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This article 
contributes to: 

 
 

Highlights: 

 Indonesia is striving to adopt Industry 
4.0 despite challenges like high costs 
and uncertain returns. 

 The study compares Industry 4.0 
readiness between developed countries 
(Germany, Singapore) and developing 
countries (China, Malaysia, Indonesia). 

 INDI 4.0 reveals that Indonesia’s 
industries are at a moderate level of 
readiness in technology and operations. 

 

Abstract 

Indonesia could transform the manufacturing industry by making Indonesia 4.0, despite the many 
uncertainties of implementing Industry 4.0 due to high investment costs and unclear returns. 
Therefore, looking at neighboring countries such as Germany, the country that initiated Industry 
4.0, and China, the country taking the lead in implementing Industry 4.0, it is considered essential 
for the manufacturing industry in Indonesia to understand how towards the revolution and identify 
the development of the Industry 4.0 program. Germany is confident in its capabilities in the field 
of manufacturing technology. It makes the main challenge in carrying out Industry 4.0 'Investment 
Capital, Employee Qualifications, and Security of Data Transfer and Legislation'. On the other hand, 
China faces significant challenges in Manufacturing Capabilities, Research and Development (R&D), 
and Human Capital. To adopt the transformation technology and self-assess the internal resources, 
Indonesia created a tool, namely the Indonesia Industry 4.0 Readiness Index (INDI 4.0). This article 
presents a comparative review of the Industry 4.0 readiness index from the perspective of 
Germany and Singapore as a developed country compared to developing countries such as China, 
Malaysia, and Indonesia. This study aims to provide awareness related to the readiness index, 
which can be used to inform industries whether they are suitable for applying Industry 4.0 and how 
to measure whether their employees are capable of it. In general, the INDI 4.0 measuring 
instrument shows the readiness of companies in Indonesia, and according to the recent 
assessment, the industries in Indonesia are at a moderate level, especially in the field of technology 
application and operation. 

Keywords: Industry 4.0; Intelligent manufacturing; Readiness index 

1. Introduction 
The Industry 4.0 revolution represents an unstoppable global movement with profound 

implications for businesses, economies, and governmental operations. This transformative 
industrial shift has catalyzed a cascade of political upheavals, social movements, cultural shifts, and 
economic fluctuations projected to unfold throughout the 21st century [1]. The advent of the 
fourth industrial revolution has particularly impacted the industrial sector, leveraging the full 
potential of information and communication technology [2]. These technologies have been 
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integrated into the production process and across the industrial value chain to enhance efficiency, 
productivity, flexibility, and product quality. Consequently, mastering technology, the primary 
driver of competitiveness in the Industry 4.0 era, becomes imperative, especially within national 
industrial sectors [3]. 

The aftermath of the third industrial revolution saw the widespread proliferation of digital 
technology. In contrast, the fourth industrial revolution is characterized by the convergence of 
software, biological, and physical innovations [4]. Key technologies driving this revolution include 
cyber-physical systems (CPS), big data, artificial intelligence (AI), cloud computing, digital twin, and 
the Internet of Things (IoT) [5]–[12]. This technological advancement has reshaped traditional 
industrial engineering strategies, paving the way for smart manufacturing characterized by 
intelligent sensing, networking, and identification capabilities [13]. As a result, complex 
manufacturing management can be monitored and synchronized in an integrated manner, 
enabling real-time visibility and process optimization [14], [15]. Moreover, Industry 4.0, marked by 
digitalization and hyper-connectivity, is revolutionizing production processes and manufacturing 
management practices, driving significant changes across industries [16], [17]. 

Currently, the manufacturing industry is profoundly influenced by Industry 4.0 management, 
as evidenced by the proliferation of intelligent services, the emergence of simple products based 
on smart technology, and the integration of the Internet of Things (IoT) into intelligent production 
sites. Lin et al. [18] have categorized published papers on Industry 4.0 into three main sectors. The 
first sector focuses on analyzing the impact of the fourth industrial revolution on production 
conditions, including investigations into the potential influence of technological innovation 
disruptions on social responses [19]. The second sector emphasizes information provision, 
architectural configuration, and system reconstruction [20]–[22]. The third sector examines the 
communication perspective of Industry 4.0, considering its impact on human resources, such as 
competency levels and education [23], [24]. However, recent research highlights a dearth of 
empirical studies on technology applications in intelligent manufacturing [25], [26]. 

While manufacturing operations based on sophisticated systems have been implemented 
globally, including in Indonesia, there remains room for improvement to align with Industry 4.0 
standards [27]–[29]. The anticipated benefits of Industry 4.0 adoption have spurred extensive 
research, encompassing government reports, academic investigations, and practitioner studies 
[30]–[32]. Industry experts assert that fourth industrial revolution technologies enhance various 
aspects of organizational structure, including business model development, service and product 
innovation, and manufacturing management expansion [33]–[37]. This transformation 
fundamentally alters how employees work and organize their activities [38], [39]. Despite the 
emphasis on knowledge-based approaches in Industry 4.0, the role of human workers in direct 
manufacturing production and problem-solving remains essential for enhancing operational 
performance [40]. 

Many researchers have extensively documented the evolution of manufacturing companies 
towards Industry 4.0, particularly in developed countries. However, the fourth industrial revolution 
has also permeated and impacted local manufacturing firms in developing nations. Crucially, the 
success of Industry 4.0 hinges on the rapid adaptation of its technologies, both horizontally and 
vertically, within company management structures worldwide. Vertical integration involves 
connecting automation components, such as sensors and motors, with systems like Supervisory 
Control and Data Acquisition (SCADA) and Enterprise Resource Planning (ERP). Conversely, 
horizontal integration links various value chain sectors, including raw material supplies, 
procurement, maintenance, operation, and distribution. This comprehensive integration approach 
underscores the essence of Industry 4.0 implementation, which aims to connect all elements 
involved in the manufacturing process, including individuals, tools, and data (as illustrated in Figure 

1). 
The pervasive integration of Industry 4.0 and notable digital progressions are set to overhaul 

corporate tactics and transform workforce dynamics across multiple industries. To maintain 
competitiveness, manufacturing entities must emphasize innovation. Nonetheless, firms face 
assorted obstacles, contingent upon the socio-economic landscapes of their operating countries, 
when deploying technology and Industry 4.0 endeavors. Hence, conducting a thorough global 
assessment of the fourth industrial revolution's deployment, particularly in developing nations, is 
crucial. 
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The focus on implementing Industry 4.0 in developing countries was emphasized at the 2019 

World Economic Forum (WEF). Given the concentration of manufacturing industries in these 
nations, addressing Industry 4.0 implementation is a collective effort. Originating from the German 
Government's concept of a smart factory in 2011, Industry 4.0 signifies the adoption of cutting-
edge technology to enhance productivity, efficiency, and product quality through connectivity and 
digitalization. 

In 2018, Indonesia, a developing nation, formally embraced Industry 4.0 under the decree of 
its President. The Making Indonesia 4.0 roadmap, introduced to commemorate this proclamation, 
aims to elevate Indonesia to the top 10 global economies by 2030. Indonesia's active participation 
as the official country partner of the Hannover Messe 2011: Digital Edition, Indonesia 
demonstrates its commitment to Industry 4.0. The Ministry of Industry meticulously selected seven 
sectors, including food and beverage, textile and clothing, automotive, chemical, electronic, 
pharmaceutical, and medical devices, to execute Making Indonesia 4.0 [30]. 

The fourth industrial revolution promises to propel Indonesian manufacturing into the digital 
sphere, necessitating a robust ecosystem of infrastructure, innovation, and policy frameworks. 
While Industrial Revolution 4.0 has the potential to reshape Indonesian manufacturing [41], 
uncertainties persist regarding Industry 4.0 applications, primarily due to high investment costs 
and unclear returns [42]. Thus, it's vital for Indonesia's manufacturing sector to examine 
neighbouring countries' experiences with Industry 4.0 to navigate this revolution effectively and 
enhance readiness across all industry elements. This paper aims to elucidate the strategies adopted 
by various countries to confront the challenges posed by the fourth industrial revolution and assess 
Indonesia's preparedness. It's structured as follows: Part 2 provides a brief overview of Industry 
4.0, Part 3 outlines several countries' activities in addressing Industry 4.0 challenges, and Part 4 
delves into the strategies employed by the Indonesian Government in adopting Industry 4.0. 
Finally, Part 5 presents conclusions through country comparisons, contributions, and 
recommendations for addressing Industry 4.0 challenges. 

This paper presents a comparative review of challenges in implementing Industry 4.0 in 
developed countries and developing countries. The developed countries are represented by 
Germany, China, and Singapore, while the developing countries are represented by Malaysia and 
Indonesia. The category of developed and developing countries in this paper is based on the 
economic growth profile and the year when the country announced the government regulation 
and started implementing Industry 4.0. 

This review article follows a structured progression. Section 2 presents research methodology 
which adopted in current study. Section 3 provides a brief description of Industry 4.0. Section 4 
presents development of Industrial 4.0 in selected developed and developing countries. The 
challenges faced in each developed and developing country is also described. In Section 5, focussed 
on the development of Industrial 4.0 in Indonesia as a developing country. Section 6 presents 
further comparison study, Government regulation and readiness assessment of Industrial 4.0. 
Finally, Section 7 presents the conclusions of the review study. 

Figure 1. 
 Connectivity in Industry 

4.0 systems  
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2. Research Methodology 
All academic research endeavours, regardless of field, begin with constructing a foundation 

on and making connections to prior knowledge. For this reason, educators must prioritise getting 
this right. But the complexity of this endeavour is growing. The business research community is 
producing new knowledge at a dizzying rate, yet that knowledge is scattered and doesn't adhere 
to any one discipline. Because of this, it is challenging to stay abreast of cutting-edge research, 
remain at the vanguard of a field, and evaluate the body of evidence in a certain field. That's why 
it's more important than ever to conduct a literature review as part of your research. Collecting 
and summarising past research in an organised fashion is what a literature review is all about [43]. 
The advancement of information and the facilitation of theory building are both bolstered by a 
review that is both successful and well-conducted as a research procedure. The effectiveness of a 
literature review lies in its ability to answer research questions in a way that no single study can. 
Providing an overview of regions where research is scattered and cross-disciplinary is another 
useful application. A comprehensive literature review is also an important part of developing 
theoretical frameworks and conceptual models since it allows researchers to synthesise study 
findings at a meta-level to demonstrate evidence and identify gaps in knowledge. However, 
conventional approaches to literature description and representation frequently lack rigour and 
are not systematic in nature. As a result, it's hard to tell what the accumulated research is trying 
to prove or suggest. This creates a substantial possibility that researchers construct their work on 
faulty premises. Research issues arise when scientists cherry-pick the evidence they use, neglecting 
findings that go counter to their hypotheses. Moreover, there are often concerns about what 
makes a good contribution even when the process of the reviews is valid [43]. 

Several rules for writing literature reviews already exist, as was previously indicated. Each 
review style has its place and can be useful in certain situations, but it all depends on the approach 
required to accomplish the review's objective. The phase of the review determines whether a 
qualitative, quantitative, or mixed-method approach is appropriate. Previous research has been 
critically examined here using a comprehensive literature review method. A systematic review can 
be defined as a strategy for locating and evaluating studies that are relevant to a topic, as well as 
a procedure for gathering and analyzing data from these studies [43]. In order to answer a specific 
research question or test a specific hypothesis, a systematic review seeks to locate all available 
empirical data that meet the inclusion criteria. Using explicit and systematic processes to examine 
articles and all relevant evidence can help reduce bias and produce more trustworthy findings on 
which to base choices. Simple procedures include: 

 To what extent are analyses feasible? Statistics, such as meta-analysis, are frequently used 
to combine the findings of the included research, however, this is not always the case.  

 A meta-analysis is a statistical technique for comparing and contrasting the findings of 
several research on the same issue in order to weigh and compare them and to detect 
patterns, disagreements, or relationships.  

 In a meta-analysis, results from individual studies are summarized and standardized so that 
a single metric can be used to determine aggregate effect size. However, in order to 
conduct a meta-analysis, the studies included must use the same statistical metrics (effect 
size) to make comparisons. 

Therefore, it is difficult to conduct a meta-analysis on studies that use varying research 
methods. However, simple ways are straightforward to consider, and that is the approach taken 
here. This includes the number of publications in journals, conferences, book chapters, etc. Apart 
of introduction in Section 1 and research methodology adopted in current study presented in 
Section 2, other content of this review study is illustrated in Figure 2 that include a brief description 
of Industry 4.0 in Section 3, a review of Industry 4.0 in developed and developing countries 
presented in Section 4, and at last is a discussion of Industry 4.0 in Indonesia that presented in 
Section 5. 
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3. Brief Description of Industry 4.0 
James Watt who invented the steam engine changed the face of industry in England in the 

1770s and spread all over Europe and America in the 19th-century world [44], later known as the 
first industrial revolution. Previously, products were produced in family-scale workshops by a 
workforce of craftsmen and their assistants. The invention of the steam engine in the first industrial 
revolution as illustrated in Figure 3 required human resources to mechanize the process of mass 
production in factories, which required the workers of millions of people who migrated from rural 
agriculture to urban life. 

The application of the Second Industrial Revolution concentrates on the mass production of 
goods and manufacture. Revolution is defined as the implementation of a mass production system 
using conveyors and electric power as illustrated in Figure 3. The driving factor begins in the 
automotive sector, especially the car manufacturer, Ford. When the market demand for Ford's 
Model T soared sharply, the company faced difficulties in fulfilling orders. With the use of this mass 
production system, very large production cost efficiencies are obtained. However, the price of the 
car has fallen drastically. This makes the purchasing power of the middle class increase because 
many people can afford to buy their cars. This in itself will cause the mobility of goods and people 
to become wider. The implementation of the mass production concept with conveyor belts was 
then imitated by many other industries. Hendry Ford (the founder of the Ford car factory) 
implemented the conveyor belt concept which was inspired by the production system at a 
slaughterhouse in Cincinnati, where after the process of slaughter, the pig is hung on a walking 
rack which makes the slaughtering process more efficient. Furthermore, breakthrough production 
process innovations with mobile assembly lines were discovered by utilizing continuous electrical 
energy to build a large number of standard products by organizing specific work areas and skills 
while reducing unit costs. Manufacturing jobs are available in large numbers in this second 
revolution, where workers get good pay and increase the welfare of economically weak people 
[45]. 

The digital revolution often called the third industrial revolution, is strongly influenced by 
computer technology, information technology, and widespread digitization [46]. Knowledge of 
digital engineering has enabled the automation of production and services. The manufacturing 
industry has transformed from large-scale production to mass custom modifications, a machine-
aided product manufacturing strategy that can be programmed to produce standard products with 
a certain degree of flexibility in supporting assembly or finished goods. 

The 3rd Industrial Revolution was marked by the integration of computer technology with 
production machines as illustrated in Figure 3. This integration led to the realization of an 
automation system, namely the existence of machines controlled using computers. For example, 
the invention of computer numerical control (CNC) machines, industrial robots, and programmable 
logic controller (PLC) systems. Broadly, the implementation of Industry 3.0 has been proven to 
make the production system at the factory more efficient and increase productivity which will 
affect the product quality to be more consistent/precise. 

Figure 2. 
Flowchart of the main 

content of the proposed 
review study  



Mochamad Denny Surindra et al.  

 

Mechanical Engineering for Society and Industry, Vol.4 No.3 (2024) 460 

 

 
The term “Industry 4.0” was first discussed in an article written by the German authorities in 

late 2011 resulting from efforts on modern technology strategies for 2020 [48]. Industry 4.0 was 
first introduced by the German government in April 2013 with a focus on cyber-physical systems 
(CPS) and smart factories integrated with high technologies such as data exchange in 
manufacturing technology, automation systems, advanced cloud computing, Internet of Things 
(IoT), 3D in printing technology, smart products, and competent human resources, as illustrated in 
Figure 4 [49]. This manner of the integrated industry includes various forms currently consisting of 
decentralized automated organizing capabilities, cyber-physical systems, smart factories, 
advanced systems in procurement and distribution, systems of products and services to be 
personalized, and obligations to the community in the form of corporate social responsibility (CSR). 
Germany Trade and Investment [50], the economic development agency of the Federal Republic 
of Germany, expressed the core idea of "Industry 4.0", an integrated system where the German 
government provides a platform with regulations supporting becoming a smart industry. Herman 
et al. [51] divide them into integrators for physical systems and essential software, integrators for 
supporting branches and sectors of the economy, and integrators for supporting industry and other 
industry types. This way, the downstream and upstream sector industries are monitored for 
supporting data to produce final products for consumers. Ganzarain et al. [52] define "Industry 
4.0" as the ability of companies to control the entire production process from raw materials to final 
products with a more accurate and precise atomic system using computers and the internet. 
Meanwhile, Schröder [53] defines it as a leap in digital technology in industrial processes with 
modern networks that are reliable and computer-integrated. 

In addition, with the implementation of Industry 4.0, it is hoped that there will be an 
enhancement in the quality of the current manufacturing process that can be seen from the 
economic, environmental, and social aspects. The interconnection of horizontal integration 

networks in Industry 4.0 offers 
new opportunities for more 
efficient processes that enable 
coordination between products, 
materials, energy, and water flows 
throughout the product life cycle. 
This enables cooperation between 
factories to achieve a competitive 
advantage by exchanging energy, 
materials, and products. For 
instance, Siemens, based in 
Munich, Germany, is Europe's 
largest industrial manufacturing 
company, with many branch 
offices worldwide. The German 
tech giant is known for its best-in-

Figure 3. 
The development of the 

Industrial Revolution 4.0. 
Adapted from [47]  

Figure 4. 
The main technology 

supporting Industry 4.0. 
Adapted from [54]  
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class AI, IIoT, and edge computing solutions for the manufacturing, healthcare, transportation, 
logistics, and energy and power industries. Siemens specializes in smart infrastructure (smart 
factory solutions and smart buildings and networks), the Internet of Things, cybersecurity, and 
digital twins. The Siemens Digital Industrial Software Platform is based on a fully digital business 
model that enables 3D and 2D product lifecycle management and offers advanced robotics, cloud 
connectivity, and additive manufacturing solutions. 

Another opportunity from the implementation of Industry 4.0 is the reduction in the number 
of product defects. This is because the implementation of Industry 4.0 based on artificial 
intelligence makes each process able to optimize its ongoing processes to produce flawless 
products. In addition, Industry 4.0 is also beneficial for reducing machine breakdown, reducing 
machine set-up time, and reducing redundant logistics, which in the end increases company 
productivity. Krolczyk et al. [55] have investigated the flow of logistics materials by optimizing the 
distribution of raw materials for the manufacturing production process using the Bloch-Schmigalla 
method. The investigation has resulted in potential production cost savings and improved company 
performance effectiveness. In the Industry 4.0 era, it is required to carry out intelligent 
optimization applied in the production process including the flow of raw materials as the main 
factor in intelligent manufacturing [56]. 

In China, Industry 4.0 is named “Made-in-China 2025” which is comprised of three phases. 
The first phase is in the period from 2015 to 2025, in this period, China targets to become a country 
that has world-class manufacturing capabilities. Then in the second phase with a period of 2026 to 
2035, China wants to make sure its manufacturing strength lies in an intermediate position at the 
global level. Furthermore, in the third phase the period from 2036 to 2049, China aspires to have 
the leading manufacturing capability which was announced when the People's Republic of China 
celebrated its 100th independence [57]. 

4. Towards Industry 4.0 in Developed and Developing 
Countries 

Not surprisingly, although the concept of Industry 4.0 is still a new thing, both developed and 
developing countries are ready to welcome it, of course for different reasons. For developed 
countries, Industry 4.0, a term that was first coined in Germany, could be a way to restore 
infrastructure competitiveness, especially for Western European countries [58]. For developing 
countries, Industry 4.0 can help simplify the production supply chain, which in this case is urgently 
needed to control the increasing labour costs. For example, China's 10-year plan announced in May 
2015 entitled "Made in China 2025", targeted core sectors such as robotics, information 
technology, and energy, to turn what is now known as a "manufacturing giant" into a 
"manufacturing powerhouse world”, for this reason, China will beat the value of R & D investment 
to 2.938% of the total manufacturing revenue in 2025 [59]. China refuses to be labeled as a 
developed country according to the wishes of the United States, which wants it. This Bamboo 
Curtain country insists on maintaining its status as a developing country recognized by the World 
Trade Organization (WTO) and other international agreements. Many research reports state that 
China is a developing country, such as research in the fields of digital finance [60], monetary policy 
[61], industrial innovation [62], energy transition [63], and emissions trading [64]. 

4.1. Germany in Industry 4.0 

One of the world's leading industrial countries, Germany launched a strategic plan "Industry 
4.0" in 2013 [65], [66]. Several important industries in Germany with high brand prestige, such as 
Volkswagen, BMW, and SAP, have implemented innovative strategies that have led them to find 
the dignity of the company's identity. The fourth Industrial Revolution is an example of the efforts 
of German manufacturers to be able to compete in the new era of the manufacturing industry 
whose core activities are integrity [50], [67], digitization-based manufacturing [68], CPS [69], 
artificial intelligence (AI) and internet of things (IoT) [70]–[72]. 

Renowned worldwide, German products are lauded for their design and quality. Seven 
companies constitute a significant portion of Germany's GDP and are major profit generators. 
Notably, three prominent automakers, including Volkswagen, Germany's largest car company, 
Daimler, the second-largest, and BMW, the third-largest, dominate the global market. Notably, 
General Motors Co. oversees Volkswagen's operations in China, the world's largest auto sales 
market. German brands like BMW and Mercedes are esteemed luxury car manufacturers globally 
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[64], [69]. In the field of electronics and industrial automation, Germany is very strong and 
dominates the world market through the Siemens brand. Siemens is a German corporation with 
main businesses in the energy, manufacturing, infrastructure, and healthcare industries. Another 
world-class company, BASF is a chemical company in Germany that has an annual sales profit of 
more than $80 billion. The main areas of BASF's corporate enterprise are chemistry, agriculture, 
and other industrial fields [68], [73]. Germany is also dominant in the financial sector, with the 
establishment of Deutsche Bank, a large bank spread across Europe. Another financial sector in the 
insurance sector, Germany has the Allianz financial group, even though the company does business 
in the world market with a business focus on financial services [56]. 

There are twelve facts about Germany’s Industrie 4.0 policy initiative as presented by Digital 

Transformation Monitor [69]. Among all facts, the most interesting thing is the policy lever(s) 

which stated that the policy made by the government related to industrial 4.0 is a publicly backed 
and steered initiative that is implemented by the stakeholders. Figure 5 shows selected facts for 
Germany’s Industrie 4.0 policy initiative that could be useful information for developing countries. 

 

Figure 5. 
Selected items of fact 

box for Germany’s 
Industrial 4.0. Adapted 

from [74] 

 

The policy is supported and steered by the public 
and is implemented by the stakeholders. 

 

The funding source is mixed. It is from private 
financial and in-kind contributors or public 
investors. 

 

The targets are the manufacturers, small and 
medium enterprises as well as the policy-makers. 

 

The idea was proposed and developed by 
researchers based on their experience in 
production and pro-active unions. 

 

4.1.1. German Government Strategy for INDUSTRY 4.0 Transformation 
Advanced information and communication technologies have developed rapidly and initiated 

real innovations, in fields such as industrial control engineering, cloud computing, big data, and 
high mobility internet. These technologies drive major changes in production processes and grow 
the manufacturing industry. Although Germany is blessed with great manufacturing industrial 
machinery and equipment used throughout the world, especially the embedded equipment to 
control systems, the manufacturing industry faces some threatening challenges [71]. Müller, et al 
[75] have investigated and analysed the influence of the Industrial Revolution 4.0 which drives 
changes in the style of MSMEs (small and medium enterprises) in the manufacturing business and 
the importance of the role of MSMEs because they play a major role in maintaining and developing 
significant industrial values in Germany. In addition, the development of supporting equipment 
and machinery is very competitive, not only America is aggressively revitalizing the manufacturing 
industry, but also Asia is producing equipment and machinery that strictly follows global progress 
and undermines German brand manufacturing plants. In the area of internet technology and 
software, this could be a weak point for the German manufacturing industry. The German 
government and entrepreneurs are aware of these relative weaknesses, so Germany 
conceptualizes its own INDUSTRIE 4.0 revolution strategy to remain in a position of excellence as 
a global manufacturing equipment company, taking advantage of the position of the leading 
embedded system supplier and always ready to meet the challenges of the new industrial 
revolution era and study the influence of Industry 4.0 on changes in the behaviour of SMEs in 
running their business. Kiel et al. [76] show that for the manufacturing industry to continue to 
develop sustainably, the Internet of Things (IoT) requires the support of the Triple Bottom Line 
(TBL) which is already firmly rooted in three sectors consisting of big data and broad information, 
well known to the public and technically integrated. Furthermore, based on the TBL concept, they 
conclude that the main point is related to the creation of a sustainable manufacturing industry 
spirit, where IoT has a strong influence on social, ecological, and especially economic behaviour. 

Encouraged by the German Academy of Engineering and other academics, the Fraunhofer 
Association, one of the major "Siemens" companies and other manufacturing industries, the 
German Federal Ministry of Education and Research, and the German Federal Ministry of Economy 
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and Technology decided on INDUSTRIE 4.0 to be one of the 10 projects Leading Futures Education 
and Leading Research in 2020 [3]. The agenda of important projects with projections into the future 
is a concentrated part of the policy of leading research and breakthrough innovations and crucial 
goals will be achieved within a period of 10-15 years. The German government with the House of 
Representatives has budgeted funds of up to EUR 200 million to identify 10 flagship projects and 
strategic steps to realize INDUSTRIE 4.0 in the 2020 High Technology Strategic Action Plan [77]. 

The strategic steps to achieve the goals of important future-looking projects have been 
synchronized between relevant German ministries and departments of the German federal 
government. Project design planning involves stakeholders from academia and manufacturing 
industry players to determine tactical steps. Crucial factors such as complementary cooperation 
and intensive consultation from both stakeholders will determine the success of strategic high-
tech businesses. Furthermore, Verband Deutscher Maschinen-und Anlagenbau, VDMA or German 
Mechanical Engineering Industry Association launched the INDUSTRIE 4.0 platform. One of the 
largest technical-scientific societies in Europe, TRIE or e.V.Verband der Elektrotechnik, Elektronik 
und Informationstechnik has published online the first German standardization roadmap for 
Industry 4.0. Based on the conclusion of the INDUSTRIE 4.0 preparatory group in 2013 which was 
tasked with implementing the INDUSTRIE 4.0 revolution plan to ensure Germany's superiority in 
the manufacturing industry competition, the German government has the following strategy: 
expanding the network, focusing only on two main themes, achieving integration of three fields 
and eight the main sector of development throughout Germany [3]. 

The INDUSTRIE 4.0 Architectural Model reference, RAMI 4.0 [78], provides an overview of the 
three-dimensional coordinate system that represents the influential elements to support 
INDUSTRIE 4.0. With this method, complex and interrelated problems can be clustered into small 
and simple cases. German government appoints leaders in the executive sector for INDUSTRIE 4.0, 
the German Ministry of Economic Affairs, and research institutes with the main task of developing 
the standardization of INDUSTRIE 4.0. The first strategic step in November 2015, Germany 
announced the second version of RAMI4.0 as the reference standard for achieving INDUSTRIE 4.0 
for all institutes in Germany all these developments became important reports for the 
International Electronics Committee, and Germany aggressively promoted digital products as a 
standard and encourage coordinated execution. The second step was the development of the 
German roadmap 'standardization of INDUSTRIE 4.0 version 2', in addition, at the same time, an 
illustration map demonstrating the implementation of INDUSTRIE 4.0 was announced and 
succeeded in capturing 202 projects implementing INDUSTRIE 4.0 [79]. 

Changing geopolitical conditions, climate change and the global crisis in Europe pose 
significant challenges for companies in Germany. For example, industry must be able to react to 
disruptions to supply chains or energy supplies due to Russia's war with Ukraine. In addition, the 
trading system in Europe is tightening emission reduction regulations to increase economic 
sustainability. Germany initiated the Manufacturing-X initiative, which aims to carry out digital and 
ecological transformation towards a sustainable data network in the industry for multilateral data 
exchange. However, individual companies or trade associations cannot implement Manufacturing-
X alone. Manufacturing-X is more than the sum of many individual projects. This initiative creates 
a broad alliance between companies, associations, academia, and politics. They actively shape 
digital data ecosystems across industries as a public-private innovation partnership [80]. 

4.1.2. Challenges Facing Germany Toward Industry 4.0 
Industry 4.0 creates a manufacturing industry with a strong foundation to reach digital 

platforms and strengthen the intelligence of its entire supply network. Manufacturing digitization 
seeks to integrate digital technology with existing manufacturing processes, which emphasizes 
planning, analysis, and reorganizing processes and products with the help of advanced and 
integrated information technology to meet customer requirements. The commitment to maintain 
strong cooperative relationships between suppliers, producers, and customers is the main capital, 
to achieve the goal of the industrial revolution [81].  

Research conducted by Geissbauer et al [82] reveals that investment is a serious challenge to 
implement the revitalization of Industry 4.0. While experts can measure the required investment 
costs, in contrast, they have difficulty projecting profits from the investment results. Both of these 
reasons were reported as formidable challenges faced by the surveyed companies, as reflected in 
the report by Geissbauer et al [82] where 46 percent said the size of the investment and the 
difficulty of predicting earnings. Most of the companies that took part in the survey did not carry 
out a plan that was specifically applied to deal with Industry 4.0, so they did not expand their 
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investment. Company management is aware of the declaration of the industrial transformation 
movement in Germany, but they seem to be taking a wait-and-see attitude from other companies 
that have adopted Industry 4.0 before deciding to invest their capital.  

The second challenge faced by companies to apply Industry 4.0 is the ability of human 
resources due to changes in worker qualifications which are labor requirements in the industrial 
revolution era. Meanwhile, in terms of regulatory standards, there are no globally or regionally 
accepted standards to implement these regulations. The third challenge is related to data transfer 
security and legal regulations that do not support the security of data owners and data users, 
especially for external purposes, so the development of technology and regulations is very 
ambiguous. In addition, there are many questions related to Internet technology that make 
companies and workers feel safe and comfortable, including data security. Frère et al. [83] analyzed 
the development of Industry 4.0 in Germany and found that many companies lack support from 
management and are not a top priority for running Industry 4.0. 

a. Challenge in investment capital  
The fourth Industrial Revolution involved huge investment capital with the risk of capital loss 

not being returned [84] because the rapid transformation of technological evolution invested high 
risk [3], [85]. Birkel et al. [86] have presented a large and unclear investment cost in terms of the 
payback period to adopt Industry 4.0, on the other hand, a manager must have the courage to 
invest, especially in SMEs. In addition, financial problems are a big challenge in implementing the 
fourth industrial revolution, especially for financing advanced infrastructure development and 
sustainable innovation breakthroughs [87]. Some researchers such as Kagermann et al. [3], 
Calabrese et al. [88], Müller et al. [89], Schneider [85], and Birkel et al.  [86] found and highlighted 
the lack of internal capacity for financial capital resources causing companies to face problems with 
external investment capital which further exacerbated the situation. 

The reorganization of all business capabilities [90] and the application of potential resources 
[91] to adopt the Industrial 4.0 technological revolution offer benefits, at least a low cost of capital 
when compared to significantly increased revenues. Many companies are reluctant to improve by 
introducing Industry 4.0 technology and do not plan to conduct research, feasibility studies, and 
dig up information because they have not received concrete evidence regarding their advantages 
or disadvantages [43], [75], [92], may argue that the company's operations are running smoothly 
without the front transformation of the industrial revolution and do not require investment 
towards Industry 4.0 [86], [93]–[95]. 

According to the survey carried out by Statista Research Department [96] in Germany in 2023 
among 364 respondents, the high investment cost is the major challenge in the application of 
Industri 4.0 in their company. The second and third challenges are the demands of data protection 
regulations and the lack of specialists. A detail of the survey results is presented in Figure 6. 

 

Figure 6. 
Challenges encountered 

regarding the Industry 
4.0 application in 

Germanies companies. 
Adapted from [96]  

 

b. Challenge in employee qualification 
Human resources are the main obstacle in efforts to carry out the fourth industrial revolution 

because they are constrained by the ability to deal with cultural and technical changes [86], [93]. 
Therefore, all members of the organization must maintain a culture of learning and adapt quickly 
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to improve the technology so that the team is ready to face the industrial revolution. However, 
many employees from manager level to permanent workers do not want to change their habits of 
work strategies and main production tasks [90], and usually for many reasons resist changes to 
new systems and technologies [97]. Several reasons revealed that advances in technology, 
especially information technology, have disrupted their privacy, including confidential personal 
data about expenses, financial arrangements, household secrets, and information on health 
problems and employees are worried that Industry 4.0 technology may always monitor their 
movements and make them uncomfortable in their working [98]. The Industry 4.0 era will provide 
opportunities for creative and dedicated employees to become pillars of the company [99] because 
the effects arising from the application of this technology require the ability of personnel to 
innovate continuously [100]. Certainly, creative innovation breakthroughs make it possible to 
answer customer needs [101]. Companies do not provide knowledge and skills [86] while 
implementing the fourth industrial revolution requires new knowledge [102], [103] and employees 
with the skills to manage the entry of information with production processes, and the ability to 
work together to find solutions [99], [104]. Therefore, the lack of employee skills is the main 
challenge facing the Industrial Revolution 4.0 [105]–[107]. Furthermore, the collaboration of all 
employees from various divisions through a guided interconnection network is the most important 
requirement for adopting Industry 4.0 [87], [92]. Several researchers have also proven that 
employees with various skills and different levels of ability can support improving company 
performance [108]. 

c. Challenge in data transfer security and legal regulation 
Innovative breakthrough legal issues to realize the fourth industrial revolution need to face 

legal regulations. New manufacturing production technologies and processes are examined by 
legal analysis based on applicable regulations and investigated for their legal basis. Technology has 
developed and is widely used in society, while the law protecting it came too late. As a result, 
adjustments to legal aspects are really difficult to apply, especially for the implementation of 
Industry 4.0 because the Cyber-Physical System (CPS) transmits data between companies and 
supply chains globally, which can cause various technical and legal problems that interfere with 
each other between companies, employees and customers. For example, handling data transfers 
where the use and ownership of corporate or personal data for internal, and external purposes do 
not have an integrated and holistic legal basis. Supposedly, legal regulations should not limit a 
person's human rights and freedoms, for example, an employee employment contract with a long 
duration and detrimental to one of the parties, therefore, a clear and comprehensive legal contract 
design is needed [83]. 

Manufacturing production plants undergo a complex and long process of becoming smart 
factories based on Industry 4.0 and are complicated by the problem of the unclear legal basis for 
ownership and responsibility, personal data, and intellectual property protection [86]. In addition, 
on an international scope, regulations and laws apply in different countries causing the fourth 
industrial revolution to experience possible vulnerabilities [109]. Therefore, regulatory laws are 
still urgently needed to regulate various matters such as regulations to cover bilateral and 
multilateral company cooperation and trade, employee health, work area safety, and length of 
working hours  [3], [97]. Furthermore, security certainty in using and sharing personal or company 
information data against violations of the law is a special challenge in the legal area of Information 
and Transaction Electronic, ITE [92]. 

In addition, Table 1 contains a list of papers that express the opinions or empirical conclusions 
of several researchers regarding the challenges of Investment Capital, Employee Qualification, and 
Data Transfer Security and Legal Regulations. 

 
Table 1. 

List of literature challenges 
Industry 4.0 in German (last 

five years) 

Challenge field Supporting literature 

Investment capital Max et al, 2021 [110]; Stentoft et al, 2020 [95]; Raj et al, 2020 [90]; Galati et al, 
2019 [111]; Müller et al, 2018 [89] 

Employee qualification Glitz et al, 2021 [112]; Eisebith et al, 2021 [113]; Guzmán et al, 2020 [114]; 
Alcácer et al, 2019 [115]; Küsters et al, 2017 [116] 

Data transfer security 
and legal regulation 

Mirtsch et al, 2021 [117]; Nakagawa et al, 2021 [118]; Breda at al, 2020 [119]; 
Horváth et al, 2019 [93]; Hentschel et al, 2018 [120] 
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4.2. Made in China 2025: Industry 4.0 in China 

China's economic reforms aimed to lift the Chinese population out of poverty began in 1978. 
The results of these reforms were successful in changing the welfare of the Chinese people. China's 
manufacturing development entered a new era after the development of the economic sector 
lasted for 30 years. Like the sides of a coin, challenges and opportunities arise with various 
environmental and resource constraints, increasing material and labour costs, and increasing 
demands for environmental responsibility. On the other hand, foreign investors poured direct 
investment into local companies while export growth slowed. Thus, group discussions to plan 
manufacturing strategies are inevitable. The industrial revolution “Industrie 4.0” in China is 
illustrated in Figure 7. 

Countries around the 
world have passed legislation 
to promote smart 
manufacturing to attract 
investors, and are making 
every effort to transform and 
improve their manufacturing 
industries. Chinese is no 
exception, a country with big 
ambitions to become the 
number one manufacturing 
country. The Chinese 
government has announced 
the strategic plan "Made-in-
China 2025” as a reaction to 
the global industrialization 
movement and Germany's 
modern technology strategy 

with 'Industry 4.0'. “Made-in-China 2025” is China's version of Industry 4.0 which was released in 
May 2015. This plan sets the main points for economic development for 10 years from 2016 to 
2025. The details of the plan are printed in a blueprint developed by China's Ministry of Science & 
Technology (MOST), National Development and Reform Commission (NDRC) with additional advice 
from the Ministry of Industry and Information Technology (MIIT), and other related institutions 

[122]. 

Made-in-China 2025 targeted several sectors such as electrical equipment technology, 
farming machines, development of new materials, energy-saving methods, and new energy 
vehicles technology, numerical control tools and robotics, information technology, aerospace 
engineering equipment, railway equipment, ocean engineering equipment, high-end vessels, and 
medical and clinical devices as presented in Figure 8. Among all targets, robotics, information 

technology, and clean energy are centralized targets [123]. 
 

 

Figure 7. 
Industry 4.0 in China 

[121]  

Figure 8. 
 Target sectors of Made-

in-China 2025. Adapted 
from [123]  
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4.2.1. China Government Strategy for Transformation Industry 4.0 
The strategic plan “Made-in-China 2025” is a reference roadmap for the development of 

China's revitalisation of Industry 4.0 over 10 years. China intends to realize the industrial revolution 
from an employee-intensive to a technology-intensive manufacturing industry and produce 
breakthroughs at high speed. The “Made-in-China 2025” strategic plan is the first section of the 
“three-phase” master plan, to guide China's goal of becoming the world's manufacturing 
parameter center from garage-class workshops to large-scale production in today's world-class 
enterprises. The focus areas in China's plan consist of improving the quality of Chinese products, 
producing global Chinese brands, developing state-of-the-art modern technology based on solid 
manufacturing capabilities, discovering new materials, and being able to manufacture parts and 
key components from own machine production. With the Industry 4.0 revolution, the Chinese 
government prioritizes ten industries including high-tech machinery and automation, advanced 
information technology, maritime support equipment and high-tech shipbuilding, aerospace, and 
aviation equipment, unprecedented new materials, spare parts and rail support, energy-efficient 
vehicles, electrical equipment and parts, agricultural machinery and equipment, and bio-medical 
equipment [56]. 

The Chinese version of Industry 4.0 under the name Made-in-China 2025 contains three 
revitalization phase periods toward the leading manufacturing industry. The first phase period is 
to shift China from a large manufacturing country to a strong country by 2025. The challenge of 
this first step is related to the review in 2020, where the consolidation of the potential strength of 
the manufacturing industry as a basic reality of industrialization and the development of 
information technology substances should always be monitored. On the other hand, in-depth 
mastery of important technological fields should be carried out because it could increase the value 
of competition and the quality of manufacturing industrial products. Another improvement, in the 
field of digitizing the manufacturing industry process, is becoming more networked and higher in 
artificial intelligence. Major industrial values will increase their units, significantly reduce material 
and energy consumption, and degrade exhaust emissions. The targeted achievements in 2025 
consist of improving quality in all areas of manufacturing, escalating innovation breakthroughs, 
increasing labor productivity and efficiency, and achieving a more modern integration of 
information technology with industrialization. The values of the main industries, consumption of 
energy and materials, and exhaust emissions are expected to reach the level of developed 
countries. Further achievements in 2025, the creation of multinational companies and industrial 
city clusters with international competitiveness are targeted to improve China's level in the 
manufacturing industry sector and supply chain globally. The second phase period is the ability of 
China's manufacturing industry to compete with developed country powers in 2035. The empirical 
challenge in this phase is China’s industry must be able to make breakthrough innovations in the 
main fields to answer global demand and world-class leading capacity, increase competitiveness in 
all fields because it will be more stringent, and realize industrialization comprehensively. The third 
phase period is to target China's position as a leading manufacturing industry by 2045. The 
empirical challenge in this third phase period is that the manufacturing industry must have a real 
competitive and innovative value, after advancing the technology of the internationally leading 
manufacturing industry [124]. 

China is experienced a lot in carrying out strategically important plans for the national 
interest. China's economic reform measures in 1978 by building a Special Economic Zone (SEZ) city 
in Shenzhen as a model pilot area. The economic zone in the form of a special city became an 
experiment to implement free market business activities by making special policy regulations for 
the state and it turned out to provide extraordinary tax benefits that were able to attract foreign 
entrepreneurs to invest in China [125]. The port city of Ningbo was chosen as the first model city 
to implement the Chinese government's version of Industry 4.0 by accelerating industrial 
capabilities and mobilizing the city's manufacturing production, integrating with regional 
government innovation and flexible policy systems, the education system for its human resources, 
ability to support a healthy environmental ecosystem and diversity synergies in all fields. 
Furthermore, the Chinese government will determine a second group of cities consisting of 20 to 
30 cities to join the Made-in-China 2025 grand plan [56]. 

4.2.2. Challenges facing China toward Industry 4.0  
China has built a massively complex and complete manufacturing industrial system, which 

has pushed the progress of manufactured products toward modern industrialization since the late 
20th century. However, when compared to the manufacturing industry of developed countries at 
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the global level, the number of manufacturing industrial products owned by China is very large but 
does not have strong brands. So the first challenge that affects China's economic progress in the 
era of digital transformation is manufacturing capabilities. The second challenge indicator is the 
problem of Research and Development, R&D. The task is at the starting point of a new history of 
the Industrial Revolution 4.0 with advanced technology [57], [58]. 

China reacts quickly to boost economic development and progressively replaces scheduled 
work patterns for international manufacturing industries. China's strategic actions to overcome 
fundamental changes in the manufacturing industry with four comprehensive implementation 
efforts consisting of the realization of the manufacturing blueprint, maturation of all integrated 
planning, deployment to the future, and full effort through three periods of strategic planning, 
furthermore, the target in 2045, China appears to become a strong player in the global 
manufacturing Industry [126]. Of course, the plan requires human capital, the readiness of 
employees who are ready to work and skilled, so this becomes the third challenge Digitalization 
capabilities for manufacturing processes, continuous work on R&D, and large amounts of human 
capital have a major impact on the implementation of the “Made-in-China 2025” strategic plan 
[57]. 

a. Critical challenge in manufacturing capabilities 
China is an active country leading in the Industrial Revolution 4.0 and actively promoting 

technology. Currently, China is targeted from the largest manufacturing country in the world to a 
country based on sturdy manufacturing. The manufacturing industry plays a major role in the 
foundational structure of the Chinese economy. According to official data from the National 
Bureau of Statistics of China, NBSC, value added with advanced manufacturing processes 
accounted for 29.4 percent of the Chinese government's GDP in 2018 [127]. Liu [128] revealed in 
his research that the Chinese manufacturing industry was only able to win the competition on low 
product prices and fast production. Chinese manufacturers tend to do manufacturing with a 
smaller value than developed countries [129]. For example, in global sales of Apple's iPad and 
iPhone, data reported by [130] shows the US-China trade deficit where the selling price of 1 unit 
in the US went from $229 to $275 and there was a $10 shortage of employee wages went to 
Chinese employees. Moreover, the production plants of the manufacturing industry generally 
produce exhaust gas pollution [131], [132]. 

b. Critical challenge in research and development 
Breakthrough innovations by applying new technologies such as the Internet of things, cyber-

physical systems, and process virtualization contained in Germany's "Industry 4.0" and China's 
version of "Made-in-China 2025" have proven to change the socioeconomic order in developing 
countries. Collaborative cooperation, patent law protection, and continuous research and 
development (R&D) in developed and developing countries have shown the right direction with 
applicable R&D results because of the varied knowledge and complementary capabilities of various 
countries to produce collaborative discoveries, it may not work if only one country. Furthermore, 
Research that is collaborative between countries allows the commercialization of research results 
to the downstream stage and ease of entry into global trade. Research projects in East Asian 
countries have made R&D collaborations across universities and countries to improve competence 
with reliable researchers and more advanced foreign science. In his research focus on the "legal 
value of international R&D", Su [133] investigates the value of international law on research 
collaboration and formal legal protection, between Japan-China, Korea-China, Taiwan-Japan, 
Korea-Japan, and Korea-Taiwan, for the results of the study that based on international law, R&D 
collaboration leads to violations of cross-border patent rules. 

The application of science and technology through innovative breakthroughs is the driving 
wheel of a country's economy and the benchmark for measuring people's comprehensive 
capabilities. The innovative breakthrough capacity possessed by the community requires research 
and development with a large capital investment. China is still far behind the average of other 
countries when considering the percentage of R&D investment to GDP. Recently, market 
developments and economic capabilities tend to compete between digital technology and 
innovation breakthrough capabilities [134]. 

c. Critical challenge in human capital 
Improving the quality of human resources is an important key to achieving the “Made-in-

China 2025” target. Competent human resources with high discipline help the culture work 
together with the environment to create creativity and innovation breakthroughs. Competent 
human capital is the main capital to create mutually beneficial exploration practices [135]. A 
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structured and healthy education produces quality human capital to utilize their talents and 
interests toward innovation based on quality research. Operators running “Made-in-China 2025” 
with Internet-Plus manufacturing systems and “Industry 4.0” with Cyber-physical systems must go 
through training and assessment to run the system. The transformation of Industry 4.0 by 
improving the quality of education to produce graduates who are ready to work is a very important 
step for the crew for further processes. 

The description containing the Challenges facing China towards Industry 4.0 has presented 
several researchers who agree that China has the following main challenges: Manufacturing, 
Research and Development, R&D, and Human Capital capabilities, furthermore, Table 2 lists the 
other researchers who support these main challenges. 

 
Table 2. 

List of literature challenges 
made-in-China 4.0 (in the 

last five years) 

Challenge field Supporting literature 

Manufacturing 
capabilities 

Li et al, 2021 [136]; Yuan et al, 2020 [137]; Li et al, 2020 [138]; Guo et al, 2019 
[139]; Wang et al, 2020 [140] 

Research and 
development (R&D) 

Chin et al, 2021 [141]; Dai et al, 2021 [142]; Lin, et al, 2019 [127]; Kuo et al, 2019 
[58]; Feng et al, 2018 [134]; Yi et al, 2017 [143] 

Human capital Chen et al, 2021 [144]; Scholz et al, 2020 [145]; Li et al, 2020 [146]; Müller et al, 
2018 [147]; Li, 2018 [56] 

 

4.3. Industry Transformation Map (ITM): Industry 4.0 in Singapore 

Industry 4.0 in Singapore encompasses a holistic approach to manufacturing, blending 
advanced technologies like IoT, big data analytics, and artificial intelligence to enhance 
productivity, efficiency, and innovation across sectors. Singapore, a global hub for innovation and 
technology, has seamlessly embraced Industry 4.0 manufacturing initiatives. With a robust 
manufacturing sector contributing significantly to the nation’s gross domestic product (GDP), 
Singapore actively integrates cutting-edge technologies. The government's strategic roadmap for 
Industry 4.0, known as the Industry Transformation Map (ITM), plays a pivotal role in guiding and 
coordinating Singapore's efforts towards digital transformation in key industries. Through the ITM, 
Singapore aims to drive innovation, enhance competitiveness, and ensure sustainable growth in 
the digital economy, positioning itself as a leading player in the global Industry 4.0 landscape [148]. 

4.3.1. Singapore Government Strategy for Industry 4.0 Transformation 
As early as 2014, the Singaporean government recognized the immense potential of Industry 

4.0 in driving economic growth and enhancing competitiveness. In 2016, they launched 
the Industry Transformation Maps (ITMs), which serve as clear roadmaps for companies to adopt 
Industry 4.0 technologies and best practices [149]. These ITMs focus on several key strategies 
[150]: 
a) Advanced Manufacturing and Trade Clusters: Refreshed ITMs for five advanced manufacturing 

and trade clusters aim to uplift companies in Singapore and create at least 13,400 new 
jobs. These clusters cover sectors such as electronics, precision engineering, energy and 
chemicals, aerospace, and logistics, which together contribute about 80% of Singapore’s 
annual manufacturing output. 

b) Research and Development (R&D): The government emphasizes R&D, deep tech innovation, 
extensive digitalization, and environmental sustainability within these sectors. By fostering 
partnerships with larger international firms and institutes of higher learning, the ITMs help 
small and medium-sized enterprises (SMEs) adopt new technologies and capture global 
business opportunities. 

c) Skills Development: The ITMs ensure that workers acquire relevant skills for emerging areas. 
These include additive manufacturing, robotics, artificial intelligence, digitalization, and 
sustainable product engineering. With Industry 4.0 adoption, Singapore’s manufacturing 
workforce has evolved, with more professionals, managers, executives, and technicians 

(PMETs) in white-collar roles. 

4.3.2. Challenges Facing Singapore Toward Industry 4.0 
As Singapore embraces the transformative potential of Industry 4.0, characterized by the 

convergence of digital technologies and manufacturing processes, it encounters a myriad of 
challenges on its journey towards digitalization and automation. These challenges, ranging from 

https://www.precicon.com.sg/news/industry-news/industry-4-0-is-changing-singapore/
https://www.precicon.com.sg/news/industry-news/industry-4-0-is-changing-singapore/
https://www.precicon.com.sg/news/industry-news/industry-4-0-is-changing-singapore/
https://www.precicon.com.sg/news/industry-news/industry-4-0-is-changing-singapore/
https://www.edb.gov.sg/en/business-insights/insights/singapore-updates-industry-transformation-plans-to-boost-production-add-13-400-jobs-by-2025.html
https://www.edb.gov.sg/en/business-insights/insights/singapore-updates-industry-transformation-plans-to-boost-production-add-13-400-jobs-by-2025.html
https://www.edb.gov.sg/en/business-insights/insights/singapore-updates-industry-transformation-plans-to-boost-production-add-13-400-jobs-by-2025.html
https://www.edb.gov.sg/en/business-insights/insights/singapore-updates-industry-transformation-plans-to-boost-production-add-13-400-jobs-by-2025.html
https://www.edb.gov.sg/en/business-insights/insights/singapore-updates-industry-transformation-plans-to-boost-production-add-13-400-jobs-by-2025.html
https://www.edb.gov.sg/en/business-insights/insights/singapore-updates-industry-transformation-plans-to-boost-production-add-13-400-jobs-by-2025.html
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workforce readiness to cyber security concerns, pose significant hurdles that must be addressed 
to ensure a smooth and successful transition. In this context, understanding and navigating these 
challenges is paramount for Singapore to capitalize on the opportunities presented by Industry 4.0 
while mitigating potential risks and fostering sustainable growth in the digital age [151]. Singapore 
faces several challenges as it transitions towards Industry 4.0: 
a) Workforce skills gap: There's a need to equip the workforce with the necessary skills for 

digitalization, automation, and data analytics. Upskilling and reskilling programs are crucial to 
ensure that workers can adapt to new technologies and roles. 

b) Cyber security concerns: With increased connectivity and reliance on digital systems, 
Singapore must address cyber security risks. Safeguarding critical infrastructure and sensitive 
data against cyber threats is essential for maintaining trust and reliability in Industry 4.0. 

c) Adoption by SMEs: Small and Medium Enterprises (SMEs) may struggle with the cost and 
complexity of implementing Industry 4.0 technologies. Support mechanisms, including funding 
and technical assistance, are necessary to facilitate SMEs' adoption and integration into the 
digital ecosystem. 

d) Regulatory frameworks: As Industry 4.0 technologies evolve rapidly, there's a need for flexible 
and adaptive regulatory frameworks. Regulations must balance innovation with concerns such 
as data privacy, intellectual property rights, and ethical implications of emerging technologies 
like AI and automation. 

e) Infrastructure and connectivity: Reliable infrastructure, including high-speed internet 
connectivity and robust digital infrastructure, is essential for the seamless operation of 
Industry 4.0 technologies. Ensuring nationwide access to such infrastructure is critical for 
equitable participation in the digital economy [152]. 
Addressing these challenges requires a multi-stakeholder approach involving government, 

industry, academia, and civil society to foster an ecosystem conducive to the successful adoption 
and implementation of Industry 4.0 initiatives in Singapore. 

4.4. Fourth Industrial Revolution (IR 4.0): Industry 4.0 in Malaysia 

Malaysia stands at the cusp of the Fourth Industrial Revolution (IR 4.0), poised to embrace 
the transformative potential of advanced digital technologies in its industries. With the advent of 
Industry 4.0, characterized by the convergence of cyber-physical systems, automation, and data 
analytics, Malaysia's economic landscape is undergoing profound shifts. This era promises 
unprecedented opportunities for innovation, efficiency, and competitiveness, while also 
presenting significant challenges in terms of workforce readiness, digital infrastructure, and 
regulatory frameworks. Understanding Malaysia's journey towards Industry 4.0 and its 
implications for economic development and societal advancement is essential for charting a path 
towards sustainable growth and prosperity in the digital age. Embracing Fourth Industrial 
Revolution (IR 4.0) initiatives, Malaysia is strategically positioning itself to leverage cutting-edge 
technologies and drive economic transformation across sectors [153]. 

4.4.1. Malaysia Government Strategy for INDUSTRY 4.0 Transformation 
Malaysia's Strategies and Action Plans for Industry 4.0 encompass a multifaceted approach 

to address key areas crucial for digital transformation. This includes encouraging the deployment 
of converged networks, assessing and digitalizing government processes, strengthening workforce 
skills, fostering innovation through R&D initiatives, ensuring robust cyber security measures, and 
promoting smart manufacturing adoption to drive sustainable economic growth and 
competitiveness Top of Form [154]. Detailed strategies and action plans for Malaysia’s Industry 4.0 
transformation are as follows: 
a) Converged networks: Encouraging the deployment of converged networks essential for 

Industry 4.0 technologies is a key objective. Converged networks, which integrate data, voice, 
and video services, play a pivotal role in facilitating seamless connectivity between machines, 
sensors, and devices within the Industry 4.0 framework. This integration involves 
implementing 5G networks to enable ultra-fast data transfer, low latency, and reliable 
communication, alongside edge computing, which distributes computing power closer to data 
sources such as the factory floor for real-time processing. Furthermore, ensuring compatibility 
with Internet of Things (IoT) devices is crucial. The impact of converged networks is substantial, 
enhancing data exchange capabilities, enabling predictive maintenance practices, and 
supporting real-time decision-making processes [155]. 

b) Digitalization and integration of government processes: Assessing priority government-related 
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processes impacting manufacturing and supply chains is the objective, recognizing the 
significance of streamlining administrative processes for efficient manufacturing. This entails 
several actions, including process mapping to identify bottlenecks, paperwork, and manual 
steps in government procedures, as well as automation to digitize approvals, permits, and 
compliance checks. Additionally, ensuring interoperability to facilitate seamless data exchange 
between government agencies and businesses is crucial. The impact of these efforts is 
substantial, leading to reduced administrative burden, faster approvals, and smoother cross-
agency interactions, ultimately enhancing the overall efficiency of manufacturing and supply 
chain operations [156]. 

c) Human capital development: Strengthening the workforce's skills to adapt to technological 
advancements is the objective of human capital development, recognizing the pivotal role of 
investing in human capital to ensure a skilled workforce ready for Industry 4.0. This entails 
various actions, including the development of training modules focusing on digital literacy, 
data analytics, and automation, as well as upskilling and reskilling initiatives aimed at 
equipping existing workers with relevant Industry 4.0 competencies. Moreover, fostering 
partnerships with educational institutions to align curricula with industry needs is essential. 
The impact of these efforts is profound, as a skilled workforce drives innovation, productivity, 
and competitiveness, thereby contributing to the overall success of manufacturing and 
industrial sectors in the digital age [157]. 

d) Research and development: Fostering innovation through Research and Development (R&D) 
initiatives is the objective, emphasizing the importance of encouraging collaboration between 
industry, academia, and research institutions. This involves establishing R&D hubs focused on 
emerging technologies such as AI and robotics, known as technology clusters, to facilitate 
interdisciplinary collaboration and knowledge exchange. Additionally, providing incentives for 
private sector R&D, including tax breaks, grants, and funding for innovative projects, 
incentivizes investment in research and technology development. Collaborative projects, such 
as joint ventures between industry and academia, play a crucial role in developing cutting-edge 
solutions and accelerating technology adoption. The impact of these efforts is significant, 
leading to accelerated technology adoption and the emergence of homegrown innovations 
that drive economic growth and competitiveness [155]. 

e) Cyber security readiness: Ensuring robust cyber security measures to protect digital 
infrastructure is the objective of cyber security readiness, recognizing the critical importance 
of addressing cyber threats in the context of Industry 4.0. This entails several actions, including 
conducting risk assessments to identify vulnerabilities and assess potential risks, as well as 
implementing industry-specific cyber security protocols to safeguard against various threats. 
Moreover, training staff on safe practices and threat detection enhances employee awareness 
and resilience against cyber attacks. The impact of these efforts is significant, as they 
contribute to safeguarding critical data, preventing disruptions to operations, and maintaining 
trust in digital systems and processes [158]. 

f) Promote smart manufacturing adoption: The objective is to promote the adoption of smart 
manufacturing practices among companies, recognizing the significance of data-driven 
decision-making and automation in enhancing operational efficiency and competitiveness. 
This involves several strategies, including conducting awareness campaigns to educate 
businesses about the benefits of smart technologies and the potential for increased efficiency 
and reduced waste. Financial incentives, such as tax breaks, are provided to incentivize the 
adoption of smart solutions. Additionally, collaboration platforms are established to facilitate 
knowledge sharing among industry players, fostering innovation and best practices in smart 
manufacturing. The impact of these initiatives is substantial, leading to increased efficiency, 
reduced waste, and enhanced competitiveness for businesses embracing smart manufacturing 
practices [155]. 

4.4.2. Challenges Facing Malaysia Toward Industry 4.0 
Malaysia faces challenges in its transition towards Industry 4.0, including workforce skills gap, 

cyber security risks, and ensuring equitable access to digital infrastructure. Overcoming these 
hurdles requires concerted efforts in upskilling, cyber security preparedness, and infrastructure 
development to fully harness the benefits of Industry 4.0. Here is the comprehensive overview of 
the challenges facing Malaysia in its transition towards Industry 4.0 [159]: 
a) Workforce skills gap: One of the primary challenges is the existing gap in the skills of the 

Malaysian workforce compared to the demands of Industry 4.0. There's a need to equip 
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workers with digital literacy, data analytics, programming, and problem-solving skills to thrive 
in an increasingly automated and technology-driven environment. 

b) Cyber security risks: With the increased adoption of digital technologies and interconnected 
systems in Industry 4.0, Malaysia faces heightened cyber security risks. Protecting critical 
infrastructure, sensitive data, and intellectual property from cyber threats such as hacking, 
data breaches, and ransomware attacks is paramount to ensure the integrity and security of 
digital ecosystems. 

c) Infrastructure development: Ensuring widespread access to robust digital infrastructure, 
including high-speed internet connectivity and reliable communication networks, remains a 
challenge, particularly in rural and remote areas. Addressing infrastructure gaps is crucial to 
enable seamless connectivity and support the deployment of advanced technologies essential 
for Industry 4.0. 

d) Regulatory frameworks: Malaysia needs to develop agile and adaptive regulatory frameworks 
to keep pace with the rapid advancements in technology and innovation associated with 
Industry 4.0. Balancing the need for innovation with concerns related to data privacy, cyber 
security, intellectual property rights, and ethical considerations presents a significant 
regulatory challenge. 

e) Digital divide: Bridging the digital divide between urban and rural areas, as well as among 
different socioeconomic groups, is essential to ensure inclusive growth and participation in the 
digital economy. Efforts to improve digital literacy, provide affordable access to digital 
technologies, and promote digital inclusion programs are crucial to address this challenge. 

f) Adoption by small and medium enterprises (SMEs): SMEs, which form the backbone of 
Malaysia's economy, may face barriers to adopting Industry 4.0 technologies due to factors 
such as limited financial resources, technical expertise, and awareness. Providing support 
mechanisms such as funding, training, and technical assistance tailored to the needs of SMEs 
is essential to facilitate their integration into the digital ecosystem. 

g) Cultural and organizational change: Embracing Industry 4.0 requires significant cultural and 
organizational change within Malaysian businesses and institutions. Encouraging a culture of 
innovation, risk-taking, and lifelong learning, as well as fostering collaboration and knowledge 
sharing, is essential to drive successful digital transformation initiatives. 
Addressing these challenges requires a coordinated and multi-stakeholder approach involving 

the government, industry players, academia, and civil society to develop comprehensive strategies 
and initiatives aimed at overcoming barriers and leveraging the opportunities presented by 
Industry 4.0 for Malaysia's sustainable economic growth and development. 

5. Indonesia toward Industrial 4.0 
To be involved in the Industrial 4.0 era, the President of the Republic of Indonesia launched a 

national initiative called "Making Indonesia 4.0" on April 4, 2018. This initiative aims to support the 
industrial transformation in Indonesia towards Industry 4.0. The long-term goal is to bring 
Indonesia up to become the 10th largest economy by 2030. The strategy presented by the Ministry 
of Industry of the Republic of Indonesia consists of returning the industry's net export level to 10 
percent (the same level as in 2000), doubling the level of labor productivity above labor costs 
similar to India's pace of improvement where output is increased while managing costs, and 
allocates 2% of GDP to R&D with building local innovation capacity that contributes significantly to 
the progress of national industry (similar level to China) [160]. To achieve this, the Indonesian 
government has made a policy regarding ten national priority strategies consisting of improving 
material flows, structuring industrial estates, improving the capability of human resources, 
supporting Micro, Small, and Medium Enterprises (MSMEs), implementing technology investment 
incentives, establishing an innovation ecosystem, attracting foreign investment, harmonization of 
policies and regulations, building a national digital technology infrastructure, and accommodating 
sustainability standards. 

One of Indonesia's strategies for entering the Industrial 4.0 era is to prepare five 
manufacturing sectors to serve as pilot projects for strengthening and empowering the 
fundamental structure of the national industry. The five sectors are the Food and Beverage 
Industry, Automotive Industry, Electronic Industry, Chemical Industry, and Textile Industry. 
Accordingly, this strategy will encourage the Indonesian Investment Coordinating Board or Badan 
Koordinasi Penanaman Modal (BKPM) to carry out its role in encouraging foreign and domestic 
investment, especially in the five industrial sectors mentioned above. Previously, BKPM data stated 
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that the realization of investment in 2011 - 2017 was dominated by the secondary sector. The Food 
Industry accounts for the largest portion with a total realized investment (both domestic and 
foreign) of IDR 302.8 trillion. Followed by Basic Metals, Metals, Machinery, and Electronics in 
second place (IDR 299.0 trillion); Basic Chemicals, Chemicals, and Pharmaceuticals in third place 
(IDR 285.5 trillion); and other Transportation Industries in fourth place (IDR 160.3 trillion). The 
Textile Industry as the last component of the main sector of Industry 4.0 is in eighth place with a 
realized investment value of IDR 58.3 trillion. According to these records, Indonesia is already on 
the right track to welcome the Industry 4.0 era [160]. 

Currently, the implementation of the “Making Indonesia 4.0” initiative has been carried out 
consistently by the Ministry of Industry, Republic of Indonesia. The programs that have been 
successfully implemented are: 
a) Awareness related to Industry 4.0 in around 2000 industries in Indonesia. 
b) Certification and training of Industry 4.0 transformation managers in companies in Indonesia. 

By the end of 2019, around 300 people had received this training. More than 50% of the 
trainees have started the transformation in their respective companies. 

c) The invention of INDI 4.0 (Indonesia Industry 4.0 Readiness Index), is an index to measure the 
readiness of industries in Indonesia to transform towards Industry 4.0. Currently, 600 
companies have conducted assessments with INDI 4.0. From the results obtained, in general, 
the industry in Indonesia is quite ready to transform towards Industry 4.0. 

d) The establishment of the Industrial Ecosystem 4.0 (SINDI 4.0), to accelerate the digital 
transformation that exists in each company. 

e) The establishment of the Indonesian Digital Innovation Center (PIDI) 4.0, an innovation 
institution that functions as a research/innovation center, showcase center, capability center, 
ecosystem center, and delivery center. 
With the “Making Indonesia 4.0 initiation, many industries in Indonesia are now aware of the 

transformation of Industry 4.0. Around 500 companies have started transformation projects 
toward Industry 4.0. Currently, there are already 2 companies in Indonesia that have become 
Lighthouse Industry 4.0 of the World Economy Forum (WEF) vision, which is PT. Schneider-Electric 
Manufacturing Batam and PT. Petrosea in East Kalimantan is presented in Figure 9. According to 
Figure 9, Indonesia is the only one that has Lighthouse Industry 4.0 in ASEAN until 2019. This reveals 
that Indonesia is ready to implement Industry 4.0. After implementing Industry 4.0, PT. Schneider 
Batam was able to increase labor productivity by 13%, reduce scrap costs by 40%, and increase 
operational efficiency by 12%. While PT. Petrosea East Kalimantan with the implementation of 
Industry 4.0 was able to reduce total costs by 12% and increase productivity by 32% [161]. 

From the initial results seen at the end of 2019, the implementation of the Making Indonesia 
4.0 initiation showed positive results. However, to make the impact even bigger, a massive 
industrial transformation is needed. Therefore, a guidebook has been compiled as a reference in 
the transformation process in the company, so that it can be used as a reference for companies to 
transform their factories to Industry 4.0. 

 

 

Figure 9. 
Lighthouse Industry 4.0 

version WEF [161]  
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5.1. Challenges Facing Indonesia Toward Industry 4.0  

Currently, Indonesia faces tough competition from other developing countries such as China, 
Vietnam, and Thailand. Many other challenges remain but the Indonesian government has adopted 
many positive strategies to meet these goals. There are four major challenges faced by Industry 
4.0 in Indonesia, including capability issues, funding problems, lack of suppliers of digital 
technology systems and infrastructure for Industry 4.0, and overlapping regulations and policies 
that require further synchronization. 

a. Developing local skills and talents 
Technological developments will disrupt all business lines, including the requirement for 

manpower that leads to competent human resources in responding to the challenges of 
technological change and future needs. The government pays special attention to early childhood 
education considering that this period is a golden age for the development of the human brain as 
a prerequisite for being able to attend further education. The government has prepared an 
allocation of funds for education amounting to 20% of the state budget, mainly for increasing 
human resources that are economically competitive. The value for 2022 is around Rp. 541.7 trillion. 
Our problem is how to prepare a workforce that has the capacity [160]. 

In addition, the problem of distribution and quality of teachers, the process of teaching and 
learning through technology, as well as the content of education itself. The ratio of the number of 
teachers to students, around 18, is comparable to that of developed countries. However, teacher 
distribution and teacher quality are challenges. In terms of content, learning from Vietnam, 
Indonesia needs to create a simpler curriculum that focuses on reading, mathematics, and natural 
sciences so that children are less burdened but focus on what is important for them to be able to 
face a very fast world. Furthermore, the Indonesian government's policies are specifically carried 
out through several fiscal policies. Examples include, among others, the allocation of funds for the 
Family Hope Program, the Bidik Misi scholarship to provide opportunities for school-age children, 
especially from poor families, deduction tax for research, and double deduction tax for companies 
that provide HR training. 

b. Funding advances Industry 4.0 manufacturing capabilities 
The requirement of industrial financing cannot be met from policies that are only directed at 

providing industrial incentives, but a competitive industrial financing system is needed in 
particular. Several things need to be considered in order to increase the role of banking, such as: 
providing ease of application procedure; providing competitive loan interest rates or providing 
debt subsidy assistance mechanisms; and providing convenience in debt restructuring. Meanwhile, 
the problems of disbursement of funds in the manufacturing industry consist of Maturity 
mismatch, where banks only tend to provide short- and medium-term financing, because many 
sources of bank funding are dominated by short-term sources of funds; Limited human resources 
of banks who have expertise in the industrial sector; Limitations of financing schemes that can be 
financed by banks, especially in the form of project bases (banks tend to ask for collateral) and for 
businesses that are just starting (start-up business) as well as industries that are still in the early 
stages of development (infant industry) which require incentives for banks to dare to finance. In 
terms of the industrial sector, the limited use of bank credit is partly due to the relatively high-
interest rates of banks because they are financed by short-term public funds, so it is necessary to 
establish a financial institution that can guarantee the availability of investment financing with 
competitive interest rates [162]. 

c. Lack of suppliers of digital technology systems and infrastructure 
Most business people have not been able to fully implement Industry 4.0 practices due to the 

limitations of available technology, both for hardware and software. The lack of reliable technology 
providers in Indonesia means companies have to wait longer to get the technology they need, and 
this can result in significant missed opportunities. Opening access to technology providers from 
other countries such as Singapore, New Zealand, Taiwan, Japan, etc., and it will be very beneficial 
in accelerating the practice of Industry 4.0. Other countries have developed advanced technologies 
that combine physical, digital, and cyber-physical aspects to implement Industry 4.0. Some of the 
services offered include manufacturing research and development (R&D), lean manufacturing 
training, 3D printing, and the use of industrial robots. The application of Industry 4.0 allows a 
country to maximize its limited resources to meet optimal production volumes, efficiency, and safe 
practices. 
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Industrial Technology 4.0 generally prioritizes automation and integration of information 
technology that enables a better decision-making process, mitigates risks, and achieves targeted 
results such as efficiency, security, and consistency. One of the pillars of Industry 4.0 is factory 
operations, which can directly support the entire system. For example, Industry 4.0 allows factories 
to carry out preventive maintenance to reduce the risk of downtime. Data connectivity will help 
identify the condition of each part so that it can be repaired or replaced before a breakdown or 
damage occurs. In addition, with various new practices that have emerged as a result of the COVID-
19 pandemic, safer operations are becoming increasingly important and are expected to continue 
in the future. 

d. Overlapping regulations and policies that require further synchronization 
Indonesia is a country based on the law as stated in the 1945 Constitution of the Republic of 

Indonesia, so any action must not violate the law. Meanwhile, related to Industry 4.0, Indonesia 
does not yet have a national law that regulates this problem. The existence of a law related to 
Industry 4.0 is important to regulate the standards used for companies, especially when the current 
conditions are increasingly progressive in using robots to replace or assist human work. If a robot 
commits an act that violates state laws, such as causing murder, then who will be held responsible 
for that action? It seems impossible to put the responsibility on the robots. Are robot makers, 
governments, or companies responsible for the actions of robots? These things are only a piece of 
doubt to face the new Industrial Revolution. Therefore, harmonization is needed for the rules and 
policies that have not been finalized by the Indonesian government. 

5.2. Indonesia Industry 4.0 Readiness Index 

To find out the work steps of industrial readiness level in Indonesia to transform to Industry 
4.0, the author with the Industrial Research and Development Agency (IRDA) in Indonesia called 
Badan Penelitian dan Pengembangan Industri (BPPI), Indonesian Ministry of Industry in 2018 
compiled an index called INDI 4.0. INDI 4.0 stands for Indonesia Industry 4.0 Readiness Index; a 
national index used to measure the readiness of industries in Indonesia to implement Industry 4.0. 
INDI 4.0 was compiled jointly by industry, Government, academics, experts, and consultants. With 
various considerations, it was decided that INDI 4.0 was compiled by the BPPI team in collaboration 
with related academics and experts. After the workshop in Batam, a core team of INDI 4.0 
formulators was drawn up whose task was to compile the INDI 4.0 draft. The team then developed 
and drafted INDI 4.0. After that, discussions regarding the INDI 4.0 concept continued to be 
finalized after hearing input from experts, industry, and academics. In general, the work steps for 
the preparation of INDI 4.0 can be seen in Figure 10. 

 

 
After the INDI 4.0 draft was formed, socialization of INDI 4.0 was carried out to industry and 

related stakeholders. Furthermore, responses and input from the socialization event were used as 
input to improve the INDI 4.0 draft, especially related to survey methods and verification methods. 
There are five pillars that need to be measured in INDI 4.0, i.e., (1) management and organization 
structure, (2) people and culture in the industrial sector, (3) products and services improvement, 
(4) technology related to the research and development, and (5) factory operation and 
sustainability. The five pillars then were further divided into 17 fields. These 17 fields are used as 
a reference to measure the readiness of industries in Indonesia to be transformed into Industry 
4.0. The front page of the INDI 4.0 book and the classification of its constituent criteria can be seen 
in Figure 11. 

Figure 10. 
 Work steps for the 

preparation of INDI 4.0. 
Adapted from [163]  



Mochamad Denny Surindra et al.  

 

Mechanical Engineering for Society and Industry, Vol.4 No.3 (2024) 476 

 

 The assessment method uses an 
online survey filled out by the industry 
followed by field verification 
conducted by experts. In INDI 4.0, the 
score ranges from 0 to 4 level. Level 0 
indicates the industry is "not ready" to 
transform into Industry 4.0. The 
company assessed in level 1 means it 
is still at the "early readiness" stage. 
For level 2 result means the industry is 
at the "moderate readiness" stage. 
The assessed company with level 3 
means a "ripe readiness" stage to 
transform into Industry 4.0. At last, 
level 4 means that the industry has 
"implemented" most of the concepts 
of Industry 4.0 in its production 
system as presented in Figure 12. 

 

 

5.3. Readiness of the Manufacturing Industry in Indonesia Toward 
Industry 4.0 

There are five pillars in self-assessment to obtain an INDI 4.0 score i.e. (1) Management and 
Organization, (2) People and Culture, (3) Products and Services, (4) Technology, and (5) Factory 
Operation. From the self-assessment results conducted by a number of manufacturing companies 
in Indonesia in 2019 based on INDI 4.0 self-assessment pillars and tools, it is known that the 
average readiness index for Industry 4.0 transformation is at a moderate level i.e. 2.14 as presented 
in Figure 13. According to the spider chart of the five pillars presented in Figure 13, Technology pillar 
is the lowest self-assessment value with 1.95. In contrast, Products and Services pillar is revealed 
as the highest self-assessment value with 2.41. 

As of April 2019, at least 326 companies have carried out self-assessments using INDI 4.0. 
From the data collected, at least it can get an overview of the readiness of the manufacturing 
industry in Indonesia to move towards Industry 4.0. Of the eight industrial sector categories, food 
and beverage, textile, chemicals, and EPC sectors are the industries that are almost ready to 
transform towards Industry 4.0 becuase it is above the INDI 4.0 average value. In addition, there 
are already 11 companies that have carried out self-assessment in the various sectors with an INDI 
4.0 score at the level of 1.97 which slightly lower than the national average. For the highest 
participation is in the automotive sector with 196 industries, however, the INDI 4.0 score is lower 
that the average with 1.72 score. 

 

Figure 11. 
Classification of INDI 4.0 

criteria. Adapted from 
[163]  

Figure 12. 
 INDI 4.0 – Pillars and 

readiness index to 
transform to Industry 

4.0. Adapted from [163]  
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From the results of INDI 4.0, it is known that the Technology and Factory Operations pillars 

has a relatively low value compared to other pillars. This shows that the industry's readiness in 
Indonesia for the application of advanced technology is still lacking. In general, connectivity and 
digitization in various industries are still lacking. Connectivity means conditions between machines, 
between systems, as well as machines/systems with humans/employees. The basic philosophy of 
implementing Industry 4.0 is to connect all machines/systems/humans both in vertical integration 
and horizontal integration. 

6. Further Comparison Discussion Between Developed and 
Developing Countries 

6.1. Challenges Differ According to Country’s Level of IR4.0 
Development 

The Indonesian government has decided to embrace the Industry 4.0 trend, naming it 
"Making Indonesia 4.0," to prevent lagging behind in the global economy. However, adopting a 
follower mindset risks detrimental blunders to Indonesia's economic growth, given each country's 
unique conditions, such as culture, environment, and behavioral characteristics. Based on the 
literature review, the challenges faced by Germany, China, Singapore, Malaysia, and Indonesia can 
be categorized in Figure 14. 

Germany, China, Singapore, Malaysia, and Indonesia, the focus of this discussion, have all 
identified human resources as a challenge in embracing the Fourth Industrial Revolution. The 
synergy among employees with various competencies has been shown to enhance a company's 
competitiveness. Structured formal and informal training is necessary for employees to become 
more disciplined, creative, and dedicated to continuous innovation. Meanwhile, the Indonesian 
government has undertaken concrete steps to enhance education quality, including increasing 
fund allocation, ensuring equitable distribution and quality of teachers, adopting a more practical 
curriculum, and offering tax incentives to companies contributing to public education 
improvement. 

Figure 13. 
  INDI 4.0 – Self-

assessment results in 
2019. Adapted from 

[164]  
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In Germany, many companies are hesitant to transition to Industry 4.0 due to significant 
capital costs, particularly when operations and cash flow remain stable and profitable. In 
Indonesia, banks play a crucial role in providing capital loans to SME-scale companies, necessitating 
competitive policy breakthroughs. While challenges in capital investment are paramount, German 
SMEs argue against change when their companies are performing well. Conversely, Indonesia 
struggles with banking institutions' readiness to finance SMEs transitioning to Industry 4.0. 

Each country prioritizes different challenges, reflecting varying needs and circumstances. 
Germany emphasizes resolving data transfer security and legal regulation to address global supply 
chain vulnerabilities. China focuses on enhancing research and development collaboration with 
developed countries to produce high-value research products. Indonesia seeks to increase digital 
technology suppliers and address legal gaps in regulating robotics in industrial environments, 
highlighting the need for comprehensive policy frameworks to navigate the fourth industrial 
revolution effectively. 

 

 
Each country prioritizes different challenges, reflecting varying needs and circumstances. 

Germany emphasizes resolving data transfer security and legal regulation to address global supply 
chain vulnerabilities. China focuses on enhancing research and development collaboration with 
developed countries to produce high-value research products. Indonesia seeks to increase digital 
technology suppliers and address legal gaps in regulating robotics in industrial environments, 
highlighting the need for comprehensive policy frameworks to navigate the Fourth Industrial 
Revolution effectively. 

6.2. Government Regulation and Readiness Assessment of IR4.0 for 
Each Country 

Government regulations and readiness assessments play a crucial role in facilitating the 
adoption and implementation of Industry 4.0 (IR4.0) technologies and practices across different 
countries. In Germany, the government has established comprehensive regulatory frameworks to 
guide companies in navigating the challenges and opportunities presented by IR4.0. These 
regulations encompass data protection, cyber security, intellectual property rights, and workforce 
training initiatives to ensure a smooth transition towards digitalization and automation. 
Additionally, readiness assessments, such as the Industry 4.0 Readiness Check, provide German 
companies with structured evaluations of their capabilities and readiness levels for IR4.0 adoption, 
enabling them to identify areas for improvement and develop tailored strategies. Similarly, 
countries like China, Singapore, Malaysia, and Indonesia have also implemented government 
regulations and readiness assessments to accelerate IR4.0 adoption and foster economic growth 
in the digital age, as presented in Table 3. These initiatives aim to create an enabling environment 
for businesses to thrive amidst the transformative changes brought about by IR4.0. 

 
 

Figure 14. 
Different challenges 

according to a country’s 
level of IR4.0 
development  
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Table 3. 
IR 4.0 regulation and 

readiness assessment 
for each country 

Country 
Government regulation or 

program name 
Year 

launched 
Name of readiness assessment 

Germany Industry 4.0 [165] 2011 Industry 4.0 Readiness Check 

Singapore Industry Transformation Map 
(ITM) [150] 

2014-2015 Singapore Smart Industry Readiness Index 
(SIRI) 

China Made in China 2025 [124] 2015 China Manufacturing 2025 (CM2025) 

Malaysia Fourth Industrial Revolution 
(IR 4.0) [166] 

2016-2017 Industry 4.0 Readiness Assessment 
Framework 

Indonesia Making Indonesia 4.0 [160] 2018 Indeks Daya Saing Industri 4.0 (INDI 4.0) 

 
The global transition to Industry 4.0 necessitates meticulous readiness assessments and 

supportive government regulations across various countries. Germany pioneered this movement 
with its Industry 4.0 Readiness Check, empowering companies to evaluate their technological 
infrastructure, digitalization strategies, and innovation capabilities through questionnaire-based 
assessments and personalized recommendations. China's Made in China 2025 (CM2025) initiative 
assesses manufacturing readiness through comprehensive on-site visits, interviews, and 
technology analysis. Sample activities within CM2025 include conducting on-site visits to 
manufacturing facilities, interviewing management and technical teams, and analyzing technology 
adoption levels and innovation strategies. Meanwhile, Singapore's Smart Industry Readiness Index 
(SIRI) evaluates companies holistically across technology, process, and organizational dimensions, 
employing workshops, interviews, and surveys. Sample activities encompass conducting 
workshops with industry stakeholders, interviewing key personnel to assess digitalization efforts 
and automation levels, and administering surveys to gauge workforce capabilities. Additionally, 
Malaysia's Industry 4.0 Readiness Assessment Framework evaluates digital strategies and talent 
development through interviews, workshops, and surveys, providing comprehensive 
recommendations for improvement. Similarly, Indonesia's Indeks Daya Saing Industri 4.0 (INDI 4.0) 
assesses readiness through surveys, focus groups, and on-site visits, offering tailored 
recommendations. These assessments and regulations serve as vital tools in guiding companies to 
implement strategic initiatives effectively, ensuring their competitiveness and success in the 
dynamic landscape of Industry 4.0. 

7. Conclusions 
A comparative review study on Industry 4.0 development has been conducted. The review 

study particularly analysed and presented the challenges in implementing Industry 4.0 in 
developed and developing countries. Germany, China, and Singapore were categoried as a 
developed country; while Malaysia, and Indonesia were categorised as a developing country. These 
categories were based on the year of implementing Industry 4.0 which has been presented in 
Section 6.2. 

Germany and China prioritize manufacturing advancements through digitalization and IoT, 
reflecting their global competitiveness goals. Meanwhile, Singapore implements its Industry 4.0 
strategy via the ITM, focusing on manufacturing, R&D, and skills. Similarly, Malaysia prepares for 
IR 4.0, emphasizing digital transformation across sectors. Challenges such as skills gaps and cyber 
threats must be addressed for successful Industry 4.0 adoption, ensuring sustainable growth and 
competitiveness. The convergence of these efforts underscores the global shift towards a digitally 
driven industrial landscape. Globally, numerous countries are embracing the ethos of Industry 4.0 
revitalization, propelled by digital technology and the internet. According to Deloitte's predictions, 
the United States leads the world in manufacturing competitiveness and technological 
advancement, followed by China, representing European nations such as Germany, Japan, India, 
and South Korea, among others. Korea, representing Asia, Mexico for Latin America, and Taiwan, 
Canada, and Singapore, the latter being a small Southeast Asian country with the highest GDP, are 
also noteworthy players in the global manufacturing arena. 

Germany is more confident with its technological progress because it does not consider 
manufacturing technology the main challenge. However, based on the literature study, we found 
that Germany considers the main challenges to be Investment Capital, Employee Qualifications, 
and Labor Security. Using Data Transfer and the Legislation that protects it. In contrast to China, 
which places Manufacturing Capabilities as the main challenge that must be answered with 
technology, the next challenge is that Research and Development, and R&D must be increased in 
intensity and quality, and Human Capital must be increased to meet the needs of industrial 
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revitalization. China is still focused on low-value manufacturing production even though the 
quantity is large. This is related to the Chinese government's policy of protecting small industries 
such as MSMEs and small industries, which have survived amidst intense business competition. 
The Chinese government plans to become the world's leading manufacturing industry, as stated in 
"Made-in-China 2025". Singapore and Malaysia both grapple with multifaceted challenges in 
transitioning to Industry 4.0. Singapore focuses on workforce skills, cyber security, SME adoption, 
regulatory agility, and infrastructure. Malaysia addresses similar hurdles, including workforce skills, 
cyber security, and digital infrastructure access. Collaboration among stakeholders is crucial for 
both nations to develop adaptive regulations, bridge the digital divide, support SME integration, 
and foster cultural changes. A coordinated approach is essential for leveraging Industry 4.0 
opportunities and ensuring sustainable economic growth. 

The low labor productivity factor was one of the reasons for the initiation of Making Indonesia 
4.0, the Indonesian version of Industry 4.0. The main objective of this fourth industrial revitalization 
is to make Indonesia a top ten global economic power by 2030. The implementation of the Making 
Indonesia 4.0 initiative shows a positive direction. However, this movement requires massive 
industrial transformation to have a significant impact. For companies in Indonesia, the average 
Industry 4.0 transformation readiness index is at a medium level with a value of 2.14 (INDI 4.0 
scores range from level 0 to level 4) from the results of self-assessments carried out by 
manufacturing companies in Indonesia in 2019. The INDI 4.0 instrument revealed that the 
Technology and Factory Operations pillars had the lowest scores compared to other pillars. On the 
other hand, the workforce's quality is a challenge every country faces. Everyone applies training as 
the primary way to increase creativity and dedication without abandoning discipline and a good 
attitude. 

Future works of this review study will present the Industry 4.0 assessment methods in other 
developed and developing countries. With more more dicussion on the Industry 4.0 assessment 
on developed, developing countries can benchmark and learn from the develop countries to 
achieve a better Industry 4.0 tranformation and application. With more comprehensive Industry 
4.0 review study in developing countries, it can be revealed which pillar or criteria need to be 
improved. Transfer technology from developed countries to developing country will also an effect 
of the review study related to the Industry 4.0 in the future. 

Author’s Declaration 
Authors’ contributions and responsibilities - The authors made substantial contributions to the 
conception and design of the study. The authors took responsibility for data analysis, 
interpretation, and discussion of results. The authors read and approved the final manuscript.   

Funding – The authors acknowledge the Polish National Agency for Academic Exchange (NAWA) 
No. BPN/ULM/2022/1/00139/U/00001 for financial support. The corresponding author also would 
like to thank the Faculty of Mechanical Engineering, Opole University of Technology for the part-
time University Professor program in 2024. 

Availability of data and materials - We do not analyse or generate any datasets, because our work 
is a comparative review 

Competing interests - The authors declare no competing interest. 

Additional information – No additional information from the authors. 

References 
[1] J. Barata, “The fourth industrial revolution of supply chains: A tertiary study,” Journal of 

Engineering and Technology Management, vol. 60, p. 101624, 2021, doi: 
10.1016/j.jengtecman.2021.101624. 

[2] H. Lasi, P. Fettke, H.-G. Kemper, T. Feld, and M. Hoffmann, “Industry 4.0,” Business &amp; 
Information Systems Engineering, vol. 6, no. 4, pp. 239–242, 2014, doi: 10.1007/s12599-
014-0334-4. 

[3] H. Kagermann, W. Wahlster, and J. Helbig, “Securing the future of German manufacturing 
industry: Recommendations for implementing the strategic initiative INDUSTRIE 4.0,” Final 
report of the Industrie, vol. 4, no. 0, 2013. 



Mochamad Denny Surindra et al.  

 

Mechanical Engineering for Society and Industry, Vol.4 No.3 (2024) 481 

 

[4] E. Hozdić, “Smart factory for industry 4.0: A review,” International Journal of Modern 
Manufacturing Technologies, vol. 7, no. 1, pp. 28–35, 2015. 

[5] J. Lee, B. Bagheri, and H.-A. Kao, “A Cyber-Physical Systems architecture for Industry 4.0-
based manufacturing systems,” Manufacturing Letters, vol. 3, pp. 18–23, 2015, doi: 
10.1016/j.mfglet.2014.12.001. 

[6] A. Kusiak, “Smart manufacturing must embrace big data,” Nature, vol. 544, no. 7648, pp. 
23–25, 2017, doi: 10.1038/544023a. 

[7] B. Li, B. Hou, W. Yu, X. Lu, and C. Yang, “Applications of artificial intelligence in intelligent 
manufacturing: a review,” Frontiers of Information Technology &amp; Electronic 
Engineering, vol. 18, no. 1, pp. 86–96, 2017, doi: 10.1631/fitee.1601885. 

[8] X. Xu, “From cloud computing to cloud manufacturing,” Robotics and Computer-Integrated 
Manufacturing, vol. 28, no. 1, pp. 75–86, 2012, doi: 10.1016/j.rcim.2011.07.002. 

[9] F. Tao and M. Zhang, “Digital Twin Shop-Floor: A New Shop-Floor Paradigm Towards Smart 
Manufacturing,” IEEE Access, vol. 5, pp. 20418–20427, 2017, doi: 
10.1109/access.2017.2756069. 

[10] L. Atzori, A. Iera, and G. Morabito, “The Internet of Things: A survey,” Computer Networks, 
vol. 54, no. 15, pp. 2787–2805, 2010, doi: 10.1016/j.comnet.2010.05.010. 

[11] F. H. K. Kamaru Zaman et al., “Malaysian Public’s Perception Toward Event Data Recorder 
(EDR) in Vehicles,” Automotive Experiences, vol. 7, no. 3, pp. 513–524, Dec. 2024, doi: 
10.31603/ae.11706. 

[12] A. Supardi and A. H. F. Anisa, “Design of solar-powered automatic plant watering based on 
Internet of Things,” BIS Energy and Engineering, vol. 1, pp. V124026–V124026, 2024, doi: 
10.31603/biseeng.83. 

[13] G. Kortuem, F. Kawsar, V. Sundramoorthy, and D. Fitton, “Smart objects as building blocks 
for the Internet of things,” IEEE Internet Computing, vol. 14, no. 1, pp. 44–51, 2010, doi: 
10.1109/mic.2009.143. 

[14] M. Setiyo and M. L. Rochman, “The role of mechanical engineering in the era of industry 4.0 
and society 5.0,” Mechanical Engineering for Society and Industry, vol. 3, no. 2, pp. 54–56, 
Dec. 2023, doi: 10.31603/mesi.10786. 

[15] D. Guo, M. Li, R. Zhong, and G. Q. Huang, “Graduation Intelligent Manufacturing System 
(GiMS): an Industry 4.0 paradigm for production and operations management,” Industrial 
Management &amp; Data Systems, vol. 121, no. 1, pp. 86–98, 2020, doi: 10.1108/imds-08-
2020-0489. 

[16] M. Setiyo et al., “Industry 4.0: Challenges of Mechanical Engineering for Society and 
Industry,” Mechanical Engineering for Society and Industry, vol. 1, no. 1, pp. 3–6, 2021, doi: 
10.31603/mesi.5309. 

[17] T. L. Olsen and B. Tomlin, “Industry 4.0: Opportunities and Challenges for Operations 
Management,” Manufacturing &amp; Service Operations Management, vol. 22, no. 1, pp. 
113–122, 2020, doi: 10.1287/msom.2019.0796. 

[18] D. Lin, C. K. M. Lee, H. Lau, and Y. Yang, “Strategic response to Industry 4.0: an empirical 
investigation on the Chinese automotive industry,” Industrial Management &amp; Data 
Systems, vol. 118, no. 3, pp. 589–605, 2018, doi: 10.1108/imds-09-2017-0403. 

[19] S. Benzidia, N. Makaoui, and N. Subramanian, “Impact of ambidexterity of blockchain 
technology and social factors on new product development: A supply chain and Industry 4.0 
perspective,” Technological Forecasting and Social Change, vol. 169, p. 120819, 2021, doi: 
10.1016/j.techfore.2021.120819. 

[20] H. Unger, F. Börner, and E. Müller, “Context Related Information Provision in Industry 4.0 
Environments,” Procedia Manufacturing, vol. 11, pp. 796–805, 2017, doi: 
10.1016/j.promfg.2017.07.181. 

[21] A. Theorin et al., “An event-driven manufacturing information system architecture for 
Industry 4.0,” International Journal of Production Research, vol. 55, no. 5, pp. 1297–1311, 
2016, doi: 10.1080/00207543.2016.1201604. 

[22] P. Poonpakdee, J. Koiwanit, and C. Yuangyai, “Decentralized Network Building Change in 
Large Manufacturing Companies towards Industry 4.0,” Procedia Computer Science, vol. 
110, pp. 46–53, 2017, doi: 10.1016/j.procs.2017.06.113. 



Mochamad Denny Surindra et al.  

 

Mechanical Engineering for Society and Industry, Vol.4 No.3 (2024) 482 

 

[23] L. S. Dalenogare, G. B. Benitez, N. F. Ayala, and A. G. Frank, “The expected contribution of 
Industry 4.0 technologies for industrial performance,” International Journal of Production 
Economics, vol. 204, pp. 383–394, 2018, doi: 10.1016/j.ijpe.2018.08.019. 

[24] A. G. Frank, L. S. Dalenogare, and N. F. Ayala, “Industry 4.0 technologies: Implementation 
patterns in manufacturing companies,” International Journal of Production Economics, vol. 
210, pp. 15–26, 2019, doi: 10.1016/j.ijpe.2019.01.004. 

[25] J. W. Veile, D. Kiel, J. M. Müller, and K.-I. Voigt, “Lessons learned from Industry 4.0 
implementation in the German manufacturing industry,” Journal of Manufacturing 
Technology Management, vol. 31, no. 5, pp. 977–997, 2019, doi: 10.1108/jmtm-08-2018-
0270. 

[26] G. Büchi, M. Cugno, and R. Castagnoli, “Smart factory performance and Industry 4.0,” 
Technological Forecasting and Social Change, vol. 150, p. 119790, 2020, doi: 
10.1016/j.techfore.2019.119790. 

[27] Y. Yin, K. E. Stecke, and D. Li, “The evolution of production systems from Industry 2.0 
through Industry 4.0,” International Journal of Production Research, vol. 56, no. 1–2, pp. 
848–861, 2017, doi: 10.1080/00207543.2017.1403664. 

[28] L. Koh, G. Orzes, and F. (Jeff) Jia, “The fourth industrial revolution (Industry 4.0): 
technologies disruption on operations and supply chain management,” International 
Journal of Operations &amp; Production Management, vol. 39, no. 6/7/8, pp. 817–828, 
2019, doi: 10.1108/ijopm-08-2019-788. 

[29] D. Ivanov, C. S. Tang, A. Dolgui, D. Battini, and A. Das, “Researchers’ perspectives on Industry 
4.0: multi-disciplinary analysis and opportunities for operations management,” 
International Journal of Production Research, vol. 59, no. 7, pp. 2055–2078, Apr. 2021, doi: 
10.1080/00207543.2020.1798035. 

[30] V. E. Satya, “Strategi Indonesia menghadapi industri 4.0,” info singkat, vol. 10, no. 9, pp. 19–
24, 2018. 

[31] M. M. of Economy, “Crafting the future: A roadmap for industry 4.0 in Mexico.” Mexican 
Ministry of Economy Mexico City, 2016. 

[32] H. Fatorachian and H. Kazemi, “A critical investigation of Industry 4.0 in manufacturing: 
theoretical operationalisation framework,” Production Planning &amp; Control, vol. 29, no. 
8, pp. 633–644, 2018, doi: 10.1080/09537287.2018.1424960. 

[33] “Business Model Innovation for Industrie 4.0: Why the ‘Industrial Internet’ Mandates a New 
Perspective on Innovation,” Die Unternehmung, vol. 70, no. 2, pp. 124–152, 2016, doi: 
10.5771/0042-059x-2016-2-124. 

[34] D. L. M. Nascimento et al., “Exploring Industry 4.0 technologies to enable circular economy 
practices in a manufacturing context,” Journal of Manufacturing Technology Management, 
vol. 30, no. 3, pp. 607–627, 2019, doi: 10.1108/jmtm-03-2018-0071. 

[35] J. Nagy, J. Oláh, E. Erdei, D. Máté, and J. Popp, “The Role and Impact of Industry 4.0 and the 
Internet of Things on the Business Strategy of the Value Chain—The Case of Hungary,” 
Sustainability, vol. 10, no. 10. 2018, doi: 10.3390/su10103491. 

[36] A. G. Frank, G. H. S. Mendes, N. F. Ayala, and A. Ghezzi, “Servitization and Industry 4.0 
convergence in the digital transformation of product firms: A business model innovation 
perspective,” Technological Forecasting and Social Change, vol. 141, pp. 341–351, 2019, 
doi: 10.1016/j.techfore.2019.01.014. 

[37] D. C. Fettermann, C. G. S. Cavalcante, T. D. de Almeida, and G. L. Tortorella, “How does 
Industry 4.0 contribute to operations management?,” Journal of Industrial and Production 
Engineering, vol. 35, no. 4, pp. 255–268, 2018, doi: 10.1080/21681015.2018.1462863. 

[38] T. Stock, M. Obenaus, S. Kunz, and H. Kohl, “Industry 4.0 as enabler for a sustainable 
development: A qualitative assessment of its ecological and social potential,” Process Safety 
and Environmental Protection, vol. 118, pp. 254–267, 2018, doi: 
10.1016/j.psep.2018.06.026. 

[39] G. K. Sahi, M. C. Gupta, and T. C. E. Cheng, “The effects of strategic orientation on 
operational ambidexterity: A study of indian SMEs in the industry 4.0 era,” International 
Journal of Production Economics, vol. 220, p. 107395, 2020, doi: 10.1016/j.ijpe.2019.05.014. 

[40] G. L. Tortorella and D. Fettermann, “Implementation of Industry 4.0 and lean production in 



Mochamad Denny Surindra et al.  

 

Mechanical Engineering for Society and Industry, Vol.4 No.3 (2024) 483 

 

Brazilian manufacturing companies,” International Journal of Production Research, vol. 56, 
no. 8, pp. 2975–2987, 2017, doi: 10.1080/00207543.2017.1391420. 

[41] Y. A. Fatimah, K. Govindan, R. Murniningsih, and A. Setiawan, “Industry 4.0 based 
sustainable circular economy approach for smart waste management system to achieve 
sustainable development goals: A case study of Indonesia,” Journal of Cleaner Production, 
2020, doi: 10.1016/j.jclepro.2020.122263. 

[42] V. Koch, S. Kuge, R. Geissbauer, and S. Schrauf, “Industry 4.0: Opportunities and challenges 
of the industrial internet,” Strategy & PwC, pp. 5–50, 2014. 

[43] H. Snyder, “Literature review as a research methodology: An overview and guidelines,” 
Journal of Business Research, vol. 104, pp. 333–339, 2019, doi: 
10.1016/j.jbusres.2019.07.039. 

[44] J. William, “Operations Management Twelfth Edition.” McGraw-Hill Education, 2015. 

[45] N. von Tunzelmann, “Historical coevolution of governance and technology in the industrial 
revolutions,” Structural Change and Economic Dynamics, vol. 14, no. 4, pp. 365–384, 2003, 
doi: 10.1016/s0954-349x(03)00029-8. 

[46] D. Acemoglu, “Technical Change, Inequality, and the Labor Market,” Journal of Economic 
Literature, vol. 40, no. 1, pp. 7–72, 2002, doi: 10.1257/jel.40.1.7. 

[47] T. Yadin, “Revolutions are only visible in retrospect.” Dec. 29, 2021, [Online]. Available: 
https://blogs.sw.siemens.com/valor/2021/02/15/revolutions-are-only-visible-in-
retrospect/. 

[48] K. Zhou, T. Liu, and L. Zhou, “Industry 4.0: Towards future industrial opportunities and 
challenges,” 2015 12th International Conference on Fuzzy Systems and Knowledge Discovery 
(FSKD). IEEE, pp. 2147–2152, 2015, doi: 10.1109/fskd.2015.7382284. 

[49] L. Xu, L. Cai, S. Zhao, and B. Ge, “Editorial: Inaugural Issue,” Journal of Industrial Integration 
and Management, vol. 01, no. 01, p. 1601001, 2016, doi: 10.1142/s2424862216010016. 

[50] B. Bunse, H. Kagermann, and W. Wahlster, “Industrie 4.0-smart manufacturing for the 
future,” Berlin: Germany Trade&Invest, 2014. 

[51] M. Hermann, T. Pentek, and B. Otto, “Design Principles for Industrie 4.0 Scenarios,” 2016 
49th Hawaii International Conference on System Sciences (HICSS). IEEE, pp. 3928–3937, 
2016, doi: 10.1109/hicss.2016.488. 

[52] J. Ganzarain and N. Errasti, “Three stage maturity model in SME’s toward industry 4.0,” 
Journal of Industrial Engineering and Management, vol. 9, no. 5, p. 1119, 2016, doi: 
10.3926/jiem.2073. 

[53] C. Schröder, “The challenges of industry 4.0 for small and medium-sized enterprises,” 
Friedrich-Ebert-Stiftung: Bonn, Germany, vol. 7, pp. 1–28, 2016. 

[54] M. Saturno, V. Moura Pertel, F. Deschamps, and E. De Freitas Rocha Loures, “Proposal of An 
Automation Solutions Architecture for Industry 4.0,” DEStech Transactions on Engineering 
and Technology Research, no. icpr, 2018, doi: 10.12783/dtetr/icpr2017/17675. 

[55] “Material flow optimization – a case study in automotive industry,” Tehnicki vjesnik - 
Technical Gazette, vol. 22, no. 6, 2015, doi: 10.17559/tv-20141114195649. 

[56] M. Mia, G. Królczyk, R. Maruda, and S. Wojciechowski, “Intelligent Optimization of Hard-
Turning Parameters Using Evolutionary Algorithms for Smart Manufacturing,” Materials 
(Basel, Switzerland), vol. 12, no. 6, p. 879, Mar. 2019, doi: 10.3390/ma12060879. 

[57] L. Li, “China’s manufacturing locus in 2025: With a comparison of ‘Made-in-China 2025’ and 
‘Industry 4.0,’” Technological Forecasting and Social Change, vol. 135, pp. 66–74, 2018, doi: 
10.1016/j.techfore.2017.05.028. 

[58] C.-C. Kuo, J. Z. Shyu, and K. Ding, “Industrial revitalization via industry 4.0 – A comparative 
policy analysis among China, Germany and the USA,” Global Transitions, vol. 1, pp. 3–14, 
2019, doi: 10.1016/j.glt.2018.12.001. 

[59] Z. Li, X. Zhou, S. Jung, and J. Li, “China’s 40-year road to innovation,” Chinese Management 
Studies, vol. 14, no. 2, pp. 335–357, 2020, doi: 10.1108/cms-01-2019-0019. 

[60] M. Zhan, S. Li, and Z. Wu, “Can digital finance development improve balanced regional 
investment allocations in developing countries? — The evidence from China,” Emerging 
Markets Review, vol. 56, p. 101035, 2023, doi: 10.1016/j.ememar.2023.101035. 



Mochamad Denny Surindra et al.  

 

Mechanical Engineering for Society and Industry, Vol.4 No.3 (2024) 484 

 

[61] S. Li, S. Zhan, S. Zhan, and M. Zhan, “How does financial development change the effect of 
the bank lending channel of monetary policy in developing countries?—Evidence from 
China,” International Review of Economics &amp; Finance, vol. 85, pp. 502–519, 2023, doi: 
10.1016/j.iref.2023.02.001. 

[62] S. Gong, B. Wang, Z. Yu, and Z. Cui, “Does seed industry innovation in developing countries 
contribute to sustainable development of grain green production? Evidence from China,” 
Journal of Cleaner Production, vol. 406, p. 137029, 2023, doi: 
10.1016/j.jclepro.2023.137029. 

[63] J. Han, L. Zhang, and Y. Li, “Spatiotemporal analysis of rural energy transition and upgrading 
in developing countries: The case of China,” Applied Energy, vol. 307, p. 118225, 2022, doi: 
10.1016/j.apenergy.2021.118225. 

[64] P. Yu, Z. Cai, and Y. Sun, “Does the emissions trading system in developing countries 
accelerate carbon leakage through OFDI? Evidence from China,” Energy Economics, vol. 101, 
p. 105397, 2021, doi: 10.1016/j.eneco.2021.105397. 

[65] J. Branger and Z. Pang, “From automated home to sustainable, healthy and manufacturing 
home: a new story enabled by the Internet-of-Things and Industry 4.0,” Journal of 
Management Analytics, vol. 2, no. 4, pp. 314–332, 2015, doi: 
10.1080/23270012.2015.1115379. 

[66] Y. Lu, “Industry 4.0: A survey on technologies, applications and open research issues,” 
Journal of Industrial Information Integration, vol. 6, pp. 1–10, 2017, doi: 
10.1016/j.jii.2017.04.005. 

[67] Y. Lu, “Industrial Integration: A Literature Review,” Journal of Industrial Integration and 
Management, vol. 01, no. 02, p. 1650007, 2016, doi: 10.1142/s242486221650007x. 

[68] Xu, C. Wang, Z. Bi, and J. Yu, “Object-Oriented Templates for Automated Assembly Planning 
of Complex Products,” IEEE Transactions on Automation Science and Engineering, vol. 11, 
no. 2, pp. 492–503, 2014, doi: 10.1109/tase.2012.2232652. 

[69] D. Gürdür, J. El-Khoury, T. Seceleanu, and L. Lednicki, “Making interoperability visible: Data 
visualization of cyber-physical systems development tool chains,” Journal of Industrial 
Information Integration, vol. 4, pp. 26–34, 2016, doi: 10.1016/j.jii.2016.09.002. 

[70] F. Liu, C.-W. Tan, E. T. K. Lim, and B. Choi, “Traversing knowledge networks: an algorithmic 
historiography of extant literature on the Internet of Things (IoT),” Journal of Management 
Analytics, vol. 4, no. 1, pp. 3–34, 2016, doi: 10.1080/23270012.2016.1214540. 

[71] C. T. (Angus) Lai, P. R. Jackson, and W. Jiang, “Shifting paradigm to service-dominant logic 
via Internet-of-Things with applications in the elevators industry,” Journal of Management 
Analytics, vol. 4, no. 1, pp. 35–54, 2016, doi: 10.1080/23270012.2016.1259967. 

[72] L. Da Xu, W. He, and S. Li, “Internet of Things in Industries: A Survey,” IEEE Transactions on 
Industrial Informatics, vol. 10, no. 4, pp. 2233–2243, 2014, doi: 10.1109/tii.2014.2300753. 

[73] W. Abelshauser, W. von Hippel, J. A. Johnson, and R. G. Stokes, German Industry and Global 
Enterprise. Cambridge University Press, 2003. 

[74] “European monitor of industrial ecosystems.” Dec. 29, 2024, [Online]. Available: 
https://monitor-industrial-ecosystems.ec.europa.eu/. 

[75] J. M. Müller, O. Buliga, and K.-I. Voigt, “Fortune favors the prepared: How SMEs approach 
business model innovations in Industry 4.0,” Technological Forecasting and Social Change, 
vol. 132, pp. 2–17, 2018, doi: 10.1016/j.techfore.2017.12.019. 

[76] D. KIEL, J. M. MÜLLER, C. ARNOLD, and K.-I. VOIGT, “SUSTAINABLE INDUSTRIAL VALUE 
CREATION: BENEFITS AND CHALLENGES OF INDUSTRY 4.0,” International Journal of 
Innovation Management, vol. 21, no. 08, p. 1740015, 2017, doi: 
10.1142/s1363919617400151. 

[77] BMBF, “The new High-Tech Strategy–Innovations for Germany.” BMBF Berlin, 2014. 

[78] M. Hankel and B. Rexroth, “The reference architectural model industrie 4.0 (rami 4.0),” Zvei, 
vol. 2, no. 2, pp. 4–9, 2015. 

[79] “German standardization roadmap on industry 4.0.” Dec. 29, 2024, [Online]. Available: 
https://www.din.de/en/innovation-and-research/industry-4-0/german-standardization-
roadmap-on-industry-4-0-77392. 

[80] M. Neubauer et al., “Architecture for manufacturing-X: Bringing asset administration shell, 



Mochamad Denny Surindra et al.  

 

Mechanical Engineering for Society and Industry, Vol.4 No.3 (2024) 485 

 

eclipse dataspace connector and OPC UA together,” Manufacturing Letters, vol. 37, pp. 1–
6, 2023, doi: 10.1016/j.mfglet.2023.05.002. 

[81] Y. Yu, J. Z. Zhang, Y. Cao, and Y. Kazancoglu, “Intelligent transformation of the 
manufacturing industry for Industry 4.0: Seizing financial benefits from supply chain 
relationship capital through enterprise green management,” Technological Forecasting and 
Social Change, vol. 172, p. 120999, 2021, doi: 10.1016/j.techfore.2021.120999. 

[82] M. Henke, A. T. Schulte, and K.-K. Pellengahr, “Herausforderungen und Chancen der vierten 
industriellen Revolution,” Sales Management Review, vol. 25, no. 6, pp. 22–27, 2016, doi: 
10.1007/s35141-016-0117-2. 

[83] E. Frère, A. Zureck, and K. Röhrig, “Industry 4.0 in Germany - The Obstacles Regarding Smart 
Production in the Manufacturing Industry,” SSRN Electronic Journal, 2018, doi: 
10.2139/ssrn.3223765. 

[84] R. Kumar, R. K. Singh, and Y. K. Dwivedi, “Application of industry 4.0 technologies in SMEs 
for ethical and sustainable operations: Analysis of challenges,” Journal of cleaner 
production, vol. 275, p. 124063, Dec. 2020, doi: 10.1016/j.jclepro.2020.124063. 

[85] P. Schneider, “Managerial challenges of Industry 4.0: an empirically backed research agenda 
for a nascent field,” Review of Managerial Science, vol. 12, no. 3, pp. 803–848, 2018, doi: 
10.1007/s11846-018-0283-2. 

[86] H. S. Birkel, J. W. Veile, J. M. Müller, E. Hartmann, and K.-I. Voigt, “Development of a Risk 
Framework for Industry 4.0 in the Context of Sustainability for Established Manufacturers,” 
Sustainability, vol. 11, no. 2, p. 384, 2019, doi: 10.3390/su11020384. 

[87] A. Ghadge, M. Er Kara, H. Moradlou, and M. Goswami, “The impact of Industry 4.0 
implementation on supply chains,” Journal of Manufacturing Technology Management, vol. 
31, no. 4, pp. 669–686, 2020, doi: 10.1108/jmtm-10-2019-0368. 

[88] A. Calabrese, N. Levialdi Ghiron, and L. Tiburzi, “‘Evolutions’ and ‘revolutions’ in 
manufacturers’ implementation of industry 4.0: a literature review, a multiple case study, 
and a conceptual framework,” Production Planning &amp; Control, vol. 32, no. 3, pp. 213–
227, 2020, doi: 10.1080/09537287.2020.1719715. 

[89] J. Müller and K. I. Voigt, “Industry 4.0—Integration strategies for small and medium-sized 
enterprises,” in Proceedings of the 26th International Association for Management of 
Technology (IAMOT) Conference, Vienna, Austria, 2017, pp. 14–18. 

[90] A. Raj, G. Dwivedi, A. Sharma, A. B. Lopes de Sousa Jabbour, and S. Rajak, “Barriers to the 
adoption of industry 4.0 technologies in the manufacturing sector: An inter-country 
comparative perspective,” International Journal of Production Economics, vol. 224, p. 
107546, 2020, doi: https://doi.org/10.1016/j.ijpe.2019.107546. 

[91] G. Büchi, M. Cugno, and R. Castagnoli, “Economies of Scale and Network Economies in 
Industry 4.0,” Symphonya. Emerging Issues in Management, no. 2, pp. 66–76, 2018, doi: 
10.4468/2018.2.06buchi.cugno.castagnoli. 

[92] J. Basl, “Pilot Study of Readiness of Czech Companies to Implement the Principles of Industry 
4.0,” Management and Production Engineering Review, vol. 8, no. 2, pp. 3–8, 2017, doi: 
10.1515/mper-2017-0012. 

[93] D. Horváth and R. Z. Szabó, “Driving forces and barriers of Industry 4.0: Do multinational 
and small and medium-sized companies have equal opportunities?,” Technological 
Forecasting and Social Change, vol. 146, pp. 119–132, 2019, doi: 
10.1016/j.techfore.2019.05.021. 

[94] J. M. Müller, O. Buliga, and K.-I. Voigt, “The role of absorptive capacity and innovation 
strategy in the design of industry 4.0 business Models - A comparison between SMEs and 
large enterprises,” European Management Journal, vol. 39, no. 3, pp. 333–343, 2021, doi: 
10.1016/j.emj.2020.01.002. 

[95] J. Stentoft, K. Adsbøll Wickstrøm, K. Philipsen, and A. Haug, “Drivers and barriers for 
Industry 4.0 readiness and practice: empirical evidence from small and medium-sized 
manufacturers,” Production Planning &amp; Control, vol. 32, no. 10, pp. 811–828, 2020, 
doi: 10.1080/09537287.2020.1768318. 

[96] “Opinions on obstacles for Industry 4.0 in industrial companies Germany 2019.” Dec. 29, 
2024, [Online]. Available: https://www.statista.com/statistics/1243023/industry-40-



Mochamad Denny Surindra et al.  

 

Mechanical Engineering for Society and Industry, Vol.4 No.3 (2024) 486 

 

obstacles-industrial-companies-opinions-germany/. 

[97] A. Haddud, A. DeSouza, A. Khare, and H. Lee, “Examining potential benefits and challenges 
associated with the Internet of Things integration in supply chains,” Journal of 
Manufacturing Technology Management, vol. 28, no. 8, pp. 1055–1085, 2017, doi: 
10.1108/jmtm-05-2017-0094. 

[98] A. Moeuf, S. Lamouri, R. Pellerin, S. Tamayo-Giraldo, E. Tobon-Valencia, and R. Eburdy, 
“Identification of critical success factors, risks and opportunities of Industry 4.0 in SMEs,” 
International Journal of Production Research, vol. 58, no. 5, pp. 1384–1400, 2019, doi: 
10.1080/00207543.2019.1636323. 

[99] S. Erol, A. Jäger, P. Hold, K. Ott, and W. Sihn, “Tangible Industry 4.0: A Scenario-Based 
Approach to Learning for the Future of Production,” Procedia CIRP, vol. 54, pp. 13–18, 2016, 
doi: 10.1016/j.procir.2016.03.162. 

[100] S. Shamim, S. Cang, H. Yu, and Y. Li, “Management approaches for Industry 4.0: A human 
resource management perspective,” 2016 IEEE Congress on Evolutionary Computation 
(CEC). IEEE, pp. 5309–5316, 2016, doi: 10.1109/cec.2016.7748365. 

[101] R. M. Sriram and S. Vinodh, “Analysis of readiness factors for Industry 4.0 implementation 
in SMEs using COPRAS,” International Journal of Quality &amp; Reliability Management, 
vol. 38, no. 5, pp. 1178–1192, 2020, doi: 10.1108/ijqrm-04-2020-0121. 

[102] E. Ras, F. Wild, C. Stahl, and A. Baudet, “Bridging the skills gap of workers in Industry 4.0 by 
human performance augmentation tools: Challenges and roadmap,” in Proceedings of the 
10th international conference on PErvasive technologies related to assistive environments, 
2017, pp. 428–432. 

[103] Z. Wei, X. Song, and D. Wang, “Manufacturing flexibility, business model design, and firm 
performance,” International Journal of Production Economics, vol. 193, pp. 87–97, 2017, 
doi: 10.1016/j.ijpe.2017.07.004. 

[104] K. Balasingham, “Industry 4.0: Securing the Future for German Manufacturing Companies.” 
Jul. 2016, [Online]. Available: http://essay.utwente.nl/70665/. 

[105] D. Kiel, C. Arnold, and K.-I. Voigt, “The influence of the Industrial Internet of Things on 
business models of established manufacturing companies – A business level perspective,” 
Technovation, vol. 68, pp. 4–19, 2017, doi: 10.1016/j.technovation.2017.09.003. 

[106] H. Karre, M. Hammer, M. Kleindienst, and C. Ramsauer, “Transition towards an Industry 4.0 
State of the LeanLab at Graz University of Technology,” Procedia Manufacturing, vol. 9, pp. 
206–213, 2017, doi: 10.1016/j.promfg.2017.04.006. 

[107] S. Adolph, M. Tisch, and J. Metternich, “Challenges and approaches to competency 
development for future production,” Journal of International Scientific Publications–
Educational Alternatives, vol. 12, no. 1, pp. 1001–1010, 2014. 

[108] O. Okorie, R. Subramoniam, F. Charnley, J. Patsavellas, D. Widdifield, and K. Salonitis, 
“Manufacturing in the Time of COVID-19: An Assessment of Barriers and Enablers,” IEEE 
Engineering Management Review, vol. 48, no. 3, pp. 167–175, 2020, doi: 
10.1109/emr.2020.3012112. 

[109] G. Hornung, “Rechtliche Herausforderungen der Industrie 4.0,” Industrie 4.0 als 
unternehmerische Gestaltungsaufgabe. Springer Fachmedien Wiesbaden, pp. 69–81, 2016, 
doi: 10.1007/978-3-658-08165-2_4. 

[110] R. Max and M. Uhl, “The downside of moralizing financial markets: Anti-Semitic stereotypes 
in German MTurkers,” Journal of Behavioral and Experimental Finance, vol. 31, p. 100512, 
2021, doi: 10.1016/j.jbef.2021.100512. 

[111] F. Galati and B. Bigliardi, “Industry 4.0: Emerging themes and future research avenues using 
a text mining approach,” Computers in Industry, vol. 109, pp. 100–113, 2019, doi: 
10.1016/j.compind.2019.04.018. 

[112] A. Glitz and D. Wissmann, “Skill Premiums and the Supply of Young Workers in Germany,” 
Labour Economics, vol. 72, p. 102034, 2021, doi: 10.1016/j.labeco.2021.102034. 

[113] M. Fromhold-Eisebith, P. Marschall, R. Peters, and P. Thomes, “Torn between digitized 
future and context dependent past – How implementing ‘Industry 4.0’ production 
technologies could transform the German textile industry,” Technological Forecasting and 
Social Change, vol. 166, p. 120620, 2021, doi: 10.1016/j.techfore.2021.120620. 



Mochamad Denny Surindra et al.  

 

Mechanical Engineering for Society and Industry, Vol.4 No.3 (2024) 487 

 

[114] V. E. Guzmán, B. Muschard, M. Gerolamo, H. Kohl, and H. Rozenfeld, “Characteristics and 
Skills of Leadership in the Context of Industry 4.0,” Procedia Manufacturing, vol. 43, pp. 
543–550, 2020, doi: 10.1016/j.promfg.2020.02.167. 

[115] V. Alcácer and V. Cruz-Machado, “Scanning the Industry 4.0: A Literature Review on 
Technologies for Manufacturing Systems,” Engineering Science and Technology, an 
International Journal, vol. 22, no. 3, pp. 899–919, 2019, doi: 10.1016/j.jestch.2019.01.006. 

[116] D. Küsters, N. Praß, and Y.-S. Gloy, “Textile Learning Factory 4.0 – Preparing Germany’s 
Textile Industry for the Digital Future,” Procedia Manufacturing, vol. 9, pp. 214–221, 2017, 
doi: 10.1016/j.promfg.2017.04.035. 

[117] M. Mirtsch, K. Blind, C. Koch, and G. Dudek, “Information security management in ICT and 
non-ICT sector companies: A preventive innovation perspective,” Computers &amp; 
Security, vol. 109, p. 102383, 2021, doi: 10.1016/j.cose.2021.102383. 

[118] E. Y. Nakagawa, P. O. Antonino, F. Schnicke, T. Kuhn, and P. Liggesmeyer, “Continuous 
Systems and Software Engineering for Industry 4.0: A disruptive view,” Information and 
Software Technology, vol. 135, p. 106562, 2021, doi: 10.1016/j.infsof.2021.106562. 

[119] G. Breda and M. Kiss, “Overview of Information Security Standards in the Field of Special 
Protected Industry 4.0 Areas &amp; Industrial Security,” Procedia Manufacturing, vol. 46, 
pp. 580–590, 2020, doi: 10.1016/j.promfg.2020.03.084. 

[120] R. Hentschel, C. Leyh, and A. Petznick, “Current cloud challenges in Germany: the 
perspective of cloud service providers,” Journal of Cloud Computing, vol. 7, no. 1, 2018, doi: 
10.1186/s13677-018-0107-6. 

[121] J. Wübbeke and B. Conrad, “‘Industrie 4.0’: will German technology help China catch up with 
the west?,” China Monitor, vol. 23, pp. 1–10, 2015. 

[122] W. He and F.-K. Wang, “A Hybrid Cloud Model for Cloud Adoption by Multinational 
Enterprises,” Journal of Global Information Management, vol. 23, no. 1, pp. 1–23, 2015, doi: 
10.4018/jgim.2015010101. 

[123] M. Cyrill, “What is Made in China 2025 and why has it made the world so nervous,” China 
Briefing, vol. 28, 2018. 

[124] “Building a world manufacturing power — Premier and Made in China 2025 strategy.” Dec. 
29, 2024, [Online]. Available: 
http://english.gov.cn/premier/news/2017/01/29/content_281475554068056.htm. 

[125] J. Wübbeke, “Made in China 2025,” The Making of a High-Tech Superpower and 
Consequences for Industrial Countries, 2016. 

[126] L. Li, “The path to Made-in-China: How this was done and future prospects,” International 
Journal of Production Economics, vol. 146, no. 1, pp. 4–13, 2013, doi: 
10.1016/j.ijpe.2013.05.022. 

[127] B. Lin, W. Wu, and M. Song, “Industry 4.0: driving factors and impacts on firm’s 
performance: an empirical study on China’s manufacturing industry,” Annals of Operations 
Research, vol. 329, no. 1–2, pp. 47–67, 2019, doi: 10.1007/s10479-019-03433-6. 

[128] S. X. Liu, “Innovation Design: Made in China 2025,” Design Management Review, vol. 27, no. 
1, pp. 52–58, 2016, doi: 10.1111/drev.10349. 

[129] B. Meng, M. Ye, and S. Wei, “Measuring Smile Curves in Global Value Chains,” Oxford 
Bulletin of Economics and Statistics, vol. 82, no. 5, pp. 988–1016, 2020, doi: 
10.1111/obes.12364. 

[130] K. L. Kraemer, G. Linden, and J. Dedrick, “Capturing value in global networks: Apple’s iPad 
and iPhone,” Research supported by grants from the Alfred P. Sloan Foundation and the US 
National Science Foundation (CISE/IIS), 2011. 

[131] J. Sun, G. Li, and Z. Wang, “Optimizing China’s energy consumption structure under energy 
and carbon constraints,” Structural Change and Economic Dynamics, vol. 47, pp. 57–72, 
2018, doi: 10.1016/j.strueco.2018.07.007. 

[132] Y. Gong, J. Zhu, Y. Chen, and W. D. Cook, “DEA as a tool for auditing: application to Chinese 
manufacturing industry with parallel network structures,” Annals of Operations Research, 
vol. 263, no. 1–2, pp. 247–269, 2016, doi: 10.1007/s10479-016-2197-1. 

[133] H.-N. Su, “Collaborative and Legal Dynamics of International R&amp;D- Evolving Patterns in 
East Asia,” Technological Forecasting and Social Change, vol. 117, pp. 217–227, 2017, doi: 



Mochamad Denny Surindra et al.  

 

Mechanical Engineering for Society and Industry, Vol.4 No.3 (2024) 488 

 

10.1016/j.techfore.2016.11.025. 

[134] L. Feng, X. Zhang, and K. Zhou, “Current problems in China’s manufacturing and 
countermeasures for industry 4.0,” EURASIP Journal on Wireless Communications and 
Networking, vol. 2018, no. 1, 2018, doi: 10.1186/s13638-018-1113-6. 

[135] S. Popa, P. Soto-Acosta, and I. Martinez-Conesa, “Antecedents, moderators, and outcomes 
of innovation climate and open innovation: An empirical study in SMEs,” Technological 
Forecasting and Social Change, vol. 118, pp. 134–142, 2017, doi: 
10.1016/j.techfore.2017.02.014. 

[136] F. Li, X. Xu, Z. Li, P. Du, and J. Ye, “Can low-carbon technological innovation truly improve 
enterprise performance? The case of Chinese manufacturing companies,” Journal of Cleaner 
Production, vol. 293, p. 125949, 2021, doi: 10.1016/j.jclepro.2021.125949. 

[137] X. Yuan et al., “Transitioning China to a circular economy through remanufacturing: A 
comprehensive review of the management institutions and policy system,” Resources, 
Conservation and Recycling, vol. 161, p. 104920, 2020, doi: 
10.1016/j.resconrec.2020.104920. 

[138] F. Li, T. Zhang, Q. Sha, X. Pei, Y. Song, and C. Li, “Green Reformation of Chinese Traditional 
Manufacturing Industry: Approach and Potential for Cooperation,” Procedia 
Manufacturing, vol. 43, pp. 285–292, 2020, doi: 10.1016/j.promfg.2020.02.158. 

[139] D. Guo et al., “Towards Assembly 4.0: Graduation Intelligent Manufacturing System for 
Fixed-position Assembly Islands,” IFAC-PapersOnLine, vol. 52, no. 13, pp. 1513–1518, 2019, 
doi: 10.1016/j.ifacol.2019.11.414. 

[140] J. Wang, H. Wu, and Y. Chen, “Made in China 2025 and manufacturing strategy decisions 
with reverse QFD,” International Journal of Production Economics, vol. 224, p. 107539, 2020, 
doi: 10.1016/j.ijpe.2019.107539. 

[141] T. Chin, W. Wang, M. Yang, Y. Duan, and Y. Chen, “The moderating effect of managerial 
discretion on blockchain technology and the firms’ innovation quality: Evidence from 
Chinese manufacturing firms,” International Journal of Production Economics, vol. 240, p. 
108219, 2021, doi: 10.1016/j.ijpe.2021.108219. 

[142] X. Dai and Z. Sun, “Does firm innovation improve aggregate industry productivity? Evidence 
from Chinese manufacturing firms,” Structural Change and Economic Dynamics, vol. 56, pp. 
1–9, 2021, doi: 10.1016/j.strueco.2020.09.005. 

[143] J. Yi, J. Hong, W. chung Hsu, and C. Wang, “The role of state ownership and institutions in 
the innovation performance of emerging market enterprises: Evidence from China,” 
Technovation, vol. 62–63, pp. 4–13, 2017, doi: 10.1016/j.technovation.2017.04.002. 

[144] Q. Chen and Y. Shen, “The impacts of offshore and onshore outsourcing on China’s 
upgrading in global value chains: Evidence from its manufacturing and service sectors,” 
Structural Change and Economic Dynamics, vol. 59, pp. 263–280, 2021, doi: 
10.1016/j.strueco.2021.08.014. 

[145] J.-A. Scholz, F. Sieckmann, and H. Kohl, “Implementation with agile project management 
approaches: Case Study of an Industrie 4.0 Learning Factory in China,” Procedia 
Manufacturing, vol. 45, pp. 234–239, 2020, doi: 10.1016/j.promfg.2020.04.100. 

[146] X. Li, E. C. Hui, W. Lang, S. Zheng, and X. Qin, “Transition from factor-driven to innovation-
driven urbanization in China: A study of manufacturing industry automation in Dongguan 
City,” China Economic Review, vol. 59, p. 101382, 2020, doi: 10.1016/j.chieco.2019.101382. 

[147] J. M. Müller and K.-I. Voigt, “Sustainable Industrial Value Creation in SMEs: A Comparison 
between Industry 4.0 and Made in China 2025,” International Journal of Precision 
Engineering and Manufacturing-Green Technology, vol. 5, no. 5, pp. 659–670, 2018, doi: 
10.1007/s40684-018-0056-z. 

[148] C. Zhang, Y. Chen, H. Chen, and D. Chong, “Industry 4.0 and its Implementation: a Review,” 
Information Systems Frontiers, vol. 26, no. 5, pp. 1773–1783, 2021, doi: 10.1007/s10796-
021-10153-5. 

[149] M. Javaid, A. Haleem, R. P. Singh, R. Suman, and E. S. Gonzalez, “Understanding the 
Adoption of Industry 4.0 Technologies in Improving Environmental Sustainability,” 
Sustainable Operations and Computers, vol. 3, no. September 2021, pp. 203–217, 2022, doi: 
10.1016/j.susoc.2022.01.008. 



Mochamad Denny Surindra et al.  

 

Mechanical Engineering for Society and Industry, Vol.4 No.3 (2024) 489 

 

[150] EDB Singapore, “Singapore updates industry transformation plans to boost production, add 
13,400 jobs by 2025,” 2022. https://www.edb.gov.sg/en/. 

[151] N. Sinha and A. Kumar, “Challenges in Implementation of Industry 4.0 in Manufacturing 
Sector,” Springer Proceedings in Materials. Springer Singapore, pp. 589–600, 2021, doi: 
10.1007/978-981-16-0182-8_44. 

[152] A. Jamwal, R. Agrawal, and M. Sharma, “Challenges and opportunities for manufacturing 
SMEs in adopting industry 4.0 technologies for achieving sustainability: Empirical evidence 
from an emerging economy,” Operations Management Research, 2023, doi: 
10.1007/s12063-023-00428-2. 

[153] MIDA, “Embracing industry 4.0 revolution: trends, challenges, and readiness in Malaysia 
manufacturing sector for 2024,” 2024. https://www.mida.gov.my/mida-news/embracing-
industry-4-0-revolution-trends-challenges-and-readiness-in-malaysia-manufacturing-
sector-for-2024/. 

[154] M. A. Soomro, M. Hizam-Hanafiah, N. L. Abdullah, M. H. Ali, and M. S. Jusoh, “Industry 4.0 
Readiness of Technology Companies: A Pilot Study from Malaysia,” Administrative Sciences, 
vol. 11, no. 2, p. 56, 2021, doi: 10.3390/admsci11020056. 

[155] Q. A. Abdulaziz et al., “Developing an IoT Framework for Industry 4.0 in Malaysian SMEs: An 
Analysis of Current Status, Practices, and Challenges,” Applied Sciences, vol. 13, no. 6, p. 
3658, 2023, doi: 10.3390/app13063658. 

[156] A. P. H. Wong and D. M. H. Kee, “Driving Factors of Industry 4.0 Readiness among 
Manufacturing SMEs in Malaysia,” Information, vol. 13, no. 12, p. 552, 2022, doi: 
10.3390/info13120552. 

[157] R. K. Singh, S. Agrawal, and S. Modgil, “Developing human capital 4.0 in emerging 
economies: an industry 4.0 perspective,” International Journal of Manpower, vol. 43, no. 2, 
pp. 286–309, 2021, doi: 10.1108/ijm-03-2021-0159. 

[158] N. Benias and A. P. Markopoulos, “A review on the readiness level and cyber-security 
challenges in Industry 4.0,” 2017 South Eastern European Design Automation, Computer 
Engineering, Computer Networks and Social Media Conference (SEEDA-CECNSM). IEEE, pp. 
1–5, 2017, doi: 10.23919/seeda-cecnsm.2017.8088234. 

[159] T. Arumugam, T. C. Sin, M. F. Ramli, A. H. Bin Hilmi, R. Ahmad, and H. Azmi, “Industry 4.0 
challenges and benefits in Malaysia’s manufacturing firms: A review,” AIP Conference 
Proceedings, vol. 3041. AIP Publishing, p. 50005, 2024, doi: 10.1063/5.0180598. 

[160] Kementerian Perindustrian Republik Indonesia, “Indonesia’s Fourth Industrial Revolution,” 
Kementerian Perindustrian. Jakarta, pp. 1–15, 2018. 

[161] POSCO, “POSCO the lighthouse factory #1: POSCO’s smart factory shines light on 
manufacturing industry (the concept),” Posco Reports, Dec. 29, 2019. 
https://newsroom.posco.com/en/posco-lighthouse-factory-1/1000/. 

[162] Kementerian Perindustrian Republik Indonesia, “Analisis Pembiayaan Industri Manufaktur 
Non Migas 2020,” 2020. 

[163] Kementerian Perindustrian Republik Indonesia, “Indonesia Industry 4.0 Readiness Index,” 
2018. 

[164] Sony Sulaksono, “Implementation Strategies for Making Indonesia 4.0,” 2019, [Online]. 
Available: https://assets.new.siemens.com/siemens/assets/api/uuid:df729bf6-a12d-4e27-
a04a-7a1864a790e1/digitalize-indonesia-2019-3-ministry-of-industry.pdf. 

[165] K. Lichtblau et al., “Industrie 4.0-Readiness Online Self-Check for Businesses,” Recuperado 
em, vol. 10, 2015. 

[166] MY Goverment, “The Government of Malaysia’s Official Gateway,” The Government of 
Malaysia’s Official Gateway. https://www.malaysia.gov.my/portal/index. 

 

 


	1. Introduction
	2. Research Methodology
	3. Brief Description of Industry 4.0
	4. Towards Industry 4.0 in Developed and Developing Countries
	4.1. Germany in Industry 4.0
	4.1.1. German Government Strategy for INDUSTRY 4.0 Transformation
	4.1.2. Challenges Facing Germany Toward Industry 4.0

	4.2. Made in China 2025: Industry 4.0 in China
	4.2.1. China Government Strategy for Transformation Industry 4.0
	4.2.2. Challenges facing China toward Industry 4.0

	4.3. Industry Transformation Map (ITM): Industry 4.0 in Singapore
	4.3.1. Singapore Government Strategy for Industry 4.0 Transformation
	4.3.2. Challenges Facing Singapore Toward Industry 4.0

	4.4. Fourth Industrial Revolution (IR 4.0): Industry 4.0 in Malaysia
	4.4.1. Malaysia Government Strategy for INDUSTRY 4.0 Transformation
	4.4.2. Challenges Facing Malaysia Toward Industry 4.0


	5. Indonesia toward Industrial 4.0
	5.1. Challenges Facing Indonesia Toward Industry 4.0
	5.2. Indonesia Industry 4.0 Readiness Index
	5.3. Readiness of the Manufacturing Industry in Indonesia Toward Industry 4.0

	6. Further Comparison Discussion Between Developed and Developing Countries
	6.1. Challenges Differ According to Country’s Level of IR4.0 Development
	6.2. Government Regulation and Readiness Assessment of IR4.0 for Each Country

	7. Conclusions
	Author’s Declaration
	References

