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Abstract: 

In this project we have developed a model for the load frequency control of solar thermal power plant. This control can be made 

fully automatic by the implementation of Supervisory Control Data Acquisition system (SCADA). This model has provided the 

automatic generation control of the plant through SCADA. The SCADA system seems to be a cost effective solution to make the 

plant automatic in order to enhance its performance. The SCADA system has the property to provide the continuous monitoring of 

the plant which is located at remote locations. The model shows how the SCADA system controls the output of the generator with 

the change in load. The SCADA system has the capability to send, receive and control the data signals from the remote site and 

their by providing continuous real time monitoring of the plant. In this project all the components of solar thermal power plant is 
controlled through SCADA system in response to the change in the load demand. A properly designed SCADA system saves time 

and money by eliminating the need of service personal to visit each site for inspection, date logging/collection or make 

adjustments. 
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INTRODUCTION: 

 

The levelised cost of electricity (LCOE) of solar power plant 

is estimated to 0.13 KWh but this estimate is going to 

decline to 0.06 KWh by 2020 with the ongoing 
developments and research which are continuously carried 

out to improve the performance of the plant. The 

concentrated solar power plant is found to be a great 

development in the field of solar energy. The concentrated 

solar thermal power plant focuses the solar radiations 

through optical device and then use these focused rays for 

the generation of steam and electricity. Concentrated solar 

power plants also have the potential to replace the fossils 

fuels. This makes the system to mitigate the climate effects. 

Furthermore development and research have been carried 

out in order to make the solar energy highly reliable. 

 
The output of the solar power plant is highly affected by the 

solar input and the weather condition that does not remain 

constant throughout. In order to minimize these effects, a 

thermal storage system (TES’s) is integrated into solar 

power plant. The second thing which has a deep impact in 

the performance of the plant is the continuously varying 

load. The change in the load demand interrupts the normal 

functioning of the plant. With the change in the load the 

speed and frequency of the plant get changed which in turn 

affects the output of the plant.  

 
This problem can be overcome by providing load frequency 

control. The load frequency control maintains a constant 

frequency in the plant even when the load is changed. This 

control can be made automatic with the implementation of 

SCADA system. The SCADA system has the property to 

collect the data from different parts of the system and then 

detecting the alarm condition, in case of any alarm condition 

it immediately responds to remove the undesirable condition 

without waiting for the call of the personal. 

 
Figure 1: solar thermal power plant with thermal storage 

unit. 

 

 Load frequency and excitation control model: 

It becomes very important to control the excitation and 

frequency of the generator for the satisfactory performance 

of the plant. The change in the frequency is the result of 

mismatch between demand and generation and becomes 

very important parameter for load control. The basic reason 

for the change in the frequency is due to variation in load 
and generation. For the satisfactory performance of the plant 

the frequency should be made nearly constant. The 

frequency is very important parameter of the system and 

depends upon the active power(Pg) generated by the system 

and independent upon the reactive power generation (Qg), 

the frequency normally varied up to 5% between no load to 

full load conditions, to control theses variations the operator 

adjust the speed of turbine by changing the governor 

characteristics. A speed governor is integrated with each 

generating unit to facilitate the speed control function. This 

control of generation and frequency is commonly known as 
load frequency control. Another important parameter of the 
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system is the bus voltage; the variation in the bus voltage 

depends upon the reactive power generated by the system 

and is independent of the change in the rotor angle. Hence 

the control of frequency and bus voltage for the change of 

load are independent of each other and are analysed 

independently. 

 
Figure 2: LF and QV control in power system 

 

SCADA system: 

SCADA is a PC based software package which enables an 

operator to monitor and control the remotely located site and 

hence improving the performance of the plant. A properly 

SCADA system makes the system economical by 

eliminating the need of service personal to visit the site for 

inspection, data collection and making adjustments 

corresponding to the changing condition to make the system 

highly reliable. A real world SCADA system can monitor 
and control a large number of I/O points. SCADA system 

can monitor and control the analog signals like levels, 

temperatures, pressures, flow rate, and motor speed. The 

system also has the control over digital signals like level 

switches, pressure switches, generator status, relays and 

motor. There also exist an intermediate layer of equipments 

between remote sensors and central computer. These 

equipments are located on the remote side and connect 

sensors and field instruments. The sensors generate the 

analog output which cannot be transmitted to the long 

distance, this brings the need to digitize and packetize the 
sensors analog signals. This task is performed by the 

intermediate layer of equipments. The data is then digitally 

transmitted via an industrial communications protocols over 

long distances to the control site. These intermediate 

instruments that perform these functions are PLC 

(Programmable Logic Controller) and RTU (Remote 

Terminal Unit). The standard industrial data communication 

protocols such as Modbus, AB-DF1 and DNP3.0 are used as 

a medium to transfer the sensor data. The data is usually 

collected at the polling rate which is assigned by the 

operator. The polling rate is assigned by the number of sites, 

amount of data at each site, the maximum bandwidth of the 
communication channel and the minimum required display 

and control time. The collected data is stored in centralized 

SQL or Oracle database by software SCADA MMI or HMI. 

This software is responsible for the generation of logic to 

perform the monitoring and controlling task. The collected 

data is then compiled and processed in such a way that the 

operator at control room can take supervisory decision to 

obtain satisfactory output from the plant. The HMI (Human 

machine interface) is a device which act as interface 

between human and machine, it is the device through which 

operator control the process and also the processed data is 
displayed to the operator through this device. This device is 

linked with the SCADA system to provide trending, 

diagnostic data and management information. This device 

has the capability to display the information graphically, or 

can display the mimic diagram. 

There are three types of data collected in the SCADA 

system: 

 

(a) Analog-used for trending 
(b) Digital (on/off)-used for alarming 

(c) Pulse (i.e. revolution of some kind of meter)-

accumulated/counted 

 

Another significant feature of the SCADA system is alarm 

handling. After receiving the data, the SCADA system scans 

the data to detect the alarm condition. Once the alarm 

condition has been detected, the SCADA system 

immediately takes one or more action without waiting for 

the call of operator. An alarm condition can be explicit-that 

is calculated by the formula based on the values in other 

analogue and digital points or may be implicit in which the 
SCADA system might automatically monitor that whether 

the values in an analogue point lies beyond the high and low 

limit values associated with the points. 

 

SCADA system in solar thermal power plant:  

The automation of the solar thermal power plant results in 

the increase of system reliability. The implementation of 

SCADA system is considered to be a cost effective solution 

for the automation of solar thermal power plant. Load 

frequency and excitation control are the most important 

controlling process in a solar thermal power plant, these 
control are modelled and analysed separately because they 

are completely independent of each other. These controls 

can be made automatically by the integration of SCADA 

system in the plant. The change in the frequency depends 

upon the active power generated by the plant and the change 

in the bus voltage depends upon the reactive power. The 

SCADA system detects the change in the frequency by the 

change in the rotor angle and then adjusts the operating 

points of the turbine in order to develop the required torque, 

so that the generator output remains constant. Similarly the 

terminal voltage of the power plant can be controlled by 

controlling excitation of the turboalternator.  

 
Figure 4: Flow chart of SCADA system 
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RESULT: 

The load frequency control reduces the oscillation in the 

frequency deviations. The AVR control reduces the 

oscillation in the terminal voltage. 

The model can be designed on SCADA system as shown in 

figure 4 
 

 
Figure 4: Solar thermal power plant model with LF and 

AVR control designed in SCADA system. 

 

SUMMARY: 

Simulation result indicates that the load frequency and 

voltage regulation reduces the oscillation of frequency and 

terminal voltage with the change in the load.  Since the real 

and reactive power from the plant depends on frequency and 

terminal voltage respectively, so the control on these 

parameter also improves the real and reactive power of the 

plant. By implementing the SCADA system on the solar 
thermal power plant, the reliability and efficiency of the 

plant get increased. 

 

CONCLUSION: 

The quality of the power supply is determined by the 

constancy of frequency and voltage. It has been stated that 

the change in the frequency has an adverse affect on the 

performance of the power plant, it is closely related to the 

real power of the plant, while the change in the terminal 

voltage is directly associated with the reactive power 

balance of the system. So we have designed a solar thermal 
power plant on the SCADA system to achieve effective and 

load frequency and automatic voltage regulation. The 

SCADA system monitors different parameter of the system 

and take supervisory action to perform LF and AVR control 

in the power plant effectively. 
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