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Abstract: Establishing a recognition system for sustainable freight transport is a process of change
that requires the commitment of those involved and application of good practices. The pressures
from consumers and competitors do not allow greater engagement with economic, social, and
environmental aspects, and the maintenance stages require a long-term effort to obtain credibility,
because the participation of external members of society in the evaluation contributes to reduce the
influences and uncertainties of the recognition criterion. In light of the difficulties of establishing
a green supply chain, we propose a method with multiple approaches with an emphasis on fuzzy
logic. The purpose is to reduce the indecision of judgment, to debug the qualitative variables and to
reduce interference from competitors. The procedure was applied to six companies that have carbon
reduction programs, but we found that firms with a core business in transport had greater success in
the transition to low carbon operations than contractors or shippers. The certification levels allowed
visual contact between consumers and the company, making it possible to monitor sustainability
actions in freight transportation operations and the competitiveness to achieve higher labeling levels.

Keywords: sustainable transport; recognition system; certification; sustainable development; fuzzy logic

1. Introduction

The main recent change in supply chains is the absorption of the premises of sustain-
able freight transport systems by companies, which will be essential for the maintenance
of activities from extraction to the delivery of the product to customers in B2B or B2C.
The challenge is the transfer of materials, in the appropriate quantity and quality, with
excellent service among the different modes of transport, with less impact on the envi-
ronment [1,2]. Companies are in the process of change due mainly to external pressures
of society for products and services that have less environmental impact throughout the
stages of production, consumption, and disposal [3–5], and in process of greening [6–8].

The transport sector is responsible for 24% of the world’s energy-related CO2 emis-
sions [9], with a high concentration of pollution in urban areas, impacting air quality, with
serious effects on health and human ecosystems [10]. Moreover, freight transport in logis-
tics operations accounts for 80% of greenhouse gas (GHG) emissions and more than 90% of
the impact on air, land, water, biodiversity, and geological resources [11]. In Brazil, freight
transport is responsible for 50% of GHG emissions in transport, and the use of primary
energy fuel annually amounts to 204 MtCO2e [12]. Traffic air pollution is associated with
several health problems, such as obesity and diabetes, being partly responsible for low
productivity and social problems [13–15]. These problems cause the need to develop skills
for anticipating events in order to assess the risks related to the non-application of good
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sustainability practices, ensuring the formulation of proactive ideas in the preparation of
strategies and optimal allocation of resources.

The integration of company, society and government happens with the voluntary de-
velopment of standards and actions for the formulation of labels and certifications, with the
objective of informing consumers of the commitment of entities to the environment. This
involves engagement of all stakeholders in the development of environmental standards
applied to products and services [16–18]. A good approach is to self-evaluate environmen-
tal criteria, because in the long term, with an efficient communication channel, everyone
involved will observe sustainability aspects as criteria for product choice [19–21]. Trans-
formation requires effort to develop testing protocols, strategic review, and performance
verification of management to reduce GHG emissions from freight transport.

The perspective of sustainability requires multiple approaches and criteria in decisions
to reduce the uncertainties of results [22,23]. The development of a recognition system (RS)
is based on a holistic and non-interventionist view of business activities. The recognition
experiment described here was carried out from a three-dimensional perspective of the
aspect of sustainability, with emphasis on fuzzy logic as an evaluation criterion.

The objective of this work is to describe the application of a methodological model
that fills gaps in RS with the use of the triple bottom line, to reduce the differences of the
responses of experts as external members, combined with long-term follow-up with the
participation of internal members related to laws and regulations, as well as to analyze the
effort of companies to neutralize carbon emissions, recognizing there are several paths to a
good result [24].

After this introduction, Section 2 presents the importance of RS, Section 3 presents
the method, Section 4 describes the application and results, and Section 5 clarifies the
conclusions and recommendations for future research.

2. Evaluation of Sustainable Freight Transport

The idea of sustainable freight transport is motivated by the shortage of resources,
increasing levels of pollution, global warming, and difficulty of waste disposal [25,26],
and the desire to increase competitiveness and economic development [27–30]. However,
there is resistance to the implementation of better environmental habits, because of the
increase in costs in the short term. Regarding the degree of importance in decision-making,
managers use price and reliability as the most important variables in relation to sustain-
ability [31]. Increased productivity reduces the marginal cost of production, making prices
more competitive through the application of green and lean practices [32]. In the case
of synchronized scale production, optimized systems reduce lead time costs while at the
same time improving the process flow, level of service, environmental quality, employee
morale, and commitment of stakeholders [33,34]. The aspects of sustainability have become
important tools for competitiveness, mainly the more efficient use of energy for physical
distribution of goods, reduction of the number of trips and technological change in mo-
torization. However, the stages of maintaining sustainability criteria are rarely practiced,
since companies concentrate efforts on obtaining credibility and brand exposure, based on
coercive, mimetic, and normative forces.

There is asymmetry in the diagnosis of the information necessary to obtain good
practices. However, rigid and linear processes exclude small companies that do not have
the scale gain of large companies from the standardization and execution of complex
activities [6,35]. Therefore, the learning process should be simple and cohesive, so that all
involved have similar knowledge to classify actions according to the appropriate evidence
in advance.

RS is a means of attesting sustainability and balanced standards regarding economic,
social, and environmental aspects [20]. It is able to reduce tradeoff in actions, disseminating
the environmental gains of the process to society. However, the choice of experts influences
decision-making [30,36–38]. The expert system that uses fuzzy logic principles has an
advantage over closed systems, since they stray from the concept of absolute truth to partial
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truth [39], more suitable for settings with multiple truths, decisions, and results. Fuzzy
logic for the construction of a methodological process in RS for sustainable freight transport
aims to reduce distortions of the judgment of experts [30,38], reduce indecision [36], debug
qualitative measures to deal with preferential language in a hierarchical structure [40], and
emphasize the independent evaluation of qualification [38].

The continuous exchange of information between the internal and external environ-
ment is important for improvement of the evaluation model. The findings in [4] highlighted
the internalization of practices and the importance of certification standards in the market,
based on the perception that some institutions suffer influences from industry, casting doubt
on the degree of commitment, since decisions face exogenous forces of competitors [41–43].

3. Methodology

The evaluation process for RS is based on the elements of the PDCA cycle (plan,
do, check, act), used in ISO 14,001 certification: environmental policy, planning, imple-
mentation and operations, verification and correction, and management review [44]. The
components were applied in the evaluation of economic, social, and environmental aspects,
which were measured through information from a specific questionnaire (Q), scored on a
five-point Likert scale for each aspect of sustainability.

Evaluation Score of Sustainable Freight Transport

The freight transport was evaluated according to the sustainability aspects, with
emphasis on the flow of information between the internal and external environment.
Since the recognition process requires the management of large amounts of information,
fuzzy logic was more appropriate to assess the result, with the purpose of mitigating
human errors [36], identifying and weighting the main variables [1], and verifying and
internalizing good practices [4].

The Mamdani approach has a high computational cost, which can prevent the use of
multiple response data inference models in cost-sensitive applications or processes [45].
However, instead of treating each question as an independent set, we chose to treat each
aspect of sustainability as a set, forming three input variables in the inference process. In
the evaluation of carriers and shippers, the average responses of the experts and auditors
for each aspect of sustainability were used as input variables to evaluate the parameters of
transport. The survey among experts was conducted with the participation of 24 transport
managers, two inventory managers, and five researchers (Appendix A). The choice of
resources was important to avoid compromising the reliability of the result due to external
influences and pressures [3,4,41,46].

The classical variables formed by the pi questions are transformed to a set of “linguistic
terms of a linguistic variable” (pi ⊆ U), using a µpi pertinence function µpi: U→ [0,1].
Therefore, the sets µwi = 1, 2, ∆, n in U are obtained by the fuzzification processes with µw
(pi) representing the degree to which the element pi belongs to the fuzzy set µ (w). The
formation of a single term formed by the set of questions of each aspect was necessary to
reduce the cost of processing the data. Table 1 classifies the experts by position (p) and
level (l), assigning weights. Equation (1) presents the degree of importance of the experts
(GIEi) used by [47].

GIEi = (weightsp + weightsl) / ∑ weights (1)
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Table 1. Expert weights by position and level.

Position in the Company or Experience (p) Weights

Director or researcher with more than 15 years of experience 5
Manager or researcher with 10 to 15 years of experience 4

Coordinator, supervisor, or researcher with five to nine years of experience 3
Analyst or researcher with two to four years of experience 2

Junior operative or researcher 1

Level (l) Weights

Doctorate 5
Master’s degree 4

Other postgraduate certification 3
Bachelor’s degree of equivalent 2

No college degree 1

The result of the GIE (Appendix B) is the score of each expert E, used as a vector in the
multiplication of the survey matrix S. The qualitative factors were provided by the external
participants ei [48], associated with the qi questions for each aspect of sustainability. Vi
is the average product of the S◦E matrices, and the results are the entry variables of the
experts, demonstrated in Equation (2). Both inputs feed Ui = (u1, u2, ∆, ui) to obtain
the output variables Wi = (w1, w2, ∆, wi), defined in the range [0, 10], characterizing the
membership function in µi: UxW→ [0, 1], presented in Equation (3).

Vi =


n

∑
i=0

 S11 . . . S1,e
...

. . .
...

Sq,i . . . Sq,e

x [E1, E2, . . . Ei]

/
n

∑
i=0

q (2)

µSiE (u, w) = ∨µSi
(u, v) ∧ µEi

(w, v) (3)

The result attributes to the membership function the evaluation of the balance of
linguistic terms. The term “no importance” is a decreasing function (df ). As presented in
Equation (4), the terms “little importance”, “important”, and “very important” are trian-
gular functions (trf ) in Equation (5), and the term “extremely important” is an increasing
function (if ) in Equation (6). The score of the W recognition system is classified into five
categories: excellent, very good, good, regular, and insufficient. Since the assessment
requirements have the same objective, the universe of discourse has the same weight
(wi) for all aspects. The input blocks were designated as average estimators, to allow the
application of data as a fuzzy singleton set.

d f (x, a, c) = min
(

1, max
(

0,
(

c− x
c− a

)))
(4)

tr f (x, a, b, c) = min
(

max
(

0,
(

x− a
b− a

))
, max

(
0,
(

c− x
c− b

)))
(5)

i f (x, a, c) = min
(

1, max
(

0,
(

x− a
c− a

)))
(6)
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Ui =



Not important (x) = f (u; 1; 2) 1 se u=1
0 se u 6=1

Little important (x) = tr f (u; 1; 2; 3) 1 se u=2
0 se u 6=2

Important (x) = tr f (u; 2; 3; 4) 1 se u=3
0 se u 6=3

Very important (x) = tr f (u; 3; 4; 5) 1 se u=4
0 se u 6=4

Extremely important (x) = i f (u; 4; 5) 1 se u=5
0 se u 6=5

Wi =


Insufficient µI = d f (w, 1; 3)
Regular µR = tr f (w, 1; 3; 5)
Good µG = tr f (w, 3; 5; 7)

Very good µVG = tr f (w, 5; 7; 9)
Excellent µE = i f (w, 7; 9)

The advantage of treating each aspect of sustainability as a fuzzy set was the reduction
of linguistic terms to determine the rules of inference [30,36,37,40,49]. Thus, it was possible
to maximize all combinations with as few as possible. The organization was divided
into three blocks, in which the conditional statements If–Is–Then structured the rules of
interaction for the linguistic variables for each aspect of sustainability, classified as follows:

• [If], <0.3 = I, [Is] insufficient;
• [If], ≥0.3 <0.5 = R, [Is] regular;
• [If], ≥0.5 <0.7 = G, [Is] good;
• [If], ≥0.7 <0.9 = VG, [Is] very good; and
• [If], ≥0.9 = E, [Is] excellent.

The average among the economic, social, and environmental aspects is the result of
the output variables [Then] in each rule. Figure 1 demonstrates the distribution of inference
rules for output variables Wi. This procedure occurred linearly as a proposal to balance
sustainability aspects, in which the values were ranked by intensity in the interval [0, 1].

Figure 1. Dispersion of inference rules for output variables: ≥0.9 = excellent; ≥0.7, <0.9 = very good; ≥0.5, <0.7 = good;
≥0.3, <0.5 = regular; and <0.3 = insufficient. The linearity of the data represents the balance of the output variables µi(w).

In the inference process, operations were carried out for all λi rules through Equation
(7), while the output values were fuzzy variables in Equation (8). The output µi(w) is the
sum of each µi

′(w) result, as presented in Equation (9).

λi = µEco,Soc,Env(ui) ∧ µEco,Soc,Env(vi) (7)

µi
′(w) = min[λi, µi(w)] (8)
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µ(w) = max
[
u′1w, u′2w, u′3w, . . . u′iw

]
(9)

The center of gravity method was used for defuzzification. This value was used as
the minimum score for a satisfactory rating (µ-cut). The findings in [50,51] demonstrated
a good method for determining the midpoints. Equation (10) presents the transport di-
mension parameters. To obtain a favorable result, the output variables of the evaluation of
sustainable transport (EST) and evaluation of experts (α-cut) for each aspect of sustainabil-
ity were compared. The EST of auditors must be greater than or equal to the α-cut value of
the experts, EST ≥ α-cut, in both cases applying the same questionnaire.

α− cut → EST = W0 = ∑
i
µ′′ (wi)wi/ ∑

i
µ′′ (wi) (10)

Figure 2 presents the fuzzy architecture to develop the evaluation of sustainability in
transport. The alternative method allowed a reduction from 530 to 53, where the changes
were composed of three blocks for inference, distributed in 125 rules. EcB1 represents
the input variables of the economic aspect, SoB2 denotes the social aspect, and EnB3 the
environmental aspect. ReB4 is the result of the defuzzification process in crisp values.

Figure 2. Fuzzy network architecture. qec = questions from the economic group, qso = questions from the social group,
qen = questions from the environmental group, GIE = degree of importance of the expert, EcB = economic block, SoB =
social block, EnB = environmental block, ReB = result block, w = variables in the fuzzification process, µ(w) = fuzzified
variables, w0 = crisp value.

Decision-making is the result of the logical process of the fuzzy set system [52], where
the knowledge base is formed by a set of linguistic rules that present the conclusions
defined by the If-Then relationship [53]. The crisp value of the defuzzification process is an
accurate result of the specialists’ possibilities for acceptance in sustainable transport.

4. Application and Evaluation

To apply the RS methodological process, six companies were selected in the following
areas: beverages (road), airline (air), oil and gas (pipeline), fuel distribution (shipper),
mining (rail), and bulk transport (waterway). All evaluated companies have a program to
reduce emissions of gases and waste materials and/or eco-driving training.

Results and Discussion

The questionnaire applied to the experts obtained as output variables WECO = 3.96,
WSOC = 3.77, and WENV = 3.89, for an α-cut of 6.27. This result showed the degree of mem-
bership or compliance with at least 68% of the requirements for RS approval, demonstrated
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in Figure 3. The survey included the participation of six members from the railway sector,
five from the pipeline sector, five from the roadway sector, four from the airline sector,
four from the waterway sector, two retail companies, and five researchers. Cronbach’s
alpha was 0.929, showing high correlation and intensity of the results, demonstrating the
alignment regarding the importance of sustainability in transport. Figure 4 presents the
comparison of EST with α-cut per transport activity.

EST4 (fuel distributor—shipper) performed lower than α-cut, being classified as un-
satisfactory, since the degree of membership requires a rating of at least regular. The others
presented satisfactory results, ranging from very good to excellent. EST1 (beverages—road)
had a strong position with very good rating but presented low to excellent possibilities.
The company EST2 (airline—air) reached a high level of demand, with a strong tendency
towards excellence. EST3 (oil and gas—pipeline) presented a strong rating (very good),
without presenting a growth trend. EST5 (mining company—rail) had a tendency towards
excellence, but still with strong participation in the very good rating. EST6 (bulk transport—
waterway) presented a consolidated position in the very good rating, with the beginning
of a trend towards excellence. The evaluation was satisfactory because independent of the
economic sector, the companies demonstrated that they could apply the triple bottom line
method to transport activities.

Figure 3. Fuzzy set results.

The fuzzy logic allows companies to be evaluated, visualizing the possibilities of
evolution of the procedures performed. The purpose of the data diagnosis is to observe
the transition of change among the elements of the universe of discourse, in which the
comparison of periods demonstrates a concern with the improvement of the suggested
good practices. The degree of membership function indicates the possibilities of satisfying
the minimum requirements for approval in the transport dimension. An α-cut above 6.27
is a requirement of the experts. This calculation proceeds with the need to analyze the
aspects of sustainability in a single function. Although the positive result of one aspect
may skew the negative result of others, there is still a need for management to carry out
the procedures of the three aspects. To achieve the requirements of sustainable transport, it
is necessary to develop the economic, social, and environmental aspects together instead
of separately.

According to [31], the price variable has strong influence in decision-making. If compa-
nies do not invest in social and environmental activities relevant to their business, they will
rarely obtain certification. This is due to the interaction of the data in a single evaluation
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score. The approval of the on-site procedures by the auditors allowed a balance to be found
between external demands and the minimum internal requirements for certification.

Table 2 presents the consolidated data classified in quartiles, with a minimum score of
6.27 for certification. The first was classified as bronze with a score between 6.27 and 7.20;
the second, silver, between 7.21 and 8.14; the third, gold, between 8.15 and 9.07; and the
fourth, platinum, between 9.08 and 10.

Figure 4. Comparison of the result of the transport dimension between α-cut, assigned by the experts, and the EST
companies, assigned by the auditors. µI = insufficient, µR = regular, µG = good, µVG = very good, and µE = excellent.
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C2 and C5 were ranked as gold, reflecting the consolidation of the proper application
of good practices. C1 and C6 were classified as silver, in the development phase of the
procedures. C3 was classified as bronze, in the early stages of change. C4 was not adequate
in the transport dimension since it obtained unsatisfactory scores for recognition. None of
the companies were eligible for platinum since the auditors did not find procedures for the
prevention of accidents or contamination of the biosphere by vehicles.

Table 2. Rating of recognition system.

Company (C)
Average Sustainability Aspects (Max. of 5)

EST Rating
Economic Social Environmental

C1 4.4 3.6 4.1 7.36 Silver

C2 4.8 4.7 4.9 9.05 Gold

C3 3.9 4.0 4.6 7.00 Bronze

C4 3.6 2.7 3.3 4.58 Unsatisfactory

C5 4.4 4.6 4.9 8.54 Gold

C6 4.4 4.3 4.5 8.14 Silver
Note: the EST rating is divided into bronze (between 6.27 and 7.20), silver (between 7.21 and 8.14), gold (between
8.15 and 9.07), and platinum (between 9.08 and 10).

C4 was identified as a shipper engaged in the retail fuel distribution, which holds a
large share in the Brazilian market. The evaluation of its sustainable transport activities did
not obtain sufficient scores for classification. The results showed difficulties in managing
the vehicle fleet. In general, companies prefer to outsource this service, concentrating
their activities on the core business due to the complexity of cargo handling activities
requiring a lot of effort in resource management [54–57]. C4 has a zero-carbon program for
all company activities, with carbon credits as the main reason, but its transport activities
did not perform well. There was an increase of 18.34% in CO2 emissions, 1.2% in water
consumption, and 7.21% in solid waste.

The companies C2 and C5 belong to the airline and ore transport sectors, respectively.
Both obtained the gold rating. C2, through its fuel efficiency program, was able to reduce
the consumption of aviation kerosene per ton-kilometer flown by 1.2%, resulting in a
reduction of 298,184 tons of CO2 emissions. About 83% of the waste generated was recycled;
the rest was incinerated. C5 has open rail cars protected by tarps to prevent spillage of
cargo, although the auditors identified problems with ore dust pollution in the community
near the warehouse and in the sea. The company has a program to replace diesel with
electric vehicles for the purpose of reducing the company’s carbon emissions by 33% over
the next 10 years. In the first phase, 50 electric autonomous trucks with the capacity to haul
240 tons were purchased, where weight and speed are controlled by artificial intelligence,
through a system to minimize emissions, to reduce CO2 emissions by 1500 tons. The next
phase of the project will be the electrification of part of the 2000-km stretch of the railway.
As the terminals are being integrated without the need for cargo transshipment, the transfer
process will take place by switching the rail cars to different locomotives.

Companies C1 and C6 belong to the beverage and waterway sectors, respectively.
Both obtained the silver rating. C1 developed a program of clean transport that reused
1.8 million liters for vehicle washing, and 50% of the waste lubricating oils were transformed
into alternative fuel, reducing emissions by 141,000 tons of CO2. The efficiency in mobile
energy consumption was 10.47%, reduced from 83.25 to 74.53 km/GJ. C6 is responsible for
carrying a large volume of goods over long distances, which increases energy efficiency,
allowing less CO2 emissions per ton. The replacement by larger-capacity trucks and the
replanning of routes, as well as the redirection of part of the load to rail, waterways, and
pipelines, allowed the reduction of 174 million liters of fuel or emissions of 464,000 tons
of CO2.
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Company C3 obtained a bronze rating. It is engaged in the transport of fuels through
pipelines, largely underground, which causes low environmental damage, allowing the
reforestation of damaged areas. Sustainability actions allowed the reduction of 108 million
liters of fuel and 286,000 tons of CO2. The result was achieved in the implementation of
pipelines at airports, consuming 30% less fuel to supply aircraft, as well as the redirection
at the national level of transport by tank trucks to the pipelines, involving about 9.2 million
cubic meters of fuel.

The results demonstrated the importance of evaluation with a focus on aspects of
sustainability in transport. Community pressure is not limited solely to production. Since
emissions from the supply chain negatively affect the quality of life, the procedure will
increase competitiveness among them and signal a hierarchy of companies that have the
best programs for sustainable transport.

5. Conclusions and Recommendations

The interest in the development of sustainable practices in freight transport has been
due to external pressures and the large participation of transport in carbon emissions
and air pollutants. The application of good practices in sustainability obtained positive
effects on transport operations. The participation of external experts avoided distortions
in the decisions to invest in one aspect to the detriment of another. The α-cut as a single
score for the approval of the recognition system, provided by specialists, strengthened the
development of improvements in all aspects of sustainability, since the achievement of a
positive result required the improvement of transport operations. The inclusion of external
sustainability experts in the evaluation process reduced the pressure of competitors, being
considered feedback for companies to change the organizational design to the real needs of
the community.

The importance of this work was to develop an application process considering
the economic, social, and environmental aspects. The tradeoff evidenced between the
economic and environmental changes did not allow a wide-ranging discussion of social
issues observed in transport activities. The balance in the use of external and internal
forces in the evaluation allowed companies to better satisfy the aspiration of consumers by
solving problems in freight transport operations.

The result of the application of the recognition system evaluation process was satis-
factory. The data demonstrated a greater balance in the distribution of information and
amplitude with the use of the triple bottom line, strengthening the companies in the tran-
sition to green transport. Of the six companies analyzed, five obtained the recognition
of sustainable transport. Those with core business in freight transport showed greater
engagement for organizational changes because the competitiveness and strong pressure
from customers are accelerating the transition to low carbon transport. The shipper from
the fuel retail sector did not obtain recognition, but transport activity was not its core
business, so it had difficulty in applying good practices in sustainable transport and scored
below the minimum required by the experts.

The results suggest for future studies the development of procedures to identify
barriers that hinder the monitoring of companies’ efforts to reduce carbon emissions, and
how this transition process affects carriers and shippers in different ways.
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Appendix A. Responses on a Five-Point Likert Scale of Experts (Five More Intense and One Less Intense)

Aspects Questions to Experts
Responds from Experts

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

Economic

1. Acquisition cost
(investment in fixed

capital goods)
3 3 4 5 4 3 4 3 5 5 4 5 5 5 3 5 5 4 4 4 4 5 3 4 5 4 5 4 5 4 5

2. Building cost (cost of
investment in terminals,

yards, and others)
4 3 3 4 4 3 4 4 5 4 4 5 5 5 4 4 5 3 4 4 4 5 5 4 5 4 2 2 4 4 5

3. Cost of equipment,
maintenance, and material

(tires, parts)
4 4 4 4 3 3 5 3 5 4 5 5 5 5 5 5 4 4 5 4 3 5 5 5 5 3 5 3 5 5 5

4. Personnel cost (salaries
and charges)

4 3 5 4 4 4 5 3 5 4 4 5 5 5 4 3 4 4 4 5 4 5 5 5 5 4 3 2 4 3 5

5. Cost of fuel, lubricants,
and energy

5 5 3 5 4 3 5 4 5 5 5 5 5 5 3 5 5 4 4 5 3 5 5 5 3 4 4 1 5 4 4

6. Operating cost (water,
electricity, and other fees)

4 5 2 5 2 2 5 2 5 4 5 5 3 5 3 1 5 3 4 2 3 4 3 3 4 3 3 1 4 4 3

7. Financial balance
between the economic,

social, and
environmental aspects

5 2 5 4 4 5 4 5 5 4 5 5 3 5 5 4 5 4 5 3 4 4 5 5 4 4 3 2 4 4 5

8. Cost of capital
(depreciation, equipment,

opportunity cost
of capital)

3 2 5 4 3 3 4 3 5 4 4 5 3 5 5 4 3 3 5 4 4 4 3 4 5 3 3 4 3 3 4

9. Expenses with damages
(fines, accidents, losses,

and others)
5 5 2 5 2 2 3 2 5 4 4 4 2 4 2 4 3 3 5 2 3 4 4 5 4 4 2 2 3 2 3

10. Impact of
logistics costs

4 5 4 4 1 3 4 4 5 4 4 4 5 4 5 5 5 4 5 3 3 4 4 4 4 3 3 5 4 4 5
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Aspects Questions to Experts
Responds from Experts

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

Social

1. Accessibility of
public transport

4 4 4 4 2 4 4 3 4 4 4 3 2 5 4 4 3 3 5 4 4 3 1 5 4 4 4 1 5 4 5

2. Accessibility of
bike racks

4 3 2 2 1 4 3 2 5 4 4 1 2 3 2 2 3 2 5 3 4 3 1 3 4 3 1 1 4 3 4

3. Suitable place for
disposal of materials,
including recyclables

5 5 5 3 2 2 3 3 5 4 3 3 5 5 5 4 4 2 5 4 5 3 2 5 4 5 5 5 4 4 5

4. Integration and
coexistence in the

work environment
5 5 5 3 2 4 3 4 5 3 4 4 5 5 5 3 3 3 5 4 5 4 3 5 4 4 5 4 4 4 5

5. Community
integration program

5 5 5 3 1 4 3 3 5 3 4 3 5 5 5 4 3 3 5 3 5 3 4 5 2 4 3 5 4 3 5

6. Reducing the impact of
buildings’ life cycle

1 5 3 4 3 2 3 2 5 3 4 3 3 4 3 1 4 3 5 3 4 3 1 3 3 3 3 2 3 3 4

7. Health plan and
safety training

5 5 5 4 4 2 3 3 5 3 2 3 5 5 5 4 5 3 5 4 4 5 4 5 3 4 5 5 4 4 3

8. Compensation and
social security program

5 5 3 4 3 3 3 3 5 3 4 3 5 5 3 3 3 4 5 4 4 4 4 5 3 4 5 5 5 5 3

9. Development of
leadership, friendship,

gender, and race diversity
5 5 5 4 3 3 3 4 5 3 5 3 5 5 3 5 4 2 5 4 4 4 5 5 3 5 4 5 5 4 5

10. Training in compliance
policies and procedures

5 5 5 5 3 4 3 2 5 4 5 3 5 5 5 5 3 2 5 5 4 4 4 5 4 5 5 5 5 3 4
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Aspects Questions to Experts
Responds from Experts

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

Environmental

1. Energy efficiency
(electricity, fuel,

and others)
5 4 5 4 2 4 3 3 5 3 5 3 5 5 5 5 4 5 5 4 5 5 4 5 4 5 4 2 5 4 5

2. Greenhouse gas (GHG)
reduction program

4 3 5 3 1 3 3 2 5 3 5 3 3 5 4 2 2 3 5 5 5 5 3 5 4 4 5 4 5 4 4

3. Use of consumables
in transport

4 4 4 5 1 3 3 3 5 4 5 3 5 5 5 2 2 3 5 4 5 5 3 5 4 5 5 4 5 4 4

4. Control of air pollutants 4 4 5 2 1 4 3 2 5 4 5 3 3 4 5 3 3 4 5 4 5 5 2 5 4 4 5 4 5 4 5

5. Conscientious
water consumption

4 4 4 4 3 3 3 3 5 4 5 3 3 5 5 3 2 3 5 3 4 5 4 5 4 3 5 4 5 3 5

6. Control of liquid and
solid effluents

5 5 3 5 2 4 3 3 5 4 5 3 4 5 5 5 4 4 5 4 4 5 5 5 4 5 5 5 4 5 5

7. Control of
noise generation

2 5 3 5 2 4 3 2 5 4 5 3 4 5 5 3 5 4 5 4 4 4 2 5 4 3 5 4 5 5 4

8. Procedure to reduce
particulate matter (PM)

3 4 5 4 2 3 3 2 5 3 5 3 3 5 5 2 4 3 5 4 4 4 2 5 4 3 5 1 5 5 4

9. Training (eco-driving
and others)

5 5 5 5 2 4 3 2 5 4 5 3 4 5 3 3 2 2 5 5 5 3 1 4 4 4 4 1 4 4 5

10. Awareness of
biotic interference

5 5 5 4 3 2 3 2 5 3 5 3 3 5 4 2 2 2 5 4 5 5 1 5 5 5 4 5 4 4 4
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Appendix B. Rating of Experts by Position and Level

Experts Position in the Company or Experience Level ∑ GIEi

1 5 3 8 0.040201

2 1 3 4 0.020101

3 5 3 8 0.040201

4 3 2 5 0.025126

5 5 5 10 0.050251

6 4 4 8 0.040201

7 5 5 10 0.050251

8 3 5 8 0.040201

9 1 2 3 0.015075

10 3 3 6 0.030151

11 4 5 9 0.045226

12 1 2 3 0.015075

13 5 4 9 0.045226

14 4 3 7 0.035176

15 5 2 7 0.035176

16 3 3 6 0.030151

17 1 4 5 0.025126

18 3 3 6 0.030151

19 4 3 7 0.035176

20 4 3 7 0.035176

21 1 2 3 0.015075

22 1 2 3 0.015075

23 3 3 6 0.030151

24 3 3 6 0.030151

25 4 2 6 0.030151

26 3 3 6 0.030151

27 2 3 5 0.025126

28 3 2 5 0.025126

29 5 4 9 0.045226

30 3 4 7 0.035176

31 3 4 7 0.035176

Total 199 1
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