not 

bring in profit, since they have a slow return on investment and low profit margins. Therefore, 

such organisations would only look to minimise their costs, by either not adopting 

sustainability strategies or adopting it to the bare minimum, instead of looking to maximise 

their profit over the long-term. 

5.5 Resistance to change 

The organisational system is formed by different groups that ensure the accomplishment of 

multiple complex tasks that an individual is unable to perform alone (Kupers, 2011). 

Individuals, that compose the groups, are responsible for the development of new ideas, the 

creation of innovative responses, and the lead for change (Lozano, 2013). Langer and Schon 

(2003) argue that the implementation of sustainability would certainly involve change within 

the different level of the organisation, impacting thus its operations, strategies, cultures and 

systems without forgetting the individuals and groups’ attitudes. Schein (1988) described 

resistance to change as ‘the enemy of change, the foe which must be overcome if a change 
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effort is to be successful’. Several interviewees highlighted that the resistance to change is one 

of the challenges that organisations within Qatar oil and gas industry face when implementing 

sustainability strategies. For instance, the interviewee SUSC8 noted that: 

“I guess resistance to change can be considered as a challenge, especially for 

us in here, since we have been producing natural gas in a certain way since 

1996 and to come after all this time and change the way and attitude towards 

production, it is very difficult for everyone to accept that.” 

Analysis of the interviewee’s statement unravels that organisation’s ability to accommodate 

change can be one of the main reasons that can be attributed to resistance to change within the 

Qatar oil and gas industry. Additionally, it is revealed that some organisations’ unwillingness 

to change originates from their failure to cope with the changes needed for sustainability 

implementation due to their strong identification with the pre-sustainability order. In 

accordance with this, authors such as Dent and Galoway (1999), Garvin and Roberto (2005), 

and Lozano (2013) assert that a successful change depends heavily on the organisation’s ability 

to accommodate change, especially for something as big as sustainability strategies’ 

implementation. 

5.6 Stakeholders’ issues 

Addison and Roe (2018) noted that the pressure from stakeholders can serve as an important 

driver for implementing sustainability strategies, a lack of it or an improper direction or 

management could only inhibit their implementation (Muduli et al, 2013). In this study, 

interviewees noted that stakeholders’ issues are one of the challenges for implementation of 

sustainability strategies within the Qatar oil and gas industry. A number of these interviewees 

identified the lack of engagement from both external and internal stakeholders that inhibit the 

implementation of sustainability strategies. 

 

Several interviewees’ statements reveal that that the lack of clear governmental regulations is 

hindering the implementation of sustainability strategies in the Qatar oil and gas organisations. 

In line with this, Dashore and Sohani (2013) argued that governmental assistance is considered 

to be an essential aspect of successful implementation of sustainability strategies, which can 

be in the form of sets of sustainability programs and objectives for organisations or some sort 

of financial assistance in the form of subsidies or tax abolitions, but a lack of clarity in the 

governmental regulations related to SD would only act as a barrier and hinder the sector’s 
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adoption of sustainability strategies. Similarly, interviewee SUSC1 noted the example of 

Qatar’s workforce localisation strategy called Qatarization:  

“Our organisation had a plan to reach 40% Qatarization by next five years, 

and then to hit 50% after it, but the implementation of this was not strict.” 

The aforementioned statement of the interviewee suggests that there is lenience with the 

organisations’ implementation of governmental determined policies due to the conflicting 

definition of its targets. Al-Horr (2011) explains that Qatar Government had identified very 

high Qatarization targets that can be considered unrealistic and unachievable. This is mainly 

because the government vagueness in defining the Qatarization policy, the inconsistencies in 

establishing its targets and failing in setting up penalties in case of not meeting the strategy’s 

targets. Consequently, the sector’s focus on the Qatarization policy would be dispersed, some 

organisations would be focusing on increasing the number of Qatari employees rather than 

training them, while other would emphasise on employees’ training and development.  

 

Regarding internal stakeholders, top management are responsible for all operations within the 

organisation, in addition they have direct influence over activities and employees’ attitude. If 

top management have a proper knowledge of sustainability issues, the planning, 

implementation and control of sustainability strategies would be effective and successful 

(Singh and Kant, 2008). However, if top management do not believe in the benefits of 

sustainability and consider them to be irrelevant and unnecessary; the planning, 

implementation and control of sustainability strategies would be ineffective. The top 

management heavily influences SD strategies and their level of implementation in the Qatar 

oil and gas industry. It is also clear that some organisations have a reactive approach towards 

sustainability strategies and choose to implement them just to comply with Qatar coercive and 

normative pressures, mainly since the shareholders and government are responsible for offering 

tenders for oil and gas projects within the country.  

6. Quantify the adverse impact of challenges on embedding sustainability strategies in 
the Qatar oil and gas sector 

The GTMA has been applied to evaluate and compare the challenges inhibiting the 

implementation of sustainability strategies within the Qatar oil and gas industry. Furthermore, 

the application of GTMA would transform the effect of each sub-challenge into a numerical 

value. The main steps of the methodology are as follow:  
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a) The identification of the sub-challenges that influence the main challenges, available in 

Table 3, and their interdependencies. 

b) The development of the digraphs and taking into consideration the identified variables 

and their relationships, as shown in Table 3.  

c) The transformation of the digraphs to matrices using Equation (1). 

d) The transformation of the developed matrices to permanent functions using Equation 

(3) 

e) The substitution of the values of the variables with the help from experts from the Qatar 

oil and gas industry. The values range between 1-5, with 1 denotes very weak and 5 

denote very strong (Rajesh et al, 2013). 

f) The calculation of numerical values for every single challenge, the results are presented 

in Table 5. 

g) The calculation of the theoretical best and worst values to compare them to the 

calculated values. 

 

 

Figure 2: Cause effect diagram of the challenges facing the Qatar oil and gas industry from 
embedding sustainability strategies. 

 

Table 5: Relative importance of attributes rij 

Class description Relative importance of attributes 

rij rji= 10 - rij 

Two attributes are of equal importance. 

One attribute is slightly important. 

5 

6 

5 

4 
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One attribute is very important over the other. 

One attribute is most important over the other. 

One attribute is extremely important over the other. 

One attribute is exceptionally important over the other. 

7 

8 

9 

10 

3 

2 

1 

0 

 

 The directed digraph (Behavioural digraph) 

The behavioural digraph is developed to represent the challenges and sub-challenges limiting 

the implementation of sustainability strategies within the Qatar oil and gas industry in nodes 

and edges (e.g. Figure 3). The nodes represent the factors and edge their inter-relation. The 

digraph gives a visual representation of the proposed challenges and the interaction between 

them. In this study, six challenges were identified following the interviews’ analysis and 

developed, as show in Figure 2. The challenges (Fi) are represented with the nodes and their 

interdependence (rij) is represented through the edges, where rij is the direct edge from node i 

to node j. Figure 4 represents the behavioural digraph for the first identified challenge, volatility 

of prices (VP). The nodes F1
1, F2

1 and F3
1 represent the sub-challenges for the volatility of 

prices, and rij’ is the interdependencies between them.  

 

 

Figure 3: Behavioural digraph for the challenges 
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 Matrix representation 

The matrix representation of the behavioural digraph of challenges is a 6x6 matrix, representing 

the six challenges identified in this study and the interrelationship. The matrix S is developed 

as follow:  

S =  

(

 
 
 

F1 r12 r13
r21 F2 r23
r31 r32 F3

r14 r15 r16
r24 r25 r26
r34 r35 r36

r41 r42 r43
r51 r52 r53
r61 r62 r63

F4 r45 r46
r54 F5 r56
r64 r65 F6)

 
 
 

       (4) 

 

Fi: Value of the factor represented by nodes. 

rij: Value of relative importance of the ith factor over the jth represented by edges. 

The matrix representation of the behavioural digraph of the volatility of price would be a 3x3 

matrix, since the challenge has three sub-challenges, it is represented as follow:  

VP =  (

F1
1 r12

1 r13
1

r21
1 F2

1 r23
1

r31
1 r32

1 F3
1

)         (5) 

With F1
1, F2

1 and F3
1 represent VP1, VP2 and VP3 respectively.  

This is followed by the development of every matrix for the different identified challenges. The 

matrices are nxn, with n is the number of subfactors within each factor.  
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Figure 4: Behavioural digraph for volatility of prices 

 

 Permanent representation 

The permanent function is a standard matrix function that is used in combinatorial mathematics 

(Rajesh et al, 2013). The permanent function calculated similarly to the determinant, with the 

change of the negative signs into positive to ensure the preservation of information and a better 

appreciation of the phenomenon (Grover et al, 2004). The permanent function expression 

contains n! terms that are arranged in n+1 groups, with n is the number of elements. In this 

study n = 6, therefore, there would be seven grouping as explained in Equation (2). The 

expression of the permanent function correspondent to the behavioural digraph of the 

challenges with the use of Jurkat and Ryser (1966) formula is as follow:  

𝑃𝑒𝑟(𝑆) = ∏𝐹𝑖 + ∑ ∑ ∑ …∑ ∑ 𝑟𝑖𝑗
2𝐹𝑘𝐹𝑙𝐹𝑚𝐹𝑛 …𝑛𝑚𝑘𝑗𝑖 +

2∑ ∑ ∑ …∑ ∑ (𝑟𝑖𝑗𝑟𝑗𝑘𝑟𝑘𝑖)𝐹𝑙𝐹𝑚𝐹𝑛 …𝑛𝑚𝑘𝑗𝑖 + 2∑ ∑ ∑ …∑ ∑ (𝑟𝑖𝑗𝑟𝑗𝑘𝑟𝑘𝑙𝑟𝑙𝑖)𝐹𝑚𝐹𝑛…𝑛𝑚𝑘𝑗𝑖 +

∑ ∑ ∑ …∑ ∑ (𝑟𝑖𝑗
2𝑟𝑘𝑙
2

𝑛 )𝐹𝑚𝐹𝑛…𝑚𝑘𝑗𝑖 + 2∑ ∑ ∑ …∑ ∑ (𝑟𝑖𝑗𝑟𝑗𝑘𝑟𝑘𝑙𝑟𝑙𝑚𝑟𝑚𝑖)𝐹𝑛…𝑛𝑚𝑘𝑗𝑖 +

2∑ ∑ ∑ …∑ ∑ (𝑟𝑖𝑗𝑟𝑗𝑘𝑟𝑘𝑖)𝑟𝑙𝑚
2

𝑛 𝐹𝑛𝑚𝑘𝑗𝑖 +∑ ∑ ∑ …∑ ∑ 𝑟𝑖𝑗
2𝑟𝑘𝑙
2 𝑟𝑚𝑛

2
𝑛 …𝑚𝑘𝑗𝑖 +

4∑ ∑ ∑ …∑ ∑ (𝑟𝑖𝑗𝑟𝑗𝑘𝑟𝑘𝑖)(𝑟𝑙𝑚𝑟𝑚𝑛𝑟𝑛𝑙)…𝑛𝑚𝑘𝑗𝑖 + 2∑ ∑ ∑ …∑ ∑ (𝑟𝑖𝑗𝑟𝑗𝑘𝑟𝑘𝑙𝑟𝑙𝑖)𝑟𝑚𝑛
2 …𝑛𝑚𝑘𝑗𝑖  (6) 

 

The permanent value of each factor is calculated separately using the Equation (2) to obtain 

the Fis values. For instance, the index value for the volatility of price F1:  
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F1 = Per(VP) =  Per(

F1
1 r12

1 r13
1

r21
1 F2

1 r23
1

r31
1 r32

1 F3
1

) = Per(
5 5 8
5 5 8
2 2 3

) = 470    (7) 

The calculations are carried out for the rest of the major challenges to obtain their index 

values (i.e. F2,F3,F4,F5,F6). 

F2 = Per(SP) =  Per

(

 
 
 

F1
2

r21
2

r31
2

r41
2

r51
2

r12
2

F2
2

r32
2

r42
2

r52
2

    

r13
2

r23
2

F3
2

r43
2

r53
2

r14
2

r24
2

r34
2

F4
2

r54
2

r15
2

r25
2

r35
2

r45
2

F5
2)

 
 
 
= Per

(

 
 

4
4
8
7
3

6
3
8
9
6

    

2
2
5
5
2

3
2
5
5
2

7
4
8
8
2)

 
 
= 177556 

F3 = Per(RC) =  Per(

F1
3 r12

3 r13
3

r21
3 F2

3 r23
3

r31
3 r32

3 F3
3

) = Per (
4 4 1
6 4 1
9 9 5

) = 362    (8) 

F4 = Per(KA) =  Per

(

 
 

F1
4 r12

4 r13
4 r14

4

r21
4 F2

4 r23
4 r24

4

r31
4

r41
4

r32
4

r42
4

F3
4 r34

4

r43
4 F4

4
)

 
 
= Per(

4 5 2 2
5 5 2 2
8
8

8
8

5 5
5 5

) = 9354             (9) 

F5 = Per(IC) =  Per

(

 
 

F1
5 r12

5 r13
5 r14

5

r21
5 F2

5 r23
5 r24

5

r31
5

r41
5

r32
5

r42
5

F3
5 r34

5

r43
5 F4

5
)

 
 
= Per(

5 7 3 6
3 3 2 4
7
4

8
6

3 6
4 4

) = 9300            (10) 

F6 = Per(SI) =  Per

(

 
 

F1
6 r12

6 r13
6 r14

6

r21
6 F2

6 r23
6 r24

6

r31
6

r41
6

r32
6

r42
6

F3
6 r34

6

r43
6 F4

6
)

 
 
= Per(

5 5 8 6
5 5 6 6
2
4

4
4

5 3
7 5

) = 13060           (11) 

Once the index values of each factor are calculated, the sustainability challenge index value is 

calculated using the Equation 2:  

Per(S) =  Per

(

  
 

470 7 7
3 1777556 7
3 3 362

6       6        4 
7      5        5
7      5       2

4         3          3
4         5         5
6          8          8

9354 6 2
4 9300 2
8 8 13060)

  
 
= 3.43 × 1022          (12) 

The calculated index values are represented in Table 5.  
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 The theoretical best and worst value 

The theoretical best and worst values are calculated for all the challenges and the sustainability 

challenge index to compare the Qatar oil and gas industry’s situation vis a vis its theoretical 

best and worst case.  

The theoretical or hypothetical best value for a challenge is calculated when the inheritance of 

all its sub-challenges have the best value (i.e. 1). For instance, the best value for the volatility 

of price would be:  

𝐵1 = 𝑃𝑒𝑟 (
1 5 5
5 1 5
5 5 1

) = 326              (13) 

The theoretical or hypothetical worst value for a challenge is calculated when the inheritance 

of all its sub-challenges have the worst value (i.e. 5). The worst value for the first challenge, 

volatility of price would be:  

𝑊1 = 𝑃𝑒𝑟 (
5 5 5
5 5 5
5 5 5

) = 750            (14) 

 

 Comparison of factors 

The comparison methodology can be used to compare the factors to identify their intensity as 

a challenge for implementing sustainability within the Qatar oil and gas industry. A better 

comparison of the challenges is carried out by the evaluation of the coefficient of their 

similarity and dissimilarity with the best and worst case (Muduli et al, 2013).  

The equation to calculate the coefficient of similarity with best case: 

𝐶𝑠𝑖 = (𝐹𝑖 − 𝐵𝑖)/(𝑊𝑖 − 𝐵𝑖)          (15) 

With:  

Csi: Coefficient of similarity of ith factor with best value.  

Bi: Best value for ith factor. 

Wi: Worst value for ith factor. 

Fi: Calculated value of ith factor.  
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While the equation to calculate the coefficient of similarity with worst case is as follow: 

C′si = (Wi − Fi)/(Wi − Bi)           (16) 

C′si: Coefficient of similarity of ith factor with worst value.  

The coefficient of dissimilarity values with best and worst case are calculated as follow:  

Cdi = 1 − Csi           (17) 

C′di = 1 − C′si             (18) 

With:  

Cdi and C′di are the coefficient of dissimilarity with the best and worst case respectively.  

A small value of Csi signifies that the ith factor has more similarities with the best value, 

meaning it has less intensity inhibiting the implementation of sustainability strategies. While 

the smaller the value of C′si imply that the ith factor has more intensity as a challenge. Table 5 

contains all the calculated values and coefficient of similarities with the best value for all 

challenges.  

Table 6: Qatar oil and gas sector calculated index values 

 Volatility of 
price 

Stakeholders issues Resistance to change Knowledge and 
awareness 

Initial cost Strategic 
issue 

Actual value 470 177556 362 9354 9300 13060 

Best Value 326 168376 326 6776 6776 6776 

Worst Value 750 375000 750 15000 15000 15000 

Csi 0.3397 0.045 0.08491 0.3135 0.30691 0.7642 

 

7. Discussion 

The sustainability implementation index is calculated for the Qatar oil and gas industry to 

identify the industry’s fitness and ability to implement sustainability strategies. Furthermore, 

the calculated index is useful, since it provides practical information regarding the challenges 

facing the industry when implementing sustainability strategy, as it quantifies the adverse 

impact of these challenges into singular numerical index. The large value of the sustainability 

implementation challenge index value implies that the Qatar oil and gas industry is facing 
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serious challenges that inhibit its implementation of sustainability strategies. Moreover, the 

index could be used as a reference for companies within the Qatar oil and gas industry, it could 

be used as a threshold value for organisations, which would help them evaluate their current 

situation in regard to sustainability and thus improve their sustainability performance. It would 

also provide hints to the organisations within the sector into what course of actions must be 

taken to properly tackle the challenges and implement sustainability strategies.   

The index values of each challenge in Table 5 represent their negative impact on the 

implementation of sustainability strategies within the Qatar oil and gas industry. It is found that 

“strategic issues” represents a great challenge for the industry to implement sustainability 

strategies. Because its similarity coefficient to the best value is the highest amongst the specific 

challenges, meaning that its value is closer to the worst case. In other words, “strategic issues” 

is considered to be a key challenge facing the Qatar oil and gas industry. Therefore, 

organisations within the sector must give great importance to this factor and improve their 

technological and human capabilities to go in line with their pre-set and clear organisational 

objectives and vision. The “volatility of prices” is found to be the second most impactful on 

the implementation of sustainability strategies. This might be due to that the organisations 

within the sector still suffer from the consequences of the 2015 oil crises. Therefore, it is 

essential for organisations to foresee and predict the market trends and prepare flexible and 

clear strategies to adapt to any uncertainties within the market to ensure a proper planning and 

management of the sustainability strategies. “knowledge and awareness”, “initial cost” and 

“resistance to change” are ranked third, fourth and fifth respectively. While “stakeholder 

issues” is found to have the least adverse impact on the implementation of sustainability 

strategies within the Qatar oil and gas industry, the challenge’s index value is the closest to its 

best value. This is mainly due to the country’s culture, despite Qatar’s economy being producer 

driven; it differs from other countries were trade unions, lobbyists are not allowed which makes 

from stakeholders’ engagement an outside concept.   

8. Conclusion and policy implications  

This study identified and evaluated six key challenges hindering the implementation of 

sustainability strategies within the Qatar oil and gas industry. They are: stakeholders’ issues, 

volatility of price, resistance to change, knowledge and awareness, initial cost and strategic 
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issues. Furthermore, it also quantifies these challenges through the use of a systematic 

approach, the graph theoretic and matrix approach.  

The global energy system has been for a long period of time at the receiving end of a lot of 

criticism calling for its immediate change. The COVID-19 pandemic has showcased the 

weaknesses of the current dysfunctional energy system and exposed the detrimental impact it 

can have on worldwide economies. That is why, a fundamental transition of the energy system 

is required in all countries. Needing massive efforts from different stakeholders to adapt a more 

sustainable solutions that would ensure the increase of energy efficiency, productivity and 

change in consumption patterns. Seeing how the oil and gas sector composes a critical 

component for the economic growth of resource rich countries, such as Qatar, the need to adapt 

sustainability initiatives within the sector should be treated with the utmost importance. 

Therefore, ensuring a successful implementation of sustainability initiatives would be a step 

forward towards the transition of Qatar’s energy system and achieving the QNV2030 that 

would pave the way for strategies to achieve the net zero emissions. For this to be successful, 

the acknowledgement and evaluation of challenges that hinders the implementation of 

sustainability initiatives is crucial. It should be noted that the pace and scale of sustainability 

implementation is country-specific, depending on country’s circumstances, which makes the 

challenges faced by each country different.  

Qatar oil and gas industry is facing serious challenges that hinder its implementation of 

sustainability strategies. Amongst the identified challenges, “strategic issues” was found to be 

the most inhibitor in implementing sustainability strategies. This is due to the incompatibility 

and non-alignment of organisations sustainability strategies and their business vision and 

objectives that is caused by their lack of clarity of sustainability benefits and reactive approach 

to external pressures. Therefore, undermining organisations’ ability to create and sustain their 

competitive advantage.  The “volatility of oil prices” is the second most important challenge 

confronting Qatar oil and gas organisations when implementing sustainability strategies. The 

challenge’s importance originates from the uncertainty it creates within the international 

market, impacting thus organisations’ initial budgeting plans set up for sustainability 

initiatives, which led to the disruption or shutdown of some of them. “Sustainability knowledge 

and awareness” is found to be the third most important challenge due to the combination 

organisations’ low levels of awareness and knowledge thought out their employees that helps 

widen the gap between them and their competitors overseas undermining in the process their 

competitive advantage. In fourth, sustainability “initial costs” are an obstacle for organisations 
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seeing their high initial and transactional costs and low immediate return, which discourage 

organisations from adapting sustainability strategies. “Resistance to change” is the fifth 

inhibitor of sustainability strategies implementation within Qatar oil and gas industry. This 

challenge mainly originates from organisations’ unwillingness to change on its different levels, 

which is caused by their strong identification with the situation before the implementation of 

sustainability initiatives or the difficulties they face changing their cultural perception of 

sustainability. Finally, “stakeholders’ issues” are the least important challenge, which is 

manifested in the lack of clear sustainability communications from important stakeholders such 

as the government, shareholders and top management. 

This paper can be of great importance to several parties interested within sustainability issues, 

seeing that the degree of success for sustainability strategies implementation depends highly 

on the impact of its challenges. The following implications could be documented:  

Theoretical implications 

The paper presents a new input of sustainability concept from the perspective of the Qatar oil 

and gas industry, which was under researched. Additionally, the paper explored the challenges 

that inhibits the implementation of sustainability strategies within the Qatar oil and gas 

organisations, which has received limited research in the literature. Furthermore, the use of the 

GTMA to quantify the impact of the identified challenges is considered as an addition to 

knowledge since it has not been explored. This will help decision makers rank them and decide 

a course of action that will make an optimum utilisation of available resources during times of 

resource scarcity. 

Policy implications 

The paper offers a practical insight for organisations within the oil and gas sector that are 

intending to implement sustainability strategies. Since knowing and identifying sustainability 

related challenges would help top management to take more precautious decisions to plan and 

adapt more appropriate strategies to ensure success of implementation of sustainability 

strategies. Furthermore, the calculated sustainability challenge index helps organisations to 

evaluate their current ability to implement sustainability strategies while knowing their position 

within the sector in that regards. Moreover, organisations would have the ability to compare 

their position in terms of each challenge, which would help top management identify the 

challenge with the most impact on their organisation and endorse the appropriate course of 
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action based on the available resources and capabilities. Therefore, the following eight 

recommendations are drawn for the government, industry and organisations to rethink and act.    

1. Policy: The Qatar Government should develop and implement a clear sustainability policy 

framework that is easily communicated to the sector to ensure organisations’ full 

understanding and a successful implementation of sustainability strategies. Therefore, the 

developed sustainability related policies will stimulate new economic growth and lead to 

higher income and employment within the sector. However, such positive outcomes could 

only be achieved if the employment market is supported by appropriate policies, for 

instance ones providing retaining in relevant skills, including entrepreneurship and 

apprenticeships for sustainability jobs.  

2. Educational system: The Qatar Government should give great importance to the 

development of its educational system to help develop and nurture sustainability 

knowledge within its younger and educated population to solidify sustainability culture 

within the upcoming generations.  

3. Reward Systems: The Qatar Government should develop financial programmes supporting 

sustainability initiatives to encourage organisations within the oil and gas industry to adopt 

sustainability strategies within its processes.  

4. Proactive and collaborative: The sector should develop integrative and proactive 

sustainability strategies that are able to anticipate and deal with any sudden regulatory 

changes. Since policy makers that wok in isolation risk creating policies that would only 

limit the benefits of sustainability. Furthermore, sustainability strategies are inherently 

collaborative, as they relate to supporting the environment and future generations. 

Therefore, to solve some of the global sustainability problems (e.g., climate change), it is 

important that key Qatar oil and gas industry leaders and decision makers connect with 

other stakeholders to have a positive social impact.  

5. Upskilling: The scarcity of knowledge and expertise associated with sustainable strategies 

is, and will continue to be, a huge challenge for the Qatar oil and gas sector organisations. 

Therefore, training programmes related to the management of sustainable related 

knowledge will help leaders, managers, and change agents to better understand on how to 

craft and implement various sustainable strategies to achieve QNV 2030.  

6. Thought leadership: The process of developing and executing sustainability strategies is 

particularly complex and challenging because of the holistic and integrated way that a very 

broad range of short-term and long-term issues need to be considered, and broad array of 
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stakeholders that must be engaged in an inclusive and collaborative manner. Therefore, a 

consistent, thought-through top management commitment is an absolute necessary for 

successful implementation of sustainability strategies in the Qatar oil and gas sector. 

7. Talent management: The recent oil spills have significantly reduced worldwide public trust 

in the oil and gas industry. In order to improve oil and gas sector reputation in the first 

place, Qatar oil and gas sector organisations need to carefully consider environmental, 

social and economic issues of their business activities to enhance and protect their 

reputation. Therefore, organisations should move away from their traditional approach in 

recruitment and adopt a more innovative form to ensure the selection of sustainability 

oriented skilled talents required to implement sustainability strategies.  

8. Culture: Organisations should abandon their reactive attitude towards sustainability issues 

and adopt a proactive approach to ensure a better involvement of all their levels and thus a 

successful implementation of sustainability strategies. Sustainability is not a stand-alone 

issue, but a dimension of management culture. As such, sustainability-related skills will 

have to reach further than personal relations skills. Hence, across the Qatar oil and gas 

sector sustainability-related themes should be gradually integrated into management 

training and functional departments across all levels of the organisation, including strategy, 

design, procurement, marketing, logistics, sales, human resources, communication and 

operations. 

Despite the novel insights provided by this study, it has some limitations. Given that the 

research reported in this paper is exploratory by nature, the results presented are only tentative 

and of limited value for the purpose of generalizability. Furthermore, the findings of this paper 

are limited to the Qatar oil and gas sector only; as such, the level of generalizability outside 

this context may be very limited. However, we argue that the results obtained are useful to 

similar Gulf countries. Additionally, the model built using the GTMA was based on six main 

variables, which might not represent all the challenges that could face organisations within the 

Qatar oil and gas sector. It is recommended that further studies could be carried out using 

survey questionnaires to cover a wide geographic area and compare the similarities and 

difference in various countries.
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