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AB S T R A CT  

Fossil fueled power plant (FFPP) refers to a group of power generation devices that convert the 

chemical energy stored in the fossil fuel such as coal, gas, oil into thermal energy, mechanical 

energy and finally electrical energy. The main part in thermal power plant is boiler, that plays 

main role in steam generation. A boiler Turbine system provides high-pressure steam to drive the 

turbine in thermal electric power generation.  

Steam generation systems are a crucial part of most power plants. Therefore, boiler control is an 

important problem for power plants that are frequently changing load or subject to sudden load 

disturbances, which are common in current market driven electricity industry. In such 

circumstances it is required to keep the boiler operating well for large changes in the operating 

conditions, therefor, the major control objective of a boiler-turbine system is to keep the output of 

mechanical energy in balance with the electrical load demand while maintaining the internal 

variables such as drum steam pressure, temperature and drum water level within the desired 

ranges. One way to achieve this is to incorporate more process knowledge into the control system 

(Aström and Bell, 2000) In this paper general theory of boiler turbine unit (BTU) is presented, 

including the steam cycle, the control system of the plant. The equations that are used for the 

modelling of the plant are also explained. 
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1. Introduction 

A power system is designed to provide the electrical power to consumers with high quality 

characteristics.  

Connect or disconnection loads for any reason causes random fluctuations around these patterns. 

In addition, electrical energy cannot be stored in large quantities of electric energy and must be 

produced according to consumer's needs. As a result, the power system does not work in stability, 

it always tries to match power generation with the load.  

The operation of boiler turbine unit (BTU) is as follows: - First, the electrical power needed by the 

load, at the given frequency, determines the counteracting electromagnetic torque that is to be 

equalized by the actuating mechanical torque produced by the steam turbine as power at a given 

speed. So that, frequency is used to determine the generation-load balance, and indicates that, if 

the frequency is higher than nominal value, it means that the generation is greater than the load, 

and if the frequency is less than nominal value, it means that the generation is less than the load, 

and when the frequency at the nominal value, this means that the generation matches the load. 

Second, the prime mover torque is a function of the steam flow energy into the turbine, which in 

turn is a function of the steam pressure and temperature from here, the steam pressure before the 

throttle valves is used to determine the boiler-turbine energy balance. The boiler will produce 

more steam the turbine required if the throttle pressure increases, if the throttle pressure decreases 

then the boiler is producing less steam than required. When the throttle pressure is constant the 

oiler is matching the steam needed by the turbine. Third, the rate of steam produced is determined 

by the rate of burning fuel.  

Adjusting the firing rate is done by adjusting both the flow of fuel and air to maintain safe and 

complete combustion.  

Generally, any operator in a FFPU must provide two operating requirements: Generating the 

required electrical power, and at the same time, he must maintain the energy balance within the 

unit. They satisfy these requirements by BTU board instrumentation, the adequate regulation of 

generated power, main steam pressure, and drum water level. To do this, they adjust the main 

steam flow, fuel and air flows, and feed water flow.  
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The theory of boiler turbine unit is simple. Whereas consists of alternator runs by steam turbine. 

The steam is produced in high pressure and obtained by burning the fuels such as oil or gas or coal 

in boiler, the boiler also termed as "Steam Generator". This steam also supper heated in a super 

heater. This supper heated steam enters into the turbine and rotates the turbine blades. The turbine 

is coupled with alternator that its rotor will rotate with the rotation of turbine blades. The steam 

pressure after imparting energy to the turbine suddenly falls and passes out of the turbine blades 

into the condenser. In the condenser, sea water is circulated by pump which condenses the low 

pressure wet steam and becomes water [2]. This condensed water is heated by heaters and used 

again. The most variation in the design of power plants is due to the different fuel sources. A steam 

power plant continuously convert the energy stored in fossil fuels into shaft work and finally into 

electricity. [ 2]  Practically, a steam power plant cycle was suggested by Rankine cycle. In the 

Rankin cycle, the water will be as a working substance. In this cycle, water is pumped from a low 

pressure to a high pressure by a feed water pump. [3] Then the water temperature increases at 

constant pressure and it is converted to superheated steam. This steam is expanded in a turbine to 

generate work. The output of the turbine is then cooled in a condenser to the liquid state and fed to 

the feed water pump. [4]  In actual boiler turbine units, various modifications are incorporated to 

improve the thermal efficiency, hereas, input temperature and the heat of working fluid are 

increased by superheating the main steam and reheating, and regenerative heating of feed water. 

This shown in figure 1 and the changing in the thermodynamic cycle is shown in figure 2.[ 5] 

 
Figure 1. fossil fuel power unit 
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Figure 2. Temperature-entropy diagram of Rankine cycle 

  Feed water regenerative heating is carried out by kinds of heaters: economizer, deaerator, and     

closed heaters. [3]  Feed water path (points 1 through 7), and superheating takes place in primary 

and secondary super heaters at constant pressure and increasing in temperature from state 8 to 

state 9. The isentropic expansion takes place through the high pressure turbine from point 9 to 10, 

and before entering the low pressure turbine section, the steam is taken again to a superheated 

vapor condition (point 11). Finally, another isentropic expansion takes place through the low 

pressure turbine section (point 12). [4] Boiler turbine unit in power plants also are designed to 

produce heat energy for a wide range of industrial purposes - electricity generation, chemical 

processes, heating. The process is continuous and large scale. Industrial purposes of district 

heating, or desalination of water, in addition to generating electrical power. Generally, fossil fueled 

Boiler turbine units produce a huge of CO2 emissions to the atmosphere, and efforts to reduce 

these are different and well-known. [6] 

1.1 Important Notices.  

The steam-water side and combustion side are very different processes. The interaction between 

them must be carefully regulated. Bad regulation will have serious consequences. The water level 

will drop in the drum if the evaporation rate is greater than the feed water flow rate. Likewise, the 

drum level will continue to rise if the feed water flow rate is greater than the evaporation rate, and 

then overflow will occur into the super heater tubes, causing huge thermal shock. [22]  

Temperature of super-heated steam must be maintained within fixed limits to prevent thermal 

shock occurring. To ensure complete combustion, the air flow rate must be sufficient. However, 

the boiler efficiency will reduce if the air rate is excess. [23] Steam demand variations affect 

temperatures and pressures throughout the boiler. 

2. Modeling of the Boiler Turbine Unit 
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Operators in a FFPU must satisfy two global operating requirements: 

Maintain the energy balance within the unit, and generate the MW needed to satisfy the load 

demand. They satisfy these requirements by the BTG (Boiler-Turbine-Generator) board 

instrumentation, the adequate regulation of generated power, drum water level, and main steam 

pressure. To do so, they adjust the main steam flow, feed water flow, fuel and air flows    bell and 

astrom model is assumed as a real plant 160MW boiler-turbine unit and is described by a third-

order MIMO nonlinear state equation as follows: 

 ̇             
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                                                                                                    ( ) 

The state variables x1, x2 and x3 represent drum   pressure (kg/cm2), Power output in megawatts     

(MW), and fluid density (kg/m3), respectively. The inputs u1, u2 and u3 are the valve positions of 

fuel flow,  steam flow control, and feed water flow, respectively. Positions of valve actuators are 

constrained to [0, 1], and their rates of change per second are limited to the following constraints. 

   

 

Denote x =            ]T and u = [          ]T . 

The outputs of the Unit are given by: 
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The output y3 is the drum water level. αcs and qe  are the variables of steam quality and 

evaporation rate (Kg/s), respectively, and they are given by: 
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The linear control design for the unit in the paper takes the linearized model at the operating point  
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The result of the linearization is as follows: - 

    = 𝐴  (𝑡) + 𝐵  (𝑡) 
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Then, a simple algebraic operation with Laplace transform gives transfer functions as follows: 

Y(s) = [C (sI − A) −1B + D] U(s) 

  Y(s) =  [
           
           
            

] ( ) 

Then the linearized model is given by following transfer function matrix G(s) 
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3. Results and Simulation  

The optimal control based on optimal filtering work of Wiener [10], reached maturity in the 1960s 

with the introduction of the Linear Quadratic Gaussian control (LQG). For the synthesis of the 

LQG control, it is necessary to obtain a linear model that represents the process about a given 

operating point. The procedure of MIGO (M – constrained integral gain optimization) is similar to 

that of Ziegler-Nichols method. Generally the time constant for this method is obtained by 

equations given by Aström and Hägglund [1] [2]. In this paper AMIGO method is implemented 

using the sisotool in the MATLAB/Simulink, Fig. (4), Fig. (5), shows the system response to the 

technique  LQG, MIGO respectively. 

 

Fig 3 . Centralized control using a unity feedback control structure 

 

Figure 4. Responses of system from nominal operating point to a near operating point. 
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Figure 5. Responses of system from nominal operating point to a near operating point. 

The nonlinearity of a boiler-turbine unit was analyzed in this paper. It was shown that the unit exhibits 

severe nonlinearities, and choice of a good operating range can help avoid the nonlinearity. A linear 

controller was designed MIGO approach, and LQG compensation the single linear controller works 

well in the desired operating range. It should be noted that the analysis is for the specified boiler- 

turbine unit. General conclusions on the operation and control of a boiler-turbine unit should be made 

with caution. 
 

4. Conclusions 

This paper provides an over view of fossil fuel power plant (FFPP) configuration, design, 

components, operation, problems during operation and control technology. An additional goal of 

the paper is to investigate various techniques that improve the efficiency of BTU.  

Performance improvement in BTU takes different forms, such as reducing the operational and 

maintenance costs, reduce the fuel consumption or reducing the emission of polluting gases to the 

environment. This leads to more stringent requirements on the control systems for the processes. It 

required to keep the processes operating well for large changes in the operating conditions. One 

way to achieve this is incorporate control to meet the load demand of electrical power while 

maintaining the pressure and water level in the drum within tolerance.  

This boiler-turbine system is modeled with a multi input-multi output (MIMO) nonlinear system.   

In order to achieve a good performance, the control of the unit must be carried out by 

multivariable control strategies. In fact, the requirements to control simultaneously several 

measures with strong coupling, justify the use of any multivariable control. However, the choice of 

the model to be used for control system testing must take into account the coupling between the 

individual boiler subsystems. 

This paper has considered the real plant of boiler turbine system model which was developed by 

Bell and Astrom. The model presents a 160MW oil-fired-drum-type boiler-turbine generator for 

overall wide range simulation and could be described by a third order MIMO nonlinear state 

equation. However, the changing in the load demand from time to time produces a time delay 

between the turbine and the boiler. This time delay may result in a bad closed-loop performance 
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and undesired over shoots is obtained. In order to overcome this limitation, the conventional PID 

control was incorporated into the design. Simulation results show that multivariable nonlinear 

control introduced in this paper is well done for nonlinear boiler-turbine system.      
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