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Abstract— The importance of renewable energy sources and studies carried out on this subject for our world increases with 
each passing day. In recent years, the number of geothermal power plants (GPP) around the world and Turkey increases 
rapidly. The prototype and automation of a geothermal power plant were performed in this study. The controls of the prototype 
were provided using PLC (Programmable Logic Controller) and SCADA (Supervisory Control and Data Acquisition), which 
are used in many systems and geothermal power plants. The operation conditions of a real geothermal power plant were 
created in an SCADA environment. The steam flow rate, revolution per minute (rpm), steam pressure and the level of water 
were measured and controlled on the prototype. How the changes in the steam flow rate (steam pressure) and rpm affect the 
voltagewas observed. The prototype made can be used as a training material in PLC-SCADA and Energy Production subjects. 
 
Index Terms—Geothermal power plant, PLC, SCADA 
 
I. INTRODUCTION 
 
The amount of energy consumption around the world 
gradually increases depending on developing 
technologies and rapid industrialization. The rapid 
population increase in the world takes the energy 
needed to higher levels. Furthermore, in 2007, the 
Energy Information Administration expressed that 
fossil fuels made up 86.4% of primary energy sources, 
and these fossil fuels cause permanent damage to the 
environment and lead to environmental pollution. The 
share of world energy sources in electricity production 
in 2015 is shown in Figure 1.1 [1]. 

 
Figure 1.1.Electric production in the world in 2015. 

 
Fossil-based energy sources are the primary cause of 
climate changes as a result of the high rate of carbon 
dioxide they emit to the environment, and they 
threaten the future of the world. The recent energy 
crisis in the world and negative effects of the energy 
sources used on the environment led to heading 
towards other alternative energy sources. According to 
the report of the Energy Agency, only 5% of the world 
total electric production in 2012 was produced from 
non-hydropower renewable energy sources. It is 
estimated that this share will become 14% in 2040 
[1,2].  Studies on energy sources such as solar, wind, 
hydrogen, geothermal and biomass, which are called 
alternative and clean energy increase with each 
passing day.Geothermal energy has a different place 
among alternative and renewable energy sources. 

Geothermal energy, which is one of renewable energy 
sources, is obtained from the hot water, steam and 
gases containing chemicals, which are formed by the 
heat that is accumulated in various places and depths 
of the earth crust. Geothermal energy includes direct 
or indirect benefiting and using this geothermal source 
or sources and the geothermal energy generated by 
them. Geothermal energy is a new, renewable, 
sustainable, inexhaustible, cheap, reliable and 
environment-friendly type of energy [3].  
In general, it is possible to divide the areas of use of 
geothermal energy into two as direct and indirect use. 
The direct areas of use are greenhouse heating, district 
heating, industrial use, agricultural product drying, 
etc., while the indirect use of geothermal energy 
occurs via electricity production by means of 
geothermal energy. 
25 countries in the world produce electric energy from 
geothermal energy. In 2015, the share of geothermal 
energy in the world electricity production is 4 ‰ [4].  
The use of geothermal energy in electricity production 
has gained speed since the 90s. It is provided for that 
this capacity that reached the value of 12635 MWe in 
2015 will become 21443 MWe in 2020. The energy 
produced is 73549 GWh as of 2015. The world 
geothermal electricity production amounts by years 
are shown in Figure 1.2, and the installed capacity 
values by years are shown in Figure 1.3 [5]. 
 

 
Figure 1.2. 1950-2020 world geothermal energy Production. 
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Figure 1.3.Forecasting of the installed capacity in 2020. 

 
In Table 1.1, the list of top five countries that produce 
electricity from geothermal energy around the world 
as of 2015 is presented [6,7]. 
 

Table 1.1.Countries producing electricity from geothermal 
energy. 

 
 
Table 1.2 and 1.3 show top five countries that have 
exhibited the highest increase in MWe in absolute and 
proportional terms since 2010 until now, respectively.  
 

Table 1.2 Top fivecountriesfortheabsoluteincrease in MWe 
since WGC2010. 

 
 

Tablo 1.3.Top fivecountriesforthe % increase in MWe since 
WGC2010. 

 
 
Geothermal power stations are classified as binary, 
back pressure, single/double/triple flash and dry steam 
by their mode of operation.The installed capacities in 
MWe and the rates in percentage by the energy 
produced according to the standard Geothermal 
Energy Station types are shown in Figure 1.4 and 1.5. 

 
Figure 1.4. Installed capacity in MWe for each plant typology 

(total 12,6GWe). 
 

 
Figure 1.5.Produced energy in % from each plant typology. 

 
An evaluation of the literature shows that studies 
regarding GPPs generally focus on topics such as 
improvemet potential of the GPPs, thermo-economic 
analysis of the GPPs, performance measurement of the 
GPPS and so on [8-10]. We were able to identify in the 
literature two study which modeled a GPP based on 
PLC and SCADA [11,12]. 
 
II.  WORKING PRINCIPLE OF A 
GEOTHERMAL POWER PLANT 
 
The operation principles of dry steam, flash steam and 
binary type geothermal power plants mentioned in the 
first section will be explained briefly. 
 
Dry steam is sent to a condensed turbine by passing 
through a steam filter taken from the well in GPSs. 
Mechanical energy obtained from the turbine is 
converted into electric energy with a turbine 
connected generator. A natural or mechanic cooling 
tower was used in addition to the condenser [3]. 

 
Figure 2.1.Drysteam GPS 

 
In flash steam type power stations, the geothermal 
fluid first comes to the separator. The liquid and steam 
phases are separated here. The steam phase produces 
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mechanic energy from the steam turbine with the 
kinetic energy of the steam. The rotten steam from the 
turbine condenses with the cooling tower and 
condenser. Then, it is pumped to the injection well by 
turning into the geothermal fluid liquid phase. 
 

 
Figure 2.2.Flash steam GPS 

 
The binary technology was developed in order to 
produce electricity from medium-low temperature 
(70-150 °C) geothermal sources and regain the waste 
heat by increasing the use of thermal sources. The 
simplified schematic representation of binary systems 
is shown in figure 2.3. These systems use a secondary 
fluid with a high steam pressure at low boiling 
temperatures. The fluids that are widely used at 
Geothermal Binary stations are isopentane [CH3-CH 
(CH3) -CH2-CH3], isobutane, pentane and R-114 
fluids. 
 
In the first cycle, the geothermal fluid with low 
temperature from the geothermal production well 
makes heat transfer by passing from the heat 
exchanger. It is pumped into the injection well. In the 
second cycle, the secondary fluid that passes through 
the heat exchanger rises up to the steam pressure at 
high temperature with the heat transfer of the 
geothermal fluid. The kinetic energy of this steam 
creates mechanic energy in the turbine. The mechanic 
energy in the turbine is turned into the electric energy 
in the generator. The rotten secondary fluid steam 
from the steam turbine turns into the liquid phase with 
the condenser. The second cycle is completed in this 
way [13,14]. 
 

 
Figure 2.3.Binary GPS 

III. APPLICATION 
 
The prototype of a geothermal power station was 
made. A system that represents a real GPP by 
simplification was designed due to financial and 
physical restraints. The system established is 
controlled by PLC and SCADA. The equipment used 
in the system will be briefly presented. 

 
Figure 3.1.General overview of the prototype. 

 
A. Steam Boiler 
The steam boiler of a steam boiler iron was used in 
order to obtain the steam used in geothermal power 
stations. Steam of particular pressure values was 
obtained by heating the water at particular levels. 

 
Figure 3.2.Iron with steam boiler. 

 
B. Proportional Valve 
The duty of the proportional valve is to proportionally 
(0-100%) adjust the amount of steam sent to the 
microturbine/alternator. The operating voltage is DC 
24 V,the analog control signal is 0-10 V. The rotation 
angle is 90°, and the diameter is ½ inches. 

  
Figure 3.3.Proportionalvalve 

 
C. Microturbine&Generator 
This micro-scale part acts both as a turbine and a 
generator. The structure of the wheel that the steam 
hits and the windings we take our output power are of 
a compound structure, in addition to having insulating 
materials between. A metal part that is attached to the 
wheel was added by changing the micro-turbine 
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structure. Hence, the revolution of the wheel can be 
measured with the help of a propeller and inductive 
sensor that we added to the end. Also, the output 
voltage was converted to 3 phases from 2 phases by 
removing the inverter it included, and it was ensured 
that it gave AC output. 

 
Figure 3.4.Micro alternator 

 
D. Inductive Sensor 
The inductive sensor creates an electromagnetic field. 
The metal or magnet approached to this field senses 
the presence of the object without contact. The output 
signal is produced due to the magnetic field together 
with the object perceived. The output signal can be 
assessed and monitored by PLC. The objective of 
using the inductive sensor is to measure rpm of the 
microturbine. A two-wind propeller was placed to the 
end of the micro-turbine by mounting a metal bar 
(shaft) to the wheel of the micro-turbine. The propeller 
at the end of the wheel turns simultaneously with the 
wheel. The metal part at the end of the propeller gives 
output signal by passing through the perception 
distance of the sensor each time it takes a tour. This 
signal that is sent to PLC is assessed with the help of 
HSC (High-Speed Counter). 

 
Figure 3.5.Inductivesensor 

 
E. Pressure Sensor 
It was used in order to measure the steam pressure in 
the system. The measurement range is 0-10 bars. It 
sends the current signal to PLC by turning the pressure 
values changing with the increase or decrease in the 
steam pressure into analog signals between 4 and 20 
mA, and thus, it can make theinstant measurement. It 
operates with the piezoresistive effect. 

 
Figure 3.6.Pressure sensor 

F. Water Level Sensor 
Hydrostatic water level sensor makes the level 
measurement with the hydrostatic pressure it applies 
to the ground within the part where the water is 
present. It sends the current signal to PLC by turning 
the pressure values changing with the increase or 
decrease in the amount of water into analog signals 
between 4 and 20 mA, and thus, it can make theinstant 
measurement. It was used in order to measure the 
amount of water in which the steam was obtained. It 
was placed inside the steam boiler. 

 
Figure 3.7.Hydrostatic water level sensor 

 
G. Led strip 
0.5 m led strip was used in order to show the electric 
power we obtained from the hot water steam with the 
help of the turbine generator. 

 
Figure 3.8.Led strip 

 
H. PLC 
Siemens S7-1200 CPU 1215C DC/DC/DC 
brand/model PLC was used for the control of the 
system. This PLC has 100 KB of memory, and 14 
digital input (DI), 10 digital output (DO), 2 analog 
input (AI), 2 analog output (AO). The external analog 
signal module (SM) Al was used as the level and 
pressure sensors have the current output, and the Al of 
PLC is of voltage type. The external SM AO was used 
as the AO of PLC has the current output, and the 
control of the proportional valve is of voltage type. 

 
Figure 3.9.S7-1200 1215 DC/DC/DC PLC 

 
IV. EXPERIMENTAL STUDIES 
 
The prototype of a GPS was established by using the 
equipment explained in section 4. All parts and 
situations in a real GPP do not exist on the prototype. 
However, the main parameters and conditions were 
formed. Certain operating conditions that do not exist 
on the prototype were representatively shown on the 
SCADA screen. The SCADA screen was designed 
very similar to the SCADA screen of a real GPS. 
Two digital outputs (Q0.0 and Q0.1) were used for the 
heat and steam control in the geothermal station 
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prototype made. 24V DC contactors are connected to 
these outputs. The piezoresistive pressure sensor and 
hydrostatic water level sensor were connected to the 
analog inputs (IW96 and IW98), the analog output 
(QW112) of the proportional valve PLC. The 
inductive (rpm) sensor was connected to the digital 
input (I0.1) together with the HSC (High-Speed 
Counter) function of PLC. The heater is activated with 
the starting of the system, and the steam unit is 
activated 5 minutes later. At first, the proportional 
valve is kept open at the rate of 5%. (In order to 
observe the steam output and prevent excessive 
pressure) The proportional valve is opened at the rate 
of 80%. 4 minutes after the activation of the steam 
unit. Energy is produced by means of the steam sent to 
the turbine generator at the valve span of 80%, and the 
LEDs light up. At this valve span, it reaches 760 
rev/min, which is determined as the nominal rpm for 
the turbine. Rpm and the changes in the voltage 
produced were measured by changing the valve span 
rates from the SCADA screen at intervals of 10% 
each. Furthermore, the valve span rate is automatically 
adjusted according to the changing load status in order 
to keep rpm and voltage stable with PLC ladder and 
SCADA software. 
SCADA consists of three screens, being the Main 
Screen, Control Screen, and Alarm Screen. The 
control screen includes the start and stop buttons, 
proportional valve span adjustment buttons at intervals 
of 10% between 0% and 100%, pressure, temperature, 
water level, rpm and valve span rate indicators. The 
values of these parameters can be changed from the 
SCADA screen. Three different rpm, being 640, 760 
and 880 rev/min were determined representatively for 
rpm.At 760 rev/min, the proportional valve is kept 
open at a rate of 80%, and it is opened at the rate of 
70% at 640 rev/min, and 100% at 880 rev/min. Thus, 
the change in the amount of the steam transmitted to 
the turbine in the changes of rpm in real systems was 
shown. 

 
Figure 4.1.SCADA control screen 

 
The “overpressure”, “low pressure”, “overheated”, 
“excessive water level” and “low water level” alarms 
were defined on the alarm screen. 5 bars were 
presumed as the limit value for over pressure, 2 bars 

for low pressure, 150 °C for overheated, and 30 cm 
and 10 cm were presumed as the limit values for 
excessive and low water levels. The relevant alarms 
come to the screen when the limits are exceeded. 
When an alarm comes, the system is stopped 
automatically. The alarms disappear from the system 
when they are reset and approved by the operator. 

 
Figure 4.2.SCADA alarm screen 

 

The change in rpm and voltage at the valve intervals 
between 0% and 100% at intervals of 10% was 
graphically shown in Figure 4.3 and 4.4.Rpm and 
voltage value are zero up to the valve span of 25%. 
880 rev/min rpm and 7.2 V voltage were obtained at 
the valve span of 100%. The rpm graph is relatively 
linear. The change in the voltage value at the valve 
spans between 60% and 100% is less when compared 
to the change between 25% and 60%. These data and 
the graphs show how the steam flow rate, rpm and 
voltage vary. The elements used here are much smaller 
that the elements used in a real GPP. Thus, it may not 
be expected that flow rate-rpm and flow rate-voltage 
graphs are found to be very similar. However, it still 
provides a point-of-view. 

 
Figure 4.3.Relationship between the valve span rate and rpm. 

 
Figure 4.4.Relationship between the valve span rate and 

voltage. 
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CONCLUSION 
 
In this study, the prototype of geothermal power 
stations that increase in number with each passing day 
in the world was made, and it was controlled with 
PLC-SCADA. In the project, it was attempted to 
simulate a geothermal power station both physically 
and in terms of the software. The prototype was set as 
a physically small platform (140x70mm) as it was 
considered to be used as a training material, as well. 
The prototype was designed based on the relationship 
between the steam pressure and rpm/frequency and the 
voltage, among the main parameters of a real GPS. 
Many other complex processes in real GPSs were 
disregarded due to financial and physical constraints. 
The real initial conditions were shown 
representatively only on the SCADA screen. Despite 
these restrictions, these main parameters in the 
prototype were simulated realistically physically and 
in terms of software. 
When the proportional valve span was 25%, it was 
observed that the micro-alternator started to turn, 
when the valve span was 100%, rpm was 880 rev/min, 
and the voltage values were 2.3V and 7.2V at the same 
valve spans. These values help to understand the 
relationship between the flow rate-rpm (frequency) 
and voltage in GPPs together with other intermediate 
values. 
This project will contribute significantly to the 
laboratory training by observing the operational logic 
of a geothermal power plant by means of being used at 
universities and schools rendering vocational and 
technical training. The prototype can be used as a tool 
for training at lessons such as Energy Production, 
Industrial Automation, Electric Machines, etc. 

The prototype made is open to the improvement 
physically and in terms of software. It is aimed to 
conduct studies that will reduce the constraints of the 
system in future studies. 
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