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Abstract: The necessity of sustainability evaluation is rapidly growing alongside the 

expansion of civilization. Likewise, the supply chain suitability improvement is a need that 

has arisen in the petroleum industry, especially as it is responsible for the most part of CO2 

emissions in the atmosphere. The modeling of this kind of problem deals with multiple 

criteria evaluations. This paper proposes an original multiple-criteria based approach to 

classifying the degree of organizational sustainability. This proposal was applied to 

evaluate a representative set of companies, which are suppliers of the Brazilian petroleum 

industry. The data collection was supported by a questionnaire. The results highlight that 

the studied companies have not yet reached an advanced level of maturity in the 

sustainability context. In a comprehensive vision of sustainability based on Triple Bottom 

Line (TBL), these companies are either in the initial stage or in the implementation phase 

of the sustainability practices. 
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1. Introduction 

In accordance with the proposal of the Triple Bottom Line (TBL), it is necessary to consider social, 

economic and environmental aspects when it comes to policies for sustainability in an integrated way. 

This feature turns the evaluation of sustainability into a problem that involves several aspects. 

Therefore, the multi-criteria methods seem to be the most suitable for the investigation of this matter. 

Another important aspect associated with the development (sustainable or not) of the companies is 

the provision of energy. Even with the search for alternative energy sources, the use of fossil fuels, 

such as oil and gas, still effectively participates in the provision of energy in the early twenty-first 

century. Due to the impacts caused by the use of this type of energy source, it becomes essential to 

develop mechanisms to assess the effects on the sustainability caused by members of the supply chain 

associated with the oil and gas industry. Brazil was chosen because it is an emerging economy with 

great potential for economic growth in the long term. Apart from this, the country has great potential to 

become an oil exporter in the next decade. 

This work aims to build a multi-criteria model for the classification of the degree of sustainability 

of organizations that work in providing supplies to the oil and gas industry. 

After an analysis of sustainability evaluation studies in the literature, we constructed a benchmark 

for quality valuation of this subject based on a set of criteria grouped in three dimensions: economic, 

environmental and social. A questionnaire was constructed and was applied to a group of supplier 

companies of the oil and gas industry. The data collected by the application of this questionnaire were 

submitted to the ELECTRE TRI sorting algorithm. This procedure makes it possible to obtain a 

classification of the degree of sustainability for the surveyed organizations. It is important to highlight 

that the processes of data collection and the application of ELECTRE TRI were observed and 

evaluated in order to identify the feasibility and the difficulties of this model implementation. 

For this reason, the results of this work neither fit into the context of a prescription, nor do they 

intend to describe the stage of the sustainable practices in the Brazilian oil and gas industry as a whole. 

This work consists of seven sections. The first section is the introduction. Section two reports on the 

central concepts associated with the sustainability issue. Section three reports on the main aspects 

associated with the suppliers of the oil and gas industries. Section four presents the basic concepts of 

ELECTRE TRI. Section five describes the modeling of a multi-criteria problem. Section six presents 

the results, and Section seven reports the findings of the research. A list of references can be found at 

the end of the paper. 

2. Sustainability: Concepts and Definitions 

In order to remain competitive was addressed the need for paradigm shifts in companies’ policies in 

the oil and gas industries [1]. Among the changes proposed in this work, we highlight the need for 

more transparency, better practices of corporate governance, and an increase in partnerships marked  

by symbiosis. 

Sustainability has three broad components, often described as “people, planet and profits” [2]. 

Organizations need to be aligned with the concept of The Triple Bottom Line (TBL) in order to 

develop the dimensions mentioned before. The main objective of the concept is to highlight that 
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reports describing the performances on environmental and social spheres have the same importance of 

financial reports. Thus, as consequence, a more comprehensive view of the business activities is 

achieved, in a more responsible approach. 

Other proposals to evaluate sustainability have been considered to be incorporated in the TBL 

model. To the former dimensions (environmental, social and economic) was added, for example, the 

spatial and cultural dimensions [3]. However, it is plausible to consider that the spatial dimension 

could be included as part of the environmental dimension analysis, as well as that the cultural 

dimension could be included as a part of the social dimension. 

TBL can be considered a conceptual view with a measurement of the inter-relationships between 

the dimensions of sustainable development: eco-environmental, eco-social, social-environmental and 

social-eco- environmental [4]. 

This TBL concept synthesizes and emphasizes as an important instrument in the implementation of 

organization sustainability [5–12]. 

2.1. Economic Aspects of Sustainability 

The economic dimension of sustainability evaluates the economic capacity needed for companies to 

be able to increase their value in the long term. The economic dimension is also linked to the 

relationships that companies develop with their shareholders and investors. Its importance is obvious 

and is related to the organization’s financial health in the short and long term [4]. 

However, to the TBL’s concepts was pointed the need of joint analysis of the economic and the 

other aspects included in this own concept [13]. Economic sustainability requires efficient allocation 

and management of resources in a social area with large investment flows. 

The paradigm is the integration of the economy, environment and society, led and carried out jointly 

by three major groups: entrepreneurs, government and civil society organizations [14]. A relevant issue 

was added: How the environmental investments are translated into financial returns for the corporate 

businesses and to what extent the private sector must assume responsibility for the public areas and for 

the social development [15]? 

Many times, the higher costs associated with social and environmental projects restrict the 

investments in these fields. This is the most relevant conflict regarding the discourse and the practice 

of sustainability inside the organizations. 

2.2. Environmental Aspects of Sustainability 

Environmental sustainability requires prioritization of research on the use of renewable natural 

resources, development and use of cleaner technologies, conservation and recycling of resources and 

energy, effective legislation for environmental protection, control, mitigation and compensation of the 

negative environmental impacts, and environmental education [13]. 

Environmental aspects of development are examined through the transition from traditional 

economy, centered in economic growth and wealth accumulation, to green economy, which is based on 

responsible development and is interested in the economic growth impacts on society [16]. In Table 1, 

we can see the differences between the concepts regarding traditional and green economy. 
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Table 1. Another way of economic thinking. 

Name Objective Environment 

Conventional economic Promotion of economic growth Narrow concern with scarce resources 

Conventional ecological 
Sustainability of the ecosystem 

and its species 

Directly responsible for the ecosystem 

and its species 

Ecological Economic 
Sustainability of the ecological 

economic system combined 

It is inserted in the economic system in 

a special way, not only as given data. 

Source: [16]. 

2.3. Social Aspects of Sustainability 

Social sustainability requires the reduction of inequality among the living standards, a better 

distribution of income, the meeting of tangible and intangible necessities, the search for production 

processes that maintain and respect the roots and characteristics of each culture and local control, and 

the mitigation and compensation of the negative social impacts [13]. 

The social dimension of the TBL concept is associated with the acting responsibly in the company’s 

relationship with the society. This relationship is guided by the legal obligations, minimum conditions 

for their operation, and for the ethical and responsible performance. For instance, legal obligations 

represent the country’s labor laws prohibiting forced labor and regulating working conditions. 

Business ethics should go beyond the minimum required by law and ensure transparent, honest and 

egalitarian processes. The social dimension is also related to respectful treatment of everyone 

concerned with the company and the actions involving society. 

Socially responsible company depends on the involvement of all its members, workers, managers, 

executives and suppliers [17]. Moreover, a socially responsible company is characterized by the 

compliance with the rules of democracy, not seeking to obtain undue advantages or special treatment. 

2.4. Tools to Support the Practice of Sustainability 

The practice of sustainable development requires a balanced combination of the mechanisms of 

command and control, self-regulation and market instruments [14]. Command and control are related 

to government regulations, with performance standards set for products and technologies, emission of 

pollutants, disposal of tailings and so on. 

Companies are adopting self-regulatory initiatives, such as setting targets for reducing pollution and 

controlling the generation process. An example of self-regulation is the adherence to systems such as 

ISO certification. Economic instruments are used by governments to influence the market. Some 

examples can underline the situation mentioned before, such as the inclusion of taxes and charges on 

pollution, price differentials to encourage or discourage products that are or are not environmentally 

appropriate, among others. A list primary tools can be used for implementing environment strategies 

that are in according to the structural capacity of the company and the different stages of evolution of 

business models [15] 

Environmental Management System–EMS; 

ISO 14000; 

BS8800 and OHSAS 18001; 
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Life Cycle Analysis (LCA); 

Design for environment; 

Cleaner production technology; 

Environmental shareholder value; 

Stakeholder value; 

Environmental Impact Assessment and Environmental Impact Report (EIA/RIMA). 

Based on, but not limited to, main tools for monitoring the sustainable aspects are cited and briefly 

described [15]. In order to do this, the concept supporting each tool is described, as well as its 

application form in the context of what has been found as reference. This is a necessary exposition, and 

it will be used as a foundation to evaluate the proposed indicators. 

3. The Oil and Gas Industry 

Three major groups in the oil and gas industries are segmented: Upstream—exploration and 

production—Midstream—transportation and refining—and Downstream—distribution of products and 

derivatives [18]. 

The upstream can be considered the main block by different industrial characteristics. It is the stage 

with highest investments and in which new products are frequently being developed. This stage is 

more complex than the others. The upstream stage covers all, from exploration to discovery of 

reservoirs, passing through regular production and operation, which includes drilling and completion. 

The completion of wells, the costly and risky process of pilot drilling, assembly and operation of 

platforms (if offshore exploration) are examples of activities in this stage. 

The industry is divided in two major groups: upstream and downstream [19]. Thus, the downstream 

becomes the set of activities in charge of the oil transportation to the consumers, going through 

refining and distribution. 

The refining and transportation segments (downstream) include the distribution of crude oil and gas 

to derivative production units. Large pumps and compressors, steam turbines, furnaces, towers, 

pressure vessels and systems of supervisor control, are the most relevant materials and equipment. The 

mechanical maintenance and the assembly of industrial plants, pipelines and storage systems are the 

primary services. 

As shown in Table 2, sub-classifications and the major materials and equipment used, are 

completed with other equipment [20]. 

The equipment, materials and services for the oil and gas industry are generally offered with a high 

level of customization. Often, the product or service needs to be specially developed under specific 

condition of a given process. The large supplies of equipment for refineries include motors, pumps, 

compressors and other equipment that allows control of the refining process. This equipment is 

developed for the existing condition of the refinery process, so it is specific and specially designed. 

The same thought is applied to the development of special equipment for different operating conditions 

in the upstream stage. 

In the Brazilian supplying market for the oil and gas industry, it is observed that, in order to meet 

the growing demand of new projects of Petrobras, foreign manufacturers have opened new branches 

and new offices or manufacturing plants in Brazil. In the late 1920s, most foreign companies decided 
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to build partnerships with Brazilian suppliers settled in Brazil (ANP—National Agency of Petroleum, 

1999) in search of the nationalized projects. 

Table 2. Major equipment of the oil and gas industry. 

Phase Main materials and equipment Main services 

Upstream 

Seismographs, explosives,  

main-frames, pipes, flexible lines, 

large turbine generators, pumps  

and compressors. 

Geophysical survey and processing of soil, well 

log rendering and conformation assessment; well 

drilling and cementing; chartering of vessels to 

support the launch of submerged lines 

Downstream 

Large pumps and compressors, 

steam turbines, furnaces, towers, 

pressure vessels and supervisory 

control systems. 

Mechanical maintenance and assembly of 

industrial plants, pipelines and storage systems. 

Source: Adapted from [20]. 

In the late 1920s, the National Agency of Petroleum, Natural Gas and Biofuels (ANP) was created 

with the aim of regulating the activities relating to oil, natural gas and biofuels, which then ceased to 

be a government monopoly. Among various duties of this agency, regarding oil refining, ANP allows 

companies to build, operate and expand refineries and plants for the processing and storage of natural 

gas, and to transport oil, oil-derived products and natural gas. 

However, its major efforts are linked with biddings for the concession of oil well operation by 

interested companies, hence ending the monopoly. Among the various regulations imposed by the 

agency to the applicants since the first round of bidding, ANP has established a scoring system in its 

auctions that combines the financial bid with a commitment to purchase local goods and services—The 

Local Content Plan. ANP has incorporated the criterion of nationalization degree in the selection of 

exploration areas. Thus, the concern with the domestic industry development was reaffirmed. 

Considering that the opening of the Brazilian oil industry to private investments should also provide 

opportunities to increase the competitiveness of the national suppliers, ANP and the several 

representations of the industrial sectors have debated, defined and proposed mechanisms to stimulate 

future utility companies to purchase domestic goods and services. Since operating under competitive 

conditions comparable to the international standards, there would be a natural preference for local 

delivery. This has been considered, because of the comparative advantages, e.g., the use of national 

currency and local language, the convenience of technical and post-sales services, and the supply of 

parts and components for machines, among others. 

4. Indicators for the Evaluation of Sustainability 

The result of a joint effort of the API (American Petroleum Institute) and the IPIECA. (International 

Petroleum Industry Environmental Conservation Association) is a guide for voluntary reporting of 

sustainability in the oil and gas industries. This guide sets out a proposal of indicators directly related 

to the oil and gas industry, both internally in its process, and externally in its relations with 

stakeholders. A particular criterion of this indicator system is the health and safety of employees, 

which is an additional dimension beyond those already defined by the concept of The Triple Bottom 
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Line. The reason to include this item is the potential risk classification of processes and products 

comprehended by the oil and gas industry [21]. In summary, IPIECA & API aim to develop and 

promote solutions that can be socially and economically viable for the oil and gas industry.These 

organizations provide a forum for discussion and their members are committed to 

 Contribute to the sustainable development and provide secure and renewable energy with social 

and environmental responsibility; 

 Run their operations and activities with ethics; 

 Develop and promote the implementation of practices and solutions with other segments of the 

oil and gas industry; 

 Engage their stakeholders considering their expectations, ideas and visions, and work jointly 

with governmental and non-governmental organizations. 

Another widespread indicator system is the Dashboard of Sustainability. It is a tool developed by 

Consultative Group on Sustainability Development Indexes (CGSDI). The mission of this advisory 

group is promoting cooperation, coordination and strategies among individuals involved in developing 

and using sustainable development indicators [22]. The Dashboard of sustainability contains four 

dimensions: (a) ecological (water, soil and air quality and level of toxic waste); (b) economic (level of 

employment, investment, productivity, income distribution, competitiveness, inflation and efficient use 

of materials and energy); (c) social (quality of health, level of violence, poverty, education, 

governance, military spending and international cooperation); and (d) institutional (development level 

of science and technology and monitoring of local sustainable development). 

The model of the Dashboard of Sustainability is an important tool to assist decision makers, public 

or private ones, in rethinking their development strategies and setting goals [22]. Its use is widely 

disseminated in the sustainability analysis of nations, countries and regions. By presenting the 

performance in several dimensions of the sustainability, and in such an easy way to understand that the 

Dashboard of Sustainability is officially recognized by the United Nations and the Eurostat (the 

Statistical Office of the European Communities). Dashboard of Sustainability as a structural indicator 

is applied by European Communities [23]. 

The Environmental Sustainability Index (ESI) was introduced in 2002 at the World Economic 

Forum by researchers from Yale and Columbia. It is based on five components: (a) environmental 

systems; (b) reduction of the environmental pollution; (c) reduction of human vulnerability; (d) social 

and institutional capacity; and (e) global responsibility. This index is composed of 21 indicators 

associated with 76 variables [16]. 

The financial market represented by the New York Stock Exchange (NYSE) and Bovespa  

also looks for ways to award the companies acting responsibly. Sustainability is defined as “creating 

long term value for shareholders by exploiting opportunities and managing risks derived from 

economic, social and environmental developments” [4,24].The Dow Jones Sustainability Index (DJSI) 

established in 1999 defines, classifies and ranks the companies according to sustainability criteria. The 

index includes the three highest ranked companies in each of the 68 industrial categories used by the 

family of Dow Jones indexes. The criteria are: 

 Transparency 

 Distribution of Wealth 
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 Quality of Life 

 Awareness of Environmental Risk 

 Use of Resources 

 Global Warming 

 Valuation of Natural Resources 

 Advancement of Technology and Innovation 

 Corporate Learning 

The Bovespa, in time, has created the Corporate Sustainability Index of Bovespa (ISE). The ISE has 

developed a portfolio comprising shares of companies that have best performed in all dimensions of 

corporate sustainability. It has been created to become the benchmark for socially responsible 

investment and also an inducer of the good practices in the Brazilian capital market. 

The indicator is calculated by BOVESPA in real time throughout the trading day, considering the 

prices of the last trades carried out in the spot market. The stocks of the companies participating in ISE 

were selected in terms of liquidity. The ISE portfolio is weighted for the market value of each 

company’s assets. 

The approach of the Ethos Institute, in a social perspective of the social responsibility of the 

enterprise, can be used as a tool for comparative analysis [25]. Many other indexes were introduced 

regarding the Corporate Social Responsibility (CSR) in the first decade of this century. Evaluation 

systems like the Dashboard of Sustainability, Barometer, Global Reporting Initiative (GRI) and the 

Dow Jones Sustainability Index are based on the classical concept of sustainable development as 

defined by the Brundtland Report [4]. However, GRI and the Dow Jones Sustainability Index reflect 

the business environment by means of TBL’s concept. Among all of these, the GRI underlines the 

importance of outlining a sustainability strategy. Hence, GRI is the most complete because it includes 

a guide for the organizations on how to define the sustainability goals at all levels. Besides, GRI 

suggests the inclusion of sustainability targets in the variable payroll of the organization along with 

other organizational goals. 

It’s proposed the Method of Evaluation of Sustainability Indicators (MESI) [26]. The concept used 

by Oliveira is based on the model of sustainability proposed by Sachs with four dimensions (economic, 

environmental, social and cultural) [3,26]. To evaluate the status or phase of the indicator (under 

implementation, implemented, formalized, certified, and in use for continuous improvement), was used 

a rating scale [26]. After evaluation of the score, this score is aggregated into a “scoring” system to 

classify the organization in the face of its sustainability practices. The valuation indicators follow the 

original methodology and occur in three phases. In each phase, a value corresponding to the situation 

of the company is assigned on a scale from 0 to 3, as can be seen in Table 3. Thus, each indicator may 

receive the maximum Grade 3 in each phase, if successfully assessed, amounting to a maximum score 

of 9 in every aspect. The phases are: 

 D—Development or existence of any policy or procedure. It represents the organization’s 

proactivity in following up the indicator development, if there is any concern whatsoever 

regarding its control; 

 I—Implementation of the procedure adopted or planned. Questions the existence of actions to 

control, even on informal levels; 
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 V—Verification and control adopted in the pursuit of continuous improvement. It reflects the 

use of information learned as a consequence of improvement in the control process. 

Table 3. Allocation of value for stage. 

Stage “D”—Stage existing for development of the indicator 

0 No indicators; 

1 
An indicator informally exists in the organization, i.e., there is no 

documented records regarding its application; 

2 
The indicator existence is noted and is formally recorded, but there  

is no practice of it on a day-to-day basis; 

3 

The indicator exists and is part of the organization’s formal policy and 

is practiced and known by all stakeholders. There is an organization 

commitment to its practice; 

Stage “I”—Implementation of the procedure adopted or planned 

0 The indicator is not implemented; 

1 The first indicator has been implemented to 30%; 

2 The second indicator has been implemented to 70%; 

3 The indicator has been implemented entirety; 

Stage “V”—checking or control of continuous improvement 

0 There is no verification and/or control of the indicator; 

1 An informal verification and/or control exists 

2 
A formal process of verification and control exists, but it does not serve 

as a tool for corrective or preventive actions; 

3 
There is verification and it is used as a base for the organization’s 

continuous improvement in pursuit of organizational excellence. 

Source: [26] (p. 100). 

5. Principles of the ELECTRE TRI Method 

This study reviews the new integrated indicator system for strategic environmental assessment 

(SEA) [27].This integrated indicator system combines environmental and non-environmental issues 

and can be used for retrospective and predictive assessments as applied with SEA of development in 

Pudong New Area, Shanghai, China. 

Another reviewed application was reported [28]. They developed some environmental performance 

indicators (EPIs) involving environmental impacts. This study tailored EPI for the Norwegian defense 

sector and made it feasible to report achievements of the environmental sector. 

In the North American context—Vancouver’s Vital Signs (Vancouver Foundation), Seattle’s 

Happiness Initiative and LEED-ND (US Green Building Council) was raised attention the need for a 

decisive policy change by a comparative analysis of three sustainability indicator systems [29].These 

cases have shown some important outcomes toward including a new policy boundary as a political 

contribution to government. 

In order to progress toward the sustainable development, it is important to use internationally 

recognized indicators and tools. As a dynamic tool for the management of environmental, social and 

economic information was measured the sustainability in urban areas and studied the development and 
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the application of a system of indicators [30].This system was applied to a case study using the Greater 

Thessaloniki Area, Greece, a regional place with considerable socio-economic development. 

The decision-making process in a complex environment involves the consideration of multiple 

criteria and should be modeled of this way (MCDA) [31–35]. The solution of the problem depends on 

a number of people, each having their own point of view, often conflicting with the others [36]. 

MCDA methods are classified into the following categories: (a) multi-attribute utility theory (MAUT); 

(b) interactive methods; and (c) methods of outranking [37]. 

In the outranking methods, a finite set of alternatives—denominated by the letter “A”—valued by a 

family of criteria—denominated by the letter “F”—are used to build relations between the alternatives, 

based on the valuations established by the decision maker. The building of this relationship is based on 

a non-compensatory logic that privileges more balanced choices. 

The best-known family of subordination methods is the ELECTRE family (Elimination Et Choix 

Traidusaint la Réalité). These methods has been adopted in support of the decision-making process [38]. 

The ELECTRE family consists of the following methods: ELECTRE, ELECTRE II, ELECTRE III, 

ELECTRE IV, ELECTRE IS and ELECTRE TRI [38–44]. 

The ELECTRE TRI method is characterized by dealing with specific problems of ranking.  

Given a vector “A” of alternatives, this alternatives are associated with a set of ordered classes  

C = [C1, C2, ....., Cn]. 

This is done by considering the performance of “A”, a vector of one set of criteria  

F = [g1, g2, ..., gm]. Figure 1 illustrates a set consisting of (p + 1) classes, delimited by the threshold  

p of the classes. A generic class—denominated by Ch—is delimited by a lower threshold (bh) and an 

upper threshold (bh − 1). 

Figure 1. Classes of equivalence ELECTRE TRI. 

 
Source: [43,44]. 

This method integrates functions that support the decision-maker in the process of resolution and 

reduce the cognitive effort required in the modeling phase [43,44].The ELECTRE TRI ranks the 

alternatives by following two consecutive steps: (a) to build a subordinate vector S—denominated by 

Cp+1

bn

b2

b1

CP

C2

C1

Classes Limites

n-1b
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the letter “S”—which characterizes how the alternatives are compared to the class boundaries, and (b) 

to explore the S relationship through classification procedures. 

5.1. Relations of Subordination and Credibility in the ELECTRE TRI 

The relations of subordination were constructed in order to allow a comparison with an alternative 

to a standard threshold (bh). aSbh statement means that “a does not have a worse record than the 

threshold (bh)”. As for validation of aSbh assertion, it is necessary to observe two conditions: 

 Concordance: for a claimed aSbh—or bhSa—to be accepted, there must be sufficient criteria to 

support it. 

 Non-discordance: when the condition of concordance is not met, none of the criteria in the 

minority should oppose aSbh—or bhSa—assertion. 

 The following steps are taken in order to found this relationship: 

 Compute the partial concordance index cj (a, bh) and cj (bh, a) 

( ( )) [ ( ) ( )]
( , )

( ( )) ( ( ))

j j j j

j

j j j j

p g a g bh g a
c a b

p g a q g a

 



 

(1) 

 Compute the overall concordance index c (a, bh) 

1

1

1
( , ) ( , )

j j

j j jj n j

jj

C a b w c a bh
w



 



 


 
(2) 

 Compute the partial discordance index dj (a, bh) and dj (bh, a) 

j j j

j j j

1,   se  g (bh) [g (a) ]

( ) ( )

( , )

0,   se  g (bh) [g (a) ]

j j j

j jj

v

g bh g a p

v pd a bh

p

 


  


 


  



 (3) 

 Compute the fuzzy relationship of subordination as the credibility index  (a, bh) 

[1 ( , )]
( , ) ( , ).

[1 ( , )]

j

j A

d a bh
a bh C a bh

C a bh








  (4) 

 Determine a λ cut off level of fuzzy logic for a relationship of subordination. That is:  

If  (a, bh)  λ  aS bh 

In these equations: 

 pj, qj and vj are, respectively: preference, indifference and veto threshold limits of the criterion j. 

 wj is the weight of the criterion j. 
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The credibility degree of the reported relationship  (a, bh) expresses how likely is to “believe” that 

“a subordinate (bh)” is consistent with the overall concordance index cj (a, bh) and the discrepancy 

index dj (a, bh). 

The translation of a fuzzy relationship of subordination obtained through the relation of 

subordination S is made under the assumption of a level λ at the cut-off. This λ level of cut  

off—denominated from now on just λ—is considered the smallest index value of credibility consistent 

with the statement of “a subordinate sbh”. That is, if  (a, bh)  λ, so aS bh. 

5.2. Procedures for Classification 

The role of exploration proceedings is give possibility to investigate the different possible ways to 

compare an alternative “a” with the standard set for the class in which “a” should be included. Two 

classification procedures are evaluated: 

 The procedure of descending ranking is described as follows: 

(1) Compare “a” successively with bi, for i = p, p − 1, ..., 1. 

(2) Find the threshold (bh) that is the first threshold in the order “a bh”. 

(3) Sort a class among the (Ch + 1) classes, i.e., class bounded below by the threshold (bh). 

 The classification of ascending procedure is described as follows: 

(1) Compare successively with bi, i = 1, 2, ..., p; 

(2) Find the first (bh) whereas (bh) > “a”; 

(3) Classify “a” in the class bounded above by this threshold, i.e., Classify “a” in class Ch. 

It’s suggested that the divergence of classifications is common in situations where there are 

conflicting criteria (for example: the cost and quality), where divergence should not be considered a 

flaw in the modeling [45]. So, when there is divergence between ratings, either pessimistic or 

optimistic, the classifier must adopt one of the two classifications according to his profile (more 

demanding or less demanding). 

6. Construction of the Multi-Criteria Model 

Based on concepts related to supply chain management systems and indicators for assessing 

sustainability was developed a system for the sustainability evaluation, with specific focus on the 

evaluation of supply organizations for the oil and gas industries [46]. For categorizing companies 

according to sustainability degree, this research explores the application of ELECTRE TRI method as 

an algorithm on the multi-criteria data [46].The following steps undertaken in this modeling can be 

seen in the next topics. 

6.1. Definition of the Set of Criteria and Assembly of these Dimensions of the Sustainability 

The criteria set, from the theoretical review on sustainability, became an indicator of the 

sustainability evaluation, and was validated by an Expert Committee (EC) composed of five experts in 

at least one of the matters of Supplier Selection or Sustainability Evaluation. 
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The criteria were grouped by the following dimensions: environmental, economic and  

social-development, i.e., the dimensions covered by the Triple Bottom Line. Following is the criteria 

list grouped by dimensions: 

 Economic indicators: 

• Indicator of the average rate of return over the capital employed—profit in publicly traded 

companies—is widely adopted; 

• Indicator of performance in research and development—investments, relationship with 

universities, innovation in products and processes; 

• Indicator of investments in domestic technology—favorable trade conditions are provided upon 

proof of consumption under the local content conditions; 

• Indicator of corporate governance—practices like the transparency improvement, the 

relationship with investors or the quality of released reports can be used; 

• Indicator of the management of processes, products and services—indicators of the production 

process control. The compliance with ISO substantially contributes to the existence of these indicators; 

• Indicator of the suppliers and the market—indicators of business performance and credibility; 

• Indicator of the engagement in development programs—participation in organized entities and 

associations like the Brazilian Association of Oil and Gas Industries, and the use of incentive 

mechanisms like Repetro and Prominp. REPETRO is a Brazilian special customs regime that 

allows the import of specific equipment to be used directly in research activities and exploration 

of petroleum and natural gas, without the incidence of Brazilian federal taxes, such as additional 

freight charges for the renewal from the merchant marine. PROMINP has been established and 

coordinated by the Brazilian Ministry of Mines and Energy with the objective of maximizing the 

market share of the Brazilian industry of goods and services, by promoting sustainable and 

competitive conditions for the implementation of oil and natural gas projects. 

 Environmental indicators: 

• Indicator of energy efficiency and renewable energy—can be measured by the existence of 

bilateral contracts of renewable energy or the energy saved by using alternative technologies or 

the energy saved by economic cooperation; 

• Indicator of control of the industrial aspects and impacts—a clear identification of the aspects 

and impacts caused by the production process is the minimally necessary criterion to score the 

basic points, because it already presupposes the definition of indicators; 

• Indicator of proper treatment of waste—percentage of waste reused, recycled; 

• Indicator of evaluation of the product life cycle—durability of equipment and monitoring of  

raw materials are indicators that can be used, including materials for packaging and 

transportation structure; 

• Indicator of supplier evaluation—relationship with the environment. Presupposes respect for the 

environment among suppliers; 

• Indicator of the use of water—measurements related to the use and reuse of water. Indicators 

such as water treated and reused, when applicable, or the ratio representing the company’s 

consumption of water. 
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 Social indicators: 

• Indicator of employee satisfaction—some companies carry out a satisfaction survey among their 

employees. Records of complaints or the turnover rate of employees in the company can also  

be used; 

• Indicator of education and training investments—the investments in education can be considered 

an indicator, as well as the training hours; 

• Indicators of health and safety at work—the number of accidents and time loss are examples of 

these indicators; 

• Indicator of performance of the remuneration variable—when this applies, it can be represented 

by remuneration or other indicators for this purpose; 

• Indicator of interaction with the stakeholders—the interaction with stakeholders can be measured 

by the number of projects undertaken or the number of employees involved in programs of 

support to the society, for example; 

• Indicator of supplier evaluation—can be measured by the treatment of specific requirements 

defined by the buyer or in accordance with a general standard; 

• Indicator of the inclusion of minorities—ratio of women and men in relation to the total number 

of employees, another indicator can be the participation of learning employees in the  

production process; 

• Indicator of the community’s independence level from the company—although difficult to measure, 

the ratio between the taxes paid by the company and the city budget can be a good indicator; 

• Indicator of monitoring of SA8000 requirements—standard eligible for certification, the 

indicator is the certification in this regulation. An intermediate stage also can be considered. 

6.2. Definition of the Alternatives to be Evaluated 

The alternatives are companies that have been vendors for Petrobras—a Brazilian Petroleum 

Company—affiliated with ABIMAQ (Brazilian Association of Machinery Industries) and that have 

also covered the main segments of the oil and gas industries. Another selection criterion is the 

existence of an easy access to information from companies. Thus, we selected the companies that had 

information available on websites and public reports. Many questions are related to commercial 

benefits for the company. Confidentiality can bring competitive advantages to the company. The score 

for each aspect should reflect the current condition of the company. To ensure research credibility, the 

companies’ data came from reliable and trustable sources. 

The final group consisted of five companies producing different products for different applications 

in the oil and gas industry. This is a positive aspect because the model developed can be tested on 

companies using different processes. 

The names of the companies involved in the research are kept anonymous. Hence, we used the 

Greek letters Alpha, Beta, Gamma, Delta and Theta to denominate them. Alpha is a manufacturer of 

large compressors that works essentially at the level of the refining process. Its headquarters and 

facilities are in Europe. Beta is a Brazilian company that manufactures mostly reactors and towers for 

the refining process, it has, however, some complex equipment as: Christmas Trees used for the 

exploration and production process of oil and gas. Gamma is a Brazilian manufacturer of boat shipyard 
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that supports processes such as offshore well drilling and exploration and oil production. Delta is the 

largest company investigated. It is a giant in the American industry of large diesel machines, tractors, 

processors and group generators. Theta is a Brazilian manufacturer of electric motors and large 

generators. The latter two companies have a presence in all the market segments of the oil and gas industry. 

6.3. Preliminary Analysis of the Data Collected 

The companies’ performance data were collected from interviews with experts, one expert for each 

company, and were based on a discrete scale from 0 to 9, with intervals of 1.0 [26,47].Table 4 shows 

the consolidation of the data collected, which represents the aggregation of the scores obtained by the 

company and associated with each criterion. A preliminary analysis of the data in this table indicates that: 

 A rise of the development level has occurred in one of the economic indicators: “indicator of 

the average rate of return over the capital employed”. 

 The second more developed indicator is another economic indicator: “management of 

processes, products and services”. This indicates how mature the indicators’ development in 

this area is. However, in the context of economic indicators, it can be observed that the 

development of the indicators’ “national investments in technology” and “corporate governance” 

is not so mature. 

 A mixed trend in the context of social sustainability can be observed. Concerns about the 

employee life quality, their safety and welfare are common among these companies. In 

contrast, the “impact monitoring” and “relationship with society” are little developed. 

Table 4. Consolidation of data collected. 

Name Criteria  Alfa Beta Gama Delta Teta 

Social 

Sustainability 

Indicator of employee satisfaction; C1 3 9 2 9 8 

Indicator of investment in education  

and training; 

C2 5 7 2 8 9 

Indicators of health and safety at work; C3 6 9 9 5 9 

Indicator of the remuneration  

performance variable; 

C4 3 7 5 9 6 

Indicator of interaction with the stakeholders; C5 6 8 6 8 5 

Indicator of suppliers evaluation; C6 4 3 4 2 5 

Indicator of minorities inclusion; C7 9 6 2 8 3 

Indicator of the community’s level of 

independence from company; 

C8 2 2 2 0 3 

Indicator of the SA8000  

requirements’ monitoring 

C9 8 5 2 5 4 

Environmental 

Sustainability 

Indicator of energy efficiency and  

renewable energy; 

C10 3 1 0 0 9 

Indicator of control of the industrial process 

aspects and impacts; 

C11 8 5 0 5 7 

Indicator of proper treatment of waste; C12 5 4 6 6 9 

Indicator of the product life cycle evaluation; C13 5 5 1 5 5 

Indicator of suppliers evaluation; C14 4 4 6 2 5 

Indicator of the use of water; C15 5 7 5 4 7 
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Table 4. Cont. 

Name Criteria  Alfa Beta Gama Delta Teta 

Economic 

Sustainability 

Indicator of average rate of return over the 

capital employed 

C16 8 9 9 9 9 

Indicator of performance in research  

and development 

C17 4 3 4 1 7 

Indicator of investments in domestic 

technology 

C18 2 6 6 2 6 

Indicators of corporate governance C19 2 2 7 1 7 

Indicator of the management of processes, 

products and services 

C20 9 9 6 9 9 

Indicator of evaluation of suppliers  

and the market 

C21 8 7 4 4 8 

Indicator of engagement in  

development programs 

C22 7 6 2 0 2 

Source: [46]. 

6.4. Results from the Implementation of ELECTRE TRI Method 

The following steps were performed while applying the ELECTRE TRI to the data shown in the 

previous section. 

6.4.1. The Reference Classes 

The scoring scale applied to the data collected has ten scores: from 0 to 9. Hence, ten classes were 

defined: A, B, C, D, E, F, G, H, I, and J. Table 5 presents these classes and their threshold limits  

(upper and lower). 

Table 5. Classes or categories of sustainability. 

 Sustainability Classes Lower Threshold Upper Threshold 

UPPER 

 

 

 

 

 

LOWER 

A 8.5  

B 7.5 8.5 

C 6.5 7.5 

D 5.5 6.5 

E 4.5 5.5 

F 3.5 4.5 

G 2.5 3.5 

H 1.5 2.5 

I 0.5 1.5 

J  0.5 

Source: [46]. 

6.4.2. Definition of the Thresholds of Preference (pj), Indifference (qj) and Veto (vj) for each Criterion 

In order to use the ELECTRE TRI, it is necessary to define the thresholds of preference (pj), 

indifference (qj) and veto (vj) for each criterion. 
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These thresholds are derived from the scale used to judge the performance of each alternative under 

the criteria set. Such thresholds enable to observe the hesitation or uncertainty associated with human 

judgment. The definition of these thresholds takes into account that: 0 ≤ qj ≤ pj ≤ I/2, whereas j is a 

criterion of F and I is the interval between the thresholds of two classes. 

Due to the characteristics of the scale that bears unitary intervals, in the result was I = 1.0, hence:  

0 ≤ qj ≤ pj ≤ 0.5 for all criteria and all classes. We also considered that the scale consisted of several 

integer values, which implies that the results presented by the model are not sensitive to values of  

qj (bh) and pj (bh )  (0, 0.5). Thus, we used the thresholds of preference and indifference of qj and pj 

equal to zero, for all criteria and all classes. 

Based on a consensus decision of the Expert Committee (EC) members, the threshold of veto was 

not enabled in the model. The main reason for this decision by the EC was that all the alternatives had 

already passed through a filtering process when they were built and selected. 

6.4.3. Degrees of Credibility 

Table 6 illustrates the values of the credibility degree of the subordination relation. These values 

were calculated based on the collected data. Among other information, the results of this table show 

that: (a) the credibility degree is 0.09 and the companies Alfa and Delta have a sustainability of class A; 

(b) the credibility degree is 0.18 and Gamma and Beta have a sustainability of class A; (c) a 0.27 

credibility degree is assigned to Alfa, which places it at least in the class B of sustainability; (d) the 

credibility degree of Delta is at least of grade E, since its value is 0.45; and (e) the credibility degree of 

Gamma is 0.77, placing it at least in the class F of sustainability. 

Table 6. Classes of sustainability. 

Organizations 
Credibility Degrees 

A B C D E F G H I 

Alpha 0.09 0.27 0.32 0.41 0.59 0.73 0.86 1.00 1.00 

Gamma 0.18 0.23 0.41 0.55 0.68 0.77 0.86 0.95 1.00 

Delta 0.09 0.09 0.14 0.36 0.45 0.59 0.59 0.86 0.91 

Beta 0.18 0.32 0.32 0.36 0.55 0.64 0.64 0.77 0.86 

Teta 0.27 0.36 0.55 0.64 0.82 0.86 0.95 1.00 1.00 

Source: [46]. 

6.4.4. Implementation of the Algorithm of ELECTRE TRI 

Running the pessimist algorithm of ELECTRE TRI in the MultiCriteria Lab [5] computer system 

and using the credibility degree of 0.75, we obtained the classification results of the sustainability 

degrees of the organizations shown in Table 7. It is relevant to highlight that the choice of the 

pessimistic ELECTRE TRI algorithm was intentional in order to classify the organizations under a 

demanding point of view. 

We can observe that, overall, the sustainability degree of these organizations can be considered to 

be low. The company justification is that the best performance is classified in the fifth category, among 

the ten existing classes. 
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Table 7. Sustainability ranking of surveyed companies. 

Organizations Sustainability Classes 

Alfa G 

Gama F 

Delta H 

Beta H 

Teta E 

Source: [46]. 

6.5. Comparison with the Usual Algorithm of the Weighted Average 

Table 8 shows the ranking that would be obtained if the algorithm of the weighted average was 

applied to the classification of the alternatives, considering the same score as shown in Table 4 and the 

same cutting off plans reported in Table 5. 

Table 8. Classification of sustainability using the weighted average algorithm. 

Organizations Sustainability Classes 

Alpha E 

Gamma D 

Delta F 

Beta E 

Teta D 

Source: [46]. 

Comparing the results presented in Table 8 with those shown in Table 7, we conclude there to be 

contradictions between all classifications. This occurs because the ELECTRE TRI classification 

algorithm softens the effects presented in the compensatory aggregation methods, such as the weighted 

average or sum of points. 

7. Conclusions 

The survey achieved its goal of developing a multi-criteria classification model for evaluating the 

degree of organizational sustainability. The proposed questionnaire, with its methodology and the data 

processing, was applied to classify the suppliers of capital goods for the oil and gas industry, 

considering the economic criteria linked to the respect for the environment and the society to which the  

company belongs. 

The research was essential to consolidate the method as a useful tool to measure the sustainability 

status of the organizations surveyed. 

The data analysis recorded the condition of the organization. The innovative approach using 

ELECTRE TRI added the knowledge that allowed the comparison among the levels of the companies, 

eliminating the compensatory effects of the usual methods. Despite not having the same indicators, the 

companies have similar characteristics, sorted into subgroups of the sustainability dimensions that can 

be compared. 
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The survey also highlights that the studied companies have not yet reached an advanced level of 

maturity in the organizations’ sustainability degree. In a comprehensive vision of the sustainability 

based on TBL, these companies are either in the initial stage or the stage of implementation of the 

sustainability practices. This indicates that the use of the sustainable practices could work as a 

competitive advantage. 

Regarding the sustainability performance, the research is descriptive, so inferences were neither 

sought nor achieved for the sector. The main limitation of this research is that the results found could 

not be generalized. 

A great influence of the monitoring of environmental aspects and impacts and the waste control in 

the companies’ sustainability degree was observed, as can be seen in the data analysis of Table 4. 

Thus, for the development of the method, further criteria associated with this item are suggested. 

Another line of action derived from this work is the extensive application of the instrument to 

collect data in order to formulate general conclusions about the responsible development of companies 

in the equipment industry. 

The method can also be used to raise the possibility that the reason that companies have different 

sustainability degrees might be their involvement with different cultures. 

Acknowledgments 

To the Program on Master in Management Systems at UFF. 

Author Contributions 

José Felipe Figueiredo Barata and Osvaldo Luiz Gonçalves Quelhas, designed research; José Felipe 

Figueiredo Barata, Helder Gomes Costa, Ruben Huamanchumo Gutierrez and Marcelo J. Meiriño 

performed research and analyzed the data; José Felipe Figueiredo Barata, Ruben Huamanchumo 

Gutierrez, Valdir de Jesus Lameira and Marcelo J. Meiriño wrote the paper. All authors read and 

approved the final manuscript. 

Conflicts of Interest 

The authors declare no conflict of interest. 

References 

1. Elkington, J. Triple Bottom Line Revolution: Reporting for the Third Millennium; Australian 

CPA: Melbourne, Australia, 1999; Volume 69, p. 75. 

2. Elkington, J. Cannibals with Forks: The Triple Bottom Line of 21st Century Business; Capstone: 

Oxford, UK, 1997. 

3. Sachs, I. Estratégias de Transição Para o Século XXI: Desenvolvimento e Meio Ambiente;  

Studio Nobel: São Paulo, Brazil, 1993. (In Portuguese) 

4. Delai, I.; Takahashi, S. Uma proposta de modelo de referência para mensuração da 

sustentabilidade corporativa. Rev. Gestão Soc. Ambient. 2007, 2, 19–40. (In Portuguese) 



Sustainability 2014, 6 1126 

 

5. Pope, J.; Annandale, D.; Morrison-Saunders, A. Conceptualising sustainability assessment. 

Environ. Impact Assess. Rev. 2004, 24, 595–616. 

6. Vanclay, F. The triple bottom line and impact assessment: How do TBL, EIA, SIA, SEA and 

EMS relate to each other? J. Environ. Assess. Policy Manag. 2004, 6, 265–288. 

7. Mitchell, M.; Curtis, A.; Davidson, P. Evaluating the process of triple bottom line reporting: 

Increasing the potential for change. Local Environ. 2008, 13, 67–80. 

8. Hacking, T.; Guthrie, P. A framework for clarifying the meaning of Triple Bottom-Line, 

Integrated, and Sustainability Assessment. Environ. Impact Assess. Rev. 2008, 28, 73–89. 

9. Chapman, R.; Milne, M.J. The triple bottom line: How New Zealand companies measure up. 

Corp. Environ. Strategy Int. J. Sustain. Bus. 2004, 11, 37–50. 

10. Ruiz, M.C.; Fernandez, I. Environmental assessment in construction using a Spatial Decision 

Support System. Autom. Constr. 2009, 18, 1135–1143. 

11. Haberl, H.; Erb, K.H.; Krausmann, F. How to calculate and interpret ecological footprints for long 

periods of time: The case of Austria 1926–1995. Ecol. Econ. 2001, 38, 25–45. 

12. Wackernagel, M.; Schulz, N.B.; Deumling, D.; Linares, A.C.; Jenkins, M.; Kapos, V.;  

Monfreda, C.; Loh, J.; Myers, N.; Norgaard, R.; et al. Tracking the ecological overshoot of the 

human economy. Proc. Natl. Acad. Sci. USA 2002, 99, 9266–9271 

13. Bellegard, N.L.; Garcia, F. . Sele  o de projetos de  &D: An lise de utili a  o de op  es reais, 

estrat gia empresarial e m todo de apoio   decis o. In            —                          

                                                 ; SIMPOI 2006: S o  aulo, Brazil, 2006.  

(In Portuguese) 

14. Spindola Correia, B.C.  ortfolius:  m  odelo de  est o de  ortf lio de  rojetos de Software. 

 aster’s Thesis,  niversidade Federal de Pernambuco, 2005, p. 99. (In Portuguese) 

15. Almeida, F. Logística e Operações Internacionais – SIMPOI 2006 – F GVEAESP. In O Bom 

Negócio da Sustentabilidade; Nova Fronteira: São Paulo, Brazil, 2002; p. 191. (In Portuguese) 

16. Alves, C.E.T. Práticas de Gestão Baseadas em Princípios da Sustentabilidade. In Dissertação 

Mestrado em Sistemas de Gestão; Universidade Federal Fluminense: Niterói, Brazil, 2005;  

p. 164. (In Portuguese) 

17. Martins, A.R.P. Desenvolvimento Sustentável: Uma Análise das Limitações do Índice de 

Desenvolvimento Humano Para Refletir a Sustentabilidade Ambiental. In Dissertação Mestrado 

em Engenharia de Produção; Universidade Federal Fluminense: Niterói, Brazil, 2006; p. 138.  

(In Portuguese) 

18. Penalva, R.A.Q. Estudo Comparativo Entre o Estado-da-arte e o Estado-da-Prática em 

Responsabilidade Social Corporativa na Indústria de Petróleo e Gás. In Mestrado em Sistema de 

Gestão; Universidade Federal Fluminense: Niterói, Brazil, 2008; p. 111. (In Portuguese) 

19. Fernanders, E.; de Araújo, R.S.B. As mudanças no upstream da indústria do petróleo no Brasil e 

as tendências no posicionamento das operadoras do setor. Available online: http://www.abepro.org.br/ 

biblioteca/ENEGEP2003_TR0702_1600.pdf (accessed on 2 February 2013). (In Portuguese) 

20. Santos, A.M.; de Mello Neto, M.G. Perspectivas da Indústria Fornecedora do Setor de Petróleo. 

BNDES 2000, 33, 5–10. (In Portuguese) 

21. IPIECA (International Petroleum Industry Environmental Conservation Association) & API 

(Amerian Petroleum Institute). Oil and Gas Industry Guidance on Voluntary Sustainability 



Sustainability 2014, 6 1127 

 

Reporting. Available online: http://www.ipieca.org/activities/reporting/downloads/p ublications/ 

reporting_guide.pdf (accessed on 5 February 2013). 

22. Bellen, H.M.V. Indicadores de Sustentabilidade: Uma Análise Comparativa; FGV (Fundação 

Getúlio Vargas): São Paulo, Brasil, 2005; p. 256. (In Portuguese) 

23. Vieira, T.M.P. Proposta de Indicadores de Sustentabilidade Para o Setor de Distribuição de 

Combustíveis: O Caso da Petrobras Distribuidora S.A. In Mestrado em Sistemas de Gestão; 

Universidade Federal Fluminense: Niterói, Brazil, 2005; p. 261. (In Portuguese) 

24. Jones, D. Dow Jones Sustainability Index. Available online: http://www.sustainability-indexes.com 

(accessed on 6 February 2009). 

25. Coral, E.; Strobel, J.S.; Selig, P.M. A competitividade empresarial no contexto dos indicadores de 

sustentabilidade corporativa. In Proceedings of the XXIV Encontro Nacional de Eng. de 

Produção, Florianópolis, SC, Brazil, 3–5 November 2004. (In Portuguese) 

26. De Oliveira, J.H.R. M.A.I.S.: Método Para Avaliação de Indicadores de Sustentabilidade 

Organizacional. In Doutorado em Engenharia de Produção; Universidade Federal de Santa 

Catarina: Florianópolis, Brazil, 2002; p. 217. (In Portuguese) 

27. Wang, Y.; Lam, K.; Harder, M.K.; Ma, W.; Yu, Q. Developing an indicator system to foster 

sustainability in strategic planning in China: A case study of Pudong New Area, Shanghai.  

Ecol. Indic. 2013, 29, 376–389. 

28. Myhre, O.; Fjellheim, K.; Ringnes, H.; Reistad, T.; Longva K.S.; Ramos, T.B. Development of 

environmental performance indicators supported by an environmental information system: 

Application to the Norwegian defence sector. Ecol. Indic. 2013, 29, 293–306. 

29. Holden, M. Sustainability indicator systems within urban governance: Usability analysis of 

sustainability indicator systems as boundary objects. Ecol. Indic. 2013, 32, 89–96. 

30. Moussiopoulos, N.; Achillas, C.; Vlachokostas, C.; Spyridi, D.; Nikolaou, K. Environmental, social 

and economic information management for the evaluation of sustainability in urban areas:  

A system of indicators for Thessaloniki, Greece. Cities 2010, 27, 377–384. 

31. Chankong, Y.; Haimes, Y. Multiobjective Decision Making; Amsterdam, H., Ed.; North Holland: 

Amsterdam, Holland, 1983. 

32. Zeleny, M. Multiple Criteria Decision Making; McGraw-Hil: New York, NY, USA, 1982. 

33. Roy, B.; Boyssou, D. Mè h   l     M l      è    ’À    à la Dècision; Economica: Paris, France, 

1985; pp. 407–412. (In French) 

34. Saaty, T.L. The Analytic Hierarquic Process; RWS Publications: Pittsburg, PA, USA, 1980. 

35. Saaty, T.L. Decision Making for Leaders—The Analytic Hierarchy Process for Decisions in a 

Complex World; RWS Publications: Pittsburg, PA, USA, 2000; p. 315. 

36. Gomes, C.F.S.; Gomes, L.F.A.M. Tomada de Decisão Gerencial: Enfoque Multicritério; Editora 

Atlas: São Paulo, Brazil, 2002; p. 264. (In Portuguese) 

37. Vincke, P. Multicriteria Decision-Aid; John Wiley: New York, NY, USA, 1992. 

38. Roy, B. Classement et Choix en Presence de Points de vue Multiples (la Methode ELECTRE); 

Lausanne Presses Polytechiniques et Universitaires Romandes: Paris, France, 1968; pp. 57–75.  

(In French) 

39. Roy, B.; Bertier, P.M. La Methode ELECTRE II: Une Methode de Classement en Presence de 

Criteres Multiples; SEMA (Metra International): Paris, France, 1971; p. 45. (In French) 

http://www.sustainability-indexes.com/


Sustainability 2014, 6 1128 

 

40. Roy, B. ELECTRE III: Un alghoritme de methode de classements fonde sur une representatio 

floue des preferences em presence de criteres multiples. Cah. CERO 1978, 20, 3–24. Available 

online: http://www.lgi.ecp.fr/Biblio/PDF/BR-Cahiers-CERO1978.pdf (accessed on 5 July 2013). 

41. Roy, B.; Hugonnard, J.C. Classement des Prolongements de Lignes de Stations en Banlieu 

Parisienne. In Cahiers u LAMSADE; Université Dauphine et RATP: Paris, France, 1981. (In French) 

42. Roy, B.M.; Skalka, J. Electre Is: Aspécts Methodologiques et Guide D'utilization: Cahier du 

LAMSADE; Université de Paris-Dauphine: Paris, France, 1985.  

43. Mousseau, V.; Slowinski, R.; Zielniewicz, P. A user-oriented implementation of the ELECTRE-TRI 

method integrating preference elicitation support. Comput. Oper. Res. 2000, 27, 757–777. 

44. Yu, W. ELECTRE TRI—Aspects  ethodologiques et  uide d’ tilisation. In Document du 

LAMSADE; Université de Paris–Dauphine: Paris, France, 1992. 

45. Costa, H.G.; Mansur, A.F.U.; Freitas, A.L.P.; de Carvalho, R.A. ELECTRE TRI aplicado a 

avaliação da satisfação de consumidores. Produção 2007, 17, 230–245. (In Portuguese) 

46. Barata, J.F.F. Modelagem Para Avaliação do Nível da Sustentabilidade em Indústrias 

Fornecedoras de Bens ao Mercado de Óleo e Gás no Brasil. In Dissertação Mestrado em 

Engenharia de Produção; Universidade Federal Fluminense: NIterói, Brazil, 2009. (In Portuguese) 

47. Zanca, J.F.R. Modelo de avaliação de gestão sustentável baseado no modelo de excelência 

brasileiro do PNQ: Estudo de caso na indústria da construção civil. Ph.D. Thesis, Universidade 

Federal Fluminense, Niterói, Brazil, 2009. 

© 2014 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article 

distributed under the terms and conditions of the Creative Commons Attribution license 

(http://creativecommons.org/licenses/by/3.0/). 

http://lattes.cnpq.br/9870737725187269
http://lattes.cnpq.br/5269737098050933
http://lattes.cnpq.br/3917286174731045

