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Abstract. The article presents the analysis of the automatic control of the 

bioethanol production process intended for biofuel. It presents the 

formulated general concept of the system and the method of designing a 

closed control system based on the iterative prototyping procedure. The 

modeling and the simulation were carried out in the Matlab®-Simulink 

environment. The simulation model of the object was developed based on 

the experimentally registered characteristics. It has been adjusted, i.e. the 

compatibility of its behavior with the object it reproduces has been 

confirmed. Based on the tuned model of the object, a control system model 

was created, which was the basis for computer simulation which enabled 

the control algorithm parameters to be established. The final verification of 

the correct operation of the system was performed with the use of hardware 

simulation. It was based on entering a negative feedback loop of the virtual 

control system of the real object elements into the loop. The results of the 

simulation confirmed the correctness of the adopted design.  

1 Introduction  

With the increase of ecological awareness of the automotive market participants, there are a 

number of initiatives aimed at making transport more environmentally friendly. One of the 

visible results of such aspirations is the use of fuels obtained from renewable energy 

sources. This type of fuels includes ethanol obtained from biomass. It is possible to use it 

directly as fuel (Nissan's e-biofuell cell technology) or as a component in the production of 

biodieselThe interest in producing this type of fuel for private needs is demonstrated by 

companies and institutions that have a fleet of vehicles and private individuals, including 

farmers. It is necessary to introduce ecological regulations [1]. A distillation / rectification 

column is necessary to produce bioethanol intended for fuel. One of the basic parameters of 

her work is temperature. A correctly configured control system is necessary for precise 

control of this process. The study presents a model of such a system formulated in the 

Matlab®-Simulink environment and the selected control unit. The developed control 

algorithm was verified on the real object. 

2 Scope and aim of the study  
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The purpose of the work was to determine the initial parameters for the integration of 

system components within the design of the control system for the process of producting 

bioethanol for biofuel. 

The scope of work consisted of: determining the dynamic properties of the control object, 

formulation of simulation models of the object and the control system, computer and 

hardware simulation in the Matlab-Simulink environment. 

3 Methodology 

The methodology, according to which the control system was developed, was based on the 

iterative prototyping procedure. The general concept of control was formulated at the 

beginning. Next, a simulation model of the control object was developed. It was created on 

the basis of experimentally determined dynamic characteristics. The model was then 

adjusted by confirming its compliance with the object it represents.Based on the adjusted 

model of the object, a simulation model of the control system was created. It was the basis 

for computer simulation which enabled selection of the control algorithm parameters. The 

last stage of the procedure was to check the algorithm on the object. For this purpose, the 

actual elements of the control object - temperature converter (measuring element) and two 

heaters (actuators) were introduced to the virtual feedback loop of the control unit [2, 3, 4]. 

4 Control object 

He control object constitutes a rectification column. Its general view is shown in fig 1.  

 

Fig. 1. The rectification column: 1 - tank with heater, 2 - deflegmator, 3 - cooling head 

The device consists of a rectified liquid container (1), a defecator (2) placed above it and a 

liquid cooler (3) located on top of the cooler of the liquid to be obtained. For the 

distillation/rectification process to occur, it is necessary to provide heat from the heater 

installed in the tank (1). The core of the column's operation is based on the use of cross-

flow contact of the liquid freely flowing downwards the deflegmator with the vapors of the 

rectified mixture. Inside the deflegmator, there are structural elements that increase the 

surface contact of the liquid with the siad vapors. During the process, about ¼ of the liquid 

volume is directed for collection.   
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5 Simulation model of the control object 

The preliminary stage of the development of the control object model was the experimental 

determination of the step response. For this purpose, the tank was filled with the liquid to 

be rectified (35 dm3). Next, the voltage applied to the 4000 [W] heater was increased which 

created an enforcement. The reaction of the object to that enforcement in the form of a 

change in the temperature of the rectified liquid T is the desired step response (fig. 2) [2, 3, 

4, 5].  

 

Fig. 2. Step response of the control object 

 

The obtained process (Figure 2) was the basis for the development of the transmittant 

simulation model G (s), and it is expressed by the dependence 1. 

  
13100

1
0207,0




s
sG        (1) 

where:  s –  Laplace’s operator. 

6 Model of control system in the computer simulation 

On the basis of the object model (dependence 1) a simulation model of the control system 

was created. It was the basis for computer simulation which allowed the control algorithm 

to be selected. In the Matlab-Simulink environment, 2 versions of the control system were 

implemented - in configurations with Relay and PID controllers (fig. 3) [6, 7]. 

 

Fig. 3. Block diagram of the integrated simulation models of the control systems with the Relay and 

the PID controllers 

The significance of the most important functional blocks in the diagram is as follows: 

Setpoint represents a given temperature course, Controller is a regulator transmittance, fcn 

transfer and transport delay represent the control object. The diagram presents the control 

loop there is also an additional block, which is not part of the structure of the system - it is a 
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signal generator. This block simulates interfering effects. Its presence during simulation 

tests enables the analysis of the influence of the interfering signal on the quality of control. 

In addition, the following symbols appear on the diagram: kp – proportional gain, Ti – 

integration time (doubling), Td – differentiation time (advance).  

During the computer simulation, the set signal was shaped according to the algorithm that 

predicts the increase and maintenance of the liquid temperature in the column tank (Fig. 1) 

at the level ensuring the proper operation of the process. The control quality provided by 

the modeled systems (Figure 3) was determined by using the integral indexes WJS1 and 

WJS2 as assessment criteria. Where WJS1 is the integral of the absolute error of regulation 

(2), while WJS2 is the integral of the absolute value of the derivative of the control signal 

(3).  
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Where: e – regulation error,  

dt

du – derivative of the control signal, t – time,, tp – the start of 

the control time interval, tf – end of the control time interval. 

JS2 provides information on the dynamics of the control signal, while the value of the 

WJS1 indicator informs about the quality of control (the lower the value, the better the 

control quality is) [8, 9, 10]. 

The system operation was analyzed under ideal conditions (without interference) and with 

regard to the disturbing signal with a sinusoidal waveform with variable amplitude. Based 

on the conducted simulation tests, it should be stated that the algorithms of the tested 

regulators during the computer simulation ensured an acceptable control quality. In 

connection with the above, choosing an easier to implement Relay controller to control the 

process should be considered. 

7 Model of control system in the hardware simulation 

Hardware simulation confirmed the correctness of the design assumptions and proper 

operation of the control program, which involved the inclusion of the actual elements of the 

control object of the virtual control system - temperature converter (measuring element) 

and two heaters (executive elements) into the feedback loop. The system prepared in this 

manner formed a prototype of the control system. The block diagram according to which 

the hardware simulation was carried out is illustrated in Fig. 4 [11]. 
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Fig. 4. Block diagram of hardware simulation 

The nature of the hardware simulation required a transformation of the model of the control 

system which is illustrated by the diagram in Fig. 3, which would enable communication 

with the system's environment. For this purpose, the blocks representing the object model 

were replaced with input blocks (Analog Input) and Analog output (Analog Output) and 

scale blocks of input and output signals. (fig. 5). 

 

Fig. 5. Block diagram of the model in the hardware simulation 

The waveforms of signals for the system being analysed, obtained as a result of hardware 

simulation, are illustrated in fig. 6. 

 

Fig. 6. Results of hardware simulation: 1 - temperature in the tank, 2 - temperature in the defroster, 3 

- temperature in the radiator, 4 - control signal of the Relay regulator 
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By analysing the illustrated waveforms, it can be observed that the control system prototype 

correctly generated a feedback effect in regards to the control object - the temperature is 

maintained at a specific level. 

8 Summary 

The use of simulation models and the iterative procedure assuming the repetition of 

computer and hardware simulations up to the fulfillment of the prototyped system of 

conditions, made it possible to determine the initial parameters for the integration of 

elements included in the system. Computer simulation allowed the selection of a regulator. 

The hardware simulation made it possible to verify the real-time prototype of the control 

system. Using the proposed methodology, it was confirmed that the easy-to-implement 

algorithm of the Relay regulator controlling the temperature in the bioethanol production 

process guarantees its maintenance at the given level.  
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