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Abstract: Cyber-physical systems are structures that are controlled and monitored by computer-based algorithms consisting of physical 

components. The energy industry is becoming a large and complex cyber physical system with the industrial revolution. These developments 

in the energy sector have a positive effect on Industry 4.0. Developments in the fields of production, transmission and distribution, retail 

sales, trade and consumption from the elements of the energy sector are increasing day by day via sensor-based communicable autonomous 

systems. U.N. Industrial Revolution in its report in 2017 elaborate the relevancy between the Sustainable Development Goals no. 7 and 9 

about sustainable energy and inclusive industry development that Industry 4.0 and sustainable energy transition share crucial concerns that 

can be interconnected to pursue a sustainable energy transition. Sustainable energy is defined to have two main components: energy 

efficiency and renewable energy. UNIDO’s initial hypothesis tells that a comprehensive shift in manufacturing may change the behavior in 

energy consumption, including energy efficiency and renewable energy usage. Circulating fluidized bed (CFB) technology is one of the 

important factors contributing to the above mentioned concept of sustainable energy. 
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1. Introduction 

Industry 4.0 is a collective whole of organizational concepts 

that involve the use of information technologies and industrial 

activities. It is based on the concept of cyber-physical systems, the 

internet of objects and the internet of services. The use of cyber-

physical systems means that almost all of the people are self-

coordinating and optimizing themselves, creating kendi smart 

factory insan systems that can produce [1]. Industry 4.0 generally 

consists of the following 3 structures: 

 The Internet of Things: Every conceivable object is in 

some way accessing the Internet and communicating 

with other devices. 

 Internet of Services: With this structure, cyber-

physical systems can provide their own continuity by 

connecting with people and other structures. 

 Cyber-Physical Systems: Organize, plan and develop 

the production stages independently of humans. 

The biggest aim of Industry 4.0 is the production of robots that 

can communicate with each other, detect the environment with 

sensors and realize the needs by analyzing data and take over the 

production of these robots; to create better quality, cheaper, faster 

and less waste production systems. Industry 4.0 will bring together 

the Information Technology and Industry, and will enable more 

efficient business models to emerge because the intelligent factory 

system will be created and each data will be collected and analyzed 

in a good way. By integrating modern information and 

communication technologies, such as Cyber-Physical Systems, 

Cloud Computing in the manufacturing sector to increase 

efficiency, quality and flexibility, it will allow you to analyze the 

possible yield conditions and gain an advantage in the competitive 

environment [2]. 

With new generation software and hardware, which means low-

cost, low-energy, low-heat, but also highly reliable hardware, unlike 

today's classic hardware, with operating and software systems to run 

this equipment; perhaps the most important component, all the 

devices on earth are used to exchange information and data with 

each other. 

Today's economic system needs continuous change and 

development to maintain its continuity. The rapidly changing 

population growth and the difficulties experienced in the use of 

resources, the changing world brings with it innovations and 

changes. While efficiency in production continues its importance, 

the production of quality products is crucial. This situation leads to 

technological progress, robotics or approaches like Industry 4.0. 

With less manpower, shrinking factory areas offer advantages such 

as increased product variety and production, rapid introduction of 

new products, shortening of production times and increasing 

quality. 

In general terms, mathematical modeling is a dynamic method 

that facilitates the ability to see the relationships in the nature of 

problems in all aspects of life, to reveal, classify, generalize and 

produce results in mathematical terms [3].  In order to understand 

the behavior of the system or to evaluate different strategies in order 

to operate the system with this model after the modeling of a 

theoretical or physical real system, simulation is a technique that 

evaluates the characteristics and behaviors of these systems through 

computer. 

Circulating Fluidized Bed (CFB) systems are designed to re-

rotate the unburned particles from the furnace to ensure full 

combustion. In this way, both low-calorie and high-calorie lignites 

can be burned with high efficiency. With this technology, it is 

possible to provide energy economy in every period according to 

the periodic variations between fuel alternatives. 

In this study, advances in CFB biomass gasifier technology 

were introduced. Also, improvability of modeling and simulation 

studies of this systems were discussed in view of Industry 4.0. 

2. Circulating Fluidized Bed Biomass Gasifiers 

A rapid increase in population and industrialization brought 

about the need for energy. Biomass energy is one of the sources that 

will be used to ensure sustainable energy supply without causing 

environmental pollution. The fact that biomass energy is an 

inexhaustible resource is seen as a suitable and important energy 

source because it can be obtained everywhere, especially because it 

helps socio-economic developments for rural areas. 

Specially grown plants such as corn and wheat, herbs, 

seaweeds, algae, animal feces, fertilizer and industrial wastes, as 

well as all organic waste (fruit and vegetable residues) from houses 

are the sources for biomass. The use of biomass is becoming more 

and more important to solve the energy problem due to the limited 
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energy resources such as petroleum, coal, natural gas, as well as 

their environmental pollution. There are many methods for biomass 

conversion. Fig. 1. shows the biomass conversion routes [4]. 

 

Fig. 1. Scheme of biomass conversion routes [4] 

CFB systems have advantages such as high modulation rate, 

low vapor cost, enabling fuel diversity, low emission value, high 

efficiency and ease of operation. Any kind of coal between 2500-

6500 kcal can be used in these systems. Schematic view of a CFB 

system is given in Fig. 2 [5]. 

 

Fig. 2. Schematic view of CFB [5] 

3. Modeling and Simulation Applications in CFB 

Biomass Gasifiers 

Modeling and simulation has become an important tool in the 

fluidization system design, optimization, and scale up in the last 

years [6]. Mirmoshtaghi et. al investigated effect of various 

parameters on CFB biomass gasification process. In the study, 

partial least square-regression and genetic algoritm were utilized to 

optimize input values for three various output targets. These targets 

were high gas quality, high carbon conversion and dry gas and low 

tar yield [7]. Krzywanski et. al used machine learning approaches 

(Artificial neural networks/ANN) and genetic algortims (GA)  to 

sorbent enhanced hydrogen generation in bubbling fluidized bed 

and CFB. According to the results, experimental results and model 

estimations were in a good agreement [8]. Model development steps 

of the study is given in Fig. 3.  

 
(a) 

 

(b) 

Fig. 3. Model development steps (a) and neural network architecture (b) [8] 

In a study conducted by Zhu et. al, three dimentional large 

scaled CFB risers were analysed. Developed material-property-

dependent sub-grid drag modification were validated with 

simulation model [9]. Gungor, were developed two dimentional 

model for a CFB biomass gasifier to predict hydrodynamic, heat 

transfer and combustion parameters. Simulation model were utilized 

to calculate versatile parameters such as gas emissions, pressure 

drop, particule size distribution [10]. In addition there are many 

studies in the literature which investigated various thermochemical 

systems [11], stoichiometry impact on optimum conversion 

efficiency [12] and  emission reduction techniques [13]. 

Computational Fluid Dynamics (CFD) are widely used in CFB 

studies to investigate the behaviour of the fluid and particles in the 

system. Nikku et. al were analysed CFB with momentum exchange 

model with three dimentional semi-empirical model process. A 

novel gas-fuel momentum exchange model was developed for the 

analyses [14]. Yang et. al investigated the ash properties of the 

effects of the oxyfuel combustion. Also, they conducted the 

uncertainity analysis of the CFD modeling to analyse ash 

heterogeneousness and distribution [15]. Ghadirian et. al examined 

the most advanced relationships between the numerical modeling of 

all CFBs and the interface interactions between phases in the system 

using the CFD approach. Three-dimensional CFD model of this 

system were developed and analysed [16]. Schematic view of the 

CFB and the preliminary solid volume fraction is given in Fig. 4. 

 

Fig. 4. Schematic view of the CFB and the preliminary solid volume fraction 

[16] 

4. Conclusion 

Modeling and simulation applications on CFB studies are 

basically focused on enhancing the performance of the system. This 

multi-perspective improvement studies are directly related with the 

structures of Industry 4.0. When the studies are examined, it can be 

151

INTERNATIONAL SCIENTIFIC JOURNAL "INDUSTRY 4.0" WEB ISSN 2534-997X; PRINT ISSN 2534-8582

YEAR IV, ISSUE 4, P.P. 150-152 (2019)



said that studies contribute directly or indirectly to the effective use 

of energy. The use of automatic control systems in industrial 

applications of these scientific studies will provide important 

contributions on behalf of Industry 4.0. Simulation and modeling 

processes allow the system to be analyzed better and to eliminate 

deficiencies. Implementation of automatic control technologies in 

the application part will both reduce the costs and contribute 

positively to the environment. 
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