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1 INTRODUCTION 

The “Industrial 4.0” concept appeared first in an article published by the German government in 

November 2011, as a high-tech strategy for 2020 (Zhou, 2015). However, Industry 4.0 is an emerging 

and large topic. What impact will Industry 4.0 bring, how companies and organizations deal with 

Industry 4.0 technologies, and what is the current status of research and practical application of 

Industry 4.0? The above issues concerned by scholars and enterprises are also the focus of this paper. 

Some scholars have conducted research on Industry 4.0. in literature research of Industry 4.0, 

(Colantoni et al., 2019) summarized the current situation and development prospects of agriculture in 

the context of Industry 4.0. (Lezzi et al., 2018) sorted out the literature on industrial 4.0 cybersecurity. 

(Ding, 2018) analysed the literature in sustainable pharmaceutical supply chains. (Dallasega et al., 

2018) investigated how industry enable to construction supply chains. (Li et al., 2015) surveyed the 

researches of industrial wireless networks in the context of Industry 4.0. (Krejcar et al., 2018) used 

literature surveys to tidy up the possible consequences of Industry 4.0 for the economy and business. 

Most of these articles focus on a microscopic perspective to conduct literature research. Of course, 

there are also a few articles that analyse the industry 4.0 literature from a macro perspective. For 

example, (Lu, 2017) carried out a statistical classification of the technologies involved in the Industry 

4.0 literature. (Pereira et al., 2018) only conducted statistical analysis of the Industrial 4.0 literature 

from 2011 to 2017. (Piccarozzi et al., 2018) analysed the literature related to Industry 4.0 in the past 

five years, but the analysis also focused on literature statistics. Although the article also summarized 

other literatures, it did not show detailed development directions and specific practical status. 

Therefore, we can see from the above that the literature review for Industry 4.0 in the past mostly 

focused on microscopic perspectives to summarize and analyse a certain field or certain technologies. 

A few articles that analyse Industry 4.0 from a macro perspective focus mostly on bibliometric 

analysis, although these articles summarize the content of the literature but lack practical guidance for 

real-world businesses and research. This paper not only uses literature analysis to sort out the 

literature, but also focuses on the use of “core literature extension method” to enumerate the 

development direction and application status of different fields. This paper not only combs the 

research direction for researchers, but also shows the status quo of practical application for enterprises. 

The paper devotes to showing a leading role for theory and practice of industry 4.0. 

2 METHODOLOGY 

This study adopts bibliometric and “core literature extension method” based on systematic literature 

review approach with the aim to explore the impact of industry 4.0 from a macroscopic perspective. 

As shown in the Figure 1, our research is mainly divided into three steps, first of all to look into what 

is Industry 4.0; secondly to identify the core technology of Industry 4.0; thirdly investigate industry 

4.0 research status and practice status. 

 

Figure 1. Research methodology 
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In first step, although such as (Piccarozzi et al., 2018)(Piccarozzi et al., 2018) have investigated the 

concept of Industry 4.0 in their articles, few articles have compared and surveyed the fourth industrial 

revolution plan of different countries. In this part, our study not only collates the concept of Industry 4.0 

appearing in academic articles, but also analyses the official planning documents of various countries 

and famous consulting companies’ reports to compare different fourth industry revolution plans. In the 

second step, we searched for articles with the words of “industry 4.0” and “industrie 4.0” in the title and 

that were retrieved by Science Citation Index Expanded (SCI-EXPANDED) and Social Sciences 

Citation Index (SSCI) from 2013 to 2018 searched by Web of Science based on bibliometric. It should 

be noted that the reason why our study starts to collect literatures from 2013 is because there is no article 

before 2013 under our search framework. In the third part, we present the status quo of academy and 

practice as well as future opportunities and challenges based on core literature extension method. 

3 WHAT IS INDUSTRY 4.0 

In 2012, the German government passed the ‘High-Tech Strategy 2020’ action plan, which annually 

sets billions of euros aside for the development of cutting-edge technologies (Bunse, 2013). The fourth 

industrial revolution has become the focus of public attention. Similarly, other countries have also put 

forward the corresponding fourth industrial revolution plan. France (Economie.gouv.fr, 2015) 

proposed Industrie du Futur that formulated nine key development solutions: data economy; smart 

objects; digital trust; smart power; new resources; sustainable city; ecological mobility; future 

medicine; future transport. The United States (The White House, 2011) launched the Advanced 

Manufacturing Partnership (AMP) and the Industrial Internet Consortium (IIC) led by General Electric 

was established. United Kingdom (UK) (Department for Business Energy and Industrial Strategy 

(BEIS) of UK, 2013) launched Future of Manufacturing. China (State Council of the People’s 

Republic of China, 2015) put forward “Made in China 2025”, which aims to enhance the 

competitiveness of Chinese manufacturing and accelerate the industrial upgrading of China’s 

manufacturing industry. In report of (Jan SMIT, Stephan KREUTZER, Carolin MOELLER, 2016) to 

the European Parliament, which gave the main features of Industry 4.0: interoperability, virtualization, 

decentralization, real-time capability, service orientation and modularity. 

Most countries in the world have launched relevant plans according to their own national conditions. 

Here are just a few representative manufacturing powers, others are not listed one by one. Among them, 

the concept of Industry 4.0 proposed by Germany and the concept of Industrial Internet in the United 

States are the most widely spread. By understanding the industrial plans of European countries, most 

European countries’ plan closer to the German’s Industry 4.0 program. Next, combining the scientific 

articles and consulting reports and official documents obtained from the search framework that we 

mentioned in part of methodology, we compare the fourth industrial revolution plans of the world’s top 

three economies, the EU, the US and China. 

The concept of Industry 4.0 focus on the interaction of production side. Based on strong industrial base, 

it integrates information and communication technologies, and aims to build smart factory and intelligent 

production. The focus is on creating smart products and processes that place greater emphasis on Internet 

of Things (IoT) and control logic. To a certain degree, Industry 4.0 hopes to reduce labour costs through 

intelligentialize. It can also be said that Industry 4.0 is a top-down reform, which means the 

manufacturing industry pull the information industry. 

The US-led “industrial Internet” and “Advanced Manufacturing Partnership” pay more attention to the 

client’s big data. Based on a highly developed information technology, according to big data information 

flow analysis, decision-making, to carry out intelligent manufacturing. Its elements are smart devices, 

intelligent networks and decision-making, and emphasis more on sensor systems, big data analytics 

capabilities. Put another way, US-led plan is a bottom-up reform, which means the information industry 

pull the manufacturing industry. 

The China Manufacturing 2025 program is more suitable for countries with a late start of 

industrialization, which emphasizes the parallel development of manufacturing and information 

industries, emphasizing the integration and Internet plus. In the process of the fourth industrial 

revolution, China also needs to face the irrational industrial structure brought about by imperfect third 

industrial revolution. This leapfrog development plan is a good reference for developing countries. 

The survey contributes to enhancing the understanding of scholars and practitioners on policy 

orientation in different regions so that they can take less detours. Although the different plans are 
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different in detail according to their national conditions, there is still a lot of similarities in most of the 

content. This paper uses Industry 4.0 to denote the generalized fourth industrial revolution. 

4 BIBLIOMETRIC SURVEY FOR CORE TECHNOLOGIES OF INDUSTRY 4.0 

Search for articles on the Web of Science with Industry 4.0 or Industrie 4.0 in articles’ title retrieved 

by Science Citation Index Expanded (SCI-EXPANDED) and Social Sciences Citation Index (SSCI) 

from 2013 to 2018. We set the search frame to obtain articles that are more relevant to the topic and to 

get high quality articles to improve the quality of the information we get. We did not find articles 

before 2013 under the search frame, so we analysed the articles from 2013-2018. A total of 282 

articles were retrieved, the specific number and trend shown in Figure 2. Among them, 272 were 

indexed by SCI and 69 by SSCI. 

It can be seen from Figure 2 that theme of Industry 4.0 has become more and more hot topic in recent 

years. We then performed statistics for the keywords of all the articles we searched. What needs to be 

explained here is that we only count the author keywords and do not count the key words plus. We 

believe that the author keywords are more in line with the subject of the article. The statistical results 

are shown in Figure 3. Except “Industry 4.0”, the three most frequently cited keywords are: Internet of 

Things (IoT), Cyber-Physical Systems (CPS) / (CPSs) and Big Data. 

 

Figure 2. Literature statistics 

As can be seen from the Figure 3, Internet of Things (IoT) is the most frequently mentioned in these 

articles, followed by Cyber-Physical Systems (CPS) and again for the Big Data. And it can be seen 

that the number of Internet of Things (IoT) mentioned in 2018 has suddenly increased. That is to say, 

in the topic of Industry 4.0, big data, CPS and Internet of Things are the most popular components of 

Industry 4.0 in academic fields, which may also means that they are the most important cores 

component for industry 4.0. 

In addition, since the frequency of the top three keywords in the keyword statistics is much higher than 

other keywords, only the three keywords with the highest frequency are listed in Figure 3. Cloud 

computing and additive manufacturing also were mentioned many times and ranked fourth and fifth. 

Then we studied the consulting reports of well-known consulting companies with higher practical 

value. 

 

Figure 3. Keyword statistics 
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We surveyed 50 consulting companies listed according to the “Vault Consulting 50”. We found 19 of 

them with reports specifically for the fourth industrial revolution. Other companies also mentioned the 

fourth industrial revolution but they did not publish detailed reports. 

 

Figure 4. Technical concerns statistics 

Figure 4 shows the statistics of the technology concerns in the report of 19 companies for Industry 4.0. 

The technical concerns mentioned in the statistics refer to the techniques that are separately segmented 

and focused on in the report. Here are the ten most watched technologies. 

In these consulting reports, (McKinsey & Company, 2015) (OliverWyman, 2016) and (Beducker et 

al., 2017) concentrated on digitization of the manufacturing sector; (Rüßmann et al., 2016) focused on 

future productivity and manufacturing prospects; (RolandBerger, 2015) (Vardhan Singh and Berger, 

2014) (Lindstrom, 2017) (CGI, 2017) and (Cotteleer and Sniderman, 2017) made a macroscopic 

analysis for economic, social and industrial model; (Reinhard Geissbauer, Jesper Vedso, 2016) 

(Schreiber et al., 2016) and (EY, 2018) were occupied with building the digital enterprise; (Jain et al., 

2017) carried out a CEO’s view to analyse industry 4.0; (Harris et al., 2018) shown a technological 

frame; (Goddard et al., 2015) specially analyse IoT; (Barbier, 2017) (Schenkel, 2016) and (Tratz-Ryan 

et al., 2018) presented the trends and opportunities for industry 4.0; (Kiesau et al., 2015) analysed the 

impacts in healthcare fields. 

It can be seen that both academic articles and consulting reports refer to big data and the Internet of 

Things at the most, but the proportion of CPS mentioned in the consulting report is lower than in 

academic articles. In addition, the proportion of augmented reality (AR), 3D printing / additive 

manufacturing and robotics in the consulting report is higher than academic articles. The investigation 

aims to help scholars to further understand market development needs and increase mutual 

understanding between academics and business. 

5 IMPACTS ON INDUSTRIAL SECTORS 

Since the concept of Industry 4.0 was first targeted at manufacturing, we summarized the research 

hotspots and development status of manufacturing in the context of Industry 4.0 based on the literature. 

Manufacturing and economic development complement each other, the financial industry is an important 

source of support for the manufacturing industry. So we also summarize the development direction and 

practice status of the economic and financial fields. 

5.1 Financial and economic sectors 

 

Figure 5. Status and development direction of industry 4.0 for finance and economics 

In the financial and economic sectors, companies can learn more about supplier information and get 

more buyer information through big data, and big data will provide companies with more assessments 

of products or services. Enterprises can make more accurate and objective decisions based on the 

calculation results of quantitative data, rather than subjective decisions in the past. At the same time, 
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data platforms came into being, such as Hong Kong Stock Exchange price discovery platforms (Lam, 

2014). At the Third Future Industrial Conference held in Lyon in 2018, the French government and the 

Future Industrial Association also began to build a new price discovery platform. The consulting 

companies such as Ernst & Young also launched data services related to this. Setting up an information 

platform to provide data services seems to be a hot area of current entrepreneurship. At the same time, 

whether the block chain can be applied to these platforms is also a hot topic. 

In the investment field, in investment strategies for large portfolio trades and swaps, methods using 

machine learning and other algorithms to learn historical data and then perform existing data analysis 

based on historical experience have been applied in practice. Of course, the optimization of machine 

learning and deep learning algorithms is still in progress, which is also a hot topic in the financial field 

of big data. For example, (Cheng et al., 2018) used matching samples based on year, industry, and 

probability of future bankruptcy model to enhance the solvency prediction capabilities of recent 

machine learning techniques. 

Creation of merchant intelligence has also been used by banks, investment companies and other 

companies. According to the data analysis system, it can automatically identify potential customers 

and customers who are carrying out untrustworthy behaviour. Headhunting companies also use similar 

systems to explore human resources. For example, LinkedIn’s automatic recommendation system can 

be seen as an application of this model.(Yiming Ma, Bee-Chung Chen & Deepak Agarwal, 2017) 

Tracking social media into finely tuned market campaigns has already appeared in our lives. 

TripAdvisor have already begun to recommend hotel and restaurant to users through user’s’ social 

media data(Valdivia et al., 2017). In the US presidential election, the campaign team using social 

media data to choose their own strategy can also be seen as an extension of this field.(Madanapalle, 

2017) 

5.2 Manufacturing sector 

 

Figure 6. Status and development direction of industry 4.0 for manufacture 

In the manufacturing sector, the supply chain has to be mentioned. (Varela and Tjahjono, 2014) 

summarized four levers in the big data driven supply chain: Marketing, Procurement, Warehouse, and 

Transportation. 

The application of big data will have a huge impact on the supply chain. In marketing level, big data 

applications will better manage customer information, build better relationships with customers and 

gain insight into potential customers. JD is applying Big Data and Artificial Intelligence (“AI”) to 

predict customer demands for products directly sold. Based on demand projections and real-time data 

on remaining inventory, automatic procurement orders are issued to upstream manufacturers to restock 

(Panda, 2017). 

In procurement level, internal and external system data need to connect to reduce the cost. Barnes & 

Noble (B&N) (Frehe et al., 2014) use Big Data. They run a portal through which their suppliers are 

granted insights in their sales at B&N without having to buy software. 

Warehouse management (especially inventory management) has been radically altered by modern 

identification systems after the successful introduction of RFID. In warehouse management center, 

real-time optimization can be performed based on real-time data from IoT sensors. (Giannikas et al., 

2013) show a good example that how a Warehouse Management System (WMS) using product 

intelligence can be beneficial for the scheduling and control of the storage location assignment and the 

picking operations and they argued on the significance of these benefits using a case study of a third-

party-logistics warehouse company. 

The efficiency of transportation and the ability of risk forecasting have greatly improved by big data 

analysis. The companies can not only select the optimal path in real time but also effectively avoid 

natural disasters and vehicle failures. UPS uses telepathic trucks which have sensors that capture over 

200 data points for more than 80,000 vehicles every day UPS used proprietary package flow technology 
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to determine what packages are loaded on each vehicle, then gathers data from several aspects of fleet 

operations using a telematics technology system (Singh Jain et al., 2017). 

The above analysis for supply chain from a disparate perspective, and from a holistic perspective, the 

multi-tier supply chain is also a hot topic under the background of Industry 4.0. For instance, (Pedram 

et al., 2017) develops a mathematical model for a closed loop supply chain network which provides 

decision support to practitioners of end-of-life tire recovery as well as determines the numbers and the 

locations of facilities and the material flows between these facilities. Multi-tier supply chain research 

in the context of Industry 4.0 will also be the focus of our future research. 

(Babiceanu and Seker, 2016) mentioned that develop cyber world models for all levels of the 

Manufacturing cyber-physical systems (M-CPS) will be a good direction in the future. (Pedone and 

Mezgár, 2018) showed cyber-physical systems refer to a preliminary architecture of the Reference 

Architectural Model Industrie (RAMI 4.0) and the Industrial Internet Reference Architecture (IIRA) 

virtualized and connected services/assets in GINOP Project’s Manufacturing Execution and Support 

System. 

Smart factories and smart machines are an important component of Industry 4.0 in the manufacturing 

sector. (Lee et al., 2014) divided fundamental issues of self-aware and self-learning machines into five 

distinct categories and carried out a smart remote machinery maintenance system with Komatsu. (Wan 

et al., 2016) proposed a software-defined IIoT architecture to manage physical devices and provide an 

interface for information exchange. (Ji et al., 2016) presented a heterogeneous device data ingestion 

model for an industrial big data platform. The model includes device templates and four strategies for 

data synchronization, data slicing, data splitting and data indexing, respectively. Therefore, for a 

manufacturing company to realize a smart factory is a system engineering, the introduction of IoT 

equipment, the construction of software platforms and the choice of algorithms etc. all of above will 

determine the performance of smart factory. 

In addition, the impact of additive manufacturing on the supply chain is not reflected in the above 

figure. 3D printing materials reduces the need for the physical location move, the demand for 

warehouse also will be changed. Although the case studies show the potential impact of disruptive 

technology in the supply chain, but (Kothman and Faber, 2016) considered that more empirical 

research is needed to understand the underlying mechanisms. 

This review is conducive to present the details of status of research and practice as well as broaden the 

horizon for scholars and practitioner. 

6 CONCLUSION 

According to BCG research, in the next decade, the increased investment in Industry 4.0 in Germany 

will reach 250 billion euros, although the transformation of industry 4.0 will be completely taken 

about 20 years. But some key advantages will gradually be established in the next 5-10 

years.(Rüßmann et al., 2016) According to PwC’s survey with over 2,000 participants, in 2016, there 

were US$493 billion in industry 4.0 digital revenue and US$907 billion in annual industry 4.0 digital 

investments.(Reinhard Geissbauer, Jesper Vedso, 2016) Therefore, the Industry 4.0 is a major 

historical opportunity, but also a test for enterprises. 

This paper first explores what is Industry 4.0 and compares the different fourth industry revolution 

programs in various countries by analysing official documents, consulting reports and academic articles; 

then takes advantage of bibliometric to investigate which technologies play an important role in Industry 

4.0. Subsequently, the status quo, challenges and development directions faced in various fields in the 

industrial 4.0 era are elaborated based on core literature extension method. This paper not only allows 

researchers to understand the status quo of research and hunt for research directions, but also can be 

applied to enterprises and organizations to spark inspiration and improve practice. 

With regard to the research process design, in the original basic literature collect, only the articles 

indexed by SCI and SSCI and titled Industry 4.0 were selected, which greatly improved the search 

accuracy and ensured the quality of the article, which provided a good foundation for “core literature 

extension research”. Research on official documents, consulting reports and academic literature 

combined with bibliometric strengthens the link between academic research and practice, makes this 

paper more practical and instructive, and to some extent opens up the bridge between scientific 

research and application. The core literature extension method guarantees the quality and advancement 

of indexed content by first collecting high-quality papers and then by analysing the cited articles in 
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high-quality papers and the high-frequency vocabulary mentioned in them to continue searching for 

articles and practical cases. The research process design of the paper also provides new practical 

experience for literature review articles. 

7 LIMITATION AND OUTLOOK 

Although this article hopes to make a relatively comprehensive explanation, because Industry 4.0 is 

very broad, the paper cannot include all aspects. This article summarizes Industry 4.0 based on its own 

understanding by the limited materials. This article focuses on the application of Industry 4.0 in 

finance & economics and manufacturing sector, the research field is not comprehensive enough. In 

future research, we will continue the research on Industry 4.0 in more various industries and give a 

better classification for the industry researches. In addition, we will summarize the cutting-edge 

technologies and models of the industry 4.0 from a more microscopic perspective. 

What is more, our future research aims to mix qualitative and quantitative methods to model and 

analyse new frameworks and phenomena emerging in the Industrial 4.0 era. Specifically, to analyse or 

model the expected contribution of Industry 4.0 technologies for industrial performance. The 

following research directions will be focused: multi-tier supply chain, market maturity analysis and 

technology roadmap; Industry 4.0 and make or buy decision (outsourcing or self-produce facing with 

automation and robots) and new business models support Industry 4.0. 
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