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Abstract: The National Housing Authority (NHA) in Thailand has developed a
new project with the aim of sustainable development based on the Bio-
Circular-Green (BCG) economy for improving the quality of life of people in the
country. It not only provides houses to live in but also promotes income
generation by choosing and promoting the appropriate occupations for the
people. Choosing appropriate occupations within the BCG economy is a
complex decision-making process, as there are likely to be many factors to
consider for each community. To, address this challenge, a novel hybrid
approach combining the Fuzzy Logarithmic Full Consistency Method (FUCOM-
LF) and the Combined Compromise Solution (CoCoSo) is introduced. This
hybrid method effectively evaluates the sustainability of different occupations
and identifies appropriate occupations for the community by ensuring full
consistency in weighing the relevant criteria and high-resolution
discrimination of alternatives. The proposed comprehensive BCG occupation
selection framework serves as a general framework for NHA that can be
applied to any community. Additionally, this research provides a compilation
of support guidelines for each occupation. Through a case study community,
the practicality and effectiveness of the hybrid method and the proposed
framework in selecting the appropriate occupations are demonstrated.
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1. Introduction

Originally, the purpose of the National Housing Authority (NHA) housing in
Thailand was building residences for improving the quality of life of people in the
country (National Housing Authority, 2022). However, in the long run when the
economy in the country was not good and people had insufficient income, many
consequences arose, such as crime, depredation, or quarrels with neighbors due to
stressful family situations. As a result, the government of Thailand realized that the
quality of life of underprivileged people should be improved. Currently, NHA has
instigated a new project with the aim of developing sustainability (National Housing
Authority, 2022). Besides providing housing, generating income is also necessary.
Creating jobs for disabled people, low-income people, and uneducated people based
on the policy of national administration should be initiated. Bio-Circular-Green (BCG)
principle (NSTDA, 2021) was used as a guideline in choosing occupations for these
people in the NHA projects. BCG economy is an economic system that focuses on
efficiently using resources, maximizing resource recovery, and minimizing the
negative environmental impact.

The motivation for this research came from the NHA’s need. The objective for the
selection of the best occupation for the BCG project is to provide people in the
community with a place to live and have a livelihood with long-term sustainable
household income. Based on the problem mentioned above, the solution is to promote
occupations that are critical to the BCG economy for the community, as choosing the
wrong occupation is a waste of time and money. Selecting the right occupations for the
people in the community requires several elements to be considered simultaneously.
So, the tools for prioritizing and selecting should be employed.

In this research, the Multi-Criteria Decision Making (MCDM) method was utilized
to prioritize essential criteria and select a promoted career in the BCG project. Critical
criteria related to the BCG project were gathered from existing literature. The
International Labor Organization has divided the occupations of the population in
Thailand into 10 groups (“Thailand: A Labor Market Profile,” 2013): 1. legislators,
senior officials and managers 2. professionals 3. technicians and associate
professionals 4. clerks 5. service workers, shop and market sales workers 6. skilled
agricultural and fishery workers 7. craftsmen and related trade workers 8. plant and
machine operators and assemblers 9. elementary occupations, and 10. workers, or not
classifiable occupation. NHA has selected six suitable occupations for the BCG project:
1. organic farming 2. livestock 3. service career 4. flea market and parking 5. small
industry 6. mini-mall, distribution, and warehouse (Keha Sukpracha, 2022). It is
difficult to identify specifically which occupations are appropriate for the people in the
selected community because they depend on the people and environment of the
community.

Existing applications of MCDM are qualified personnel selection problems using
the Technique for Order of Preference by Similarity to Ideal Solution (TOPSIS) for
employee promotion selection (Akmaludin et al, 2022). Fuzzy Delphi method,
Analytic Hierarchy Process (AHP); and TOPSIS assisted the managers of shopping
websites in selecting live streamers (Lim et al., 2021). Nowadays, the Full Consistency
Method (FUCOM) and Fuzzy Full Consistency Method (FUCOM-F) are prevalent with
computational advantage (Panjavongroj & Phruksaphanrat, 2022). There have been
several applications of FUCOM, for example, choosing the most suitable manufacturing
method (Sofuoglu, 2019), assessment of alternative fuel vehicles (Pamucar et al,
2021), and determining the weights of the main and sub-criteria of sustainable urban
mobility plan (Demir et al.,, 2022). The FUCOM method outperforms the AHP and Best
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Worst Methods (BWM) (Pamucar et al.,, 2018; Pamucar & Ecer, 2020) because they
eliminate the drawback of a large number of comparisons and define a deviation from
full consistency (DFC).

In the actual world, there is uncertainty of information about situations. So,
decision-makers (DMs) prefer to evaluate characteristics using linguistic variables
because of ambiguous, inaccurate, or incomplete information. The fuzzy set theory is
one of the strategies successfully used to portray this imperfect information. MCDM
problems with inaccurate data have been effectively modeled using fuzzy set theory
since their inception (Pamucar & Ecer, 2020). However, the existing FUCOM-F
method's efficiency is insufficient (Panjavongroj & Phruksaphanrat, 2022), resulting
in the development of a new approach known as the Fuzzy Logarithmic Full
Consistency Method (FUCOM-LF). Combined Compromise Solution (CoCoSo) has
been widely applied in risk evaluation and prioritization of occupational hazards
(Chen et al,, 2022), selecting the most appropriate container seaport (Pamucar &
Faruk Goérciin, 2022), and assessing the ranking of the best choice for sustainable
material (Dwivedi & Sharma, 2022). CoCoSo is the preferred method for selecting a
suitable alternative because it can increase the exactitude of decision-making and has
a greater resolution in identifying the evaluated alternatives.

This research aimed to present a hybrid approach called FUCOM-LF with CoCoSo
in selecting an occupation for a community within the BCG economy criteria. Initially,
the criteria that affect the BCG economy were considered in the BCG project selection.
Then, the main criteria from related literature were summarized, such as innovation
and knowledge, emission, collaboration, sustainable management, value, etc. FUCOM-
LF was applied in the first phase, obtaining weights criteria that affect the BCG
economy. Next, the appropriate occupation group for the community was identified
based on the critical criteria of the BCG project by the proposed MCDM method. Then,
a recommendation for investment and formulation of policies was proposed to boost
the occupation. CoCoSo was adopted in the second phase for an alternative selection.
To the best of our knowledge, there is no previous research about occupation selection
for the BCG economy by FUCOM-LF and CoCoSo methods.

The contributions of this research were divided into educational and social
benefits. For educational benefit, the critical criteria when considering the BCG
economy of a community were gathered from existing research works. They could be
used as a guideline for further consideration of a BCG economy project for case studies.
Additionally, the new prominent integrated approach of MCDM was presented in this
research. It uses fewer comparative pairs than existing methods to obtain effective
criteria and the best alternative, and it has high resolution in identifying the
alternatives. For social benefit, appropriate occupations for the BCG project were
selected to be promoted. It could help people in the community to gain income and
improve their quality of life. Additionally, a guide for investment and formulation of
policies for each occupation based on the BCG economy for other projects was also
suggested.

The research is structured as follows: Literature reviews of the related articles are
presented in the second section. Section 3 shows the details of the FUCOM-LF and
CoCoSo methods. Section 4 discusses a case study of an occupation selection in the
BCG project, concerning the essential criteria for the BCG economy. The last section
summarizes the findings of this research and future research.
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2. Literature Reviews

This section provides a quick review of a handful of research work related to this
study. The critical research papers published in reputable journals have been
reviewed to produce a suitable comprehensive concept and to develop an appropriate
relationship with the primary idea of the study.

2.1. Bio-Circular-Green economy

The concept of BCG economy has 3 components: bio-economy, circular economy,
and green economy as shown in Figure 1.

Green

-----

Bio Circular

Figure 1. Relations among bio-economy, circular economy, and green
economy.

2.1.1. Bio-economy

The bio-economy is a type of economy that deals with biomass, biological
processes (Broring et al,, 2020; Pfau et al,, 2014), renewable biological resources,
biotechnology businesses, and energy industries (Bugge et al., 2016; Wesseler & Von
Braun, 2017). The bio-economy is driven by social and economic developments, with
a focus on long-term growth.

2.1.2. Circular economy

The circular economy emphasizes resource optimization, manufacturing that
utilizes fewer resources, allowing the value of goods, materials, and resources to
endure as long as possible, recycling, and reduction of waste (Carus & Dammer, 2018;
Corvellec et al., 2022; Kardung et al., 2021; Marsh et al., 2022; Stegmann et al., 2020;
Wesseler & Von Braun, 2017) by employing scientific processes or semi-science
principles (Corvellec et al., 2022).
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2.1.3. Green economy

The green economy is the most effective technique for reducing negative
environmental and ecological impacts. This strategy necessitates the utilization of
restricted resources. As a result, essential metrics must be established to address the
problem of excessive resource use. Indicators to measure the amount of waste
emissions are also required (Chen et al., 2011). The green economy has the potential
to help achieve the Sustainable Development Goals (SDGs) and accelerate the
transition to low-carbon, resource-efficient, and comprehensive economies
(Khoshnava et al., 2019).

2.2. Overview of criteria and occupations for the BCG project

Many criteria about the concept of the BCG economy have been presented in the
literature. These criteria could be grouped into 5 main criteria, the specifics of which
are provided in Table 1.

Six occupations were selected and evaluated based on the BCG criteria for the BCG
project of NHA: A1, Organic farming; A2, Livestock; A4s, Service career; A4, Flea market
and parking; As, Small industry; and Ae, Mini-mall, distribution, and warehouse. These
occupations are the potential occupations for the community in the BCG project. They
can provide a sustainable livelihood for people in the long run. They may be
particularly well-suited for the BCG economy, which emphasizes resource efficiency
and sustainability. Specific characteristics of these occupations and how they
contribute to the goals of the BCG project are as follows:

Organic farming (A1) is a type of agriculture that uses natural pest control systems
and bio-fertilizers made from plants and animals rather than chemical pesticides and
synthetic fertilizers. This approach can prevent environmental harm and reduce soil
erosion that benefits the ecosystem.

Livestock (Az) can be raised using organic feeding practices and regular
inspections to produce products verified as organic on the market. In addition, waste
products from livestock, such as excreta can be used as fertilizers and pesticides.

Service career (A43) within the community involves training professionals, such as
barbers, electricians, and technicians, to provide services to people both within and
outside the community. These professional careers may be selected based on their
previous work and customer satisfaction. The service career could also include roles
such as driver and security guard.

Flea market and parking (A44). A flea market is a market that primarily sells
products within the community, helping to distribute products and generate revenue
for people in the community. By designating appropriate waste disposal points and
separating waste for efficient recycling, the market can promote sustainability by
reducing the environmental impact of waste. Providing parking for sellers and buyers
inside and outside the community can also help to facilitate access to the market and
potentially reduce traffic congestion.
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Table 1. Literature review about BCG criteria

Criteria Details References
C1: Innovation Innovation capacity and knowledge (Broring et al.,
and knowledge integration 2020; Dietz et al.,

International collaboration among
educators is needed to determine the

knowledge, skills, and necessary abilities.

Technological innovation policies and
BCG policy model.

Using information and technological
innovation helps to improve
competitiveness and environmental
friendliness.

Research and development: innovative
products.

2018; Khoshnava et
al,, 2019; Seesung,
2021)

C2: Emissions

Utilizing organic waste streams.
Reduction of greenhouse gas (GHG)
emissions.

The change rate of the volume of waste
emissions.

(Kardung et al.,
2021; Pfau et al.,
2014; Vukovic et al.,
2019)

Cs:
Collaboration

Collaborations between public and

private organizations and governments.

To encourage worldwide partnerships,
research, and development.
Assistance programs.

(El-Chichakli et al.,
2016; Palapleevalya
etal, 2017)

C4: Sustainable
management

Minimizing waste.

Renewable energy investment and green

economy development / Recycling /
Reduction of material / Reuse and
remanufacturing / Replacing non-
renewables with biological resources /
Renewable resources.

Evaluation and control of occupation risks

and consequences.

Sustainable society / Sustainable energy /

Sustainable biomass production /
Sustainable production chains.
Regulation: sustainability standards for
resources

(Broring et al.,
2020; Kardung et
al., 2021; Marsh et
al,, 2022; Seesung,
2021)

Cs: Value

Value optimization.

Maintaining the value of materials,
products, and resources.

Value chain-related challenges /
Resource-efficient value chains.
Value added.

(Broring et al.,
2020; Kardung et
al,, 2021; Seesung,
2021; Stegmann et
al,, 2020)

Small industry (A4s) is a processing industry that uses some of raw materials from
the community to add value to the product or extend its shelf life. For example,
marinated or preserved mangoes, and pork or chicken could be transformed into
Chinese sausage, grated pork, or grated chicken. By using modern technology to
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maximize productivity, minimize waste or pollution, and design compostable or
reusable packaging, the industry could contribute to the BCG economy's goals,
emphasizing resource efficiency and sustainability.

Mini-mall, distribution, and warehouse (4s) is a larger-scale operation than a flea
market and likely involves a relatively large number of people. Proper waste
management practices can help to promote sustainability. Warehouses serve as an
essential part of the supply chain, providing storage and consolidation of products
before distribution to retailers and consumers.

2.3. Literature review of FUCOM and CoCoSo methods

MCDM methods for weighting criteria and selecting alternatives can be roughly
classified into two groups. The first group is pairwise comparison-based methods such
as AHP, Analytic Network Process (ANP), and Decision Making Trial and Evaluation
Laboratory (DEMATEL). The second group is outranking or compromise criteria
methods such as Weighted Sum Approach (WSA), TOPSIS, Vlse Kriterijumska
Optimizacija Kompromisno Resenje (VIKOR), Complex Proportional Assessment
(COPRAS), Elimination Et Choix Traduisant la Realite (ELECTRE), Preference Ranking
Organization Method for Enrichment Evaluation (PROMETHEE) (Franek & Kashi,
2014). Currently, the ranking is used instead of pairwise comparison because the
number of comparisons is lower than pairwise comparison. However, for a large
number of criteria or alternatives, it may be difficult for DM to rank. Recently
developed methods, FUCOM and CoCoSo are in the second group. Based on Table 2
and Table 3, FUCOM and CoCoSo are currently very popular methods applied to many
fields of study.

The FUCOM method employs crisp numbers to prioritize alternatives, whereas
FUCOM-F utilizes triangular fuzzy numbers (TFN). For the case study, the decision-
making was quite complex and the decision data were not so complete, so it was not
appropriate to use crisp numbers. Therefore, fuzzy data were used. However, the
existing FUCOM-F was not effective enough (Panjavongroj & Phruksaphanrat, 2022).
Therefore, a new method was proposed for calculating the relevant weights of criteria
for the BCG economy. The calculation for occupation selection in the BCG project was
based on the CoCoSo method, as recommended by Yazdani et al. (2019), to provide the
most suitable solution, because it promotes the accuracy of decision-making systems
and has a higher resolution in discriminating the considered options. In the CoCoSo
method, numerous applications with diverse databases encounter situations where
traditional crisp number normal estimation (Kumar et al., 2022; Popovi¢, 2021), fuzzy
z number (Haseli et al., 2023; Zafaranlouei et al., 2023), and fuzzy set estimation
(Bonab et al., 2023; Ghoushchi et al., 2022; Lai et al., 2022) were employed. In this
study, the utilization of a crisp number of CoCoSo is considered sufficient for
evaluating efficiency.

The current literature review reveals a gap in the examination of the combined
utilization of FUCOM-LF and CoCoSo for occupation selection in the BCG project. This
study introduce the FUCOM-LF as a new method that integrated the LFPP into the the
FUCOM, effectively reducing the number of required pairwise comparisons and
ensuring full consistency. In parallel, the CoCoSo approach enhances accuracy and
provides a high resolution in distinguishing among various alternatives. Notably, this
method offers flexibility in adding or removing considered options and alternatives,
without impacting the outcome. By combining the strengths of different approaches,
this method excels in achieving high performance in multicriteria decision-making
scenarios.
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Table 2. Applications of FUCOM group in different fields

Authors

Field of applications

FUCOM

Ercegetal. (2019)

Determination of the significance of parameters for stock
management in the storage system

Fazlollahtabar Selection of forklift in a warehouse

(2019)

Sofuoglu (2019) Choosing the most suitable manufacturing method
Badi and Kridish Selection of landfill site in Libya

(2020)

Durmic et al. Sustainable supplier selection

(2020)

Akbari et al. (2021)

Identification of the groundwater potential recharge zones

Feizi etal. (2021)

Assigning weights to the spatial proxies

Ocampo (2022)

Evaluating the sustainability of farm tourism sites

FUCOM-F

Pamucar et al. Selection and prioritization of appropriate transportation
(2020) demand management measures

Pamucar et al. Assessment of alternative fuel vehicles for sustainable road
(2021) transportation in the United States

Demir etal. (2022)

Selection decision of final measures and policies to be
carried out to achieve sustainable urban mobility plans and
workspace goals

Khan et al. (2022)

Evaluating strategies to enhance the resilience of the
healthcare sector to combat the COVID-19 pandemic

Khosravi et al.

Prioritization and selection of the most suitable

(2022) organizational structure
Table 3. Applications of CoCoSo in different fields
Authors Field of applications

Ecer and Pamucar (2020)

Sustainable supplier selection

Peng et al. (2020)

Considering the 5G industry evaluation

Khan and Haleem (2021)

Evaluation of the circular economy practices

Popovi¢ (2021)

Selection of the best candidate

Chen etal. (2022)

Evaluation of the most serious work-related hazards
for corrective actions.

Dwivedi and Sharma

(2022)

Selection of the most appropriate engineering
sustainability components

Kumar et al. (2022)

Selection of a spray-painting robot suitable

Lai etal. (2022)

Selection of blockchain platform

Narang et al. (2022)

Stock portfolio selection

Pamucar and Faruk

Selecting the most appropriate European container

Gorgiin (2022) seaport
Qiyas et al. (2022) Choosing the optimal antiviral medicine to manage
COVID-19s

Ghoushchi et al. (2022)

Evaluation of wind turbine failure modes

Bonab et al. (2023)

Selection of sustainable resilient supplier

Haseli et al. (2023)

Selection of sustainable resilient recycling partner
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Authors Field of applications
Zafaranlouei et al. (2023) Assessment of sustainable waste management
alternatives

3. Methodologies

The methodology of this research has two stages, which are to estimate the weights
of the criteria relevant to the BCG economy and to find the most appropriate
occupation in the BCG project. In the first part, the weights of the criteria are calculated
by FUCOM-LF technique. After the weight of each criterion has been computed,
CoCoSo calculation technique is applied to find the appropriate occupation alternative
in the BCG project in this research.

3.1. Logarithmic Fuzzy Full Consistency Method (FUCOM-LF)

In this section, two novel approaches, LFPP (Wang & Chin, 2011) and FUCOM
techniques (Pamucar et al., 2018), are combined to take advantage of both methods in
the new hybrid method. It is beneficial for analyzing using small numbers of
comparisons; it is also a way to achieve complete consistency of assessment. The
computing technique is illustrated below.

Step 1: Evaluate the decision criteria.

The first stage in multi-criteria models is to define a set of assessment criteria.
Assuming that there are n (j=1, 2,..,n) assessment criteria represented by a set of
criteria, C = {C1, Cz,..., Cn}.

Step 2: Sort the selection criteria in order of significance. Criteria are rated by DMs
based on their preferences regarding the relevancy of the criteria. The criterion with
the significant weight coefficient is ordered in the top rank. The criterion with the
lowest predicted value of the weight coefficient is assigned to the last position. As a
result, each criterion is prioritized based on the DMs expected effect on decision-
making.

Gy > Gy >...> Cjg (1)

Step 3: Compare the criteria using triangular fuzzy numbers (TFN) as shown in
Table 4. The comparison is carried out with the top-ranked (most important) criterion
in mind for each criterion ranked in Step 2. The following criteria must be compared
n times. Then, the fuzzy judgment significance (@Cj(,) can be obtained. The fuzzy
comparable significance @41y is derived using Eq. (2) depending on the relevance
of the criteria.

Table 4. TFN scale

Linguistic Membership function

Equally important (1,1, 1)

Weakly important (2/3,1,3/2)

Fairly important (3/2,2,5/2)

Very important (5/2,3,7/2)

Absolutely important (7/2,4,9/2)

¢_k_ = @Ciges1)/ @Cir) (2)
k+1

= (Ferry Ferry Gaern)/ (B, Ty o)
Eq. (3) illustrates a fuzzy vector of the comparative significance of the evaluation
criteria.
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¢ = (‘P1/2v P23, ---:‘Pk/(k+1)) (3)
where @1y indicates the Cjx criterion's significance with respect to the Cjek+1).
Step 4: Choose the appropriate fuzzy weights. The final results of the fuzzy weight
criteria coefficients (w1, wz,..,wn)T are computed. The final weight coefficient values
must meet two conditions:
Condition 1
Wie/Wice1 = Orjk+1) (4)
Condition 2
Wi/ Wiy = <Pk/(k+1)®<P(k+1)/(k+2) (5)
Step 5: The final estimated weight values of the problem threshold can be
calculated from the model as follows:

Model: FUCOM-LF

n
Minimize ] = (1 - A)*+ M - (z 613/k+1 + 7712c/k+1)
k=1

Xk = Xgern) — Aln (q);cn/(k+1)/¢§c/(k+1)) + Okjerny 2 In (p?c/(k+1)

S.t { —Xp + X(e+1) — Aln (¢Z/(k+1)/¢;€n/(k+1)) T Mesgern = =Gy (6)
s A X, X1y 2 0

L O (k1) Mijk+1) = 0
k=1,..,n

Let k denote the criterion's rank,

P/t 1) = (Ph/ k1), Ph/(krD), PPh/(k#1)),

xx=Inwkfork=1,..,n,

Wi = (W, Wk, wik),

X, is an optimum solution,

M is a large constant value, 103,

A is a membership degree,

Ok /(k+1) Mk /(k+1) are nonnegative deviation variables for k=1,..., n.

Eg. (7) is used to normalize the value of x; and sort fuzzy pairwise comparison
matrices.

* * n * (7)
wy = exp x;/ E exp(xp) ,k=1,..,n
j=1

where exp () is the function of exponential for which the computation is exp(x;)

= e fork=1,.., n. wy, is the weight of each criteria from k= 1,..., n.

Step 6: A consistency test is performed. If an inconsistency is detected, it must be
assessed until the consistency test satisfies the condition listed below.

In general, a positive optimum value is desired. If it is discovered that its ideal value
is A* = 0, there is a significant inconsistency between the fuzzy judgments unless
Yi=1(8% /k+1 + Nitjir1) = 0. The bigger the value of §*, the more inconsistent the fuzzy
judgments. As a result, the value of §* in fuzzy pairwise comparison matrices might be
seen as a measure of inconsistency.
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3.2. Combined Compromise Solution (CoCoSo)

The following stages are used to demonstrate the CoCoSo method's calculation
approach (Yazdani et al.,, 2019):

Step 1: Preparing the initial decision matrix.

Step 2: Criteria values are normalized.

Benefit criterion
Xij—minx;;
— i R o
nj=————;i=12,..mj=12.,n
miaxxij—mimxij

(8)

Non-benefit criterion
max xji—xiji
rp=——— L i=1,2,.,m j=1,2,..,n. ()
mizxxij—mimxij
where rij is a normalized rating of the relative alternative between i and j, and x;
signifies the rating of the relative alternative between i and j.
Step 3: The CoCoSo approach is based on the integrations of simple additive

weighting (SAW) and the exponentially weighted product model illustrated as follows:
n

(10)
Si = Z(erij)
1:1
Py = Z(ﬁj)wi (11)
j=1

Siis the sum of the weighted comparability sequence for each alternative.

Piis the sum of the power weight of comparability sequences for each alternative.
Step 4: Rank the alternatives that have been evaluated. The CoCoSo approach

employs a relative performance score k: for ranking purposes, which is computed

using three appraisal score strategies kis, kiv, and kic. DMs select A (usually 4 = 0.5) for

evaluation.

L 1 (12)
ki = § (kia + kib + kic) + (kiakibki6)3
with:
S;+P, (13)
kig = w
i=1\“1 L
iy = — d
® " minS;  minP;
i L
_ AS; + (1= A)P; -
€7 2maxS; + (1 — A) max P;
i l
(15)

4. A case study

The framework for selecting the BCG economics project was developed as
illustrated in Figure 2. This research aimed to identify the best occupation to be
promoted for the BCG project of NHA in Thailand. It began by rating the significance
of five BCG economy-related criteria. The weights gained from the FUCOM-LF were
then used to compute the selection of alternatives from the six alternative occupations
of the BCG project selection by CoCoSo.
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Level 1

Cioal Select the BCG economy
b project
Level 2 ‘
Criteria ] | [ |
a > - -

I " /_ B
innovation and | | s ‘ : sustainable
\_knowledge (C/)} | Eisonicd) J collaborstion (C% ‘management (C4J ’ value (C5) )

Level 3 .
Alternative 2 ' > =
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Figure 2. Framework of BCG economy project selection.
The preference matrix was evaluated by experts who were involved in the project
implementation. Table 5 depicts the evaluation of the five criteria. Cs is the most

important criterion followed by Ci, C3, Cs, and C2, respectively.

Table 5. The priorities of criteria

Criteria Cyq C1 C3 Cs C2
TFN _ (LL1) (2/3,1,3/2) (2/3,1,3/2) (3/2,2,5/2) (5/2,3,7/2)

Calculate the comparative significance of each criterion according to Eq. (2) as follows:
Qa1 = @Cy/@C = (2/3,1,3/2) / (1,1,1) =(0.6667, 1, 1.5)
@13 = @C/@C;=(2/3,1,3/2) / (2/3,1,3/2) = (0.4444, 1, 2.25)
@35 = wC3/@Cs=(3/2,2,5/2) / (2/3,1,3/2)=(1,2,3.75)
@s;, = wCs/@C, =(5/2,3,7/2) / (3/2,2,5/2) = (1, 1.5, 2.3333)
As a result, a vector of relative significance was defined as follows:
@ =((0.6667,1,1.5), (0.4444, 1, 2.25), (1, 2, 3.75), (1, 1.5, 2.3333))
From Eg. (5), the conditions were derived from four restrictions, imposed by the
transitive requirements as shown in the following.
ws / w3 =(0.6667,1,1.5) ® (0.4444, 1, 2.25) = (0.2963, 1, 3.375)
w1/ ws=(0.4444,1,2.25)® (1, 2, 3.75) = (0.4444, 2, 8.4375)
ws/w2=(1,2,3.75)® (1,1.5,2.3333) = (1, 3,8.75)

Criteria weight values were solved with Lingo 17.0 with the model shown in Eq.
(6); the result was w1 = wz = wa (0.2609) > ws (0.1304) > w2 (0.0870), and A was equal
to 1 (positive), which means that the matrix was consistent.

The weight results indicate that sustainable management (Cs), innovation and
knowledge (C1), and collaboration (C3) are the main criteria selected for the BCG
project. Sustainable management such as waste management, selection of materials
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for recycling or reuse, and community-based biomass power generation, is critical for
supporting the promoted occupation in the BCG project. Knowledge includes smart
operations, information technology, and innovative technology which are crucial
points for sustainable careers and are in line with the BCG project. Cooperation
between organizations from both the public and private sectors can efficiently support
a sustainable occupation. Value and emission criteria have lower consideration in the
BCG project for occupation selection.

Next, the resulting weights were calculated with the CoCoSo method to select the
most suitable occupations for the community. The optimal criteria for beneficial
factors are set to maximize the desired outcomes, while non-beneficial criteria are
aimed at minimizing their values to achieve the best results. The evaluation outcomes
are presented in Table 6.

Table 6. The evaluation result of the BCG project selection

Criteria C1 C2 C3 Cs Cs

Weights 0.2609 0.0870 0.2609 0.2609 0.1304
Optimal value  max min max max max

A1 10 4 9 9 10

g Az 10 4 9 9 10

'é A3 5 4 10 6 8

£ As 5 5 9 6 8

ﬁ As 7 10 8 9 10

As 6 9 7 7 5

sum 43 36 52 46 51

The values from Table 6 are normalized and presented in Table 7.

Table 7. The normalized decision-making matrix

Criteria C1 C2 C3 Cs Cs
A 0.2326 0.1111 0.1731 0.1957 0.1961
A2 0.2326 0.1111 0.1731 0.1957 0.1961
Az 0.1163 0.1111 0.1923 0.1304 0.1569
As 0.1163 0.1389 0.1731 0.1304 0.1569
As 0.1628 0.2778 0.1538 0.1957 0.1961
As 0.1395 0.2500 0.1346 0.1522 0.0980

Alternatives

Then, after considering benefit / non-benefit criteria by applying Eq. (8) and Eq.
(9), the result was the matrix shown in Table 8.

189



Phruksaphanrat & Panjavongroj/Decis. Mak. Appl. Manag. Eng. 6(2) (2023) 177-200

Table 8. Comparability sequence measures

Criteria 1 C2 Cs Cs Cs

A 1 1 06667 1 1

2 4o 1 1 06667 1 1
= As 0 1 1 0 0.6000
£ A 0 08333 06667 0 06000

= As 04 0 03333 1 1

As 0.2 0.1667 0.0000 0.3333 0

The CoCoSo method utilizes the SAW approach, and the exponentially
weighted product model was computed by Eqgs. (10)-(15). The corresponding
results are presented in Tables 9 - 11.

Table 9. Weighted comparability sequence and Si

Criteria C1 Cz Cs Cs Cs Si
A1 0.2609 0.0870 0.1739 0.2609 0.1304 (09130

g Az 0.2609 0.0870 0.1739 0.2609 0.1304 09130
5 As 0 00870 02609 0 00783 04261
£ As 0 00725 01739 0  0.0783 03246
<

As 0.1043 0 0.0870 0.2609 0.1304 0.5826
As 0.0522 0.0145 0 0.0870 0 0.1536

Table 10. Exponentially weighted comparability sequence and P;

Criteria C1 C2 C3 Cs Cs Pi
A1 1 1 0.8996 1 1 4.8996
§ A2 1 1 0.8996 1 1 4.8996
E Az 0 1 1 0 0.9355 29355
E A 0 0.9843 0.8996 0 0.9355 28194
= As 0.7874 0 0.7508 1 1 3.5382

Ao 0.6571 0.8557 0 0.7508 0 2.2637

Table 11. Final aggregation and CoCoSo ranking of the alternatives

Kka Ranks ko Ranks ke Ranks k rFalrr:li

A 02356 12 81078 12 1 1,2 43553 1,2

2 A, 02356 12 81078 12 1 1,2 43553 1,2
£ As 01363 4 40704 4 05783 4  2.2795 4
£ A+ 01274 5 33587 5 05409 5 19564 5
2 4s 01670 3 53555 3 07089 3  2.9363 3
As 00980 6 2 6 04159 6 12715 6
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The results of the assessment were as follows: A1 = A2 > As > A3 > A4 > Ae. Based on
the result of the study, two occupations were suggested, organic farming and livestock.
The case study community was an underprivileged community in the capital city of
Thailand. However, most people there have a low level of education. Both occupations
are necessary for a living that can help them survive and be self-reliant. However,
sustainable management, innovation and knowledge, and collaboration should be
prepared for the community to achieve successful implementation. The next priorities
were the small industry, service career, flea market, and mini-mall, respectively. The
details of the action plans for the selected occupations were suggested as follows:

Organic farming uses techniques that rely on natural processes rather than
synthetic inputs like chemical pesticides and fertilizers. Training in organic farming
practices, such as pest control, bio-fertilization, and product processing, can help
farmers improve their skills and increase the sustainability and efficiency of their
operations. Drying vegetables and fruits can be an excellent way to extend their shelf
life and create value-added products. It could be helpful to work with government
agencies or universities to access training and expert guidance on organic farming
practices. Using renewable energy sources like solar cells would also be a way to
reduce the environmental impact of farming and make it more sustainable.

Raising livestock using organic and natural methods can be a sustainable way to
produce food and have a lower environmental impact than intensive methods of
animal agriculture. Providing a varied diet for the animals using supplementary plant-
based feed can help reduce costs and improve the health of the animals. It is important
to choose a breed of animal that is well-suited to the local environment and easy to
care for and to work with local experts to ensure that the animals are being raised
sustainably and responsibly. Using organic methods, such as recycling chicken manure
as fertilizer for vegetables, can help close the nutrient loop and minimize the
environmental impact of the farming operation.

It is essential to consider each community's specific needs and characteristics
when implementing a project. Different communities may have different knowledge
bases, sizes, and environmental conditions that will affect the project's success. It may
be necessary to adapt the project to fit each community's needs and consider the
relative importance of different criteria and alternatives based on the specific context
of the community. It is helpful to consult with local experts and community members
to ensure that the project meets the needs and goals of the community.

The possible contributions of the other BCG project of occupation selection are
shown in Table 12:

Table 12. Possible contributions from the BCG project's occupation
selection

Criteria Detail
Organic farming (41)
Innovation and e Select vigorous, productive, and weather-resistant fruits and
knowledge (C1) vegetables.
o Inform the community promptly of customer trends.
e Gain knowledge of growing fruits and vegetables that are in
demand in the market.
Emission (C2) e Using renewable energy in processing and transporting to
reduce GHG emissions.
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Criteria Detail

Collaboration e Gain support from the public and private sectors for the

(C3) development and recommendation of appropriate plant
species.

Sustainable e Employ organic fertilizers instead of chemical fertilizers.

management e Use agricultural waste for biomass production.

(C4) o Utilize herbs or plants in organic farming.

Value (Cs) e Produce value-added products using processes, such as
drying, pickling, and freezing.

Livestock (4z)

Innovation and
knowledge (C1)

Emission (C2)

Collaboration
(&)
Sustainable
management
(C4)

Value (Cs)

Acquire knowledge and assistance in selecting species and
breeds for small-scale farming.

Inform the community about consumer trends on time.

Use innovative technologies for farming for the community.
Modifying diets to increase productivity and reduce GHG
emissions.

Acquire support from the public and private sectors in
developing and introducing suitable animal breeds.

Replace animal feed with a blend of vegetables that can be
grown locally.

Making the most of waste utilization.

Create new value-added products that are made from farmed
meat and extend consumption life, such as grated chicken and
dried sweet pork.

Service career (43)

Innovation and
knowledge (C1)

Emission (C2)

Collaboration

(C3)

Sustainable
management
(Cs)

Value (Cs)

Transfer occupational techniques from experienced people to
disseminate knowledge to people in the community.

Create a group in social media applications or webpage of the
community to be easy to contact, notify or make an
appointment for services of the community.

Decide the delivery or service route to reduce energy
consumption and emissions.

Cooperate with experts within the community. If anyone has
experience in new service careers or has new techniques,
they should be shared so that people in the same line of work
can further develop themselves.

Use sustainable materials or equipment with a long lifetime.
Reduce frequent repair of equipment or tools to save money
and be more cost-efficient.

Do an online satisfaction survey to evaluate services. In
addition to ensuring the quality of services, it also gives
customers more confidence in receiving technical services in
the community.

Flea market and parking (44)

Innovation and
knowledge (C1)

Emission (C2)
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Criteria Detail

Collaboration °

(C3)

Sustainable °
management
(C4) .

Value (Cs) .

Use a campaign to put up a parking sign to turn off the engine
when parked.

Allocating the parking area to be well-ventilated and not
cause pollution to traders in the market and nearby
residences.

Use renewable energy instead of traditional electricity.
Collaborate among people in the community to separate
waste properly to make it easier to recycle or reuse.

Share information about sold products without overlapping
and undercutting each other in the community marketplace.
If raw materials such as meat, vegetables, and fruits are not
sold out, and there is a large amount left, agree to cooperate
with a small industry in the community to convert them into
other products.

Proper waste sorting will result in the most effective disposal
or utilization.

Install a solar cell system for use in the market.

Install a wastewater treatment system.

Campaign to reduce the use of plastic packages in the
community.

Promote biodegradable packaging and natural products.
Selecting good and high-quality products, focusing on selling
organic products to create a market that targets
environmentally friendly consumers.

Small industry (4s)

Innovation and °
knowledge (C1)

Emission (C2) .
[ ]
Collaboration .
(C3)
[ ]
Sustainable .
management
(C4) °
Value (Cs) °

Organize training from external organizations or companies
to educate community members in a small industry about
production planning and operations, and train them to use
modern machines or tools to improve output quality.

Using renewable energy sources in the production process is
an important way to reduce GHG emissions and combat
climate change.

Biodegradable packaging materials are designed to break
down into natural materials over time. Communities can use
them to reduce the environmental impact.

Cooperation within a community can help to ensure that the
developed products and services meet consumers' needs.
necessitates research and development of technology that
produces the least waste and pollution with universities or
government services.

Using renewable energy sources or biomass in the
manufacturing process.

Biodegradable packaging materials are typically made from
renewable resources, such as plant-based materials like
paper, cardboard, and cornstarch, which can be easily broken
down by natural processes.

The transformation of originally obtained products to new
products with value-added and consumer demand, such as
alternative Thai herbal extracts for treating diseases.
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Criteria Detail

Mini-mall, distribution, and warehouse (4s)

Innovation and e Introduce basic calculation methods for operations such as

knowledge (C1) inventory control to prevent an overstock problem.

e Use a simple POS (point of sales) system to control sales.
e Give knowledge about shelf space management, shelf space
marketing, and layout management.

Emission (C2) e Choosing vehicles that use renewable energy, such as electric
vehicles (EVs) to reduce GHG emissions and contribute to a
more sustainable future.

o Use appropriate route management for distribution.
e Use renewable energy in the community.

Collaboration e Collaborate among communities to find efficient

(C3) transportation routes or share vehicles.

e Collaboration can also help build relationships and trust
among the different parties involved, which can facilitate
ongoing cooperation and coordination.

Sustainable e Choose vehicles that use renewable energy, such as EVs.
management e Arrange suitable transportation routes to reduce transport
(C4) distance.

Value (Cs) e Distribution planning can involve both carrying and

returning goods to reduce backhaul to improve the efficiency
and sustainability of transportation operations.

5. Conclusion

Although NHA has built residences for improving the quality of life of
underprivileged people in Thailand, generating income for them is also significant for
sustainable development. The BCG project of selecting occupations and supporting a
community by NHA was raised. In this research, the new hybrid method of FUCOM-LF
and CoCoSo was presented to find the appropriate occupations based on the BCG
concept of NHA. The framework of occupation selection based on the BCG project was
introduced in this research so that it could be employed in any community in Thailand.
The 5 main criteria are innovation and knowledge (C1), emission (C2), collaboration
(C3), sustainable management (C4), and Value (Cs). Six occupations: organic farming,
livestock, service career, flea market and parking, small industry, mini-mall,
distribution, and warehouse, were considered. The FUCOM-LF approach was utilized
in the research to weigh the significant criteria for the BCG economy. The critical
criteria for this BCG project were sustainable management, innovation and
knowledge, and collaboration. Value and emission criteria were of less concern in the
BCG project for occupation selection. Organic farming and livestock were selected by
the CoCoSo method to be the best occupations that should be promoted as viable
vocations for such model communities to create long-term sustainable income based
on sustainable management. Sustainable management for both organic farming and
livestock should be well-prepared for the community such as the utilization of organic
fertilizers, using agricultural waste, utilizing herbs or plants, or producing value-
added products. Training to improve research and development expertise to foster
innovation within the professional group should be provided to the community.
Selecting productive and weather-resistant vegetables and fruits that have a high
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demand for the community. Furthermore, collaborations between the public and
commercial sectors are also essential to enhance the ability of people in the
community to make a living through promoted professions such as consulting,
knowledge, market, and demand.

The implementation of the FUCOM-LF technique outperforms the existing
approaches by a lower number of comparisons than pairwise comparison and full
consistency. CoCoSo's approach promotes accuracy and high resolution in
discriminating between different options. The method allows flexibility in adding or
eliminating the number of considered options and alternatives without affecting the
final outcome. By combining the advantages of both methods, the hybrid approach for
prioritization problems is both effective and flexible. The FUCOM-LF and CoCoSo
hybrid approach can be applied to a wide range of problems in MCDMs due to its
convenient assessment and the perfect assessment consistency. The contribution of
other occupations is also presented in the research to be a guideline for other
practices.

The framework proposed in this study has certain limitations regarding its
applicability to diverse climatic countries, as well as variations in lifestyles, actions,
and occupations among different populations. The occupation profiles of each country
differ, potentially leading to changes in the occupation’s selection structure, such as
the addition or reduction of specific occupation options. Consequently, a re-evaluation
is necessary for Phase 2, which involves occupation selection using the CoCoSo
method. However, if the majority of options remain unchanged, it is unlikely to
significantly impact the previous calculations. Moreover, the CoCoSo method offers
flexibility by allowing the addition and removal of alternatives as needed.

Future research may explore the selection of key performance indicators (KPI) for
action after occupation promotion in the community to measure the effectiveness of
the outcomes based on the BCG economy. Furthermore, an additional research
suggestion for this study is to explore the conventional utilization of CoCoSo. Other
researchers who are interested in this area can delve further into the application of
CoCoSo in conjunction with fuzzy z numbers and fuzzy sets, as this can potentially lead
to amore dependable assessment and enhance research efficiency in alternative ways.

Author Contributions: Conceptualization, B.P.; Supervision, B.P.; Methodology, B.P.;
Writing - review & editing, B.P.; Validation, B.P.; Formal analysis, B.P., S.P.; Writing—
original draft preparation, S.P.; Resources, S.P. All authors have read and agreed to the
published version of the manuscript.

Funding: This research was supported by Thammasat University Research Fund,
Contract No. TUSDG 3/2566, Thailand.

Data Availability Statement: Not applicable.

Acknowledgments: This study was supported by Thammasat University Research
Fund, Contract No. TUSDG 3 /2566, Thailand.

Conflicts of Interest: The authors declare that they have no known competing

financial interests or personal relationships that could have appeared to influence the
work reported in this paper.

195



Phruksaphanrat & Panjavongroj/Decis. Mak. Appl. Manag. Eng. 6(2) (2023) 177-200
References

Akbari, M., Meshram, S. G., Krishna, R. S., Pradhan, B., Shadeed, S., Khedher, K. M,,
Sepehri, M., [ldoromi, A. R., Alimerzaei, F., & Darabi, F. (2021). Identification of the
groundwater potential recharge zones using MCDM models: Full Consistency Method
(FUCOM), Best Worst Method (BWM) and Analytic Hierarchy Process (AHP). Water
Resources Management, 35(14), 4727-4745. https://doi.org/10.1007/s11269-021-
02924-1

Akmaludin, A., Sihombing, E. G, Dewi, L. S., Rinawati, R, & Arisawati, E. (2022).
Collaboration of profile matching and MCDM-AHP methods on employee selection for
promotion. SinkrOn, 7(2), 321-332. https://doi.org/10.33395/sinkron.v7i1.11203

Badi, I, & Kridish, M. (2020). Landfill site selection using a novel FUCOM-CODAS
model: A case study in Libya. Scientific = African, 9, 1-10.
https://doi.org/10.1016/j.sciaf.2020.e00537

Bonab, S. R, Haseli, G., Rajabzadeh, H., Ghoushchi, S. ]J., Hajiaghaei-Keshteli, M., &
Tomaskova, H. (2023). Sustainable Resilient Supplier Selection for ot Implementation
Based on the Integrated Bwm and Trust Under Spherical Fuzzy Sets. Decision Making:
Applications in Management and Engineering, 6(1), 153-185.
https://doi.org/10.31181/dmame12012023b

Broring, S., Laibach, N., & Wustmans, M. (2020). Innovation types in the bioeconomy.
Journal of Cleaner Production, 266, 1-12.
https://doi.org/10.1016/j.jclepro.2020.121939

Bugge, M. M., Hansen, T., & Klitkou, A. (2016). What is the bioeconomy? A review of the
literature. Sustainability (Switzerland), 8(7), 1-22.
https://doi.org/10.3390/su8070691

Carus, M., & Dammer, L. (2018). The circular bioeconomy-concepts, opportunities, and
limitations. Industrial Biotechnology, 14(2), 83-91.
https://doi.org/10.1089/ind.2018.29121.mca

Chen, Q.Y,, Liy, H. C,, Wang, |. H,, & Shi, H. (2022). New model for occupational health
and safety risk assessment based on Fermatean fuzzy linguistic sets and CoCoSo
approach. Applied Soft Computing, 126(109262), 1-14.
https://doi.org/10.1016/j.as0c.2022.109262

Chen, Y., Chen, C. Y, & Hsieh, T. (2011). Exploration of sustainable development by
applying green economy indicators. Environmental Monitoring and Assessment, 182(1-
4),279-289. https://doi.org/10.1007 /s10661-011-1875-3

Corvellec, H., Stowell, A. F., & Johansson, N. (2022). Critiques of the circular economy.
Journal of Industrial Ecology, 26(2), 421-432. https://doi.org/10.1111/jiec.13187

Demir, G., Damjanovié, M., Matovi¢, B., & Vujadinovi¢, R. (2022). Toward sustainable
urban mobility by using fuzzy-FUCOM and fuzzy-CoCoSo methods: the case of the
SUMP Podgorica. Sustainability (Switzerland), 14(9), 1-27.
https://doi.org/10.3390/s5u14094972

Dietz, T., Borner, |., Forster, ].]., & von Braun, ]. (2018). Governance of the bioeconomy:
A global comparative study of national bioeconomy strategies. Sustainability
(Switzerland), 10(9), 1-20. https://doi.org/10.3390/su10093190

196



A hybrid method for occupations selection in the Bio-Circular-Green Economy project of ...

Durmic, E., Stevic, Z., Chatterjee, P., Vasiljevic, M., & Tomasevic, M. (2020). Sustainable
supplier selection using combined FUCOM - Rough SAW model. Reports in Mechanical
Engineering, 1(1), 34-43. https://doi.org/10.31181/rme200101034c

Dwivedi, P. P., & Sharma, D. K. (2022). Application of Shannon entropy and CoCoSo
methods in selection of the most appropriate engineering sustainability components.
Cleaner Materials, 5(100118), 1-7. https://doi.org/10.1016/j.clema.2022.100118

Ecer, F., & Pamucar, D. (2020). Sustainable supplier selection: A novel integrated fuzzy
Best Worst Method (F-BWM) and fuzzy CoCoSo with Bonferroni (CoCoSo’B) multi-
criteria model. Journal of Cleaner Production, 266(121981), 1-18.
https://doi.org/10.1016/j.jclepro.2020.121981

El-Chichakli, B., von Braun, ], Lang, C., Barben, D., & Philp, ]. (2016). Five cornerstones
of a global bioeconomy. Nature, 535, 221-223.

Erceg, 7., Star¢evié, V., Pamucar, D., Mitrovi¢, G., Stevi¢, Z., & Ziki¢, S. (2019). A new
model for stock management in order to rationalize costs: ABC-FUCOM-interval rough
CoCoSo model. Symmetry, 11(1527), 1-29. https://doi.org/10.3390/SYM11121527

Fazlollahtabar, H., Smailba$i¢, A, & Stevi¢, Z. (2019). FUCOM method in group
decision-making: Selection of forklift in a warehouse. Decision Making: Applications in
Management and Engineering, 2(1), 49-65.
https://doi.org/10.31181/dmame1901065f

Feizi, F.,, Karbalaei-Ramezanali, A. A, & Farhadi, S. (2021). FUCOM-MOORA and
FUCOM-MOOSRA: New MCDM-based knowledge-driven procedures for mineral
potential mapping in greenfields. SN Applied Sciences, 3(3), 1-19.
https://doi.org/10.1007 /s42452-021-04342-9

Franek, J., & Kashi, K. (2014). A review and critique of MADM methods application in
business and management. International Journal of the Analytic Hierarchy Process,
6(2), 180-201. https://doi.org/10.13033/isahp.y2014.010

Ghoushchi, S. |, Jalalat, S. M., Bonab, S. R, Ghiaci, A. M., Haseli, G., & Tomaskova, H.
(2022). Evaluation of Wind Turbine Failure Modes Using the Developed SWARA-
CoCoSo Methods Based on the Spherical Fuzzy Environment. IEEE Access, 10(August),
86750-86764. https://doi.org/10.1109/ACCESS.2022.3199359

Haseli, G., Torkayesh, A. E., Hajiaghaei-Keshteli, M., & Venghaus, S. (2023). Sustainable
resilient recycling partner selection for urban waste management: Consolidating
perspectives of decision-makers and experts. Applied Soft Computing, 137, 110120.
https://doi.org/10.1016/j.as0c.2023.110120

Kardung, M., Cingiz, K., Costenoble, O., Delahaye, R., Heijman, W., Lovri¢, M., van
Leeuwen, M., M’barek, R., van Meijl, H., Piotrowski, S., Ronzon, T., Sauer, |., Verhoog, D.,
Verkerk, P. ], Vrachioli, M., Wesseler, . H. H., & Zhu, B. X. (2021). Development of the
circular bioeconomy: Drivers and indicators. Sustainability (Switzerland), 13(1), 1-24.
https://doi.org/10.3390/su13010413

Keha Sukpracha. (2022). 56-1 One Report. https://www.kha.co.th/investor-relation/

Khan, F.,, Ali, Y., & Pamucar, D. (2022). A new fuzzy FUCOM-QFD approach for
evaluating strategies to enhance the resilience of the healthcare sector to combat the
COVID-19 pandemic. Kybernetes, 51(4), 1429-1451. https://doi.org/10.1108/K-02-
2021-0130

197



Phruksaphanrat & Panjavongroj/Decis. Mak. Appl. Manag. Eng. 6(2) (2023) 177-200

Khan, S., & Haleem, A. (2021). Investigation of circular economy practices in the
context of emerging economies: A CoCoSo approach. International Journal of
Sustainable Engineering, 14(3), 357-367.
https://doi.org/10.1080/19397038.2020.1871442

Khoshnava, S. M., Rostami, R., Zin, R. M., Streimikiene, D., Yousefpour, A., StrielkowsKi,
W., & Mardani, A. (2019). Aligning the criteria of green economy (GE) and sustainable
development goals (SDGs) to implement sustainable development. Sustainability
(Switzerland), 11(4615), 1-23. https://doi.org/10.3390/su11174615

Khosravi, M., Hagbin, A., Zare, Z., & Shojaei, P. (2022). Selecting the most suitable
organizational structure for hospitals: An integrated fuzzy FUCOM - MARCOS method.
Cost Effectiveness and Resource Allocation, 20(29), 1-17.
https://doi.org/10.1186/s12962-022-00362-3

Kumar, V., Kalita, K., Chatterjee, P., Zavadskas, E. K., & Chakraborty, S. (2022). A
SWARA-CoCoSo-based approach for spray painting robot selection. Informatica
(Netherlands), 33(1), 35-54. https://doi.org/10.15388/21-infor466

Lai, H., Liao, H., Long, Y., & Zavadskas, E. K. (2022). A hesitant Fermatean fuzzy CoCoSo
method for group decision-making and an application to blockchain platform
evaluation. International Journal of Fuzzy Systems, 24(6), 2643-2661.
https://doi.org/10.1007 /s40815-022-01319-7

Lim, Y. R, Ariffin, A. S, Ali, M., & Chang, K. L. (2021). A hybrid MCDM model for live-
streamer selection via the fuzzy Delphi method, AHP, and TOPSIS. Applied Sciences
(Switzerland), 11(19), 1-15. https://doi.org/10.3390/app11199322

Marsh, A. T. M., Velenturf, A. P. M., & Bernal, S. A. (2022). Circular economy strategies
for concrete: implementation and integration. Journal of Cleaner Production,
362(132486), 1-17. https://doi.org/10.1016/j.jclepro.2022.132486

Narang, M,, Joshi, M. C,, Bisht, K., & Pal, A. (2022). Stock portfolio selection using a new
decision-making approach based on the integration of fuzzy CoCoSo with heronian
mean operator. Decision Making: Applications in Management and Engineering, 5(1),
90-112. https://doi.org/10.31181/dmame0310022022n

National Housing Authority. (2022). Project for improving the environment and life
quality of community members. https://www.nha.co.th/en/

NSTDA. (2021). Bio-Circular-Green economy action plan 2021-2027 summary.

Ocampo, L. (2022). Full Consistency Method (FUCOM) and weighted sum under fuzzy
information for evaluating the sustainability of farm tourism sites. Soft Computing,
8(1991), 1-28. https://doi.org/10.1007/s00500-022-07184-8

Palapleevalya, P., Poboon, C., & Mungcharoen, T. (2017). Development of sustainable
consumption and production indicators for industrial sector according to circular
economy principles in Thailand. Interdisciplinary Research Review, 16(6), 13-18.

Pamucar, D., Deveci, M., Canitez, F., & Bozanic, D. (2020). A fuzzy full consistency
method-Dombi-Bonferroni model for prioritizing transportation demand
management measures. Applied Soft Computing Journal, 87(105952), 1-25.
https://doi.org/10.1016/j.as0c.2019.105952

198



A hybrid method for occupations selection in the Bio-Circular-Green Economy project of ...

Pamucar, D., & Ecer, F. (2020). Prioritizing the weights of the evaluation criteria under
fuzziness: The fuzzy full consistency method - FUCOM-F. Facta Universitatis, Series:
Mechanical Engineering, 18(3), 419-437.
https://doi.org/10.22190/fume200602034p

Pamucar, D., Ecer, F., & Deveci, M. (2021). Assessment of alternative fuel vehicles for
sustainable road transportation of United States using integrated fuzzy FUCOM and
neutrosophic fuzzy MARCOS methodology. Science of the Total Environment,
788(147763), 1-21. https://doi.org/10.1016/j.scitotenv.2021.147763

Pamucar, D., & Faruk Gorgiin, 0. (2022). Evaluation of the European container ports
using a new hybrid fuzzy LBWA-CoCoSo’B techniques. Expert Systems with
Applications, 203(117463), 1-17. https://doi.org/10.1016/j.eswa.2022.117463

Pamucar, D., Stevi¢, Z., & Sremac, S. (2018). A new model for determining weight
coefficients of criteria in MCDM models: Full Consistency Method (FUCOM). Symmetry,
10(9), 1-22. https://doi.org/10.3390/sym10090393

Panjavongroj, S., & Phruksaphanrat, B. (2022). Selection of ERP system and the best
practice by hybrid method : A case study of Thai automotive supply chain network.
Journal of  Intelligent & Fuzzy Systems, 43(6), 7617-7631.
https://doi.org/10.3233/]1FS-221476

Peng, X, Zhang, X., & Luo, Z. (2020). Pythagorean fuzzy MCDM method based on
CoCoSo and CRITIC with score function for 5G industry evaluation. Artificial
Intelligence Review, 53(5), 3813-3847. https://doi.org/10.1007/s10462-019-09780-
X

Pfau, S. F,, Hagens, |. E., Dankbaar, B., & Smits, A. ]. M. (2014). Visions of sustainability
in bioeconomy research. Sustainability (Switzerland), 6(3), 1222-1249.
https://doi.org/10.3390/su6031222

Popovi¢, M. (2021). An MCDM approach for personnel selection using the CoCoSo
method. Journal of Process Management and New Technologies, 9(3-4), 78-88.
https://doi.org/10.5937 /jpmnt9-34876

Qiyas, M., Naeem, M., Khan, S., Abdullah, S., Botmart, T., & Shah, T. (2022). Decision
support system based on CoCoSo method with the picture fuzzy information. Journal
of Mathematics, 2022, 1-11. https://doi.org/10.1155/2022/1476233

Seesung, W. (2021). Media exposure to and knowledge of the BCG economic
development policy model of the Thai people. Jurnal Komunikasi Pembangunan,
19(02), 83-96. https://doi.org/10.46937/19202136509

Sofuoglu, M. A. (2019). Fuzzy applications of FUCOM method in manufacturing
environment. Journal of Polytechnic, 23(1), 189-195.
https://doi.org/10.2339/politeknik.586036

Stegmann, P., Londo, M., & Junginger, M. (2020). The circular bioeconomy: Its elements
and role in European bioeconomy clusters. Resources, Conservation and Recycling: X,
6(100029), 1-17. https://doi.org/10.1016/j.rcrx.2019.100029

Thailand: a labor market profile. (2013). In Thailand : a labor market profile. ILO.

199



Phruksaphanrat & Panjavongroj/Decis. Mak. Appl. Manag. Eng. 6(2) (2023) 177-200
Vukovic, N., Pobedinsky, V., Mityagin, S., Drozhzhin, A., & Mingaleva, Z. (2019). A study

on green economy indicators and modeling: Russian context. Sustainability
(Switzerland), 11(17), 1-13. https://doi.org/10.3390/su11174629

Wang, Y. M., & Chin, K. S. (2011). Fuzzy analytic hierarchy process: A logarithmic fuzzy
preference programming methodology. International Journal of Approximate
Reasoning, 52(4), 541-553. https://doi.org/10.1016/j.ijar.2010.12.004

Wesseler, J., & Von Braun, ]. (2017). Measuring the bioeconomy: Economics and
policies. Annual Review of Resource Economics, 9, 275-298.
https://doi.org/10.1146 /annurev-resource-100516-053701

Yazdani, M., Zarate, P., Kazimieras Zavadskas, E., & Turskis, Z. (2019). A Combined
Compromise Solution (CoCoSo) method for multi-criteria decision-making problems.
Management Decision, 57(9), 2501-2519. https://doi.org/10.1108/MD-05-2017-
0458

Zafaranlouei, N., Ghoushchi, S. J., & Haseli, G. (2023). Assessment of sustainable waste
management alternatives using the extensions of the base criterion method and
combined compromise solution based on the fuzzy Z-numbers. In Environmental
Science and Pollution Research. https://doi.org/10.1007/s11356-023-26380-z

© 2023 by the authors. Submitted for possible open access publication under the
BY

terms and conditions of the Creative Commons Attribution (CC BY) license

(http://creativecommons.org/licenses/by/4.0/).

200



