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Abstract: SMEs across the globe have witnessed increasing internal and external pressure to adopt
the recent industrial revolution (4.0 & 5.0). There has been pressure for SMEs to adopt Industry 4.0
technologies, but this did not transpire in traditional industries such as agricultural and seafood
processing. Also, there is no published evidence of Industry 4.0 technologies’ support for food
processing industries to achieve the United Nations Sustainable Development Goals (UNSDGs).
Hence, Industry 5.0 is conceptualized to be (a) human-centric, (b) sustainable, and (c) resilient.
However, most of the earlier studies conducted to assess the “Industry 4.0 adoption level” failed to
address the respondents’ current level of industrial practices. Therefore, to overcome the research
gap, this research aims to measure the current level of industrial practices and I5.0 readiness level
of seafood processing SMEs in Thailand. Thus, this research developed a seven-factor framework
including “production line”; “major energy source”; “seafood processing”; “packaging”; “labelling”;
“anti-bacterial testing methods sensory, texture analyzing and quality control”; and “business process,
documentation, and communication”, with forty-two questions related to Industry 1.0–5.0 practices
in the context of seafood processing SMEs. The findings reveal that the SMEs are still in I1.0, 2.0,
and 3.0 practices. There is minimal adoption of I4.0. However, there is a comparatively higher
level of Industry 5.0 readiness among SMEs in terms of business processes, documentation, and
communication. Thus, SMEs can adopt Industry 5.0 partially, and escalate step-by-step from Industry
1.0–Industry 4.0 according to changing trends and demand.

Keywords: fourth industrial revolution; fifth industrial revolution; 5IR; IR 5.0; Industry 5.0; food
processing; readiness level; seafood processing; SMEs

1. Introduction

Industrial revolutions (IR) 4.0 and 5.0 differ from the previous industrial revolutions of
1.0, 2.0, and 3.0 in multiple aspects. One major aspect is the structure of the industry itself.
In the 21st century, small and medium-sized enterprises play a crucial role in the sustainable
development of a national economy [1]. However, the adoption of industry 4.0 and 5.0 did
not transpire in developing countries’ traditional, fisheries-based, and agriculture-based
industries, and in sectors where manual labor is irreplaceable [2]. For example, the research
conducted by the SME Development Bank of Thailand in 2018 revealed that more than 95%
of SMEs are still doing their business in “Industry 1.0” and “Industry 2.0”, and only less
than 5% have adopted “Industry 3.0” and “Industry 4.0” technologies [3].

On the other hand, “Industry 5.0” has been conceptualized [4] and adopted at the
policy level by the European Union [5–7]. Since then, the concept of “Industry 5.0” has
gained enormous attention from researchers in academia in a very short period. A simple
keyword search with “Industry 5.0” in the Scopus database showed 455 documents indexed
as on 15 December 2022. Studies proved that external environmental factors like the COVID-
19 pandemic had pushed SMEs’ Industry 4.0 and Industry 5.0 adoption [8]. However, there
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is a lack of clear reported evidence of the pre-Industry 4.0 and 5.0 status of SMEs. Thus, there
is a gap in the literature addressing the chronological and arbitrary nature of SMEs’ Industry
5.0 adoption [9]. In order to address the gap, this research aims to identify the “Industry 1.0”,
“Industry 2.0”, “Industry 3.0”, “Industry 4.0”, and “Industry 5.0” postharvest technologies
and business practices of seafood processing SMEs. It also aims to gain insights into the
level of adoption of IR and business practices among the seafood processing SMEs in
Thailand. Thus, the objectives of this article are to develop a self-assessment scale for IR-
related practices through a literature review from available published documents, focusing
on the postharvest technologies of the seafood processing industry, and also to identify
the practice, adoption, and readiness level of Thai seafood processing SMEs. The seafood
processing industry in Thailand was chosen as the industry of study because it is one of the
largest export-driven industries in which approximately 300,000 full-time and part-time
workers are employed in various large, medium, small, and micro enterprises [10].

2. Seafood Processing Industry in Thailand

As of 2021, marine products such as fresh, chilled, frozen, and canned fish; crustaceans;
and mollusks account for more than 20% of Thailand’s food exports. Also, Thailand ranks
among the top five countries in the world in terms of marine food exports [11]. The seafood
export industry can be classified into two main groups. The first group is canned fish. In this
group, tuna and sardines are the two major types of fish processed, canned, and exported
from Thailand. The second group is frozen seafood. Cephalopods, fish, fish fillets, and
shrimp are the major frozen seafood exported from Thailand. In 2020, 558.9 thousand tons
of canned tuna and 66.4 thousand tons of canned sardines were exported from Thailand.
This trade accounts for 2406.24 million USD [12]. By volume, the chilled and frozen seafood
processing sector (Figure 1a) handles 45% fish, 43% shrimp, and 12% cephalopods. The
processing plants dealing with preserved seafood handle 55% fish, 40% shrimp, and 5%
cephalopods. In the canned seafood processing sector (Figure 1b), 80% deal with canned
tuna and the remaining 20% deal with other canned seafoods, including canned sardines.
The domestic market is also of significant size. But the major difference between the export
market and domestic market is the size of the enterprises involved in seafood processing,
because in the domestic market, a major portion of the companies that registered as seafood
processors were either micro, small, or medium size enterprises. They deal with a vast
variety of products such as fish balls; dried fish; fish sauce; shrimp paste; smoked salmon;
oyster sauce; clams; mackerel; and canned and readymade food products [13].
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3. Literature Review
3.1. Industrial Revolution 3.0 and Seafood Processing Industry

Rapid technological changes in Thailand’s fisheries and the seafood processing in-
dustry are well-documented. The upgradation of the seafood processing industry from
manual processing (Industry 1.0) to semi-automation (Industry 2.0 and 3.0) began in 1991.
Since then, several new technologies have been adopted in the seafood processing industry.
In shrimp processing, shrimp-washing tanks, grading tables, conveyor belts, and modern
freezing technology were introduced in 1992. Quality control and management standards
such as HACCP and good manufacturing practices (GMP) were also introduced during
this period. In terms of packaging, vacuum packaging was introduced and adopted to
cater to the needs of supermarket consumers. In seafood canneries, the focus was on
improving safety and quality, new product development, and yield improvement. The
adoption of Industrial Revolution 3.0 in the canned tuna sector in Thailand began in 1994
and progressed significantly [14].

3.2. World Bank Approach for Assessing Adoption of Industry 4.0 in Food Processing SMEs

The World Bank, in their policy research working papers [15–17], classifies technology
adoption into three aspects. The first aspect is the “general-purpose technology”, in which
Industry 2.0 refers to the adoption of electricity and generators; Industry 3.0 refers to the
adoption of information and communication technology (ICT); and Industry 4.0 refers to the
adoption of digital technologies and smart machinery that can exchange information. The
second aspect is the “general business function”, which widely covers all the possible tools,
technology, and techniques used in administration; documentation of operational planning;
supply chain management; product development; marketing; sales; payment methods;
and quality control. The intensity of technology adoption is classified as (1) “Adoption
and use of manual and handwritten processes”, (2) “Adoption and use of the computer,
telephone and emails”, (3) “Adoption and use of digital platforms, social media, and mobile
applications”, (4) “Adoption and use of specialized software for operations, CRM, and
process control”, and (5) “Automated system for process control and all-business-function
integrated Enterprise Resource Planning (ERP) or equivalent software”. The third aspect is
the “sector-specific business functions (SSBF)”. The SSBF for the food- processing industry
is classified into “input testing”, “mixing, blending, and cooking”; “anti-bacterial testing
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methods”; “packaging”; and “food storage”. The findings of the World Bank’s policy
research working paper published in 2020 with food processing companies in Vietnam
and Senegal, also reflected similar results of research conducted by the SME Development
Bank of Thailand in 2018. The technological adoption by small and medium-sized food
processing companies of “sector-specific business function” is still at the level of Industry 1.0
and 2.0, i.e., using manual processes and human-operated machinery for mixing, blending,
and packaging.

3.3. Industrial Revolution 4.0 and Seafood Processing Industry

Chunthasiri et al. [18] studied the Industry 4.0 readiness of 360 respondents working
in the seafood industry in Thailand and found that they strongly agreed with the question
“ability to work with data and technological skills”, with a mean score of 4.11 on a five-
point Likert scale. This finding is a good example of workforce readiness for seafood
processing Industry 4.0. Though there is rising interest among researchers in the field
of Industry 4.0 and 5.0, only a few studies have focused on the highly perishable food
processing industry [19–21].

The review [22] on the role of Industry 4.0 technological innovations in the food pro-
cessing industry towards achieving the United Nations’ sustainable development goals
found that the present state is limited, and more solutions are needed to achieve the UNSDG
goals. Also, developments in concepts such as seafood traceability were reviewed [23].
Another important review [20], classified seafood processing 4.0 into three aspects, namely
(a) seafood preservation techniques (freezing, edible films and coatings, natural preser-
vatives, and nanotechnology); (b) seafood processing methods (thermal and non-thermal
processing); and (c) seafood analytical methodology (hyperspectral sensors, chemical prop-
erties, color and other physical properties, microplastic evaluation, microbial spoilage,
authentication, process monitoring, advanced mass spectrometry and chromatography).
However, the authors concluded that further research is needed to efficiently use Indus-
try 4.0 technologies to achieve sustainability in the seafood processing industry. From the
above literature, we conclude that Industry 4.0 research in the seafood processing industry
is limited to technology adoption.

3.4. Industrial Revolution 5.0 and Seafood Processing Industry

The concept of Industry 5.0 [4,6–8,24–28] has been widely discussed by researchers
focusing on production industries. The European Union’s definition of Industry 5.0 em-
phasizes three aspects, namely (a) human centricity, (b) sustainability, and (c) resilience.
However, to the best of the author’s knowledge, no research has been conducted on Industry
5.0 adoption in the context of seafood processing in Thailand. Hence, in the first phase, the
theoretical self-assessment scale for SMEs “Industry 5.0” readiness in the seafood processing
industry, was framed based on a literature review [15–17,20,21,29,30]. The theoretical model
(TM) self-assessment scale consisted of seven factors, and thirty six variables of the most
widely adopted “Industry 1.0–5.0” approaches/technologies/business practices, classified
as seven under each, namely (1) “Production Line” (manual/semi-mechanized production
(TM-1.01), semi-automatic assembly line (TM-2.01), automated assembly line (TM-3.01),
smart connectivity (TM-4.01), and human-centric automation (TM-5.01)); (2) “Major Energy
Source” (coal (TM-1.02), petroleum products (TM-2.02), electricity (TM-3.02), electricity plus
renewable energy (TM-4.02), and renewable energy (TM-5.02)); (3) “Seafood (postharvest)
Processing” (sun drying (TM-1.03), use of chemical composition as preservatives and manual
machinery for drying, freezing, and pasteurization (TM-2.03), electronic and semi-automated
machinery for vacuum processing, drying, freezing, and pasteurization (TM-3.03), fully
automated machinery for drying, freezing, and pasteurization (TM-4.03), and fully digital-
ized smart machinery for drying, freezing, and pasteurization with sustainable practices to
reduce negative economic, environmental, and social impacts (TM-5.03); (4) “Packaging”
(manual hermetic sealing process (TM1.04), semi-automatic machineries (TM-2.04), vacuum
and modern packaging technology (TM-3.04), automatic canning/packaging machinery
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(TM-4.04), and IOT-based automatic canning/packaging machinery with eco-friendly pack-
aging materials (TM-5.04)); (5) “Labelling” (traditional black & white handwritten labelling
(TM-1.05), traditional color printed and handwritten labelling (TM-2.05), computerized
digital printing (TM-3.05), smart labelling (RFID) (TM-4.05), and eco-friendly smart labelling
(TM-5.05)); (6) “Anti-bacterial testing methods, sensory, texture analyzing and Quality con-
trol” (human sensory (TM-1.06), manual food laboratory (TM-2.06), computerized food
laboratory and adoption of HACCP Standards (TM-3.06), smart food laboratory (TM-4.06),
and smart food laboratory with IoT, AI and Cloud-based solutions (TM-5.06)); (7) “Busi-
ness process, documentation, and communication” (oral communication and day-to-day
instructions (TM-1.07), written communication and practicing division of labor (TM-2.07),
use of computerized software (ERP) and work order systems (TM-3.07), use of an integrated
e-system, ERP, and big data analytics for internal and external communication (TM-4.07),
and adopting and using human-centric approaches in automated business processes and
management practices, integrated cloud-based e-systems for business openness, market ori-
entation and traceability throughout the value chain, along with lean management practices
and resilience plans (TM-5.07)). Human-centricity is studied in two different perspectives.
The first one is the operational perspective which focuses on human–machine interactions,
ergonomic & accident risks, and employee’s physical wellbeing [31–33]. The second one is
the management perspective which focuses on an organization’s behavioral culture [34] that
improves workers’ conditions and eases their tasks through informed decision making [35].
Therefore, this research included human-centricity in both “Production line” and “Business
process, documentation, and communication” in its theoretical model. Further, the role
of I5.0 in resilience has gained attention since the COVID-19 pandemic. Studies revealed
that I5.0 adoption can improve resilience [36]. However, considering the SME nature of
the respondents, resilience plans were included in “Business process, documentation, and
communication”. The dimensions and factors (theoretical model) derived from the literature
are provided in Table 1.

Table 1. Industrial Revolutions and Seafood Processing Industry (Theoretical Model (TM)).

S. No Industry 1.0 Industry 2.0 Industry 3.0 Industry 4.0 Industry 5.0

Production Line

1.
manual/semi-
mechanized
production

semi-automatic
assembly line automated assembly line smart connectivity human-centric automation

Major Energy Source

2. coal petroleum products electricity electricity +
renewable Energy renewable energy

Seafood processing

3. sun drying

use chemical
composition as
preservatives and
manual machinery
for drying, freezing,
and pasteurization

electronic and
semi-automated
machinery for vacuum
processing, drying,
freezing, and
pasteurization

fully automated
machinery for drying,
freezing, and
pasteurization

fully digitalized smart
machinery for drying, freezing,
and pasteurization, with
sustainable practices to reduce
negative economic,
environmental, and
social impacts

Packaging

4. manual hermetic
sealing process

semi-automatic
machinery

vacuum and modern
packaging technology

automatic
canning/packaging
machinery

IOT-based automatic
canning/packaging machinery
with eco-friendly packaging
materials
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Table 1. Cont.

S. No Industry 1.0 Industry 2.0 Industry 3.0 Industry 4.0 Industry 5.0

Labelling

5.
traditional black &
white handwritten
labelling

traditional color
printed and
handwritten labelling

computerized digital
printing

smart labelling
(RFID) eco-friendly smart labelling

Anti-bacterial testing methods, sensory, texture analyzing and quality control

6. human sensory manual food
laboratory

computerized food
laboratory smart food

laboratory
smart food laboratory (IoT, AI,
and cloud-based solutions)adoption of HACCP

Standards

Business process, documentation, and communication

7.
oral communication
and day-to-day
instructions

written
communication and
practicing division of
labor

use of computerized
software (ERP) and work
order systems

use of integrated
e-system, ERP, and
big data analytics for
internal and external
communication

adopting and using
human-centric approaches in
automated business processes
and management practices,
integrated cloud-based
e-systems for business
openness, market orientation
and traceability throughout
value chain along with lean
management practices and
resilience plans

4. Research Method

The theoretical construct was distributed to six experts, three each from academia,
and industry practitioners. Based on detailed one-to-one meetings held with the ex-
perts, the questionnaire was modified to suit the industry scenario. Further, the 6-level
(Level 0—Outsider, Level 1—Beginner, Level 2—Intermediate, Level 3—Experienced,
Level 4—Expert, and Level 5—Leading Performer) readiness scale [37,38] was adopted
and modified to assess the current industry level of the respondents. The major changes we
made to the scale were due to the nature of the study. The levels were labeled as obsolete
(Level 0), decline (Level 1), intermediate (Level 2), slow-rising practice (Level 3), fast-rising
practice (Level 4), and peak practice (Level 5) for Industry 1.0 (I1.0) and Industry (I2.0)
practices; and outsider (Level 0), beginner (Level 1), intermediate (Level 2), experienced
(Level 3), expert (Level 4), and leading performer (Level 5) for Industry 3.0 (I3.0), Industry
(I4.0) and Industry (I5.0) practices. Thus, for Industry 1.0 (I1.0), and Industry (I2.0), the
questions were changed to self-check the respondents ‘practice level’; for Industry 3.0
(I3.0) and Industry (I4.0) ‘adoption level’, and for Industry (I5.0) ‘readiness level’. The
final questionnaire consisted of forty-two variables and is presented in Appendix A. The
population and sample were determined based on the published list of companies reg-
istered under the Department of Industrial Works [13]. The inclusion criteria were the
companies registered with the Thailand Standard Industrial Classification (TSIC) codes
of 10222, 10291 [39], which stands for ready-made food products; shrimp paste; canning,
and smoked salmon; oyster sauce; clams; and mackerel, respectively. According to the
SME Promotion Act B.E. 2562 (2019), the MSMEs are classified based on the investment
capital and number of employees [40]. In the manufacturing sector, enterprises with 1–5,
6–50, and 51–200 employees were classified as micro, small, and medium enterprises [41].
From expert opinion and pilot visits to the seafood processing factories, research found that
small enterprises with less than 30 employees run their business with minimal and basic
setups. Thus, companies which are not involved in seafood processing, and with either
less than 30, or more than 200 employees, were excluded from the study. The population
size after inclusion and exclusion criteria was 60. Instead of using a workshop approach,
this research adopted a one-to-one approach. Researchers fixed an appointment through
telephone calls and visited the manufacturing units to clearly explain the concepts and
objectives of this research, and then the self-check questionnaire was distributed to collect
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the responses. Among those, 16 refused to participate in the survey. Thus, the response was
collected from the remaining 46 respondents. Among the respondents, 16 were the owners
and the remaining 30 were the top-level managers of the enterprise. Informed consent
was obtained from all the respondents who participated in the study. Four responses were
found incomplete and excluded from the study. Thus, the remaining 42 responses were
included in the study. Percentage analysis was conducted to analyze the results of the
responses and are presented in the next section.

5. Research Findings
5.1. Industry 1.0 Practice Level

Figure 2 and Table 2 show the Industry 1.0 practice level of seafood processing SMEs.
Regarding Industry 1.0 production lines (I1.01), the responses infer that 35.71% mentioned
it as obsolete, 19.05% as declining practice, 16.67% as intermediate, 14.29% as slow-rising
practice, 9.52% as either experienced or fast-rising practice, and 4.76% as a peak practice.
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11.01
Production Line

Manual/semi-mechanized 35.71 19.05 16.67 14.29 9.52 4.76

11.02
Major Energy Source

Coal 83.33 7.14 4.76 2.38 2.38 0

I1.03
Seafood processing

Sun drying 76.19 9.52 7.14 2.38 4.76 0

I1.04
Packaging

Manual hermetic sealing process 16.67 30.95 14.29 11.9 14.29 11.9

I1.05
Business process, documentation, and communication

Oral communication and day-to-day instructions 7.14 14.29 30.95 23.81 19.05 4.76

Industry 1.0 Percentage Average 43.81 16.2 14.76 10.95 10.0 4.28
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Thus, the manual or semi-mechanized production line using steam pressure and hot
liquids for sterilization (to kill microorganisms) is almost either obsolete or near obsolete.
Coal (I1.02) has been one of the major energy sources ever since the first industrial rev-
olution. However, in the seafood processing industry, 83.33% mentioned that its use is
obsolete, and only 7.14%, 4.76%, 2.38%, and 2.38%, responded by identifying it as declining
practice, intermediate, slow-rising practice, and fast-rising practice, respectively. None of
the respondents identified using coal as a peak practice. Sun drying (I1.03) seafood has been
a recorded practice since ancient times [42]. However, in the modern seafood processing
industry, this practice is not widely adopted, because our results infer that 76.19% and
9.52% identified it as obsolete, and declining practice, respectively. Only 7.14%, 2.38%,
and 4.76% selected it as intermediate, slow-rising practice, and fast-rising practice, respec-
tively. None of the respondents identified sun-drying techniques as their peak practice. In
terms of manual hermetic sealing and packaging (I1.04), 16.67% responded that the use
is obsolete. and 30.95% reported that it is a declining practice. But 14.29%, 11.9%, 14.29%,
and 11.9% reported it as intermediate, slow-rising practice, fast-rising practice, and peak
practice, respectively. Thus, manual hermetic sealing in the packaging process is still widely
practiced among the seafood processors. Regarding business process, documentation, and
communication (I1.05), only 7.14% and 14.29% noted oral communication and day-to-day
instructions as obsolete and declining practice. Among the remaining, 30.95%, 23.81%,
19.05%, and 4.76% noted it as intermediate, slow-rising practice, fast-rising practice, and
peak practice, respectively.

From the above results, we conclude that in terms of overall Industry 1.0 practices
among seafood processing SMEs, only 43.81% were obsolete, whereas the remaining 16.2%
were declining practice, 14.76% were intermediate, 10.95% were slow-rising practice, 10%
were fast-rising practice, and 4.28% were peak practice.

5.2. Industry 2.0 Practice Level

Figure 3 and Table 3 show the Industry 2.0 practice level of seafood processing SMEs.
Industry 2.0 refers to the changes from the adoption of petroleum products as an energy
source, mechanized production systems, and modern business practices. In terms of
production line (I2.01), 19.05% of the respondents noted that a semi-automatic assembly
line is obsolete, 14.29% reported it as a declining practice, 28.57% reported it as intermediate,
and 19.05% reported it as a slow-rising practice. The remaining 11.9% and 7.14% responded
as fast-rising practice, and peak practice, respectively. From the above results it is inferred
that the semi-automatic assembly line is still widely in practice.

Table 3. Industry 2.0 Practice level of SMEs.

Label Industry 2.0

Level 0 1 2 3 4 5

Production Line

I2.01 Semi-automatic assembly Line 19.05 14.29 28.57 19.05 11.9 7.14

Major Energy Source

I2.02 Fossil fuel (Diesel/Kerosene/LPG) 42.86 9.52 21.43 2.38 16.67 7.14

Seafood processing

I2.03 Preservatives 35.71 14.29 16.67 14.29 4.76 14.29

I2.04 Refrigerators and ovens 26.19 7.14 21.43 23.81 7.14 14.29

Packaging

I2.05 Semi-automatic machineries 19.05 16.67 23.81 14.29 14.29 11.9

Business process, documentation, and communication

I2.06 Division of labor 16.67 16.67 19.05 23.81 11.9 11.9

I2.07 Written communication 19.05 16.67 21.43 16.67 11.9 14.29

Industry 2.0 Percentage Average 25.51 13.61 21.77 16.33 11.22 11.56
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Regarding major energy sources (I2.02), fossil fuels such as LPG play a major role
in small-scale industrial [43] and domestic cooking processes. Among seafood process-
ing SMEs, 42.86%, 9.52%, 21.43%, 2.38%, 16.67%, and 7.14% reported its use as obsolete,
declining, intermediate, slow-rising, fast-rising, and peak practice, respectively. The per-
centage analysis revealed that petroleum products remain as the major source of energy in
the production process. There are two types of preservatives used in seafood processing
(a) chemical preservatives, and (b) natural preservatives. Though natural preservatives
were used for a long period in history, chemical preservation has emerged since the second
industrial revolution. Thus, only chemical preservation (I2.03) was used in the question-
naire to study the Industry 2.0 practice level of seafood processing SMEs. 35.71% responded
that the use of chemical preservatives in their seafood processing is obsolete. The remaining
14.29%, 16.67%, 14.29%, 4.76%, and 14.29% reported it as declining, intermediate, slow-
rising, fast-rising, and peak practice, respectively. The second set of postharvest food
processing equipment evolved during the second industrial revolution were freezers and
ovens. In terms of using refrigerators and ovens (I2.04) in seafood processing, 26.19%
responded as obsolete, whereas the remaining 7.14%, 21.43%, 23.81%, 7.14%, and 14.29%
responded as decline, intermediate, slow-rising, fast-rising, and peak practice.

In terms of using semi-automatic machinery for packaging, 19.05% responded as
obsolete, 16.67% as declining practice, 23.81% as intermediate, 14.29% as slow-rising, 14.29%
fast-rising, and 11.9% as peak practice. Division of labor and use of written communication
were used to study the business process, documentation, and communication of seafood
processing SMEs. In practicing division of labor 16.67% responded as obsolete, 16.67%
as declining, 19.05% as intermediate, 23.81% as slow-rising, 11.9% as fast-rising, and
11.9% as peak practice. Written communication also had a similar percentage share with
19.05% obsolete, 16.67% declining, 21.43% intermediate, 16.67% slow-rising, 11.9% fast-
rising and 14.29% as peak practice. Overall, only 25.51% rated the industry 2.0 practices
as obsolete. The remaining 13.61%, 21.77%, 16.33%, 11.22% and 11.56% rated them as
declining, intermediate, slow-rising, fast-rising, and peak practice, respectively.
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5.3. Industry 3.0 Practice Level

Figure 4 and Table 4 show the Industry 3.0 practice level of seafood processing SMEs.
Industry 3.0 mainly refers to the digitalization and automation of factories. In terms
of production line (I3.01), 30.95% were outsiders, 23.81% were beginners, 16.67% were
intermediate, 16.67% were experienced, only 4.76% were experts, and 7.14% were leading
performers, in using an automated assembly line for seafood processing. The major early
shift from industry 2.0 to 3.0 in terms of energy source is the use of electricity in the
production process. However, in later periods, shifting towards renewable energy came
into practice. Thus, for the question on ‘use of renewable energy along with electricity’
(I3.02), 45.24% were outsiders, 16.67% were beginners, 23.81% were intermediate, 9.52%
were experienced, and only 2.38% were expert and 2.38% leading performers. For seafood
processing 3.0, two questions were asked, one on the use of computerized machinery
and the second on the use of advanced dry freezers. 50% were outsiders, 19.05% were
beginners, 7.14% were intermediate, 7.14% experienced, 11.9% were experts, and 4.76%
were leading performers in using computerized machinery (I3.03); 38.1% were outsiders,
19.05% were beginners, 16.67% were intermediate, 16.67% were experienced, 4.76% were
experts, and 4.76% were leading performers in using advanced dry freezers (I3.04). In terms
of packaging 3.0, two questions were included: one on the use of vacuum packaging, and
the second was kept as generic due to the availability of different primary and secondary
packaging technologies. For vacuum packaging (I3.05), 40.48% marked themselves as
outsiders, 26.19% as beginners, 21.43% as intermediate, 4.76% as experienced, 4.76% as
expert, and 2.38% as leading performers.
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For other modern packaging technologies (I3.06), 33.33% marked themselves as out-
siders, 33.33% as beginners, 16.67% as intermediate, 7.14% as experienced, 7.14% as expert,
and 2.38% as leading performers. In terms of using digitally printed labels (I3.07), 35.71%
were outsiders, 21.43% were beginners, 14.29% were intermediate, 11.9% were experienced,
9.52% were expert, and 7.14% were leading performers. Computerization of food labora-
tories for anti-bacterial testing methods, sensory, texture analyzing, and quality control
(I3.08) were well developed during Industry 3.0. However, 45.24% of the respondents
marked themselves as outsiders, and the remaining 19.05%, 16.67%, 4.76%, 11.9%, and
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2.38% marked themselves as beginners, intermediate, experienced, expert, and leading per-
formers in using it. Two questions were used to identify business process, documentation,
and communication 3.0: new technologies and internet for communication for external
communication, and computerized work order systems for internal communication. In
terms of new technologies and internet for communication (I3.09), 30.95% were outsiders,
23.81% were beginners, 26.19% were intermediate, 11.9% were experienced, 2.38% were
expert, and 4.76% were leading performers. In terms of computerized work order systems
(I3.10), 38.1% were outsiders, 14.29% were beginners, 26.19% were intermediate, 9.52% were
experienced, 7.14% were expert, and 4.76% were leading performers. From the percentage
average it is inferred that only 38.81% rated themselves as outsiders with Industry 3.0
practices. The remaining 21.67% at beginner level, 18.57% at intermediate level, 10% at
experienced level, 6.66% at expert level, and 4.28% leading performer level.

Table 4. Industry 3.0 Practice level of SMEs.

Label Industry 3.0

Level 0 1 2 3 4 5

13.01
Production Line

Automated assembly line 30.95 23.81 16.67 16.67 4.76 7.14

13.02
Major Energy Source

Electricity + renewable energy 45.24 16.67 23.81 9.52 2.38 2.38

I3.03
Seafood processing

Computerized machineries 50 19.05 7.14 7.14 11.9 4.76

I3.04 Advanced dry freezers 38.1 19.05 16.67 16.67 4.76 4.76

I3.05
Packaging

Vacuum packaging 40.48 26.19 21.43 4.76 4.76 2.38

I3.06 Other modern packaging technologies 33.33 33.33 16.67 7.14 7.14 2.38

I3.07
Labelling

Digital printing 35.71 21.43 14.29 11.9 9.52 7.14

I3.08
Anti-bacterial testing methods, sensory, texture analyzing and Quality control

Computerized modern food laboratory 45.24 19.05 16.67 4.76 11.9 2.38

I3.09
Business process, documentation, and communication

New technologies and internet for communication 30.95 23.81 26.19 11.9 2.38 4.76

I3.10 Computerized work order system 38.1 14.29 26.19 9.52 7.14 4.76

Industry 3.0 Percentage Average 38.81 21.67 18.57 10.00 6.66 4.28

5.4. Industry 4.0 Adoption Level

Industry 4.0 is a transformative concept for the integration of advanced technologies,
automation, and data exchange in manufacturing processes to create intelligent, inter-
connected, and highly efficient industrial ecosystems. Figure 5 and Table 5 show the
Industry-4.0 practice level of seafood processing SMEs. Three questions related to the adop-
tion level of production line were asked: the first on the smart automation of production
line, the second on the complete digitalization of the production process, and the third on
the adoption of robots in the production line. In terms of being fully automated (smart
assembly line) (I4.01), 71.43% were outsiders, 7.14% were beginners, 11.9% were interme-
diate, 4.76% were experienced, and 4.7% were expert, while none identified themselves
as leading performers. In terms of the complete digitalization of the production process
(I4.02), 54.76% were outsiders, 19.05% were beginners, 14.29% were intermediate, 7.14%
were experienced, and 4.76% were expert, while none identified themselves as leading
performers. In terms of the adoption of robots in the production line (I4.03), 85.71% were
outsiders, 7.14% were beginners, 2.38% were intermediate, 2.38% were experienced, and
2.38% were expert, while none identified themselves as leading performers. Regarding
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the adoption of robotic machinery in seafood processing (I4.04), 78.57% were outsiders,
9.52% were beginners, 7.14% were intermediate, 2.38% were experienced, and 2.38% were
experts, while none identified themselves as leading performers. Nearly similar levels
were also marked for the adoption of high-pressure processing techniques (I4.06): 80.95%
were outsiders, 9.52% were beginners, 7.14% were intermediate, and 2.38% were experts,
while none identified themselves as either experienced or leading performers. In terms of
adopting eco-friendly extraction methods (I4.05), 59.52% were outsiders, 14.29% were be-
ginners, 14.29% were intermediate, 4.76% were experienced, and 7.14% were experts, while
none identified themselves as leading performers. For the next question on the adoption of
thermal and non-thermal processing and preservation technologies (I4.07), 38.1% marked
themselves as outsiders, 21.43% as beginners, 11.9% as intermediate, 14.29%as experienced,
7.14% as experts, and 7.14% as leading performers.
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Two questions were asked regarding the adoption of packaging 4.0, namely (a) au-
tomated canning/packaging, and (b) smart vacuum processing and packaging machines.
Regarding adoption of automated canning/packaging machines (I4.08), 69.05% marked
themselves as outsiders, from the remaining 14.29%, 7.14%, 4.76%, 2.38%, and 2.38% identi-
fied themselves as beginners, intermediate, experienced, experts, and leading performers.
Further, with respect to the adoption of smart vacuum processing and packaging machines
(I4.09), 66.67% marked themselves as outsiders, 23.81% as beginners, 7.14% as intermediate,
and 2.38% as experts. None of the respondents identified themselves as either experienced
or leading performers. For the next question regarding the adoption of smart labelling
(RFID) (I4.10), 80.95% were outsiders, 9.52% were beginners, 7.14% were intermediate,
and 2.38% were experienced, while none of the respondents were either expert or leading
performers. In terms of anti-bacterial testing methods, sensory, texture analyzing and
quality control, 80.95%, 7.14%, 9.52%, and 2.38% marked themselves outsiders, beginners,
intermediate, and experts, while none identified themselves as experienced or leading
performers in using smart sensory and texture-analyzing machinery (I4.11). A slightly
different trend was noticed in the adoption of AI technologies for food sensing (I4.12),
69.05% were outsiders, 21.43% were beginners, 7.14% were intermediate, and 2.38% were
experts. However, none were either experienced or leading performers. The last set of
questions was related to business process, documentation, and communication 4.0. The
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first one was on adoption of the ERP system (I4.13); 76.19% responded as outsiders, 4.76%
were beginners, 7.14% were intermediate, 4.76% were experienced, and 7.14% were experts
in using the ERP system, whereas none were leading performers. In terms of using big
data to analyze consumer demand and consumer behavior (I4.14), 61.9% were outsiders,
16.67% were beginners, 7.14% were intermediate, 9.52% were experienced, and 4.76% were
experts. However, none identified themselves as leading performers. The final question
was related to the adoption of an e-system or software for communicating with internal
employees and external suppliers (I4.15): 40.48% marked themselves as outsiders and
23.81% as beginners. The remaining 16.67%, 11.9%, 4.76%, and 2.38% marked themselves
as intermediate, experienced, expert, and leading performers.

Table 5. Industry 4.0 Practice level of SMEs.

Label Industry 4.0

Level 0 1 2 3 4 5

Production Line

I4.01 Fully automated (smart assembly line) 71.43 7.14 11.9 4.76 4.76 0

I4.02 Fully digitalized 54.76 19.05 14.29 7.14 4.76 0

I4.03 Adoption of robots in production line 85.71 7.14 2.38 2.38 2.38 0

-
Major Energy Source

Electricity + renewable energy - - - - - -

I4.04
Seafood processing

Robotic machineries in processing 78.57 9.52 7.14 2.38 2.38 0

I4.05 Eco-friendly extraction 59.52 14.29 14.29 4.76 7.14 0

I4.06 High-pressure processing 80.95 9.52 7.14 0 2.38 0

I4.07 Thermal and non-thermal processing and preservation
technologies 38.1 21.43 11.9 14.29 7.14 7.14

Packaging

I4.08 Automated canning/packaging 69.05 14.29 7.14 4.76 2.38 2.38

I4.09 Smart vacuum processing and packaging machines 66.67 23.81 7.14 0 2.38 0

Labelling

I4.10 Smart labelling (RFID) 80.95 9.52 7.14 2.38 0 0

Anti-bacterial testing methods, sensory, texture analyzing, and quality control

I4.11 Sensory and texture analyzing machineries 80.95 7.14 9.52 0 2.38 0

I4.12 AI technologies in food sensing 69.05 21.43 7.14 0 2.38 0

I4.13
Business process, documentation, and communication

ERP systems 76.19 4.76 7.14 4.76 7.14 0

I4.14 Big data to analyze consumer demand and consumer behavior 61.9 16.67 7.14 9.52 4.76 0

I4.15 E-system or software for communicating with internal
employees and external suppliers 40.48 23.81 16.67 11.9 4.76 2.38

Industry 4.0 Percentage Average 67.62 13.97 9.21 4.6 3.81 0.79

The percentage average for Industry 4.0 infers that 67.62% were outsiders and 13.97%
were beginners. Thus, 81.59% were either outsiders or beginners. Only 9.21%, 4.6, and
3.81% were intermediate, experienced, and experts in adopting Industry 4.0. A mere 0.79%
identified themselves as leading performers, which counted only from thermal and non-
thermal processing and preservation technologies, automated canning/packaging, and
e-system or software for communicating with internal employees and external suppliers.

5.5. Industry 5.0 Readiness Level

Industry 5.0 is a concept that builds upon Industry 3.0 and 4.0, emphasizing the col-
laborative partnership between humans and advanced technologies to achieve sustainable



Sustainability 2024, 16, 2205 14 of 19

and inclusive growth in manufacturing and industrial processes. Thus, questions regarding
production line; energy source; seafood processing; packaging; labelling; and anti-bacterial
testing methods, sensory, texture analyzing, and quality control, were set aside. Only
questions related to business process, documentation, and communication were included
for assessing the Industry 5.0 readiness level. Figure 6 and Table 6 show the Industry-5.0
practice level of seafood processing SMEs.
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Label Industry 5.0

Level 0 1 2 3 4 5

Production Line

- - - - - - - -

Major Energy Source

- - - - - - - -

Seafood processing

- - - - - - - -

Packaging

- - - - - - - -

Labelling

- - - - - - - -

Anti-bacterial testing methods, sensory, texture analyzing and quality control

- - - - - - - -

Business process, documentation, and communication

I5.01 Human-centric management practices 33.33 14.29 26.19 16.67 4.76 4.76

I5.02 Fair trade practices 28.57 14.29 33.33 11.9 7.14 4.76

I5.03 Lean management 28.57 28.57 21.43 14.29 7.14 0

I5.04 Sustainability practices 16.67 19.05 30.95 23.81 7.14 2.38

I5.05 Resilience ready 21.43 14.29 33.33 21.43 7.14 2.38

Industry 5.0 Percentage Average 25.71 18.10 29.05 17.62 6.66 2.86
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In terms of human-centric management practices (I5.01), 33.33% marked themselves
as outsiders, 14.29% as beginners, 26.19% as intermediate, 16.67% as experienced, 4.76% as
experts, and 4.76% as leading performers. Regarding adopting fair trade practices using
business openness, market orientation, and traceability throughout the value chain (I5.02),
28.57% marked themselves as outsiders, 14.29% as beginners, 33.33% as intermediate, 11.9%
as experienced, 7.14% as experts, and 4.76% as leading performers. In terms of using lean
management to effectively manage resources and reduce waste (I5.03), 28.57% were outsiders,
28.57% were beginners, 21.43% were intermediate, 14.29% were experienced, 7.14% were
experts, and none were leading performers. A total of 16.67%, 19.05%, 30.95%, 23.81%, 7.14%,
and 2.38% identified themselves as outsiders, beginners, intermediate, experienced, expert,
and leading performers in adopting sustainability practices to reduce negative economic,
environmental, and social impacts (I5.04). On the final question regarding the readiness for
developing /adopting resilience plans to handle economic/environmental disruptions (I5.05),
21.43%, 14.29%, 33.33%, 21.43%, 7.14%, and 2.38% marked themselves as outsiders, beginners,
intermediate, experienced, expert, and leading performers, respectively.

From the percentage average it is inferred that 25.71%, 18.10%, 29.05%, 17.62%, 6.66%,
and 2.86% were outsiders, beginners, intermediate, experienced, expert, and leading per-
formers, respectively.

6. Findings, Discussion, and Conclusions

This article classified the “Industry 1.0”, “Industry 2.0”, “Industry 3.0”, “Industry
4.0”, and “Industry 5.0” of the seafood processing industry, and assessed the current
industry adoption level of the respondents with a 6-level scale. It also subclassified the
adoption levels based on (a) production line; (b) major energy source; (c) seafood processing;
(d) packaging; (e) labelling; (f) anti-bacterial testing methods, sensory, texture analyzing
and quality control; and (g) business process, documentation, and communication. The
scale was distributed to seafood processing SMEs in Thailand to analyze their level of
adoption. In line with previous findings [3,16,17], the results revealed that most of the
respondents are still with Industry 1.0, 2.0 and 3.0 practices. However, this study precisely
identified the level of adoption in each sub-classification, bringing more insights into the
industry. In terms of Industry 4.0, there is a relatively larger proposition of penetration in
thermal and non-thermal processing and preservation technologies, and electronic systems
or software for communicating with internal employees and external suppliers. All the
other factors remain mainly unadopted by the SMEs. However, the results also revealed
that the Industry 5.0 readiness of the SMEs is comparatively higher than that of the previous
one in terms of business process, documentation, and communication.

The above findings have at least three major implications. Firstly, an SME may be
adopting Industry 4.0 for any one of the processes as per Table 1, a business practice from
Industry 5.0, and may still use “Industry 2.0”/“Industry 3.0” practices for another process.
Thus, studies intended to assess the Industry 5.0 readiness level in the future should include
the present practice level, and adoption levels of previous industrial revolution-related
practices. This will help researchers to clearly understand the current condition of practices
in the industry and identify the requirements to adopt Industry 5.0. Secondly, the sections
in the classifications are minimized to suit studies intended to assess small and medium-
sized enterprises (SMEs). Though several “Industry 4.0” technologies emerged and are
conceptualized by researchers, this framework maintained the least number by cogitating
on the nature of SMEs. Therefore, researchers can adopt this seven-dimensional framework
(Table 1) and change the questions based on their industrial process. Further, this scale can
also be adopted and extended to suit the service industries. Thirdly, there is no evidence of
the fully-fledged adoption of “Industry 4.0“ by SMEs in the seafood processing industry.
There is only minimal and partial adoption of Industry 4.0-related technologies [44]. Simi-
larly, Thai seafood processing SMEs can escalate from their present state of “Industry 1.0”,
“Industry 2.0”, and “Industry 3.0” to partial adoption of “Industry 5.0”. Also, open inno-
vation practices [8] could facilitate SMEs to take advantage of industrial revolutions with
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lower costs in technology, research and development, and sustainable development. Thus,
further research on their perceived “Industry 5.0” suitability for sustainable growth will
bring more insights on the readiness of seafood processing SMEs. The practitioners and
society can adopt this self-measurable construct (Appendix A) for assessing the current
level of practices and Industry 5.0 readiness level. Assessing the current level of practices
using this framework will provide more insights on areas of adoption and improvement.
The major limitation of this study is that it did not intend to propose any hypotheses to
measure causal relations. Thus, this framework can be extended to study several status
quo-related causal relationships such as “Why SMEs are not moving beyond I3.0 and not
adopting any particular I4.0 technologies and practices”. Geographical location, business
size, and time period are the other limitations of this study. Hence, the framework can be
used to assess industries at different geographical locations.
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Appendix A

Table A1. Industrial Revolutions and Seafood Processing Industry (Self-check final scale).

Label Levels 0 1 2 3 4 5

Industry 1.0
(Obsolete—0, Decline—1, Intermediate—2, Slow-rising practice—3, Fast-rising Practice—4,

Peak Practice—5)

I1.01 manual or semi-mechanized production using steam pressure and hot liquids for sterilization
(kill microorganisms).

I1.02 Using coal as an energy source in the production process.

I1.03 Using sun drying methods.

I1.04 Using manual hermetic sealing process.

I1.05 Only oral communications are used to instruct the employees on day-to-day operations.
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Table A1. Cont.

Label Levels 0 1 2 3 4 5

Industry 2.0
(Obsolete—0, Decline—1, Intermediate—2, Slow-rising practice—3, Fast-rising Practice—4,

Peak Practice—5)
0 1 2 3 4 5

I2.01 Producing in mass using semi-automatic assembly lines.

I2.02 Using petroleum products for production process (Diesel/Kerosene/LPG) as an energy source
in the production process.

I2.03 Applying chemical compositions in drying, freezing, and pasteurization.

I2.04 Using refrigerators and oven for freezing, storing, and drying.

I2.05 Using semi-automatic machineries in the production process.

I2.06 Practicing division of labor in food processing, preservation, and other functional departments.

I2.07 Using written communication to provide instructions without a standard format
(TQM/Quality Management Systems).

Industry 3.0
(Outsider—0, Beginner—1, Intermediate—2, Experienced—3,

Expert—4, Leading performer—5)
0 1 2 3 4 5

I3.01 Using electronically automated machineries for seafood and seafood products processing.

I3.02 Using renewable energy sources in the organization.

I3.03 Using programmed/computerized machineries in processing (sterilization, freeze-drying,
drying).

I3.04 Using advanced equipment in freezing.

I3.05 Using vacuum packaging for preservation of seafood and seafood products.

I3.06 Using modern packaging technology.

I3.07 Using digital printing on packages.

I3.08 Using food laboratories along with anyone of the following applications such as computers,
advanced equipment, biotechnology, and nanotechnology.

I3.09 Using new technologies and the internet in all functional areas of business management.

I3.10 Using software or work order system in the firm for communication.

Industry 4.0
(Outsider—0, Beginner—1, Intermediate—2, Experienced—3,

Expert—4, Leading performer—5)
0 1 2 3 4 5

I4.01 Usage of automated machineries.

I4.02 Usage of a fully digitalized manufacturing process.

I4.03 Usage of robots in the production line (picking, moving, and placing).

I4.04 Usage of robotic machineries in processing.

I4.05 Usage of eco-friendly extraction technologies.

I4.06 Usage of high-pressure processing technologies.

I4.07 Usage of thermal and non-thermal processing and preservation technologies.

I4.08 Usage of automatic canning/packaging machineries.

I4.09 Usage of vacuum processing and packaging machines.

I4.10 Usage of smart labelling (RFID).

I4.11 Usage of sensory and texture analyzing machineries.

I4.12 Usage of artificial intelligence (AI) food sensing technologies for tracing food safety and
quality.

I4.13 Use of ERP systems.

I4.14 Usage of big data to analyze consumer demand and consumer behavior.

I4.15 Usage of e-system or software for communicating with internal employees and external
suppliers.
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Table A1. Cont.

Label Levels 0 1 2 3 4 5

Industry 5.0
(Outsider—0, Beginner—1, Intermediate—2, Experienced—3,

Expert—4, Leading performer—5)
0 1 2 3 4 5

I5.01 Using human-centric approach in automated business processes and management practices.

I5.02 Adopting fair trade practices using business openness, market orientation and traceability
throughout the value chain.

I5.03 Using lean management to effectively manage resources and reduce waste.

I5.04 Adopt sustainability practices to reduce negative economic, environmental, and social impacts.

I5.05 Develop/adopt resilience plans to handle economic/environmental disruptions.
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