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A B S T R A C T   

The purpose of this article is twofold: to identify the critical risk factors (RFs) that impact supply chains (SC) in 
the engineering, procurement, and construction of large-scale projects (EPC-LSP) of the oil and gas industry 
(OGI) and to apply these RFs in a mathematical model developed, based on multiple-criteria decision-making 
(MCDM) methods in an expert group. The mathematical model was developed in MATLAB and was based on the 
Preference Ranking Organization Method for Enrichment Evaluations (PROMÉTHÉE) II and (PROMÉTHÉE 
GDSS) Group Decision Support System methods. The model’s criteria were defined with the RF mapping iden
tified using 33 years of literature and the application of questionnaires to specialists. The evaluation process of 
the alternatives concerning the defined criteria was conducted through questionnaires to specialists. Finally, the 
functionality and results of the model were validated by the specialists in the field through interviews. As a 
contribution, managers, companies, and industry could adopt this solution as a practical and dynamic tool to 
support decision-making. This fact especially holds true in possible critical supply scenarios, where it is necessary 
to direct resources to minimize risks and other impacts to EPC-LSP SC. Another novelty refers to the critical risk 
factors identified, originating from an extensive literature mapping covering the three pillars of sustainability. 
Moreover, this research was to fill the literature gap, given the lack of studies that propose clear, practical, and 
specific tools for SCRM in EPC-LSP.   

1. Introduction 

The term “risk” is derived from the Italian word risicare, which 
means to dare [13]. Over time, other meanings were incorporated, such 
as probability, the dimension of a consequence, danger, and threat [97]. 
Risks can occur from decision-making (DMG), conditions associated 
with the environment, or exposure to unforeseen situations [29]. Thus, 
establishing risk management (RM) strategies [140] is necessary to 
minimize losses and to increase competitive advantages and new busi
ness opportunities. 

In the global supply chain (SC) scenario, RM has started to receive 
more attention from academics and professionals in the last decades. 
This increase in attention is attributed to several events that significantly 
affected SC, such as (1) the terrorist attacks of September 11, 2001, the 
economic crisis of 2008, and the earthquake and tsunami in Japan in 
2011 [105]; (2) the decision undertaken by the UK in 2016 to withdraw 
from the European Union [89]; (3) the KFC chicken supply crisis in early 
2018 [140]; and (4) the worldwide COVID-19 pandemic in 2020 [67]. 
Further, the application of management actions, such as outsourcing, 
inventory reduction, just-in-time concepts, increased cooperation 

☆ SC: Supply chain; RF: Risk factors; RM: Risk management; SCRM: Supply chain risk management; MCDM: multiple-criteria decision-making; SCM: Supply chain 
management; EPC-LSP: Engineering, procurement, and construction of large-scale projects; CI: Construction industry; OGI: Oil and gas industry; PROMÉTHÉE: 
Preference Ranking Organization Method for Enrichment Evaluations; GDSS: Group Decision Support System; PB: Probabilities of occurrence; IC: Intensity of impact; 
DMG: Decision-making; DM: Decision maker; GDP: Gross domestic product. 
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between companies [73], and higher levels of agility and cyber incidents 
[14] have contributed to increased risk exposure [5]. 

This situation is still evident in the SC of engineering, procurement, 
and construction of large-scale projects (EPC-LSP), characteristic de
livery model of the global construction industry (CI). CI is inserted in 
other industries, such as Oil and Gas (O&G), Mining, Energy, Aerospace, 
Defense, and others. This industry applies EPC-LSP to constructing land 
and sea O&G units, submarines, ports, airports, electrical and telecom
munications systems, buildings, and others [51,104]. Despite having 
significant effects on society, researchers [9,71] claim that the CI suffers 
from poor performance and efficiency compared to other industries due 
to the high degree of risk and uncertainty presented by its SC. 

Some studies such as Rudolf and Spinler [114] state that this high 
degree of risk in CI is due to: (1) external risk factors (RFs) influencing 
the internal context of SC; (2) internal RFs linked to the SC’s internal 
management; (3) lack of experience, knowledge, operational flexibility, 
and manufacturing capacity of suppliers and sub-suppliers; and (4) the 
behavior and cooperation among the members of the SC. Further, the 
procurement phase of EPC-LSP is considered to be highly critical for: (1) 
answering for 80% of the project term [64]; (2) representing 80% of the 
cost of the project [27], 45% of which is attributed to critical supplies 
[91]; and (3) being responsible for the quality of the equipment and 
services provided, which can impact the delivery of the project [90]. 

Given this scenario, it is essential to develop strategies to increase the 
EPC-LSP’s success rate. For this purpose, there is a need to make the 
supply chain risk management (SCRM) process a fundamental practice 
in every EPC-LSP implementation [76,114]. 

Among the global industries that use EPC-LSP as the primary means 
of delivering products and services, the oil and gas industry (OGI) stands 
out [3,51]. This industry applies EPC-LSP to develop and improve its 
upstream, midstream, and downstream areas. Brazil’s OGI stands out 
globally as the seventh-largest producer and seventh-largest consumer 
of oil and gas products [44]. This industry has raised a considerable 
volume of foreign direct investment [65] in the last decade, mainly from 
countries such as the US, China, England, France, and Norway [79]. This 
achievement is due to Law No. 12,351, enacted on December 22, 2010, 
which established the country’s production sharing regime [79]. Due to 
these investments, this sector has expanded its capacity using EPC-LSP 
as the preferred model for expansion. 

However, both the global and Brazil’s OGIs have a poor track record 
in implementing the EPC-LSP [68,117,124]. This situation is mainly due 
to the problems related to a failure in the RM of the supply phase, where 
the prioritization of critical supplies is often wrongly defined. Factors 
such as time, cost, and complexity are considered [137], while the RF 
belonging to the activity and the relevant industry are disregarded. The 
failure to define and prioritize critical supplies can result in the un
availability of equipment and services on site and the consequent loss of 
term, cost, and productivity ([42]/2015; [72]). The worsening of the 
industry’s image and low financial performance is a further consequence 
[133]. 

Numerous works have already been proposed to improve the project 
effectiveness through a more robust RM [130] or improve SC perfor
mance by implementing a sound SCRM methodology [121]. Conse
quently, many processes were generated to address the need for more an 
effective RM [107] or SCRM [14]. However, the proposals are too 
generic for the CI and fail to address the EPC-LSP’s specific re
quirements, such as its complex configuration, contractual structure, 
and frequent changes, compared to other SC of regular industries. 
Therefore, there is a need to contextualize and adapt the various SCRM 
components to this particular project environment. 

To better understand the critical supply prioritization problem, two 
questions are asked. (1) Which RF should be considered to establish the 
criticality of supplies in an EPC-LSP from OGI? (2) How can critical 
supplies in an EPC-LSP be determined? In order to answer these ques
tions, two objectives were developed: (1) define the critical RFs that 
impact OGI’s EPC-LSP SC and (2) develop a methodology and a 

mathematical model that combines the SCRM components and multiple- 
criteria decision-making methods (MCDM). 

This paper is structured as follows. Section 2 presents a brief intro
duction to the RM of large-scale EPC projects, SC, and a description of 
the Preference Ranking Organization Method for Enrichment Evalua
tions (PROMÉTHÉE) methods. Section 3 describes the methods applied, 
and Section 4 presents the results. Section 5 discusses the implications of 
the results. Section 6 presents the conclusion by summarizing the results 
and proposing future research topics. 

2. Literature review 

2.1. SCRM in large-scale EPC projects 

Global CI represents a substantial percentage of the GDP of many 
countries [71]. According to a World Bank report [66], this industry is 
considered as the largest consumer of raw materials and constructed 
objects. Although this industry has significant effects on society, it suf
fers from poor performance and efficiency [9,71]. It has a narrow profit 
margin and is subject to several risks and uncertainties in its SC [51,76, 
114,137]. According to Flyvbjerg [51], the main model for supplying 
products and services adopted in this industry are EPC-LSP. Since the 
1980s, these projects have tended to be increasingly large and complex, 
involving high investments for their implementation (from millions to 
billions of US dollars) [114]. They are mainly run under the EPC 
contractual management, involving a large number and different types 
of stakeholders. The procurement phase, an EPC’s highly critical phase, 
[28,75], is responsible for the SC of commercial agreements for sup
plying products and services [28,103]; it involves high long-term in
vestments, and several uncertainties and risks. 

Consequently, because of CI’s low performance in EPC-LSP imple
mentation, there is a need to effect gradual improvements [9], including 
adjustments in the applied SCM (supply chain management) methods 
[1,118]. However, the SCM solutions that are successful in other in
dustries [2,81,83] have not had the same level of effectiveness in CI. 
They have been implemented or partially established in a fragmented 
form, focusing on different areas, contexts, and objectives [6]. As per 
Briscoe and Dainty [24], there is a lack of will in this industry to 
implement SCM practices and achieve integration in SC. Other studies 
[47,57,134] show that SCM concepts are based on hypotheses and do 
not fit this industry’s particularities. Some others [7,39,100] confirm 
that despite the vital contribution of SCM research in the manufacturing 
industry, it cannot be applied in the CI due to the transitory nature of 
production in construction projects. The limited use of SCM solutions is 
because there exists a lack of the models and theoretical concepts 
studied with regard to this sector [9]. 

According to the characteristics presented, the EPC-LSP SCM is 
complex, dynamic, uncertain, and risky. Project managers are chal
lenged during the project life cycle to efficiently identify and manage 
SCRM with limited resources, aiming for the perfect delivery of the 
products and services that fulfill the quality, deadline, cost, and 
contractual scope requirements. Hence, there is a need to develop the 
SCRM process as a fundamental practice in all EPC-LSP [76,114]. 

The term “SCRM” originated in the studies Jüttner et al. [70], Finch 
[49] and Norrman and Jansson [99]. The latter two were published for 
the field of logistics and SCM [101]. As per Neiger et al. [96], SCRM 
consists of developing approaches to identify, assess, analyze, and treat 
the areas of vulnerability and risks in SC. As per Tang [121], SCRM 
occurs through the coordination and collaboration among SC members 
to ensure profitability and continuity. SCRM’s definitions and objectives 
align with minimizing or eliminating the impact that affect the SC’s 
overall performance, involving practices related to identifying, assess
ing, and mitigating risk-triggering events [52,101]. 

Regarding the benefits that can be achieved through the practice of 
SCRM, Walters [133] comments: 

Operations with less disruption and volatility, improving the 
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company’s image with the client and progress in financial performance; 
monitoring operations and identifying any problems; identification of 
crisis-enhancing events; preparation of faster contingency plans in the 
event of risk realization; Early risk assessment that allows prioritization, 
planning, and allocation of resources, and others. 

Therefore, this topic is relevant to the literature, business, and so
ciety, and this research can provide fewer disruptions to SC and increase 
the success rate of project implementations. 

2.2. The PROMÉTHÉE method 

The PROMÉTHÉE method [20] belongs to the European school of 
multi-criteria decision support methods and is based on the notion of 
outranking relationship [21,112]. This method seeks to solve a Pγ-type 
problem in which a priority order is established for a set of selected 
alternatives. Further, these alternatives are analyzed at par with each 
criterion, considering the decision-maker’s (DM’s) degrees of preference 
until the order is defined [54].  

■ The PROMÉTHÉE family comprises the following methods:  
■ PROMÉTHÉE I: the order obtained corresponds to a partial pre-order 

[20].  
■ PROMÉTHÉE II: the order obtained establishes a complete pre-order 

since incomparability is not admitted [20].  
■ PROMÉTHÉE III: provides an order by intervals for working with 

variable limits [88].  
■ PROMÉTHÉE IV: is a generalization of PROMÉTHÉE II, for an infinite 

set of alternatives [88].  
■ PROMÉTHÉE V: Extends the PROMÉTHÉE II and is appropriate for 

the selection of a subset of alternatives [18].  
■ PROMÉTHÉE VI: assists the decision-maker in determining the 

weights of the criteria that best express their preference [19].  
■ PROMÉTHÉE-GAIA: graphical analysis support for the methodology 

- PROMÉTHÉE [87].  
■ PROMÉTHÉE GDSS: assists in decision making that involves a group 

of decision makers [84]. 

The use of the PROMÉTHÉE GDSS method in this research is justi
fied: 1 - in the decision-making process, the decision-makers considered 

the criteria as being non-compensatory, which, a poor performance on 
one of the criteria cannot be compensated for a good performance on 
another; 2 - As the EPC-LSP SCs are highly complex and involve many 
stakeholders, the group decision-making process is the most appro
priate; 3 - an important aspect is related to the ease of decision-makers to 
understand the concepts and parameters inherent to the methods, which 
simplifies the preference modeling process and, consequently, increases 
the effectiveness of the application of the multicriteria method. The 
algorithm of the PROMÉTHÉE method is easier to understand by DM 
than that of the ELECTRE II method [113]. This aspect represents an 
advantage of PROMÉTHÉE methods over other overrating methods, 
such as the ELECTRE II method. 4 - the PROMÉTHÉE GDSS method can 
be implemented in a computer language. The DM for considering this 
problem, the criteria as non-compensatory (European school method), it 
is not possible to employ compensatory methods (American school 
methods), such as AHP [115]; ANP [116]; MACBETH [8]. 

2.2.1. The PROMÉTHÉE II method 
The PROMÉTHÉE method has six preference functions represented 

in Fig. 1. They classify an alternative a as preferable to b (aPb), strictly 
better than b, or indifferent to b (aIb), when there are no significant 
differences between the two alternatives for each criterion. It can be 
seen in Fig. 1 that q refers to the limit of indifference: if δik <q, the al
ternatives xi, and xk are indifferent about this criterion. However, p 
corresponds to the preference limit: if δik> p, there is a strict preference 
for xi; concerning this criterion and logically, there is always p> q [21]. 

According to extant literature [54,94], the PROMÉTHÉE method can 
be applied as follows: 

Step 1: The DMs are defined and criteria j, alternatives m, and the 
weights wj of each criterion are weighted. 
Step 2: The preference function to be used is defined as in Fig. 1. 
Step 3: The preference function of each criterion j is calculated for 
each pair of alternatives xi and xk. The equation for this is as follows: 

Pj
(
xi, xj

)
= Pj

(
uj(xi) − uj(xk)

)
= Pj(δik),

Fig. 1. Preference functions 
Source: Adapted from [22]. 
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where Pj represents the preference function chosen to compare the cri
terion j; uj(xi) - uj(xk) correspond to the criterion values j for alternatives 
i and k; and δik represents the difference in performance of the alter
natives xi and xk, concerning the criterion j. Further, the equation for it is 
derived as follows: 

δik = uj(xi) − uj(xk).

Step 4: The preference index sik is calculated by comparing alterna
tives xi and xk, that is, the sum of Pj in which xi is preferable to xk. 
This sum is weighted by the weights of each criterion, wj. The 
equation is as follows: 

sik =
ΣjwjPj(xi, xk)

Σjwj
=

ΣjwjPj(δik)

Σjwj
.

Step 5: Positive (ϕi+) and negative (ϕi-) overshoot flows of each 
alternative xi are calculated. ϕi+ refers to how xi surpasses other 
alternatives, representing the average of all degrees of over- 
classification of xi in relation to the other alternatives. The bigger 
the ϕi+, the better the alternative. ϕi- refers to how xi is surpassed by 
the others; therefore, it represents the average of all degrees of over- 
classification of the other alternatives on xi. Through these flows, the 
partial pre-order of alternatives is obtained (PROMÉTHÉE I), where 
each relationship must respect one of the conditions mentioned. 
Relations ϕi+ and ϕi- are described below in Figs. 2, 3, and 4: 

Thus, the total flow or net flow for each alternative xi can be 
calculated as follows: 

φi = φ+
i − φ−

i 

The PROMÉTHÉE II method is used to obtain the pre-orders of the 
alternatives. 

2.2.2. PROMÉTHÉE GDSS 
This method can be applied in complex situations of DMG [22]. A 

finite number of alternatives is evaluated considering conflicting criteria 
and the participation of n decision-makers with conflicting interests. It 
allows each DM to express a preference function and integrate their 
assessments into a group decision. According to Brans and De Smet [21], 
this method can be divided into three phases as in Fig. 5: 

Fig. 5 shows the vectors of total flows ϕi and the weights ωi of each of 
the r DMs involved in the decision-making process. Here, i = 1, 2, ..., r. 

Phase 1 - Define the alternatives and criteria: Each DM suggests the 
possible alternatives and criteria in this phase. A meeting is held to 
analyze them and decide which ones to exclude, merge, or consider. 
Phase 2 - Individual assessment: In this phase, each DM conducts 
their assessments. If any criterion is not of interest to the DM, zero 
weight is allocated to it. If there is consensus among the decision- 
making group, some assessments may be made in advance, 
depending on the criterion. Finally, the individual rankings are 
generated, and GAIA analysis conducted, if necessary, for each DM 
[23,84,86,87]. 
Phase 3 - Global assessment: In this final phase, individual flows are 
collected and included in the global assessment matrix. The indi
vidual results are then aggregated using a weighted average ac
cording to the weight attributed to each DM. 

The DMG process in group evaluations is characterized by hetero
geneous individuals, who did not have a connection or shared goals and 
tended to act according to their own preferences, values, and aims. This 
allows for a valuable acquisition of individual information, which often 
would not be possible in group evaluations with homogeneous-thinking 
individuals. 

3. Method 

3.1. Research development 

This study conducted an applied research as it aimed to build prac
tical knowledge to solve specific problems [56]. Both the qualitative and 
quantitative [138] approaches were adopted in which subjectivity and 
information, convertible into mathematical and objective metrics, were 
emphasized on. This procedure allowed the verification of the occur
rence or non-occurrence of the consequences and acceptance of the 
hypotheses [37]. 

In terms of objectives, this research can be classified as exploratory. 
The study aimed to describe, argue, and alter definitions, and formulate 
more specific problems for future research [53]. The methods adopted 
here were bibliographic survey, systematic literature review (SLR), 
questionnaire application, and case study [138]. 

The development process of this research followed the steps, as 
shown in Fig. 6. 

3.2. Mathematical model 

The model was designed using the MATLAB 2015b software, based 
on the PROMÉTHÉE II, PROMÉTHÉE GDSS, and sensitivity analysis 
methods. The PROMÉTHÉE II method establishes individual priorities 
for each specialist considering their preference, given the differences 
obtained from comparing the alternatives about each criterion. The 
PROMÉTHÉE GDSS method aims to group each specialist’s priorities 
and establish a group of DMG. Finally, after obtaining the final priori
tization of the alternatives, a sensitivity analysis was performed to 
present each DM’s power of influence in the ordering of the alternatives 
[21]. 

For the application of the model, the data were collected using the 
following process. (1) Identify the model’s criteria by reviewing litera
ture and consulting specialists in the area (questionnaire), aiming to 
select the critical RF that impacts the EPC-LSP SC at Brazil’s OGI. (2) 
Select the alternatives and the information for each supply by extracting 
the data from an actual EPC-LSP of Brazil’s OGI. (3) Finally, evaluate the 
alternatives for the criteria defined by conducting a questionnaire sur
vey with specialists. 

In a decision-making process, decision alternatives are identified/ 
defined by decision-makers. There is no set number of specialists for the 
group decision-making process, but the greater the number of specialists 
and the more experienced, the better the decision-making process [54, 
110]. 

Fig. 2. - xi exceeds xk if.  

Fig. 3. - xi is indifferent to xk if.  

Fig. 4. - xi is incompatible with xk if 
Source: Adapted from Gomes et al. [54]. 
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3.3. Literature review 

We aim to understand (1) the current research status on SCRM, (2) 
SCRM in the EPC-LSP of global (3) SCRM in the EPC-LSP of global’s and 
Brazil’s OGI, (4) the PROMÉTHÉE methods, and (5) the critical RF that 
affects the EPC-LSP SC. For this purpose, keywords were defined using 
the brainstorming process, after referring to the literature and consul
ting with the professionals in the field. This process represents the 
baseline for understanding the concepts involved, necessary for con
structing the theory [138]. 

The following keywords were used: "supply chain," "disruptions," 
"risk sources," "risk factors," "risk taxonomy," "equipment procurement," 
"construction materials," "criticality materials," "construction project," 
"EPC project," "large-scale project," "ETO," "oil and gas," "construction 
industry," "megaproject," "major projects," “IBP,” “EIA,” “TCU,” “critical 
equipment,” “PROMÉTHÉE,” and “MCDM.” 

These keywords were combined, using simple operators and Boolean 
logic, to form a series of strings to be applied to a publication database. 
These combinations were built to avoid very generic and broad results. 
In addition, these search strings were brainstormed, tested, and refined 
until a reasonable list of terms was deemed sufficient, resulting in ten 

relevant search strings. 
For identifying the relevant documents, some inclusion and exclu

sion criteria were defined [98]: (1) prioritize peer-reviewed journal ar
ticles; (2) search for documents in English, Portuguese, or German; (3) 
research RFs that have affected the EPC-LSP SC in publications in the last 
33 years (the period from 1987 to 2020); and (4) build a theoretical 
framework prioritizing publications from the last five years. 

The literature review was carried out in the Scopus and Web of 
Science databases. The rationale for choosing both is that they are the 
largest database of abstracts and citations in the peer-reviewed litera
ture. They provide broad coverage of scientific, technical, and social 
science literature. Thus, with the restriction of searches in peer-reviewed 
journals, higher-quality papers are guaranteed due to the more rigorous 
analysis and review process [98]. 

Initially, 722 potentially relevant documents were identified with 
keywords in their title or abstract. After examining the abstracts and 
their adherence to the theme, 177 documents were selected. After 
reading the section’s introduction, method, and results, 129 documents 
were chosen for constructing theoretical frameworks and identifying the 
RF [15]. A systematic literature review (SLR) was performed based on 
these results. The SLR is a solid, reliable, and easy-to-apply 

Fig. 5. PROMÉTHÉE GDSS implementation process 
Source: Adapted from Macharis et al. [84]. 

Fig. 6. Research development cycle.  
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methodology. It can be used in a wide field of research to select relevant 
contributions [32,85]. 

3.4. Identification of the mathematical model criteria 

The model criteria were defined based on the work of Cunha [36], 
who mapped 33 years of literature and 162 RFs that impacted the global 
EPC-LSP SC (as in Table 1). This mapping considered SCRM practices, 
such as identification, analysis, categorization, classification, and vali
dation of RF [52,101]. After this step, RF was included in two ques
tionnaires and evaluated specialists in EPC-LSP from Brazil’s OGI. This 
approach is considered adequate to assess risks in EPC-LSP [114,136], as 

it allows the research to be concluded efficiently in terms of time, 
limiting the number of RFs that need to be evaluated and offering a 
method for evaluation. In addition, we sought to avoid bias [16], driven 
by a very comprehensive list of risk classes that must be evaluated in 
detail [63,77]. 

The mapping in Table 1 also considered the three main pillars of 
sustainability [104]. The economic perspective, in which an economi
cally sustainable company must be able to produce goods at a minimum 
cost [33]. For example, we can mention risk classes 1.1, 1.3, 1.7, 3.6, 
and 3.7. The environmental perspective, where an environmentally 
sustainable company avoids the excessive use of depleting resources or, 
as an alternative, privileges the use of resources with less depletion 
potential [129]. For example, we can mention risk classes 1.2, 1.3, 1.8, 
and 2.3. Moreover, the social perspective, in which a socially sustainable 
system must guarantee, among other things, fair distribution of oppor
tunities, adequate provision of social services, and gender equity [17]. 
For example, we can mention risk classes 1.6, 1.7, 1.8, 2.3, 4.1, and 4.2. 
In this way, Table 1 covers risk factors that cause excessive consumption 
of resources, pollution generation, production of residues, climate 
change, and fairer opportunities. 

Specialists were selected through social networks (LinkedIn and 
ResearchGate) and researchers’ resume platforms (Lattes platforms) in 
Brazil, considering the following minimum criteria: (1) a degree in en
gineering, (2) at least eight years of experience in EPC-LSP at Brazil’s 
OGI, (3) at least a Ph.D. and publications in the area, and (4) select 
different hierarchical levels to measure the degree of risk exposure in 
EPC-LSP SC. 

Through the platforms and using the selection criteria, 35 specialists 
were selected among which 16 answered the questionnaire. Of these, 
30% had more than 25 years of experience and 70% had between 8 and 
18 years of experience in the EPC-LSP at Brazil’s OGI. The specialists’ 
hierarchical level was as follows: technician, buyer, engineer, coordi
nator, manager, director, and researcher. 

The experts’ evaluation sought to determine the probabilities of 
occurrence (PB) and intensity of impact (IC) of the 162 identified RFs 
and to establish a critical RF ranking. The former was evaluated using 
combinations of standard ordinal terms with numerical range defini
tions as a scale. Several risk patterns recommend this solution [26,108, 
109] and so did existing research [29,34,62,114]. Table 2 shows the 
scale used to evaluate the PB, while Table 3 shows the semi-quantitative 
ordinal scale used [34,114] to evaluate IC. 

Equation 3.4.2 was used to calculate the criticality of each RF (CRF) 
[34]: CRF = PB+IC-(PB*IC) (3.4.2) 

After defining the criticality for each RF in CRF, the RF was assigned 
according to the following rules [34]: (1) RF with a high BP (grades from 
0.8 to 0.9 – Table 2) or a high IC (grades from 0.7 to 0.9 – Char 3) or both 
is considered critical and (2) an RF with CRF close to zero has low 
criticality and close to one has high criticality. 

Applying equation 3.4.2 and the RF prioritization rules in the ex
perts’ evaluations, a relationship was obtained with 22 critical RFs that 
impact the EPC-LSP SC in Brazil’s OGI, as shown in Table 4. 

After defining the 22 critical RFs, the first 10 were pre-selected as the 
mathematical model’s criteria. The number of criteria was defined ac
cording to the recommendation of MILLER [92]. This author notes that 
the number of criteria evaluated should not exceed 7 ± 2, as 

Table 1 
Categorization and classification of RFs identified in the literature.  

Risk Category (RCT) Risk Class (RCL) Risk Factor 
(RF) 

1-ENVIRONMENT 1.1–Economical 1.1.1-to- 
1.1.7  

1.2–Environmental, Health & 
Safety 

1.2.1-to- 
1.2.3  

1.3–Law & Regulations 1.3.1-to- 
1.3.4  

1.4–Natural Events 1.4.1-to- 
1.4.3  

1.5–Political & Governmental 1.5.1  
1.6–Social Environment 1.6.1-to- 

1.6.7  
1.7–Sociocultural 1.7.1  
1.8–Standards & Codes 1.8.1 

2–SUPPLY CHAIN 
COORDINATION & 
MANAGEMENT 

2.1–Standards & Codes 2.1.1-to- 
2.1.3  

2.2–Communication 2.2.1-to- 
2.2.2  

2.3–Corporate Social 
Responsibility 

2.3.1-to- 
2.3.2  

2.4–Demand & Scope 
Changes 

2.4.1-to- 
2.4.7  

2.5–Inventory 2.5.1-to- 
2.5.2  

2.6–Logistics 2.6.1–2.6.4  
2.7–Supply Chain 
Configuration 

2.7.1-to- 
2.7.10  

2.8–Management of the 
Supply Chain 

2.8.1-to- 
2.8.17  

2.9–Planning & Forecasting 2.9.1-to- 
2.9.4  

2.10–Scope & Baseline 
Specification 

2.10.1-to- 
2.10.7 

3–SUPPLIER 3.1–Contractual Terms & 
Conditions 

3.1.1-to- 
3.1.7  

3.2–Experience & Expertise 3.2.1-to- 
3.2.8  

3.3–Financial Stability 3.3.1-to- 
3.3.5  

3.4–Infrastructure & 
Resources 

3.4.1-to- 
3.4.8  

3.5–Performance & 
Operations 

3.5.1-to- 
3.5.19  

3.6–Sub-Suppliers 3.6.1-to- 
3.6.11  

3.7–Supplier Environment & 
Market 

3.7.1-to- 
3.7.5 

4–BEHAVIOR & COOPERATION 4.1–Collaboration & Teaming 4.1.1-to- 
4.1.5  

4.2–Misfit of Corporate 
Cultures 

4.2.1  

4.3–Mutual Commitment to 
Project Success 

4.3.1-to- 
4.3.5  

4.4–No Mindset of “Pain/Gain 
sharing” 

4.4.1-to- 
4.1.2  

4.5–Trust Issues 4.5.1-to- 
4.5.2 

Source: Cunha [[36], p. 62–72]. 

Table 2 
Evaluation of the probability of occurrence (PB).  

Verbal Scale Value 

Rare 0,1 
Unlikely 0,3 
Possible 0,5 
Likely 0,7 
Highly probable 0,8 
Almost certain 0,9 

Source: Adapted from Copper et al. (2005). 
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psychometric studies demonstrate the limitations of the human brain to 
simultaneously compare more than seven attributes. 

The next step identified the model’s criteria applying a structured 
questionnaire with multiple-choice questions open to experts. In this 
questionnaire, the nine pre-selected criteria in Table 4 were inserted. 
The specialists were asked to evaluate and assign 100 points to the most 
crucial criterion, and the other criteria were assigned a lower weight, 
considering their degree of importance relative to the first. Experts 
suggested excluding the criterion evaluated with zero weight from the 
analysis. The criteria weights were determined by the direct rating 
method, and these were normalized for implementation [40,54,55]. 

Table 5 lists the criteria suggested by the experts and shows corre
lations between them and the RFs listed in Tables 1 and 4. The criteria 
(C13 and C20) were disregarded from the alternatives’ analysis because 
they correlate with the criterion (2.7.3) in Table 4. Since the criteria 
(C19 and C22) were not correlated with the RF listed in Tables 1 and 4, 
they were considered in the analysis. The other suggested criteria were 
considered in the analysis due to their correlation with Table 1. Thus, 
this methodology allows each specialist to establish the set of criteria 
(from 1 to 22 criteria) they wish to use to analyze supply alternatives. 

3.5. Case study description with alternatives and supply information 

The alternatives and the information for each supply were extracted 
from an actual EPC-LSP of Brazil’s OGI. This project was implemented in 
2015 and consisted of building two natural gas metering stations or 
Estação de Medição (Portuguese) (EMED 1 and 2), located in the 
terrestrial storage, processing, and transfer terminal of oil and gas. 

The objective of this project was to measure and qualify natural gas, 
in the transfer of custody between the owner (oil and gas terminal) and 
distributor (concessionaires in several states of Brazil), via terrestrial gas 

pipelines, following fiscal requirements established by regulatory 
bodies. For each measuring station, other supplies were provided, such 
as programmable logic controller (PLC), uninterruptible power supply 
(UPS), electrical panels, battery bank, transformers, and others. The 
manufacturers of these supplies were distributed globally, as shown in 
Table 7. 

The selection of the four case study alternatives considered their 
time, cost, and complexity about the other supplies. 

This project was contracted under the EPC regime, in which the 
contracted company (EPCist) assumes responsibility for the following 
activities: 

Table 3 
Assessment intensity of impact (IC).  

Verbal Scale Value 

Insignificant 0,1 
Low 0,3 
Moderate 0,5 
Very high 0,7 
Catastrophic 0,9 

Source: Adapted from Rudolf and Spinler [114] 
and Copper et al. (2005). 

Table 4 
Critical risk factors.  

Order RCT RCL RF RF Description Authors Criticality Criterion 

1◦ 3 3.5 3.5.8 Delays [31,95,122] 0,9278 C1 
2◦ 1 1.1 1.1.1 Exchange rate/Currency fluctuations [4,58,139] 0,9228 C2 
3◦ 2 2.9 2.9.4 Unrealistic contractual schedules [11] 0,9168 C3 
4◦ 3 3.6 3.6.7 Long delivery time for imported items [11] 0,9054 C4 
5◦ 2 2.8 2.8.14 Project unavailability on time and delay in approval [11] 0,9015 C5 
6◦ 2 2.4 2.4.1 Design changes [12,106] 0,8888 C6 
7◦ 2 2.9 2.9.1 "Black Swans"/Completely unforeseen events [48,51,60] 0,8844 C7 
8◦ 2 2.4 2.4.4 Scope changes [93,102,125] 0,8802 C6 
9◦ 2 2.7 2.7.3 International suppliers [25,69,139] 0,8779 C8 
10◦ 1 1.6 1.6.4 Bribery/Corruption/Comply with rules (Compliance) [4,35,61] 0,8777 C9 
11◦ 1 1.1 1.1.3 Economic downturn [4,102,135] 0,8749 - 
12◦ 2 2.4 2.4.2 End-customer investment risk [38,59,139] 0,8473 - 
13◦ 1 1.4 1.4.1 Rupture/Natural disasters/Force majeure [2,4,132] 0,8467 - 
14◦ 2 2.7 2.7.8 Lack of detailed analysis in bid Phase [106] 0,8448 - 
15◦ 2 2.10 2.10.1 Unclear design and specifications/Poor or inconsistent design [51,120,139] 0,8447 - 
16◦ 2 2.10 2.10.6 Incorrect information sources during project design [10] 0,8349 - 
17◦ 2 2.4 2.4.6 Owner interference and suspension of work [11] 0,8315 - 
18◦ 3 3.2 3.2.5 Lack of experience with complex contracts [106] 0,8315 - 
19◦ 2 2.9 2.9.2 Cost estimation [43,58,107] 0,8296 - 
20◦ 3 3.1 3.1.1 Insufficient cost coverage [82,128,131] 0,8296 - 
21◦ 2 2.10 2.10.7 Long-lasting design [30] 0,8237 - 
22◦ 3 3.1 3.1.7 Reduced plant availability and performance [74] 0,8003 -  

Table 5 
New evaluation criteria.  

New Criteria Correlation with 
the RFs of  
Tables 1 and 4 

Weights Decision 
Makers 

C10 Capacity inflexibility 3.5.4 80 4 
C11 Subsurface risks at levels 2, 

3, and others 
3.6.5 98 6 

C12 Pain/Gain contractor’s 
mindset 

4.4.2 91 6 

C13 Customs clearance 2.7.3 75 7 
C14 Transport security 2.6.1 and 2.6.3 65 7 
C15 Quality management 2.10.3, 3.5.2 and 

3.6.3 
100 8 

C16 Commissioning 
management 

3.2.6 85 8 

C17 High turnover of the project 
team 

3.4.6 70 11 

C18 Communication failure 2.2.1 89 11 
C19 Lack of calibration and 

repair equipment in the 
country of application 

- 50 12 

C20 Customs restrictions 2.7.3 30 12 
C21 After sales technical 

support, installation, 
monitoring and 
commissioning 

3.2.6 98 14 

C22 Spare item supply for 
departure and for the first 
year in operation 

- 95 14 

C23 Qualification of labor 3.5.6 39 16 
C24 Company financial health 3.3.1 and 3.3.5 85 16 

Source: Data collected from the application of Questionnaire 2. 
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- Engineering: Conducting engineering studies, executing a multidis
ciplinary executive project (civil, architecture, piping, electrical, 
instrumentation, automation, safety, and process), and providing 
technical support for procurement and construction activities.  

- Procurement/Supply: supply of equipment, instruments, materials, 
and services. 

- Construction: Implementation of the executive project, commis
sioning, pre-operation of the plant, delivery, and demobilization. 

The value of this contract was BRL 20 million (approximately USD 7 
million), of which 80% corresponded to the supply phase. The deadline 
for project implementation was set at six months, including commis
sioning, pre-operation and construction decommissioning. 

This project was chosen for the following reasons: (1) it is an EPC-LSP 
by OGI; (2) the SCRM was not carried out throughout the life cycle of the 
project; (3) the prioritization of critical supplies occurred only at the 
beginning of the project, considering only the significant aspects of time, 
cost, and technical complexity; and (4) finally, there were significant 
delays and excess costs in the delivery of supplies, due to erroneous 
prioritization, without considering critical RFs belonging to the activ
ities and the industry inserted in the questionnaire. 

The scope of the selected alternatives is described in Table 6. 
Table 7 presents information on each supply (S1, S2, S3, and S4) 

collected from the project in 2016. 
Table 7 can help assist specialists in the evaluation of each alterna

tive considering the criteria defined in 3.4. 

3.6. Evaluation of alternatives 

With the help of the specialists, the alternatives were evaluated 
through a questionnaire, to judge the alternatives based on the criteria 
defined by them in 3.4. 

The Likert scale was used, akin to Table 8, in which the interviewee 
expressed their degree of agreement or disagreement with each state
ment, using a five-point grading system [53,80]. Tables 6 and 7 were 
also considered in this assessment, and the technical specifications of 
each piece of equipment were inserted in the questionnaire. 

3.7. Application of the mathematical model 

The model was applied considering a scenario with 16 DMs. For each 
DM, a weight of 1 was assigned, and they evaluated four supplies 
(Table 6). The assessment considered the RF criteria pre-selected in the 
literature (Table 4), as well as new criteria included by the experts 
(Table 5). The information of each supply is shown in Table 7. Further, 
we aimed to maximize each criterion and defined the preference of the 
DM using the Pseudo-criteria function with Linear Preference (Type III). 
With this information and the problem analyzed, a strict preference (p) 
equal to 1.99 was used. 

3.8. Validation of the result of the mathematical model 

To evaluate the ranking, the validation of the model’s result was 
carried out by inviting specialists in the area, who did not participate in 
the research. The selection considered the minimum criteria defined in 
3.4. 

In order to apply the developed model, a case study was developed, 
having as a scenario the oil and gas industry (OGI) in Brazil. The case 
study is a methodology that uses typically qualitative data, collected 
from actual events, aiming to explain, explore or describe current phe
nomena within their context [45,138]. This method is frequently used in 
several areas and is sometimes highly criticized and poorly understood. 
One of the main criticisms is the impossibility, from the analysis of one 
or more cases, to establish generalizations. Another alleged criticism is 
the lack of scientific rigor, as the researcher is subject to accepting false 
evidence or biased views that may influence their conclusions [50,126]. 
Despite criticism, the methodology has been gaining increasing atten
tion. The interest in empirical methods has been increasing due to the 
need to incorporate real data into research and obtain substantiated 
results [46]. Furthermore, the case study is beneficial to investigate new 
concepts and verify how elements of a theory are applied and used in 
practice [138]. 

4. Results 

4.1. Case Study 

With the information described in 3.4, the mathematical model 
(PROMÉTHÉE GDSS method) was executed, obtaining the following 
prioritization (as in Table 9) of critical supplies for the EMED project. 

The prioritization obtained by the model indicates Alternative 4 (A4) 
as the most critical supply. The following describes some aspects that 
make this alternative the most critical, due to the factors observed in 
Fig. 7, and Tables 6 and 7: 

1) The individual rankings of DMs (D4/D6/D7/D11/D12/D13) estab
lished A4 as the most critical.  

2) Considering items 2.1/2.2/3.2/2.7/3.1/2.15/3.4/2.6/4.2/4.3 of 
Table 7, the DMs (D4/D6/D7/D11/D12/D13) assigned high marks 
(High and Very High) to A4, in all the criteria of Table 4 and some 
criteria of Table 5.  

3) Weights between 80 and 100 were observed for (i) D4 for criteria C1/ 
C2/C5/C6/C10; (ii) D6 for all criteria, (iii) D7 for criteria C1/C3/C5/ 
C6, (iv) D11 for criteria C1/C2/C3/C5/C6/C9/C18, (v) D12 for 
criteria C1/C6, and (vi) D13 for criteria C1/C2/C3/C8.  

4) For DM (D1/D5/D14/D15/D16), A4 was considered the second- 
most critical option. 

Table 10 and Fig. 8 aims to verify the influence of the DM in 
obtaining the individual ordinations. 

Through Table 10, the stability intervals (SR) of the DMs (D1/D3/ 
D4/D5/D6/D9/D10/D11/D15) are verified as being narrow. This in
dicates that small variations in the weights of the DMs can alter the final 
ordering of the alternatives. In fact, this was observed in Fig. 8, where a 
variation in the weight of D3 can change the position of alternatives A4 
and A1. Another highlight is the SR of D2/D13. These SRs do not change, 
even if the DM’s weight changes. 

Table 11 shows the prioritization of equipment supply established in 
2016 during the implementation of the EMED project. 

This prioritization (Table 11) was defined in the project planning 
phase, where A2 and A3 were considered the most critical. The priori
tization considered only aspects of the term, cost, complexity, and 
feeling, and not the activity risks. However, in the project’s imple
mentation, A4 became more critical, followed by A1. It caused a delay of 
2.5 months in the project delivery. Comparing Table 11 with the results 
obtained in Table 9, it appears that this methodology helped the 

Table 6 
Definition of alternatives.  

Alternatives Units Scope 1 Scope 2 (Common to all 
supplies [S1 to S4]) 

Supply 1 
(S1) 

4 - Flow Computer, model 
similar to the FloBoss 107; 

- Engineering project; 

Supply 2 
(S2) 

4 - Ultrasonic Flow Meter 24”, 
model similar to FLOWSIC600; 

- Databook 
(customized); 

Supply 3 
(S3) 

8 - 24” Tripartite Ball Valves 
Series 600, similar model B5W; 

- Operator training; 

Supply 4 
(S4) 

2 - Chromatographs, Similar 
model to HGC303; 

- Technical assistance 
for commissioning;    
- Spare parts for 2 years 
of operation;  
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manager define possible scenarios in terms of critical supplies, and 
direct the necessary resources to minimize any delays and costs. 

4.2. Ranking validation obtained in Table 9 

Experts with extensive experience in EPC-LSP SC from OGI were 
invited to evaluate the ranking obtained in Table 9, and the functionality 
of the model was developed. This analysis considered the criteria of 

Tables 4 and 5, the data of Tables 6 and 7, and the application of the 
model in the EPC-LSP SCM. All recognized the potentiality of the 
developed model, and its practical application in the EPC-LSP SCM. All 
experts agreed with the ranking obtained for the following reasons:  

1) The alternatives A4 and A1 were critical aspects of the supply. 
However, A4 was more critical because it had many assembly com
ponents, a high number of suppliers with various (international) 
supply locations, many currencies, and a lack of evidence of QMS 
(quality management system) implementation at their sub-suppliers.  

2) Alternative A3 was compared with A1, A2, and A4. This alternative 
was considered the least critical. Since the leading supplier was na
tional, it had a low occupancy rate, the supplied equipment had low 
complexity, sub-suppliers were mostly of national origin, and a more 
significant customer presence was expected in the factory, following 
the supply in person. 

Given the experts’ feedback, the prioritization of Table 9 and the 
model developed were validated. 

5. Discussion 

The SCRM consists of at least three phases: identification, assess
ment, and mitigation [52]. These phases depend on the coordination 
and collaboration of the SC partners [121] for the correct DMG. The 
DMG in SCRM reflects its complexity and involves analyzing informa
tion from all parties involved and the actions that affect the entire SC. To 
this end, researchers in SC employ efforts to develop methods and 

Table 7 
Information for each supply (S).  

Code Particularities of Supplies S1 S2 S3 S4 

Deadlines 1.1 Workdays needed 130 130 130 130  
1.2 Delivery (days) 115 117 120 114  
1.3 On-site delivery (days) 122 124 121 121 

Supplier 2.1 Size (Small = 1, Medium = 2, Large = 3) 1 3 2 2  
2.2 Location/Manufacturing (USA = 1, Germany = 2, Brazil = 3, Italy = 4) 1 2 3 4  
2.3 Do you provide financial KPIs? No Yes No Yes  
2.4 Do you provide factory KPIs? No Yes No Yes  
2.5 Non-compliance (last 24 months)? No Yes No No  
2.5.1 If so, was it solved? - Yes - -  
2.6 Does it have a quality management system? Yes Yes Yes Yes  
2.7 Current percentage of plant occupancy 85% 75% 50% 70%  
2.8 Employee turnover High Low High Low  
2.9 Senior position turnover (managerial) Low Low Medium Low  
2.10 Is the salary position of employees unionized? No Yes No Yes  
2.11 Is there a possibility of extending the workday? Yes Yes Yes Yes  
2.12 Does this supply have a dedicated team (design, documentation, manufacturing, purchasing)? No Yes No No  
2.13 Did you previously provide the customer? No Yes No Yes  
2.14 Is the supply value in line with the competition’s values? (Upper = S, Lower = I) Yes Yes No, (I) Yes  
2.15 Functional currency with Customer USD EUR BRL EUR  
2.16 Modal-Supplier x Customer (Air = 1, Road = 2) 1 1 2 1  
2.17 Part of the raw material and components in stock at the factory? No No No No  
2.18 Do you have an ERP system in place? No Yes No Yes 

Sub-suppliers 3.1 Total sub-suppliers 3 5 4 7  
3.2 Location (USA = 1, China = 2, Germany = 3, India = 4, Italy = 5, Japan = 6, South Korea = 7, 

Brazil = 8)/Number of sub-supplies of raw materials and components 
1/2, 
2/1 

3/2, 2/2, 
4/1 

8/2, 2/2 5/1, 2/2, 1/1, 
6/1, 7/2  

3.3 Modal-Sub-Suppliers x Supplier (Air = 1, Sea = 2) 1 1 2 1  
3.4 Functional currency with under-delivery (USA = USD = 1, China = USD = 2, Germany = EUR =

3, India = INR = 4, Brazil = BRL = 5, Italy = EUR = 6, Japan = JPY = 7, South Korea = KRW =
8) 

1,2 3,2,4 5,2 6,2,1,7,8  

3.5 Was there evidence of implementation of a quality management system (QMS)? Yes Yes Yes No  
3.6 How are subcontractors monitored? (Remote = 1, Face-to-face = 2) 1 1 and 2 1 1 and 2 

Client (EPC and 
Final) 

4.1 Will the project and Databook be commented? Yes Yes Yes Yes  

4.1.1 Did other stakeholders participate in this step? Yes Yes Yes Yes  
4.2 Will there be due diligence during manufacturing? Yes Yes Yes Yes  
4.2.1 Type of inquiries (Remote = 1, Face-to-face = 2) 1 2 2 1  
4.3 Will there be an inspection hold point? No Yes Yes No  
4.4 Were the deadline estimates checked prior to contracting the supplier? No Yes Yes No  
4.5 Will there be inspection of receipt in the work? Yes Yes Yes Yes  

Table 8 
Scale of judgments.  

Verbal Scale Value 

Very low 1 
Low 2 
Medium 3 
High 4 
Very high 5 

Source: Adapted from Likert [80]. 

Table 9 
Prioritization of EMED project supplies.  

Ranking Supplies Final Total Flow 

Alternative 4 (A4) S4 - Chromatography System 0,09 
Alternative 1 (A1) S1 - Flow Computer 0,04 
Alternative 2 (A2) S2 - Ultrasonic Flowmeter -0,03 
Alternative 3 (A3) S3 - 24” Ball Valves -0,09 

Source: PROMÉTHÉE GDSS Software Data. 
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techniques to provide DM with the support needed to achieve their goals 
related to SCRM [140]. 

Thus, this research presents a methodology and a mathematical 
model applied to the SCRM of EPC-LSP from the OGI to establish a dy
namic and complete prioritization of critical supplies throughout the 
project’s life cycle. This proposal aims to assist the managers’ DMG 
process in defining possible critical supply scenarios. Here, it is neces
sary to direct resources to minimize delays, excess costs, reduced pro
ductivity ([41,72]/ 2013), worsening of image, low financial 
performance of the industry [133], and disruption of SC [36]. 

According to Zsidisin and Henke [140], problems of SCRM in 
EPC-LSP are actual examples of a process that depends on the use of 
MCDM methods to identify a set of possibilities (alternatives) that are 
evaluated, considering several conflicting threats (RF/Criteria) by 
several professionals involved in the SC operation. 

The model’s criteria (Tables 4 and 5) are defined by identifying RFs 
through literature and applying questionnaires to specialists in two 
steps. However, the alternatives are defined based on a supply list of an 
actual EPC-LSP from Brazil’s OGI (Table 6). During the supply assess
ment process, both the methodology and the model allowed each DM to 
define the criteria to be used. It also allowed for checking the results of 
each DM’s individual prioritizations and their stability intervals through 
a sensitivity analysis. It is worth mentioning that the prioritization ob
tained can be changed, depending on the decision maker’s weights, 
when one wants to simulate prioritizations with DM of various hierar
chical levels in the organization. In addition, prioritization can also be 

affected depending on the expertise and number of DMs evaluating the 
RF and problem data (Table 7). 

Several studies indicated that the lack of effective RM was the 
leading cause of the high number of unsuccessful EPC-LSPs in the past 
[78,139]. This fact is observed in the studied EMED project when 
comparing the project’s priorities with that obtained in the model (in 
4.2), considering the supply characteristics at the time (Table 7). This 
comparison shows that the model’s prioritization allowed for the early 
identification of critical supplies, which could not be identified with the 
criteria adopted when the project was carried out. 

Despite the rich literature on RM and the dizzying increase in pub
lications on SCRM owing to the recent crises and memorable catastro
phes, and their impact on global SC [123], there are only a few SCRM 
research projects applied in the specific context of EPC-LSP [119,127]. It 
is important to also note the scarcity of (1) research with clear, empirical 
definitions [123] and (2) studies of practical and specific nature [82] 
ready to be applied directly in the business environment. 

These aspects are mainly due to these projects’ specific context, 
which induces a unique risk exposure with specific risk sources, driven 
by the complicated technical nature, the lengthy timelines, numerous 
interfaces, and diverse stakeholders. Existing work in the field concludes 
that “the lack of predictability of most major projects has become 
painfully apparent [111].” Therefore, predicting and detecting risks is 
not easily possible using standard SCRM tools for EPC-LSP. Accordingly, 
sufficient risk identification and minimization is a significant challenge. 
Thus, there is a clear need for more robust and useful analytical tools to 
identify and model SC risk sources for EPC-LSP [32,106]. 

6. Conclusion and implications for future research 

Based on the findings of this study, we can conclude that the research 
problem was solved, and the questions were answered by applying the 
solution validated by specialists. As a contribution, managers, com
panies, and organizations could adopt this solution as a practical and 
dynamic tool to support decision-making. This fact especially holds true 
in possible critical supply scenarios, where it is necessary to direct re
sources to minimize risks and other impacts to EPC-LSP SC. Another 
novelty refers to the critical risk factors identified, originating from an 
extensive literature mapping covering the three pillars of sustainability. 
Moreover, this research fills the literature gap, given the lack of studies 
that propose clear, practical, and specific tools for SCRM in EPC-LSP. 

The limitations of this research are related to scoping. The problem 
was solved by considering a large-scale EPC project for the oil and gas 
industry. Non-compensatory criteria, a limited number of alternatives, 
the definition of weight, and the expertise of the specialists to obtain the 
ranking using the PROMETHEE GDSS method. 

Fig. 7. Individual and final ranking 
Source: PROMÉTHÉE GDSS Software Data. 

Table 10 
Normalized stability intervals.  

Decision Makers Stability Range – SR 

1 0,00–0,29 
2 0,00–1,00 
3 0,00–0,14 
4 0,00–0,21 
5 0,00–0,18 
6 0,00–0,27 
7 0,00–0,51 
8 0,00–0,51 
9 0,00–0,17 
10 0,00–0,16 
11 0,00–0,16 
12 0,00–0,51 
13 0,00–1,00 
14 0,00–0,37 
15 0,00–0,13 
16 0,00–0,32 

Source: PROMÉTHÉE GDSS Software Data. 
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Another limitation is related to the application of a case study. Some 
authors are critical of establishing generalizations from one or more case 
studies applied to a given problem. However, this methodology has 
increased interest in the literature, mainly due to the need to aggregate 
current data to support the results. In addition, according to [138], this 
method is suitable for investigating new concepts and assessing how the 
theory is applied and used in practice. 

This methodology can be replicated in other industries as long as 
these industries use large-scale EPC projects as the primary delivery 
model for products and services. In this way, we understand that the 
approach was considered adequate, providing an excellent essence of 
critical RF that impacts OGI’s EPC-LSP SCs and a practical application of 
the model based on the PROMÉTHÉE GDSS method. 

These limitations could inspire academics in their future research 
agendas. It could help validate this proposal in other projects and allow 
for a better evaluation of its efficiency. Further, validating the present 
findings in the context of different industries, such as mining, defense, 
aerospace, energy, and infrastructure, could deliver valuable insights 
into this field. 
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Metamodelo de simulação. Itajubá: Tese de Doutorado. Universidade Federal; 
2019. Available in. http://repositorio.unifei.edu.br/xmlui/handle/12345 
6789/1995 (Accessed: 20 Febr 2021) 

[102] Olson DL, Wu DD. Enterprise Risk Management Models. Heidelberg: Springer; 
2010. 

[103] Pal R, Wang P, Liang X. The critical factors in managing relationships in 
international engineering, procurement, and construction (IEPC) projects of 
Chinese organizations. Int. J. Proj. Manag. 2017;35:1225–37. https://doi.org/ 
10.1016/j.ijproman.2017.05.010. 

[104] Pero M, Moretto A, Bottani E, Bigliardi B. Environmental Collaboration for 
Sustainability in the Construction Industry: An Exploratory Study in Italy. 
Sustainability, 2017;9:125. https://doi.org/10.3390/su9010125. 

[105] Pettit TJ, Croxton KL, Fiksel J. Ensuring supply chain resilience: Development and 
implementation of an assessment tool. J. Bus. Logist. 2013;34:46–76. https://doi. 
org/10.1111/jbl.12009. 

[106] Pinnells JR, Pinnells E. Risikomanagement in Projekten: Internationale Wagnisse 
identifizieren und minimieren. Wiesbaden: Gabler Verlag; 2007. 

[107] PMI. Practice Standard for Project Risk Management. 4th ed. Newtown Square, 
PA: Project Management Institute; 2009. 

[108] PMI. Um guia do conhecimento em gerenciamento de projetos. sixth ed. Newtown 
Square: Project Management Institute; 2017. 

[109] PMI, Practice Standard for Project Risk Management. Project Management 
Institute. Fourth ed. Pennsylvania: Newtown Square; 2009. 

[110] Rangel LAD, Gomes LFAM, Cardoso FP. An application of the TODIM method to 
the evaluation of broadband Internet plans. Pesquisa Operacional (Impresso) 
2011;31:235–49. 

[111] Rolstadås A, Hetland PW, Jergeas GF, Westney RE. Risk Navigation Strategies for 
Major Capital Projects: Beyond the Myth of Predictability. Dordrecht: Springer; 
2011. 

[112] Roy B. The outranking approach and the foundations of electre methods. Theor. 
Decis. 1991;31:49–73. https://doi.org/10.1007/BF00134132. 
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