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ABSTRACT: The Fourth Industrial Revolution has brought about major changes not only in 

the automotive industry, but also in the food industry, which have led to significant 

improvements in the efficiency of food production processes. Increasing efficiency is not only a 

question of the quantity produced, but also of the ability to respond quickly and flexibly to 

dynamically changing customer needs. Within the frame of this article the authors demonstrate 

the potential of food manufacturing systems based on lean paradigm and discrete event 

simulation. In the first part of the article the potentials of Industry 4.0 technologies in food 

manufacturing, the main directions of development strategies in food industry and the related 

barriers are discussed. Two scenarios demonstrate the potentials of value stream mapping and 

discrete event simulation in the field of process optimization in food manufacturing industry. As 

the scenarios validate, the lean paradigm and the computer based simulation offers suitable 

tools to increase the efficiency, availability and sustainability of food manufacturing systems. 
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1 INTRODUCTION  

The role of the Fourth Industrial Revolution is 

growing in almost all areas of the economy. Not 

only the automotive and mechatronic assembly 

industries and the connected logistics processes are 

using the potential of the Internet of Things, but the 

food industry is also taking steps to use the 

opportunities offered by Industry 4.0 technologies 

to increase the efficiency of its processes, ensuring 

better quality of its products and processes by 

operating environmentally friendly, energy and cost 

efficient systems (Borowski, 2021). The following 

areas are intensively researched in the field of IoT-

based food industry solutions: artificial intelligence 

applications in the food industry (Konur et al., 

2021), Industry 4.0 technologies in specific areas of 

food processing (Jambrak et al., 2021), innovation 

management in the food industry, the potential of 

blockchain technologies in agriculture (Kayikci et 

al., 2020) and food raw material production (Khan 

et al., 2020), and the assessment of future 

capabilities in the food industry (Akyazi et al., 

2020), the application of advanced technologies 

(Show et al., 2020), uncertainty models in the case 

of dynamic demand for food in changing production 

and market environment (Simon et al., 2018), 

foresight regarding the potentials of Industry 4.0 

technologies in food industry (Bucking et al., 2016). 

Today, the Fourth Industrial Revolution, also 

known as Industry 4.0, is becoming more and more 

widespread. It is an era, which can be represented 

by the close integration of information technology 

and automation. Industry 4.0 technologies lead to 

new production methods and it has made it easier to 

optimize and achieve more efficient and 

competitive production (Barkovits, 2021). 

All these innovations would not be possible 

without certain factors. Industry 4.0 is based on 

M2M (machine to machine) technology, which 

allows machines to communicate with each other 

without human interaction. As a result, machines 

can take control of more complex tasks, increasing 

business efficiency. This growing demand has made 

it a dynamic and expanding industry. M2M 

technology, as mentioned above, requires the 

existence of an information channel such as the 

Internet of Things (IoT), which is a network of 

devices that communicate with each other 

independently. Continuous development has also 

led to the birth of Artificial Intelligence (AI), which 

is the ability of machines to learn. This includes the 

ability of these machines not only to perform tasks 

through sophisticated programming, but also to 

solve more complex, previously unknown tasks 

autonomously and consciously. This artificial 

intelligence relies both on Big Data, the vast 

amount of data generated by the information 
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society, and on cloud services, where data and 

software are stored not on local storage media but 

on a service provider's equipment, called clouds. 

This means that information can be accessed via the 

Internet from anywhere at any time. 

The motivation of this paper is that Industry 4.0 

technologies and intelligent solutions offers new 

tools and methods to improve manufacturing 

systems. Within the frame of this article the authors 

demonstrate these potential using lean paradigm and 

discrete event simulation in the case of food 

manufacturing systems. This paper is organized, as 

follows. Section 2 presents the potentials of 

Industry 4.0 technologies in food manufacturing, 

the main directions of development strategies in 

food industry and the related barriers. Section 3 

describes a scenario, which demonstrates the 

potentials of value stream map and shows the 

potentials of discrete event simulation in 

manufacturing processes in food industry. 

Conclusions, discussions and future research 

directions are discussed in the last section. 

2 POTENTIALS IN INDUSTRY 4.0 

Tracing solutions have been mandatory in the 

food processing industry for more than 10 years and 

the majority of businesses are able to meet the 

requirements. There is no doubt that speeding up 

traceability and improving transparency is still an 

important task, but since industry is already using 

existing solutions in this area, a much greater 

impact in terms of modernization and 

competitiveness improvement can be achieved if the 

resources available for Industry 4.0 and digitization 

are focused primarily on areas where new solutions 

are not yet or only to a limited extent used in 

practice. 

The opportunities of Industry 4.0 and the tasks to 

be solved are largely focused on the regulation and 

management of factory production processes, 

hygiene, food safety and quality improvement, and 

are complemented by tasks related to the 

organization of information flow, logistics, 

administrative support for production and 

administration. Experts estimate that about 80% of 

the expected food applications could be developed 

by adapting solutions already developed for other 

industries and only about 20% would require 

completely new R&D. 

In the food industry, the integration of Industry 

4.0 solutions is a core problem, because of the 

unique and heterogeneous nature of the sector, with 

33 different sectors and different sizes of companies 

per sector, and the product ranges or products to be 

produced, which require different development 

directions and solutions (Egri, 2019). 

For the reasons mentioned above, the food 

industry is experiencing a rapid expansion of 

technologies related to production systems based on 

scientific research, mass production and the 

integration of agriculture and industry. Integrated 

production technologies and robots are widely used 

and the integration of disciplines into production is 

also growing.  

Digitalization, Industry 4.0 and advanced 

manufacturing technologies offer a range of new 

capabilities and applications that address the needs 

and challenges of food companies, improving their 

competitiveness. 

Their main benefits for the food industry are the 

followings: 

• Cost reduction: efficient use of resources 

(energy, water, raw materials, additives, 

packaging, labor - and material flow). 

• Improving capacity utilization: by reducing 

changeover time between products, by 

forecasting maintenance and reducing idle 

time. 

• Enhanced process optimization, planning 

and simulation. 

• Technological background for the 

development of new products and services. 

• Improving the efficiency and productivity 

of the workforce. 

• Production of small batches of products to 

meet consumer needs at costs comparable 

to mass production. 

• Better regulation of food safety and quality. 

The optimized information flow is essential for 

the smooth functioning of production, and all actors 

in the food economy need to have adequate and 

rapid information on market developments and 

trends, changes in subsidies and regulations. In 

order to ensure the free flow of information and the 

proper management of information and knowledge, 

it is necessary to promote the development of user-

friendly, structured channels between the players in 

the food economy, which are able to coordinate the 

supply and demand for information and knowledge, 

as they cannot remain isolated from each other. 

 

3 DEVELOPMENT STRATEGIES IN 

FOOD INDUSTRY 

In Hungary, the application of Industry 4.0 and 

digitalization in the food processing industry is 

currently limited and mainly focuses on logistics 

systems, stock control and administration (Nagy, 

2021). This is why there was a need for food 

processing companies to develop a sector strategy 

for the application of digitalization and Industry 4.0 

in the food industry, focusing on the optimization of 
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material flow processes and the related use of labor 

in food processing. As a result, the Food Industry 

Development Strategy was adopted in 2015, which 

serves as a guideline for the government to develop 

the food industry (Kürthy et al., 2016). This strategy 

defines the main directions for development in this 

area for food industry operators. The main objective 

of the strategy is to improve the competitiveness of 

all types of businesses, to increase employment in 

the food industry and to safeguard and increase 

rural jobs directly linked to the production of 

agricultural raw materials in the country (Hungary, 

2020). The Strategy includes among its priorities 

the stable financing of enterprises, the improvement 

of balanced management, the promotion of 

innovative and efficient enterprises, the training of 

skilled, experienced and motivated staff, the 

strengthening of horizontal and vertical links 

between products, and the promotion of the image 

and reputation of Hungarian food products through 

community marketing and other means. A further 

important objective is to make Hungary a 

distribution centre based on the Dutch model. 

4 BARRIERS OF THE FOOD 

INDUSTRY DEVELOPMENT 

Technological advances are essential for 

progress in Industry 4.0 and digitalization, but this 

can include many challenges for companies. In 

addition to these challenges, the businesses 

mentioned above also have to deal with common 

problems encountered in their day-to-day 

operations. In 2018, a survey was carried out to 

answer the question "What are the common 

problems you face in your day-to-day operations? 

51 enterprises responded to the question, with the 

most frequently cited problem - 30 to be precise - 

being a lack of staff. Many also selected the tax 

system, high costs, lack of skilled labour and 

legislation as sources of everyday problems. In 

addition to administrative tasks, environmental and 

political issues, financial and supplier problems and 

increased competition are also problems. Some 

respondents blame lack of information, accelerating 

technological development, low quality of 

education and rapidly changing customer needs for 

the difficulties. A small number of respondents 

chose complex structures, shrinking customers and 

markets, and excessive manual working, while all 

respondents also chose other options. 

5 VALUE STREAM MAP-BASED 

IMPROVEMENT OF FOOD 

MANUFACTURING 

Within the frame of this chapter the potentials of 

value stream map are demonstrated in the case of a 

small manufacturing company producing deep 

frozen meat balls for burgers. The company 

produces beef and poultry products, of which 13000 

pieces are delivered each month to the customers. 

7500 pieces of beef and 5500 pieces of poultry. The 

company purchases the meat from the 

slaughterhouse. The plant uses an industrial meat 

grinder, which grinds 1 kg of meat in 18 seconds, 

and quality control is carried out using an X-ray 

inspection. Forming and packaging are also carried 

out using industrial equipment, and so-called shock 

chillers are used for freezing, which prevents ice 

crystals from forming in the product, thus 

preserving its quality and nutritional value and 

allowing it to be kept for up to 3 months. 

The customer supports the production 

management with monthly forecasts and daily 

orders. On the basis of this data, production 

management provides the supplier, the 

slaughterhouse, with a monthly forecast and places 

a weekly order - 1,000 pieces of both types of meat 

each time. Deliveries are made in larger quantities 

every 3 days, so there are larger stocks between 

operations. The value stream map shows the 

processing operations: grinding, quality control, 

moulding, packaging and freezing, as well as the 

data fields associated with each operation and the 

operation times below the data fields.  At the 

bottom of the value stream map, the time spans for 

value making operations and lead times between 

operations are shown (Figure 1). 

As the current state value stream map shows, the 

process is not perfect, there are bottlenecks in the 

system. Problems include poor delivery scheduling, 

which leads to overstocking, inappropriate shift 

schedules, and the use of outdated moulding 

equipment and the push system. 

The solution to poorly scheduled deliveries 

could be to determine the economic order quantity, 

which would also reduce inventories and eliminate 

errors in the use of the moulding equipment by 

upgrading machines, buying new machines or 

upgrading existing ones. This would result reduced 

cycle times and increased availability of 

technological resources. The introduction of 3 shifts 

would also be beneficial, despite the fact that, as 

with 2 shifts, there would be no production at 

weekends, because the current 15 hours of 

production per day would be increased to 22.5 

hours per day. The conversion of the push system 

into a pull system and the introduction of kanban 

cards could also solve the problems of work-in-

process inventory. If it is not possible to completely 

work-in-process inventory, the use of supermarkets 

could be an appropriate solution. This solution is 
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illustrated in the current state value stream map 

(Figure 2). 

The solutions of the above mentioned problems 

can be demonstrated in the future state value stream 

map, as shown in Figure 3. 

 

 

Fig. 1 Current state value stream map 

 

Fig. 2 Problems of the meat ball production system in the current state value map 

 
 

Fig. 3 Future state value stream map
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In the case of poorly scheduled deliveries, the 

optimized order quantities lead to reduced 

inventory. The upgraded food processing machines 

has a great impact on the reduced cycle time, 

increased availability of technological resources. 

The additional shifts increase production efficiency 

to 22.5 production hours per day. The new pull 

system and kanban reduces work in process 

inventory and lead times.  

The solutions of the above mentioned problems 

can be demonstrated in the future state value stream 

map, as shown in Figure 3. Orders to the 

slaughterhouse are placed once the previously 

calculated stock level has been reached - 494 for 

beef and 362 for poultry, as defined by the 

economic order quantity method, i.e. 775 for beef 

and 470 for poultry, with deliveries every 2 days. 

Grinding and quality control have been reduced to a 

single operation, using 3 operators, and the 

equipment used for moulding has been upgraded. 

These changes have resulted reduced cycle time of 

technological equipment, increased availability and 

the employment of 1 operator. Kanban cards have 

also been used, reducing the amount of stock 

between operations and thus reducing the lead times 

between operations. 

6 EFFICIENCY IMPROVEMENT OF 

FOOD MANUFACTURING BASED 

ON DISCRETE EVENT SIMULATION 

Within the frame of this chapter a scenario 

shows the potentials of discrete event simulation in 

the case of manufacturing processes in food 

industry. This scenario focuses on an aluminium 

bottle coke manufacturing system. Beet, maize, 

water and flavouring are also supplied to the plant 

while corn is processed into caramel, and flavoring 

comes as final product. The raw materials are then 

transferred to dedicated storage facilities, from here 

they are transferred to the blender. From there, the 

mixture is transferred to an intermediate storage, 

called a buffer. In the filling plant (Filler), the 

mixture stored in the buffer is filled into the bottles, 

from where the finished product is then delivered. 

The statistical analysis of the current state 

shows, that the lead time is 31:10 minutes. During 

this time 333 products were produced. Only 11% of 

the total lead time was production, 6% was 

transportation and almost 82% was storage. 

The Bottleneck Analyzer support the 

identification of potential bottlenecks of the 

manufacturing system, which are the mixers and the 

filling (Figure 5). 

The previous analyses also revealed the system's 

shortcomings, such as long changeover times, low 

utilization rates due to old, obsolete machines, and 

excess capacity in buffers and warehouses, which 

were also under-utilized. Because of these failures, 

we have made some suggestions for improvement: 

reduction of change-over time, upgrading of food 

processing machines, re-clustering of capacities. 

Figure 6 shows the simulation model after the 

implementation of the proposed solutions described 

above. 

A second mixer has been installed, where the 

conveyors connected to it distribute the incoming 

products 50-50% between the 2 plants. From here, 

the mixture is sent directly to the filling plant by 1 

conveyor belt, as the inter-operation storage 

previously located here has become redundant and 

has been eliminated. 

 

Fig. 4 Current state of the manufacturing plant 
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Fig. 5 Bottleneck analysis of the current state 

 

Fig. 6 Results of the Bottleneck Analyzer regarding the future state of the manufacturing system 

 

As a result of the improvements, the number of 

products produced increased from 333 to 356 and 

the lead time decreased from 31:10 minutes to 6:05 

minutes. For the whole system, the proportion of 

production and delivery has increased, while the 

proportion of storage operations has decreased 

significantly. Machine upgrades have resulted an 

increased machine utilization and availability, and a 

second mixer has been installed. As mentioned 

above, the inter-operational buffer 1 has been 

deleted, while the capacity of the other buffer has 

been reduced from 100 to 30 units. The capacity of 

the storage facilities has also been reduced from 100 

to 25 units, and minor changes have been made to 

the location of the equipment. 

7 CONCLUSIONS 

The adoption of new technologies in food 

manufacturing and food processing technologies 

appears to be progressing faster than expected. The 

application of new technologies in the Industry 4.0 

era lead to decreased failures in the processes, while 

the availability and flexibility can be increased and 

dynamically changing demands can be fulfilled 

(Skapinyecz et al., 2018). The application of lean 

paradigms and discrete event simulation is 

extensively researched in the field of automotive 

industry, but only a few of them focuses on food 

processing. To try to fill this gap, this work has 

demonstrated a methodology to analyse existing 

food manufacturing systems using value stream 

map and discrete event simulation. The described 

methodology shows that the application of new 

technologies and methods significantly increases 

availability, flexibility, efficiency, sustainability and 

transparency of the food processing systems. As a 

managerial impact, we would like to mention that 

the application of the above-described methodology 

can support managerial decisions regarding the 

technological and logistics resources and operation. 

We can summarize the conclusions and research 

implications as follows: 

• The development and operation of food 

manufacturing and food processing systems must be 

based on the performance evaluation of available 

conventional systems.  
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• We demonstrated a methodology based on 

lean tools and discrete event simulation to evaluate 

and analyse performance parameters. 

A further study of the proposed work would be 

the integration of the above-mentioned 

methodology with other Industry 4.0 technologies 

including digital twin solution, smart sensors, 

gentelligent products and edge computing and not 

only operation but also maintenance options could 

be taken into consideration (Bányai, 2021). 
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