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Abstract: Steam power plant (PLTU) is a machine that can convert chemical energy from fuel into heat energy 

that is transferred into a boiler filled with water so that it becomes kinetic energy in steam, and then the steam is 

used to move the piston back and forth, then rotate the crankshaft then rotating the generator so that it produces 

electricity. This study aims to produce a prototype of steam power plant product that can be used as a practicum 

tool for students so as to improve students' scientific knowledge and thinking abilities in learning energy 

conversion machines. This research was conducted in two stages, namely (1). Design and manufacture of mini 

steam engine components, (2). Testing a prototype of a mini steam engine is to determine the output power, heat 

rate and thermal efficiency. 

Based on the results of research conducted, that the mini PLTU prototype can produce electrical energy 

so that it can be used for media for practicum in mechanical engineering students, is especially in energy 

conversion and steam engine courses. Analysis of the performance of a mini steam engine obtained the highest 

output power occurred at 1113.36 rpm with 14 units of lamp load with a value of 0.000302 kW; The highest 

heat rate occurs at a steam temperature of 107.4 
o
C with a heat rate of 9877,456; and the highest thermal 

efficiency occurs at a steam temperature of 97.6 
o
C with a thermal efficiency value of 1.470%. 
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I. Introduction 

Steam boiler is a device used to convert water into steam by heating, where the heat source comes from 

the combustion of fuel in the combustion chamber.[2]Steam is produced directly using heat generated from the 

combustion of solid, liquid, gas, heat energy, electricity or nuclear energy. In the process of rising, temperatures 

or combustion is based on the principles of thermodynamics and heat transfer caused by temperature 

differences, from low temperatures to high temperatures. Steam production must be able to meet the needs of 

the factory, 

Therefore every component of the boiler must be in good condition. For this reason, an evaluation of 

the work performance of the boiler needs to be done, especially to find out the efficiency of the steam boiler.[1] 

Boilers as a source of process energy is a system of equipment that is widely used in small and medium 

industries to the class of power plants engaged in the processing and generation that produces steam boiler is a 

device that is usually used for the process of boiling or cooking, sterilizing, refining, drying and so on.[3] 

Research in the development of instructional media is also often done in an effort to find alternative 

solutions to problems in learning. The use of instructional media in the learning process can arouse new desires 

and interests, arouse motivation and stimulation of learning activities and even bring psychological influences 

on students. The use of instructional media will greatly assist effectiveness in the learning process as well as the 

delivery of messages and lesson content so that it can help students improve understanding because it presents 

interesting and reliable information.[4] 

Practicum activities are carried out in providing learning experiences to students, so that students can 

interact with lesson materials and observe symptoms directly that occurs on the mini steam engine test 

equipment. Practical activities in the laboratory can improve student skills when used efficiently, because with 

practice, students can understand subjects that require concrete appreciation by doing real activities through 

practice.[5]    

In this study the authors made a prototype of a mini Steam Power Plant (PLTU) that uses LPG gas fuel 

as the main fuel to boil water in a mini boiler (Freon tube) to produce steam. 

Steam produced from the boiling process is channeled to the steam engine to drive the piston on the 

mini steam engine through a regulator and hose connected from the boiler to the mini steam engine which 

will then turn the generator to produce electrical energy.[7] 
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II. Basic Theory  
2.1 Cycle of Steam Power Plants (PLTU) in general 

Electricity generation is a process of changing the form of energy into another form of energy 

where the product is in the form of electrical energy.[9] PLTU converts chemical energy from fuel into 

heat energy which is transferred to water filler 

 

The energy form above its position / existence as follows: 

a. Chemical energy, contained in fuel 

b. The heat energy occurs in the reaction /combustion process, heat is transmitted to the wall of the boiler 

pipe, the boiler receives water as an energy booster. 

c. Kinetic energy, steam energy changes the speed function of pushing the blades turning the turbine shaft. 

d. Mechanical energy is the concentration of energy located on the axis of the turbine shaft. 

e. Electric energy, turbine shaft rotation is passed on to the generator shaft to produce electricity. 

 

 
Figure 1. Cycle Chart of General Power Plant (PLTU) 

 
As it is known to realize the energy transformation in various main components of the Steam Power 

Plant, an intermediate fluid called a working fluid is needed. The working fluid used in the Steam Power Plant is 

water.As an intermediary, the working fluid will flow through some of the main components of the Steam Power 

Plant in a closed cycle, as shown in Figure 1. During passing through the closed path, the working fluid undergoes a 

change in from water to steam and then to water again. Therefore the working fluid cycle can be separated into two 

systems, namely the steam system and the water system.[3] 

 

2.2 The cycle of the Steam Power Plant investigated by the author 

PLTU converts chemical energy from fuel into heat energy which is transferred to fill water so that 

it becomes kinetic energy in steam which is then used to move the piston back and forth, from the rotation 

of the crankshaft shaft to move the generator to produce electrical energy. The form of energy above its 

position / existence is as follows: 

a. Chemical energy is present in the fuel. 

b. The heat energy occurs in the reaction / combustion process, heat is transmitted to the wall of the boiler 

pipe, the boiler water is received as heat energy. 

c. Kinetic energy or steam energy changes the speed function to push the piston to turn the crankshaft. 

d. Mechanical energy is the concentration of energy that is located on the axis of the steam engine. 

e. Electric energy, the rotation of the steam engine shaft is transmitted to the generator shaft to produce 

electricity. 

 

The cycle chart of the mini Steam Power Plant investigated by the author is shown in Figure 2. [7] 
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Figure 2. Cycle Chart of Steam Power Plantof Design Results 

 

2.3 Performance Parameters of Steam Power Plants 

The formula for the output power of a mini steam engine is shown in the following equation.[6] 

P = V 𝑥 𝐼        (1) 

With: 

P = Electrical power (Watt) 

V = Electric dynamo output voltage (Volt) 

I= Output current (Ampere) 

The heat rate formula of a mini steam engine is shown in the following equation.[8] 

Heat Rate =
Heat  goes  in  from  the  boiler   (

𝑘𝐽

ℎ
)

Electricity  comes  out  of  the  generator  (kW )
(2) 

The thermal efficiency formula of a mini steam engine is shown in the following equation.[8] 

𝜂𝑡ℎ  =  
3600

Heat  Rate
𝑥 100%         (3) 

 

III. Research Methods 
The study was conducted using an experimental method with a mini-scale experimental design using a 

set up of mini steam engine equipment. The prototype form of the mini steam engine that the author has made is 

as shown in figure 3.  

 

 
Figure 3: Prototype of a mini steam engine 

3.1 Research procedure 

The procedure of this research is divided into two, namely the process of designing and manufacturing 

prototypes, and the testing process of a mini steam engine prototype. The procedure of collecting research data 

is as follows: 

1. Making a table to record the test results. 

2. Preparing and installing all research installations along with the measuring instruments used. 

3. Turning on the LPG stove to heat the boiler until the steam pressure on the boiler reaches 60 Psi. 

4. Conducting steam pressure data collection on the boiler (constant 60 Psi). 

5. Taking data on steam temperature. 

6. Performing data collection of no-load mini steam engine rpm with a 12 Volt electric dynamo load, and 

lamp load. 

7. Retrieving voltage dataand electric current. 

8. Processing research data obtained. 

9. Analyzing the research data obtained to determine the output power, heat rate and thermal efficiency. 
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10. Drawing conclusions from the results of research conducted. 

 

3.2 Installation of Research Tools 
In this study the testing tool used was a mini steam engine. In this study the testing tool used was a 

mini steam engine. The design of a mini steam engine installation that is the object of the author's research is as 

shown in Figures 4 and 5. 

 

 
Figure 4. Installation of a mini steam engine and boiler 

  

Image description 4 mini steam engine research installation: 

1. Mini Boiler  

2. Pressure gauge 

3. Valve 

4. Hose 

5. Mini Steam Engine 

6. Electric dynamo 

 
Figure 5. Installation of the research process of a mini steam engine 

 

IV. Results and Discussion 
4.1 Data of Research Results 

Research by designing and manufacturing as well as testing of the mini steam engine was obtained 

from the prototype of the mini steam engine and the results of testing the prototype of a mini cash machine. This 

test is carried out to get data of vapor pressure (P), steam temperature (T), mini steam engine rotation (rpm), 

voltage (V), and electric current (I). In order to obtain research data as shown in tables 1, 2 and table 3 
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Table 1. No load test data 

Steam Pressure Steam Temperature Speed machine 

60 Psi 110,3
 o
C 1937,3 rpm 

 

Table 2. Testing data with a 12 Volt electric generator load 

Steam Pressure Steam Temperature Speed machine Electrical voltage 
Electric 

current 

60 Psi 109.7
o
C 1742.5 rpm 12 Volt 12,5 mA 

 

Table 3. Testing data with LED lamp loads 

Lamp load (unit) 
Steam 

Temperature(
o
C) 

Speed 

machine(rpm) 

Electrical 

voltage(Volt) 

Electric 

current(mA) 

14 97.6 1113.36 30.8 9.8 

12 98.9 1128.73 26.4 10.7 

10 101.4 1148.44 22.0 10.3 

8 105.7 1152.34 17.6 11.5 

6 106.8 1170.4 13.2 10.4 

4 107.4 1190.54 8.8 9.2 

 

4.2 Discussion of Research Results 

Based on tables 1, 2 and 3, the prototype design of a mini steam power plant can operate properly and 

can produce electrical energy. Besides that the prototype of mini steam power plant can facilitate students in 

understanding learning material and can be used by lecturers as a demonstration tool to facilitate and clarify the 

delivery of learning materials for energy conversion machines and steam engines. 

In this study the pressure needed to move or spin the mini steam engine that has been made requires a 

steam pressure of 20 Psi, and to drive a mini steam engine with normal steam pressure required of 30 Psi. But in 

taking data to get the power of a mini steam engine with a dynamo load of 12 volts and 14 lamps, the writer sets 

the steam pressure constant 60 Psi then the writer measures the temperature of the steam with a digital 

thermometer and measures the rotation of the mini steam engine using a tachometer and then measures electric 

current generated by using a digital multi-tester. 

Based on the mini steam engine testing data with the lamp load in table 3, then data processing is 

performed to obtain the mini steam engine output power data, heat rate data, and thermal efficiency data of the 

mini steam engine as shown in table 4. The data processing is done using equations contained in the 

performance parameters of steam power plants. 

 

Table 4. Data calculation results of output power, heat rate and thermal efficiency 

Lamp Load (unit) Output Power (kW) Heat Rate Thermal efficiency (%) 

14 0.000302 2448.218 1.470 

12 0.000282 2664.179 1.351 

10 0.000227 3436.650 1.048 

8 0.000202 4069.925 0.885 

6 0.000137 6084.401 0.592 

4 0.000081 9877.456 0.364 

 

From the data from the calculation of the output power, heat rate and thermal efficiency of the mini 

steam engine then made in the form of a graph as shown in figures 6, 7, and 8. 
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Figure 6. Graph of lamp load VS output power 

 

Based on Figure 6 it can be concluded that the more lamp load is given, the output power produced by 

the mini steam engine is increasing. The lowest output power occurs at 4 units of lamp load with a value of 

0.000081 kW, while the highest output power occurs at 14 unit lamp load with a value of 0.000302 kW. 

 
Figure 7. Temperature graph VS heat rate 

 

Based on Figure 7 it can be concluded that the temperature of the steam or heat entering the boiler 

affects the value of the heat rate produced, the higher the temperature of the steam, the greater the heat rate 

produced. The lowest heat rate occurs at a steam temperature of 97.6 
o
C with a value of 2448,218 and the 

highest heat rate occurs at a steam temperature of 107.4 
o
C with a value of 9877.456.  

 

 
Figure 8. Temperature graph VS thermal efficiency 

 

Based on Figure 8, it can be concluded that temperature affects the value of the heat rate, the heat rate 

affects the value of thermal efficiency, the lower the value of the heat rate produced, the higher the value of 

thermal efficiency. The lowest efficiency occurs at a steam temperature of 107.4 
o
C with a thermal efficiency 

value of 0.364% and the highest thermal efficiency occurs at a steam temperature of 97.6 
o
C with a value of 

1.470%. 
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V. Conclusions 
The prototype of a mini steam power plant can produce electrical energy so that it can be used for 

practicum media for mechanical engineering students, especially in energy conversion and steam engine 

subjects. Based on the analysis of performance on the mini steam engine, the highest output power occurs at 

1113.36 rpm at a 14 unit lamp load with a value of 0.000302 kW; The highest heat rate occurs at a steam 

temperature of 107.4 
o
C with a value of 9877.456; and the highest thermal efficiency occurs at a steam 

temperature of 97.6 
o
C with a value of 1.470%.  
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