energies

Article

The Barriers Analysis for Waste-to-Energy Project Development
in Thailand: Using an Interpretive Structural Modeling Approach

Nitad Jaisue, Nipon Ketjoy *

check for
updates

Citation: Jaisue, N.; Ketjoy, N.;
Kaewpanha, M.; Thanarak, P. The
Barriers Analysis for Waste-to-Energy
Project Development in Thailand:
Using an Interpretive Structural
Modeling Approach. Energies 2023,
16,1941. https://doi.org/10.3390/
en16041941

Academic Editor: Pavel A. Strizhak

Received: 13 January 2023
Revised: 7 February 2023
Accepted: 14 February 2023
Published: 15 February 2023

Copyright: © 2023 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

, Malinee Kaewpanha and Prapita Thanarak

School of Renewable Energy and Smart Grid Technology (SGtech), Naresuan University,
Phitsanulok 65000, Thailand
* Correspondence: niponk@nu.ac.th

Abstract: Waste-to-energy (WtE) is national policy. From this view, WtE technology has been pro-
moted. Many WtE projects in Thailand were unsuccessful due to several problems. This research
aimed to analyze the key barriers impacting the WtE project development in Thailand. The Inter-
pretive Structural Model (ISM) and Cross-Impact Matrix Multiplication Applied to Classification
(MICMAC) analysis tool have been used to evaluate the barriers that significantly in the development
of WHE projects. In this study, WtE projects focused on electricity power generation in order to corre-
spond to the Alternative Energy Development Plan (AEDP) target and power purchase agreement
constrain of the government. The barriers were obtained from six sections consisting of social issues,
environment, national policy, technology, economy, and project management. From six sections,
there are 20 barriers that were identified. The ISM and MICMAC analysis showed that the key
barriers impacting the WtE projects development were insufficient amount of waste and poor waste
management planning. These two barriers correspond with many studies in Thailand and other
countries. The project developers or investors must take these two barriers and other barriers with
less impact mentioned in this study into account before developing the WtE projects in Thailand.

Keywords: waste-to-energy; barriers analysis; interpretive structural model; poor waste management;

insufficient amount of waste

1. Introduction

The world is building up more waste than ever, and waste generation will increase by
40% and 19% of daily per capita for developing and developed countries [1]. In Southeast
Asia, seven key countries (i.e., Malaysia, Myanmar, Indonesia, Philippines, Singapore,
Thailand, and Vietnam) have a combined population of more than 630 million people. In
2030, municipal solid waste (MSW) generation rate is expected to be 1.6 kg per person per
day or around 400 million tons a year [2].

The National Economic and Social Development Plan of Thailand mentions that com-
munity energy is the country’s government policy for sustainable energy development. The
WIE concept is a solution to meet the policy requirement, both solving energy problems
and solving waste problems [3]. Complete community waste management from the start
of waste to final disposal and recycling waste should proceed as much as possible. The
solution, therefore, requires comprehensive and concrete waste management, sorting, recy-
cling, and efficient disposal. Most importantly, it must be emphasized that the community
or the locality can have self-management. The technology used must be the technology
that is suitable both technically and economically [4]. It is very important to be friendly
to the environment. The management approach must be balanced and have sustainable
development among the economy, society, natural resources, and environment [5,6].

The community solid waste disposal site in the Thailand 2020 report of Pollution
Control Department (PCD) revealed that, from 2016 to 2020, the community solid waste
disposal sites and community solid waste transfer stations had 3262 locations. In this num-
ber, 2274 sites are still open for service, representing 70% of the total number. Additionally,
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the rest of the 30% of community solid waste has closed or stopped operations; the total
number of these sites is 989 places [7]. As mentioned above regarding the national policy
on WtE, the Department of Alternative Energy Development and Efficiency, Ministry of
Energy, Thailand, then has set up the target of producing electricity from waste to 975 MW
in 2037, which is a part of Alternative Energy Development Plan (AEDP: 2018-2037) [8]. As
we know, many projects in the WtE projects were unsuccessful due to several problems. For
example, an insufficient waste supply to generate electricity throughout the year impacts
the project to proceed. Some plants have a conflict in waste scramble due to the waste’s
limitation, and some areas have a cost for waste management. The environmental problem
is also a significant barrier to the WtE project, and it may breach the terms of the license
and cause complaints from the people in the surrounding community [1,3,6,9,10].

According to the complicated problems of WtE project development in Thailand, this
research aimed to analyze the key barriers impacting the WtE project development in
Thailand. For reliability, the authors employed Interpretive Structural Modeling (ISM)
and Cross-Impact Matrix Multiplication Applied to Classification (MICMAC) method to
analyze the barriers, which are the most critical factor for the WtE projects and must be
considered before the future development of WtE projects in Thailand. In this study, the
WHE projects focused on electricity power generation in order to correspond to AEDP target
and power purchase agreement constrain of the government [3,8].

The structure of this paper is as follows. After this introduction section, where the
general information of WtE in Thailand and study objective is presented, it is followed by a
literature review that presents important background related to this study and research
gab. Materials and methods, a description of this study methodology, data, and variables
used are then discussed, and it is followed by the results and discussion sections. Finally, it
closes with the conclusions, limitations of the study, and future research guidelines.

2. Literature Review
2.1. WEE Technologies

WIE technologies convert municipal and industrial solid waste into electricity and/or
heat for industrial processing or supply energy to the utility grid. The WtE plants burn
waste in an incinerator at high temperatures and convert the heat to make steam for driving
the steam turbine that creates electricity and/or direct use of the hot water [1,3,6,11,12].
The different methods to convert WtE are employed based on climatic environments,
population, type of waste produced, and geographical conditions of the region. In the WtE
process, there are many options used to treat waste and convert it to energy. Energy can be
generated by treating MSW via energetic and non-energetic pathways. Recycling, reuse,
and composting result from the non-energetic ways of waste management. Recycling means
using materials, for example, plastic waste and metals, in order to make new products [6,13].
This aims to reduce the amount of waste that is sent to landfills. Additionally, this aims
to prevent pollution. Composting refers to the biodegradation of economical and reliable
waste disposal. It is widely used in developing countries. Pyrolysis and gasification are new
technologies for WtE, and they are used in developed countries. During these processes,
synthetic gas which is called syngas is produced. Syngas is composed of hydrogen, carbon
monoxide, and methane. They can be used for heating purpose and in turbines, engines,
fuel cells, or boilers to generate electricity [14]. The WE technologies are classified into three
techniques, including thermal conversion, physical, and biochemical conversion techniques,
as shown in Figure 1 [1,15]. MSW management has become a need in some developing
countries, such as Thailand, especially in urban areas. On the contrary, developed countries
try to handle the waste safely and dispose of them economically and technologically.
For example, in England, sustainable waste management model using stock-and-flow
has been proposed to improve resource efficiency and reduce waste from landfills [16].
The WHE technologies for converting WtE are anaerobic digestion, incineration, pyrolysis,
gasification, and recycling [1,15,17].
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Figure 1. Types of WtE technologies.

2.2. WtE in Thialand

Thailand has had a long history of WtE projects with two main objectives. The first is
to manage the problem regarding the amount of waste, and the second is to increase the
electric generation from waste. Thailand’s MSW generation is about 1.13 kg per person
per day [7,18-20]. Therefore, waste management tends to become more severe due to the
increasing rate of population and the expansion of economic, social, and behavioral changes
in consumption [21-23]. According to the Pollution Control Department (PCD) report in
2021, the MSW in Thailand including Bangkok, Chonburi, Samut Prakan, Nonthaburi, and
Nakhon Ratchasima, which are the top five provinces that generate most of the MSW of
the country. The amount of the country’s MSW occurring was about 25 million tons per
year, or about 69,300 tons/day in 2020 [7,18,19].

The amount of waste that occurs in Thailand is as follows. The amount of waste
is about 17,700 tons/day in the northeast, about 9100 tons/day in the south, about
4300 tons/day in the north, about 6000 tons/day in the east, about 16,600 tons/day in
the central, about 3300 tons/day in the west, and about 12,300 tons/day in Bangkok [7].
Interestingly, Bangkok is only one city, but the amount of waste is higher than many regions
in Thailand (around 18% from total). The amount of waste generated per person per day
in Thailand is presented in Figures 2 and 3 showing the amount of waste generation and
utilization.

. 118
' TR S E R T U R

1o [ L0 1.05

1.00

0.90

0.80

0.70

0.60

0.50

2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Thailand MSW generation (kg/person/day)

Year

Figure 2. The generation rate per person of waste in Thailand [7,18,19].
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Figure 3. The amount of waste generation and utilization in Thailand [7,19].

For waste disposal, the method or technology used needs to take the elements and
the properties of waste into account. It will change according to the climate, seasons, and
economic behavior of life in each community /city, but the overview of waste in various
provinces in Thailand still has similar elements and properties. However, waste in Thailand
has very high humidity because the MSW contents are composed mainly of organic waste
(63-68%) [3,10]. Thus, this property is theoretically more viable for biochemical conversion
process than the other techniques. In European Union (EU) countries, biochemicals such as
biogas produced from waste are part of the EU’s policy. There is a case study from Poland
and Germany revealing that they both have similar agriculture and MSW properties. As a
result, biogas plants are popularly installed. Nonetheless, most of biogas plants use waste
from animal husbandry, not MSW [24].

However, based on the WtE supported scheme of the Ministry of Energy, the project
economy is more important for investors rather than considering suitable methods [3,10].
By this sense, even this presented organic property is a disadvantage of waste utilization in
the form of energy and fuel production. Therefore, the suitability of thermal technology is
an exciting issue for producing energy from waste. Previously, the landfill was the preferred
method, but nowadays, the areas for the landfills are not easy to find. Additionally, landfills
cause pollution since there is wastewater from the garbage heap affecting surface water and
underground water. Moreover, there is a bad smell from the garbage heap that disrupts
the villagers’ livelihoods [25]. From the above-mentioned problems, it can be said that
incineration is inevitable. Therefore, the right technology needs to be chosen in order
to have the most negligible impact on living organisms and the environment, and the
most significant benefit from waste is a leading alternative. Nowadays, waste disposal
technology has been developed, and it can convert waste into energy. The advantage of
producing electricity from waste is that WtE processes are effective in combating climate
change arising from global warming. It is possible to generate renewable energy and
reduce carbon emissions [3,26]. Additionally, this helps to reduce waste disposal problems.
However, there are some limitations, such as opposition from neighboring communities.
Additionally, some technologies are costly, and there is a cost for proper waste management
before it is converted into energy. It must also have appropriate technology for dealing
with dust, fumes, and substances generated from incineration. Additionally, there are
restrictions on ownership of waste; for example, investors who set up a power plant may
not be the owner of a waste disposal site.
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2.3. ISM and MICMAC

ISM have been found in the Scopus database in over 5000 documents. Since 2007,
there had been an exponential increase of using this technique from 46 documents to
1200 documents in the year 2020. With major contributions of articles from India, China,
the USA, the UK, and Iran, ISM technique is being used in many disciplines’ subjects such
as business, engineering, computer science, decision science, environmental science, social
science, and so on. ISM supports in creating models of the variables, resulting in the existing
interrelationship structure among them. This technique helps a group of people or decision
makers to debate and share their knowledge and achieve consensus on the relationships
among the variables. The participators can share their ideas without any knowledge of
mathematical complexity involved in the underlying steps. The ISM process does not add
any information but brings in structural value. MICMAC supports in classification of the
variables into one of the four categories, namely dependent, independent, linkage, and
autonomous variables. ISM together with MICMAC becomes a strong tool to visualize the
structure of variables along with the interrelationships among them [27].

Most countries, both in developed and developing countries, have problems about
waste management implementation. These problems include technical and non-technical
problems depending on each country’s contexts as reported in the literature mentioned
above. In order to solve those problems, the exact root cause or barriers need to be found
out since the beginning before implementing the solution. WtE project development in
Thailand is also the same. To succeed in an implementation, the key barriers should be
identified. From the literature, the ISM and MICMAC techniques are the most suitable
tools for investigating and pointing out the priority problems of project’s unsuccess that
need to be considered before developing the WHE.

3. Materials and Methods
3.1. The Development of ISM for WtE Project in Thailand

This research studied the barriers that impacted the failure of WtE projects develop-
ment in Thailand. The barriers mentioned in this study were gathered from the related
literature and documents from reliable agencies and experts” experience in the WHE field.
All barriers were analyzed to determine the impact of the barriers, which influenced the
unsuccess of WtE project development in Thailand by using ISM and MICMAC analysis.
In addition, the structural self-interaction matrix (SSIM) was developed to analyze the
obstacles affecting success and failure. Microsoft Excel software was also used in ISM and
MICMAC process. The methodology of this research is shown in Figure 4.

The research’s objective was to analyze the barriers that impacted the success of WtE
projects in Thailand. In this study, the qualitative methodology was most suitable. ISM
with MICMAC analysis was employed. Although ISM has been used for a few decades, it
is still the most widely used research technique. It is more beneficial than other techniques
since it supports both the non-numeric and numeric research models. Besides, it is more
convenient when explanation, investigation, and analysis are required through conducting
interviews, questionnaires, and a literature review. Therefore, this technique suits this
present research [27-29]. This research also used a systematic literature review of WtE
projects and gathered barriers from the experts in WtE development in Thailand for the
preliminary idea and barrier identification. ISM is an accommodating modeling method,
and it is a tool used for approaching complex issues carefully, using logical thinking, and
then distributing the results. It can be said that it is better than other easy-to-understand
methods. The ISM process is composed of the following. (1) Identifying critical variables for
this work was the barriers that impact WtE development. (2) The structural self-interaction
matrix (SSIM) was then created in order to identify the relationships among barriers.
(3) A reachability matrix method was developed. (4) In the following step, testing was
transitivity. (5) Deriving model levels were set by employing the reachability matrix. (6) The
relationship was translated, and the ISM model was drawn. (7) Finally, the inconsistencies
were reviewed and revised accordingly [27-29].
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Figure 4. The ISM structural flow of this research.

3.2. Identification of the Critical Barriers to the WtE Project

There are critical barriers which affect the success of WtE project development in Thai-
land. According to the literature review, study all barriers were classified into six sections
as shown in Figure 5 [1,5-7,9,10,12,15-17,19,21-23,25]. The 20 barriers were gathered from
the related literature, reliable agencies’ reports, and experts” experience in the WHE field.
The sources of barriers of this study are shown in Table 1.

National

Barriers of
WLE Project
in Thailand

Project
Management

Figure 5. The six sections barriers classified.
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Table 1. Sources of barriers of this study.

Type of Sources

Sources Number Remarks

Literature publications

Scopus database, Related

. [1,5-7,9,10,12,15-17,19,21-23,25,30-36]
agencies reports

22 documents

In-dept interview

Question structure cover key issues of social,
environment, national policy, technology,
economy, and project management.

Experts 5 persons (1.30 h)

The critical barriers are related to WtE project development in Thailand, and they
can be divided into six sections, consisting of social issues, environment, national policy,
technology, economy, and project management. The social issues, environment, national
policy, and project management are general aspects that should be taken into account in
any WtE project. The aspect of technology was chiefly selected in order to determine the
proven capacity of the WtE options via the reference plants. Electrical efficiency is used
to assess the performance of the WtE options according to electricity generation and the
power production in order to quantify the amount of energy generated by a WtE technology.
The economic aspect was the next aspect to determine the cost required to install a WtE
technology and its operation cost. The reference plants’ specific capital and operation costs
were then investigated using the literature review. From Table 1, this research compiled
various problems and summarized them into 20 barriers that affected the development of
the WtE project in Thailand. A total of 20 barriers are shown in Table 2.

Table 2. Keys barriers to the WtE project development in Thailand.

Code Key Barriers Description References
The amount of waste that will be converted to electricity is
- insufficient or inconsistent for the WtE power plant, [30-32]
B1 Insufficient amount of waste e . . . .
making it impossible to convert it to energy as maximum [Expert opinion]
power as designed.
The quality of the waste taken from different areas is not
Quality of waste for electricity  sufficient quality to be used to generate electricity for the [32-34]
B2 . . : . . S
generation WIE project. It is necessary to improve the quality of the [Expert opinion]
waste to be used to generate electricity.
Poor waste management There is no waste management or inadequate waste [32-34]
B3 . o
planning management for the WtE power plant. [Expert opinion]
People’s resistance to separate People, private companies, or sources generating waste in [32-34]
B4 their waste at home the responsible area of the power plant do not separate [Expert opinion]
waste, making it difficult to use for electricity generation. P P
- There is a competition of waste management in the
Competition of the waste . 2. . ,
. responsible areas of the power plants. This is a problem in [34-36]
B5 management in the area of . £ Thail h . Lwill S
WIE project responsibility some regions of Thailand because the waste disposal wi [Expert opinion]
be costly, and some types of waste can still be resold.
. Some problems arise from incorrect or inappropriate
B6 Wron%scelaencsgn of WEE technology selection of the type of waste, and the technical [Ex E;ﬁ)%i]nion]
8y characteristics are not suitable for the waste in that area. P P
Poor of the project’ s cash Lack of cash flow management of ‘th‘e waste power plants [31-33]
B7 flow manasement may result from many reasons. This issue concerns overall [Expert opinion]
& cash flow management for the WtE project. p P
B8 Risk of the slow economic Economic growth slows. This affects the development of [34-36]
development the WHE project in Thailand [Expert opinion]
The payback period of WtE projects in Thailand is slow, [34-36]
B9 Slow payback period possibly due to many reasons, such as high costs of power N

plant investment.

[Expert opinion]
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Table 2. Cont.

Code Key Barriers Description References
There is a lack of actual information on project
development, technical aspects, power plant construction, [31-33]
B10 Poor information on the costs the price of various suitable technologies, as well as the o
. . . [Expert opinion]
overall cost of project management, making some projects
inconsistent to preliminary studies result.
Lack of financing mechanisms There is a lack of suitable funding sources for the WtE [31-33]
B11 with attractive conditions for project development or funding sources that attract [Ex eLrt oL inion]
investors investors who invest in the WtE power plant. P P
Insufficient public education There is insufficient kngwledge of the' WIHE project to the [34-36]
B12 . people in the communities surrounding the WtE power L.
for community plant [Expert opinion]
Many projects of the WtE project in Thailand have
BI3 Limited community complaints about the suffering caused by the WtE project [31-33]
participation due to a lack of knowledge and understanding of the [Expert opinion]
power generation process and waste management.
There are conflicts among people in the community or [31-33]
B14 Labor conflict workers in the waste management area that is the S
. [Expert opinion]
responsible area of the waste power plant.
The problem of choosing the wrong location to set up a [31-33]
B15 Wrong selection of location WIE power plant may affect many parts, causing the .
: . . o [Expert opinion]
project to fail to meet the project objectives.
Projects related to WtE projects in Thailand will encounter
. problems related to the environment. Problems arise from [31-33,35]
B16 Environmental problem j R R . X L
people’s complaints, especially air and noise problems [Expert opinion]
caused by waste power plants.
Problem with landscape and Problems w1th the lgcatlon of t}}e V\{as.te power plant will [34-36]
B17 . affect the various views, resulting in issues with people .
visual aspects [Expert opinion]
around the power plant.
The WtE power plant does not comply with the conditions
Poor contract management of . atte.lched to the power plant permits, res.ultmg in [31-33,35]
B18 licensin inspections by government agencies and being unable to [Expert opinion]
& respond to the communities surrounding the power plants. pertop
This may cause the revocation of the licenses in some cases.
There is a lack of concrete policy support in driving the [31-33,35]
B19 Unsupported WtE policy waste management policy or WtE project, resulting in [Ex »ert o ! inion]
difficulties in pushing forward the WtE project. pertop
Thailand still has unfounded and unclear regulations on
B20 Weak and inadequate holistic waste management, causing poor waste [31-33,35]

regulation

management to affect the development of Thailand’s WtE
project.

[Expert opinion]

3.3. Development of SSIM

The Structural Self Interaction Matrix (SSIM) is the direction of the relationship be-
tween barriers; 20 barriers in this research were compared between column and row of each
parameter. For analyzing the barriers to developing SSIM, the following four characters
were used to denote the direction of the relationship between barriers (i) and (j): [27-29]

V: Barrier i will help to achieve barrier j.

A: Barrier j will help to achieve barrier i.

X: Barrier i and j will help to achieve each other.

O: Barrier i and j are unrelated.

For creating an SSIM relationship table with each variable arranged in rows and
columns, apply four symbols (V, A, X and O) instead of a barrier relationship [37]. The
authors created the SSIM table, which is shown in Table 3.
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Table 3. Structural self-interaction matrix (SSIM-V, A, X, O) of this research.

Code Barriers B1 B2 B3 B4 B5 Bé6 B7 B8 B9 B10 B11 B12 B13 B14 B15 B16 B17 B18 B19 B20
Bl Insufficient amount of waste - X O ¢} (@) o A o Vv X X X A A A X X (@] A A
B2 Quality of waste for electricity generation X - O A A X A X X X X X X X X A A X A A
B3 Poor waste management planning @) @) - (@) @) @) @) X (@) X A A @) (@) X A A \% (@) A
B4 People’s resistance to separate their waste A A o o X X X X X X A X A X X X A A X

at home
B5 Competition of ;f}lfe;\;;frtlzirkﬂi?;gement in area o X o o ) o X A v X X X o o o X X X X A
B6 Wrong selection of WtE technology A A X X X - X X X \% X X X X A \% X X X X
B7 Poor of project’ s cash flow management o X O X \% X - A O (@) A \% A \Y% X X X (@] X A
B8 Risk of the slow economic development A X A X X X X - A X X X X X X X X X X X
B9 Slow payback period \% \% v \% \% X (@] (O] - (@) A A A X X X X A A A
B10 Poor information on the costs (@] X \Y X \% o (@] X A - X A X A X X X (@] X X
Bl1 Lack of ﬁnancin.g.mechan'isms with attractive X X X X X X X X A X ) X X X X X X X A X
conditions for investors
B12 Insufficient public education for community X A A A A A A X X X X - X A X X \% \% A X
B13 Limited community participation A X @) ©) O X X A X X X X - X A X X A A A
B14 Labor conflict A X (@] A (@) v X X X X X Vv (@] - A A A (@] X X
B15 Wrong selection of location A A (@) X A O X X X X X X X X - v \Y% X X X
Bl6 Environmental problem X X Vv X \% \% X X X X X X X A% X - \% A A A
B17 Problem on landscape and visual aspects X X X X X X X X X X X X X A \% o - A X A
B18 Poor contract management of licensing (@] \% O ¢} A X A X X X X X (@] A A A A - X \%
B19 Unsupported WLE policy A X A A A X X X X X X X X \Y% X X \% X - X
B20 Weak and inadequate regulation X \% X X \% \% X X X X X X X X X \% \% \% X -
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3.4. Reachability Matrix (RM)

In this study, 20 barriers influencing the development of the WtE projects in Thailand
were related to the establishment of social issues, environment, national policy, technology,
economy, and project management. The SSIM (Table 3) is able to create a Reachability Matrix
(RM) relationship table by removing the associated SSIM comparisons from symbols to
numbers instead. The 20 barriers were compiled based on reviews from experts in the field
of WtE in Thailand. The cause—effect relationship of each barrier was accomplished, and
all the data were used to create the RM relationship as shown in Table 3. The reachability
matrix acquired from the SSIM provides the linkage of elements in the second form. The
relationships represented by the symbols V, A, X, and O in SSIM are replaced by binary
symbols of 0 and 1 using the following directions [38—41].

Ifi,jin SSIM is V, then i, j entry in the reachability matrix converts 1 and j, i as 0.

Ifi,jin SSIM is A, then i, j entry in the reachability matrix converts 0 and j, i as 1.

If i, jin SSIM is X, then i, j entry in the reachability matrix converts 1 and j, as 1.

Ifi,jin SSIM is O, then i, j entry in the reachability matrix converts 0 and j, i as 0.

As a result, the reachability matrix can be developed as previously explained. The
reachability matrix of each barrier is shown in Table 4.

Table 4. Reachability Matrix (RM) relationship symbol.

Symbol Relationship i to j (i, j) Relationship j to i (j, i)
v 1 0
A 0 1
X 1 1
(@) 0 0

3.5. Level Partition of Barriers

According to the RM of barriers in Table 4, this work involves identifying a reachability
set and an antecedent set for each barrier, as those emerged from the existing RM (Table 4).
The reachability set of barriers includes the barrier itself and every other barrier that
it affects (“V” or “X” relationship). On the other hand, the antecedent set includes the
respective barrier and all the barriers that impact it (“A” relationship). The intersection set
comprises the common barriers in these two sets.

The level of barriers was determined after completing the RM matrix (Table 5). In
this step, intersections and reachability sets were matched. The complete matching was
identified as level I and held the top level in the hierarchy. The next levels were then
identified later on. In this study, for example, as shown in Table 6, for the barrier B2, the
intersection and reachability sets were matched. This is similar to the barriers B5, B7, B11,
B12, B17, and B19 that were obtained at level 1. Level Il components were obtained by
eliminating the level I barriers and repeating step until no more barriers remaining as
shown in Table 7 (Level II) and Table 8 (Level III) [29,37-41].

Based on the RM (Table 5), the barriers were brought to arrange the “level partition”
of the critical barriers of Thailand’s WtE project development. The 20 critical barrier factors
were divided into three groups of variables: reachability set, antecedent set, and intersection
set as mentioned above. Tables 6-8 present the existing level partition of barriers of this
study.

7

3.6. MICMAC Analysis

The RM relationship data from Table 5 again were categorized into the elements by
MICMAC method by calculating the values of driving power and dependence power of
barriers. The MICMAC entails a graphical representation of the barriers according to their
driving and dependence power in four clusters of variables: autonomous, dependent,
linkage, and independent. The four MICMAC quadrants are the following. Quadrant 1
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was autonomous factors. They were weak dependence power and weak driving power.
Quadrant 2 was dependent factors which had strong dependence power but weak driving
power. Quadrant 3 was linkage factors that had strong dependence power and strong
driving power. Quadrant 4 was independent factors that had high driving power but weak
dependence power [38-41]. Figure 6 illustrates the classification of the barriers into these
four quadrants to evaluate the employment of SSIM practices. The authors employed this
figure to gain further insight into the ISM-based model and evaluate the barriers from the
implementation perspective. It involved classifying the identified barriers based on their
driving and dependence powers, which the authors determined in the final reachability
matrix.

Figure 6 shows the classification of the critical barriers according to the quadrants
of MICMAC analysis as follows. Quadrant 1 was an autonomous group consisting of
poor waste management planning (B3). Quadrant 2 was the dependence group. In this
study, there were no variables that belonged to this quadrant. Quadrant 3 was linkage
drivers. They were variables that caused system instability and could also be classified
into independent variables or dependence variables. It is because they could affect other
variables and could be affected by other variables as well. In this present research, the most
of variables belonged to this group consisting of B1, B2, B4, B5, B6, B7, BS, B9, B10, B11,
B12, B13, B14, B15, B16, B17, B18, B19, and B20. Additionally, Quadrant 4 was independent
drivers. In this study, there were no variables that belonged to this quadrant.

B20 B8 BII,B12,B19
B6
B4 B2
B9 BI6
B14,B18 BI5 B17
B7
B10, B3
B5
Quadrant 4: Independent Bl Quadrant 3: Linkage Variable
B3
Quadrant 1: Autonomous Variable Quadrant 2: Dependent Variable
4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
Dependence Power >

Figure 6. Dependence power vs. driving power by MICMAC analysis.



Energies 2023, 16, 1941

12 of 19

Table 5. The reachability matrix of this research.

Code Barriers BT B2 B3 B4 B5 B6 B7 B8 B9 Bl0 Bll B2 B13 B4 B15 Bl6 B17 B18 B19 B20 Dell’,‘:;feer“ce
Bl Insufficient amount of waste - 1 0 0 0 0 0 1 1 1 1 1 1 0 1 1 1 0 1 0 11
B2 Quality of waste for electricity 1 -0 1 1 o 1 1 1 1 1 1 1 1 1 1 1 1 1 1 17

generation
B3 Poor waste management planning 0 0 - 0 0 0 0 1 0 1 1 1 0 0 1 1 1 0 1 0 8
B4 People’s resistance to separate their 1 1 0 B 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 17
waste at home
B5 Competition of thewaste. 5y oo . 9 1 1 1 1 1 1 0o o o 1 1 1 1 1 12
management in area of responsibility
B6 Wrong selection of WtE technology 1 1 1 1 1 - 1 1 0 1 1 1 1 1 1 1 1 1 1 1 18
B7 Poor of project’s cash flow o 1 0 1 1 1 - 1 o o0 1 1 1 1 1 1 10 1 1 14
management
B8 Risk of the slow economic 1 1 1 1 1 1 1 - 1 1 1 1 1 1 1 1 1 1 1 1 19
development
B9 Slow payback period 1 1 1 1 1 1 0 0 - 0 1 1 1 1 1 1 1 1 1 1 16
B10 Poor information on the costs 0 1 0 1 1 0 0 1 1 - 1 1 1 1 1 1 1 0 1 1 14
i Lackof financing mechanisms with 1 1 1 1 1 1 1 1 1 - 1 1 1 1 1 1 1 1 1 19
attractive conditions for investors
B12 Insufficient public e.ducation for 1 1 1 1 1 1 1 1 1 1 1 ) 1 1 1 1 1 1 1 1 19
community
B13 Limited community participation 1 1 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 17
B14 Labor conflict 1 1 0 1 0 1 1 1 1 1 1 1 0 - 1 1 1 0 1 1 15
B15 Wrong selection of location 1 1 0 1 0 1 1 1 1 1 1 1 1 0 - 1 1 1 1 1 16
B16 Environmental problem 1 1 1 1 1 1 1 1 1 1 1 1 0 0 1 - 1 0 1 1 16
B17 Problem on landscape and visual 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 ) 1 1 1 15
aspects
B18 Poor contract management of o 1 o o 1 1 1 1 1 1 1 1 o 1 1 1 1 - 1 1 15
licensing
B19 Unsupported WtE policy 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 - 1 19
B20 Weak and inadequate regulation 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 - 19
Driving Power 14 18 9 14 14 14 15 18 16 17 19 19 13 13 17 18 19 13 19 17
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Table 6. RM level partition matrix I.

Barriers (Code)

Reachability Set

Antecedent Set

Intersection Set

Level I

Bl 2,8,9,10,11,12,13,15,16,17, 19 2,4,6,8,9,11,12,13, 14,15, 16,17, 19, 20 2,8,9,11,12,13,15,16,17,19

B2 1,4,5,7,8,9,10,11, 12,13, 14, 15, 16, 17, 18, 19, 20 1,4,5,6,7,8,9,10,11, 12,13, 14, 15, 16, 17, 18, 19, 20 1,4,5,7,8,9,10,11, 12,13, 14, 15, 16, 17, 18, 19, 20 I
B3 8,10,11,12,15,16,17,19 6,8,9,11,12,16,17, 19, 20 8,11,12,16,17,19

B4 1,2,6,7,8,9,10,11,12, 13, 14, 15,16, 17, 18, 19, 20 2,6,7,8,9,10,11,12,14,15,16,17,19, 20 2,6,7,8,9,10,11, 12, 14,15, 16, 17, 19, 20

B5 2,7,8,9,10,11, 12, 16,17, 18,19, 20 2,6,7,8,9,10,11,12,13, 16,17, 18, 19, 20 2,7,8,9,10,11,12, 16,17, 18,19, 20 I
B6 1,2,3,4,5,7,8,10,11, 12, 13, 14, 15, 16, 17, 18, 19, 20 4,7,8,9,11,12,13, 14, 15,16, 17, 18, 19, 20 4,7,8,11,12,13, 14, 15,16, 17, 18, 19, 20

B7 2,4,5,6,8,11,12,13, 14, 15,16, 17, 19, 20 2,4,5,6,8,11,12,13, 14,15, 16, 17,18, 19, 20 2,4,5,6,8,11,12,13, 14,15, 16, 17, 19, 20 I
B8 1.2,3,4,56,7,9, 10’1191’2102’ 13,14,15,16,17, 18, 1,2,3,4,5,6,7,10,11, 12,13, 14, 15,16,17,18,19,20 1,2,3,4,5,6,7,10, 11, 12,13, 14, 15, 16, 17, 18, 19, 20

B9 1,2,3,4,5,6,11,12,13, 14, 15, 16, 17, 18, 19, 20 1,2,4,5,8,10,11,12,13, 14, 15,16, 17,18, 19, 20 1,2,4,5,11,12,13,14, 15, 16, 17,18, 19, 20

B10 2,4,5,8,9,11, 12,13, 14, 15,16, 17, 19, 20 1,2,3,4,5,6,8,11,12, 13, 14, 15, 16,17, 18, 19, 20 2,4,5,8,11,12,13, 14, 15,16,17,19, 20

B11 1,2,3,4,56,7,8,9,10,12,13, 14,15,16,17,18,19,20 1,2,3,4,5,6,7,8,9,10,12,13,14,15,16,17,18,19,20 1,2,3,4,5,6,7,8,9,10, 12,13, 14,15, 16,17, 18, 19, 20 I
B12 1,2,3,4,56,7,8,9,10,11, 13, 14,15,16,17,18,19,20 1,2,3,4,5,6,7,8,9,10,11,13,14,15,16,17,18,19,20 1,2,3,4,5,6,7,8,9,10, 11, 13, 14, 15, 16, 17, 18, 19, 20 I
B13 1,2,5,6,7,8,9,10,11, 12, 14, 15, 16,17, 18, 19, 20 1,2,4,6,7,8,9,10,11, 12,15, 19, 20 1,2,6,7,8,9,10, 11,12, 15,19, 20

B14 1,2,4,6,7,8,9,10,11, 12, 15,16, 17, 19, 20 2,4,6,7,8,9,10,11,12,13,18,19, 20 2,4,6,7,8,9,10,11,12,19, 20

B15 1,2,4,6,7,8,9,10,11, 12, 13, 16, 17, 18, 19, 20 1,2,3,4,6,7,8,9,10,11, 12,13, 14, 16, 18, 19, 20 1,2,4,6,7,8,9,10,11, 12, 13, 16, 18, 19, 20

B16 1,2,3,4,5,6,7,8,9,10,11,12,15,17, 19, 20 1,2,3,4,5,6,7,8,9,10,11, 12,13, 14, 15, 18, 19, 20 1,2,3,4,5,6,7,8,9,10,11, 12,15, 19, 20

B17 1,2,3,4,5,6,7,8,9,10,11, 12,18, 19, 20 1,2,3,4,56,7,8,9,10, 11, 12, 13, 14, 15, 16, 18, 19, 20 1,2,3,4,5,6,7,8,9,10,11, 12,18, 19, 20 I
B18 2,5,6,7,8,9,10,11, 12, 14, 15, 16,17, 19, 20 2,4,5,6,8,9,11,12,13,15,17,19, 20 2,5,6,8,9,11,12,15,17,19, 20

B19 1,2,3,4,5,6,7,8,9,10,11, 12,13, 14, 15, 16,17,18,20 1,2,3,4,5,6,7,8,9,10,11, 12,13, 14, 15,16,17,18,20 1,2,3,4,5,6,7,8,9,10, 11,12, 13, 14, 15, 16, 17, 18, 20 I
B20 1,2,3,4,5,6,7,8,9,10,11, 12, 13, 14, 15, 16, 17, 18, 19 2,4,5,6,7,8,9,10,11, 12,13, 14, 15,16, 17, 18, 19 2,4,5,6,7,8,9,10,11, 12,13, 14, 15, 16, 17, 18, 19
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Table 7. RM level partition II.

Barriers (Code) Reachability Set Antecedent Set Intersection Set Level 11
Bl 8,9,10,13,15,16 4,6,8,9,13,14,15, 16,20 8,9,13,15,16
B3 8,10, 15, 16 6,8,9,16,20 8,16
B4 1,6,8,9,10,13, 14, 15, 16, 18, 20 6,8,9,10, 14, 15,16, 20 6,8,9,10, 14, 15, 16, 20
B6 1,3,4,8,10, 13, 14,15, 16, 18, 20 4,8,9,13,14, 15,16, 18, 20 4,8,13,14,15, 16,18, 20
B8 1,3,4,6,9, 10,13, 14, 15, 16, 18, 20 1,3,4,6,10, 13,14, 15, 16, 18, 20 1,3,4,6,10,13, 14,15, 16, 18, 20
B9 1,3,4,6,13,14, 15,16, 18,20 1,4,8,10,13,14, 15,16, 18, 20 1,4,13,14, 15,16, 18, 20
B10 4,8,9,13, 14, 15,16, 20 1,3,4,6,8, 13,14, 15, 16, 18, 20 4,8,13,14,15, 16,20
B13 1,6,8,9,10, 14, 15, 16, 18, 20 1,4,6,8,9,10,15,20 1,6,8,9,10,15,20
B14 1,4,6,8,9,10,15, 16,20 4,6,8,9,10,13,18,20 4,6,8,9,10,20
B15 1,4,6,8,9,10,13, 16, 18, 20 1,3,4,6,8,9,10, 13,14, 16, 18, 20 1,4,6,8,9,10,13, 16, 18, 20 1II
B16 1,3,4,6,8,9,10,15,20 1,3,4,6,8,9,10, 13,14, 15, 18, 20 1,3,4,6,8,9,10, 15,20 1I
B18 6,8,9,10, 14, 15, 16, 20 4,6,8,9,13,15,20 6,8,9,15,20
B20 1,3,4,6,8,9,10, 13,14, 15,16, 18 4,6,8,9,10,13, 14, 15,16, 18 4,6,8,9,10,13,14, 15,16, 18
Table 8. RM level partition III
Barriers (Code) Reachability Set Antecedent Set Intersection Set Level III
Bl 8,9,10,13 4,6,8,9,13,14, 20 8,9,10,13 1
B3 8,10 6,8,9,10,20 8,10 I
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4. Results and Discussions
4.1. Critical Barriers to the WtE Project in Thailand

This research is the study on an ISM technique and MICMAC analysis aiming to evalu-
ate the barriers that significantly impact the development of WtE projects in Thailand. The
ISM is a complex structural model, and it employs drawings and mathematical comparison
in order to resolve complex numerical and non-numeric problems. It is a set of direct
and indirect analysis that includes an interactive and structured learning process which is
related to the issues needed to be solved, and it is used to describe the meaning of each
parameter’s link to the research question. The barriers can be divided into six sections:
social issues, environment, national policy, technology, economy, and project management.
Twenty barriers influencing the development of Thailand’s WtE project as mentioned in
Section 3.2 result from all these six sections.

4.2. Results of ISM Analysis for WtE Project in Thailand

Regarding analyzing the cause—effect relationship of barrier factors using structural
modeling ISM and including hierarchy relationship structure as described in Section 3.5, it
was found that the highest levels of barriers that were affecting WtE project development in
Thailand were an insufficient amount of waste (B1) and poor waste management planning
(B3). The issues of B1 and B3 were the most impacting factors in the ISM analysis, consistent
with the results reported by credible agencies in Thailand related to the projects [3,7,9,10]
and experts’ comments. It was revealed that the main problem in project development
was the inability to keep the plant running year-round due to the amount of waste, which
would later match the problem of Bl and B3. The level partitions of ISM analysis of this
research are shown in Figure 7.

Figure 7. The level partitions of this research analysis.

In level III of the ISM analysis, there are only two barriers (Table 8): the insufficient
amount of waste (B1) and poor waste management planning (B3). These two barriers are
the most important for investors or developers who want to invest in the WtE projects
in Thailand. They must consider barriers Bl and B3 before making their decision. The
MICMAC analysis revealed that only B3 fell into Quadrant 1, and others fell into Quadrant
3. Critical barriers intersect with B1 consisting of B2, B8, B9, B11, B12, B13, B15, B16, B17,
and B19 as presented in Table 5 (RM level partition matrix I). Critical barriers intersect with
B3 consisting of B8, B11, B12, B16, B17, and B19 as also presented in Table 5. The results of
the RM showed that when all the data were arranged in the level partitions of ISM analysis,
they were grouped in Level II (Table 6). There were remaining only two variables: wrong
selection of location (B15) and environmental problems (B16). The parameters in Level
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II (B15 and B16) had less impact on WtE project development compared to the effects in
Level III.

4.3. Results of MICMAC Analysis for WtE Project in Thailand

In this research, according to Section 3.6, 19 barriers fall in Quadrant 3, a linkage
group with strong driving and dependence power. The barriers in this group consist
of 19 barriers, as mentioned in previous section, which can be divided into six sections:
social issues, environment, national policy, technology, economy, and project management.
The 19 barriers fall in Quadrant 3 consisting of the social issues section which consists of
insufficient amount of waste (B1), quality of waste for electricity generation (B2), people’s
resistance to separating their waste at home (B4), competition for waste management
in the area of responsibility (B5), insufficient public education for the community (B12),
limited community participation (B13), and labor conflict (B14). The environment section
mainly focuses on environmental problems (B16), such as air, water, and sound issues,
and the problem of landscape and visual aspects (B17). The national policy consists of
unsupported WtE policy (B19) and weak and inadequate regulation (B20). The technology
section consists of the wrong selection of WtE technology (B6). The economic section
consists of poor project cash flow management (B7), risk of slow economic development
(B8), slow payback period (B9), poor information on the actual costs (B10), lack of financing
mechanisms with attractive conditions for investors (B11), and a wrong selection of location
(B15). The project management section consists of poor contract management of licensing
(B18). From the results of MICMAC analysis, it was found that there were quite a lot
of barriers linked into each other for the development of WtE projects in Thailand. It
is because the ISM analysis showed that, in the six sections mentioned, the 19 barriers
fell in the Quadrant 3. This quadrant has high driving power and dependence power or
linked driver; all barriers which are falling in this area are severe problems, and there is
a connection among the barriers. The 19 barriers must be considered, and the solution to
improve needs to be found before the investors or project developers create a project on
the WtE in Thailand. However, poor waste management planning (B3) falls in Quadrant 1.
It is a dependence variable which has a high impact on WtE development. It is because,
in the 19 barriers, if any occur, they will also affect B3 as well. Therefore, effective waste
management should prioritize and act on these factors.

4.4. Disscusions of WtE Project in Thailand Barriers

The insufficient amount of waste (B1) and poor waste management planning (B3) are
the critical barriers that must be taken into account before developing the WtE project in
Thailand. Therefore, the project developers or investors must consider Bl and B3 before
developing the WtE Project. MICMAC analysis results showed that 19 barriers were
classified as linkage drivers (Quadrant 3), and only one barrier (i.e., B3) was identified as an
independent group (Quadrant 1) as shown in Figure 6. A high-priority critical barriers are
the two barriers (Bl and B3), classified into Level III of ISM level partition. The important
barriers affecting the WtE development in Thailand are the insufficient amount of waste
and waste management for the project because many barriers are linked to these two
barriers (i.e., B1 and B3) which are the same as the research results concerning the WtE
project in Thailand.

The research results corresponding with many studies in Thailand presented that
the insufficient amount of waste is related to WtE projects selection, and the poor waste
management planning is the most important factor in WtE projects” success [3,7,9,10].
Compared with other countries, an insufficient amount of waste is also a critical issue in
WHE projects’ sustainability [24], and problem of waste management planning is always an
issue of both developed and developing countries [1,6,16,21].
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5. Conclusions

The barriers in this study were obtain from six sections consisting of social issues,
environment, national policy, technology, economy, and project management. From six
sectors, there are 20 barriers that were identified. The ISM and MICMAC study showed that
the key barriers impacting the WtE project development in Thailand were an insufficient
amount of waste (B1) and poor waste management planning (B3). These two barriers
should be considered before implementing the WtE projects. The ISM and MICMAC
analysis is an effectively tool which can help for decision making of WtE. The ISM creates
a complex structural model, and it helps to resolve complex numerical and non-numeric
problems. ISM is used to describe the meaning of each barrier’s link to this research
question. Together with MICMAG, it is a strong tool to illustrate the structure of barriers
along with the interrelationships among them.

In order to succeed in WtE projects development in Thailand, the policy makers
should reconsider and reformulate the WtE support program strategy. Promoting electricity
generation from MSW with the intention to help reduce the amount of waste locally may
not be achieved. Because of regulation, MSW cannot transfer across other areas of each
local government’s responsibility. With this reason, most of WtE power plant projects are
unsuccessful due to insufficient amount of waste in the project’s areas and also poor waste
management planning. Strong waste management implementation from government and
all stakeholders should be the first priority options to solve the problem of the amount
of waste, and it is followed by promoting of WtE power plants. The limitation of this
study is due to the ISM technique. This will be high performance when those who use are
knowledgeable and familiar with interpreting the data. The interpretation of linkage can
vary since it sometimes depends on the ISM users [40].

An insufficient amount of waste in the WtE power plant development is current
country constraints. For future research work, finding of the key success of WtE under this
context is expected, between the MSW (limitation from transfer across areas) and refuse
derived fuel (RDF) (non-limitation of transfer across areas). Additionally, the key success
of the projects of each option (i.e., MSW and RDF) should be investigated.
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