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Turbine Output Power Settings Analysis
on the Performance of Steam Power Plants

Murtalim1, Nana Rahdiana²

Abstract---Performance of a power plant to be more effective and efficient, the turbine output power regulation

must be able to be operated with normal pressure control or sliding pressure control operating methods.

This research was obtained by conducting two analytical calculations, namely thermodynamic analysis and direct

method analysis. Process parameters needed are feed water flow, coal flow, steam flow, steam temperature, inlet

pressure, HHV and SFC. The study was also accompanied by a regression analysis test to determine the significance

level of the effect of parameters on the heat rate and also the thermal efficiency that was achieved.

Keywords---Turbine output power, process parameters, thermal efficiency, heat rate.

I. INTRODUCTION

Steam turbine as a generator drive must be controlled at a constant rotation even though the generator load changes.

Turbine rotation that varies will produce the frequency of electricity from the generator varies. One indicator of a good

quality of electrical energy is a stable frequency, for that it is necessary to adjust the turbine so that the rotation remains

constant.

More effective turbine output power settings must also be operated with normal pressure control or sliding pressure

control operating methods. Steam pressure increases with increasing load, when the load reaches 90%, the pressure reaches

the rated value, at this time the system must operate on the normal pressure control method. The turbine valve must be

fully opened or the turbine controller must be operated to accept the target load command.

The sliding pressure method is actually one type of the combined pressure variable operating method during low load,

the unit operates with a fixed value under low pressure ie when the load is between 25% to 90%. In the turbine output

power regulation system in the Ombilin power plant there is an increase in the value of the heat rate and a decrease in

efficiency when the regulatory system is changed to a sliding pressure control method. This makes the operating system of

PLTU units ineffective.

This final project research is to evaluate the performance (heat rate and efficiency) of each application of the two

methods of regulating the output power of the turbine, the factors that influence the values ​ ​ of the operating parameters

of the power plant unit installation. The results of this study are expected to be input for the turbine output power

regulation system and the process parameters of a Ombilin steam power plant (PLTU) and other power plants in order to

improve performance in the operating process.

II. LITERATURE REVIEW
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Steam turbine as a generator drive must be controlled at a constant rotation even though the load of the generator

changes, there are two methods in regulating the turbine rotation, which are normal pressure control and sliding pressure

control mode. Here's how to adjust the rotation of the steam turbine:

a. Normal / constant pressure control mode

The governor valve serves to regulate the amount of steam entering the turbine. The amount of steam that enters the

turbine is proportional to the electric power generated by the generator if the turbine works at a constant pressure and

temperature.

Steam flow rate through several valves that open simultaneously. Steam pressure control in the boiler is kept at a fixed

condition. The turbine rotation control mechanism can be seen in the following figure:

In the normal pressure control method has two control units. The first is the control of the CN turbine power which

adjusts the steam flow pressure to the load demand by adjusting the governor valve opening. And the second is the Cp

control to keep the pressure constant after the boiler (po, st) and adjust it to the demand for steam that will enter the turbine.

a. Sliding Pressure control method.

Another method used to regulate the turbine rotation is the method of regulation with a sliding pressure operation. There

are two different methods in this operation, namely:

1. Adjust the turbine output power by regulating the inlet vapor pressure and the governor valve open in a fixed position.

2. Adjust the turbine output power by regulating the incoming steam pressure and adjusting the governor valve opening.

The vapor pressure before entering the turbine blade (p1) changes according to the principle of flow capacity. In the

sliding pressure control method unit has only one control, namely CN, in the absence of pressure control the steam

pressure after the boiler is the same as the pressure before entering the turbine blade (except for

losses caused by obstacles in the pipe). CN power control measures turbine power and works directly by adjusting fuel

flow. The turbine will consume directly the amount of steam produced by the boiler.

Steam pressure in a boiler varies according to the efficiency of the steam it produces. At the same time temperature

control will keep the temperature of the steam stable.

Gambar 1. Normal pressure control
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Steam pressure increases with increasing load, when the load reaches 90%, the pressure reaches the rate value, at this

time the operating system must be moved at constant / normal pressure. The turbine valve must be wide open or the turbine

controller must be operated to receive the target load command.

Power System Performance Indicators

The power plant performance indicator is the energy (input) needed to produce one unit of electrical power output.

These performance indicators are known as:

1. Heat rate (kcal / kWh; or kJ / kWh)

There are 2 heat rate test methods, namely:

a. Input-Output Method

The input-output method is a simple, fast and inexpensive method, because it only measures the amount of coal fuel

input energy consumed during the test time, which is then divided by the amount of electrical energy produced.

There are two types of Heat rate measurements, namely:

1) Gross (Gross Plant Heat Rate-GPHR): Namely the heat rate calculated using the power output in the form of kWh

measured at the generator output terminal of the generator.

GPHR = Heat input / kW output (kcal / kWh).

2) Net Plant Heat Rate (NPHR): Namely the heat rate calculated using the power output in the form of kWh net

measured after the generator's own use.

NPHR = Heat input / Net kW output (kcal / kWh).

b. Energy-Balance Method.

The energy-balance method requires a lot of measurement of the energy conversion process and losses arising in each part

of the plant, then a complicated calculation process is carried out. But the process also has benefits that are not obtained if

we carry out testing with the input-output method.

III. RESEARCH METHODOLOGY

This Final Project Research. The method in collecting data in the field is as follows.

a. Observation Method

This method is done by observing directly to the field about the object of the Ombilin Padang PLTU, in order to get a

real picture of the processes that occur and obtain accurate data.

b. Interview Method

This technique is done by direct interview with the supervisor or technician in order to get a clearer and specific picture

about the material to be studied.

c. Literature Study Methods

Data collection techniques by reading and studying all the literature relating to the issues discussed.

Gambar 2. Sliding pressure control.
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IV. DISCUSSION

A. Testing the power plant conversion system.

In this study two test methods are used to determine the performance of a power plant, namely the thermodynamic

analysis method and the input and output method (direct method).

1. Thermodynamic analysis of PLTU systems

In theoretically determining the performance of a power plant, system thermodynamic analysis is needed. In

determining the thermodynamic analysis required various energy conversion machine process parameters, in the appendix

there are various process parameters for the PLTU system units 1 and 2. The thermodynamic analysis calculation formula

is as follows:

1. Analisa metode input-output (metode langsung)

Tabel 1. Rumus perhitungan analisa termodinamika mode sliding pressure dengan beban bruto 49,58

MW
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Performance is the ability of an equipment in an operating system, the ability we can know from the Current / electric

current used in its operation, the power generated and the efficiency of the equipment. To find out the performance of a

Steam Power Plant, we can see from the Boiler's efficiency, the efficiency of the turbine-generator, the heat rate / heat and

SFC. The methods used to determine performance include using the direct method

A. Discussion of the results of thermodynamic calculations and analysis

Based on the process parameter data and the results of the previous thermodynamic analysis calculations, tables and

graphs are obtained to analyze the performance of the sliding pressure mode at the Ombilin power plant unit 2.

B. Pembahasan hasil perhitungan dan analisa metode langsung.

Based on the process parameter data and the results of direct method analysis calculations previously obtained data tables

and graphs to analyze the performance of the application of sliding

pressure mode at the Ombilin power plant unit 2.

Tabel 2. Rumus perhitungan metode input output mode sliding pressure beban bruto 49,58 MW

Table 3. Data from the thermodynamic calculation of sliding pressured mode applications and normal pressure Ombilin unit 2 power plant system

Table 4. Process parameter data and the results of direct method calculation in the sliding pressure mode

and normal pressure system of the Ombilin power plant unit 2
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Based on the analysis of the calculation results and discussion of the turbine output power settings that use sliding

pressure and normal pressure modes, then to simplify the explanation, two summary tables of correlation between various

process parameters and performance performance in unit 2 of the Ombilin Sawah lunto Padang power plant are made.

Tabel 6 Data ringkasan hasil perhitungan analisa metode langsung aplikasi mode sliding pressure sistem

PLTU Ombilin 100 MW
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Example 1. Analysis of the graph between Heat rate vs. SFC, From the figure it is known that the linear regression

equation that is formed is the value of b is always positive (+), namely: y = 2671.5x + 2141.3, from the equation shows a

direct relationship that is the greater the value of SFC (specific fuel consumption) or the use of specific fuels in the

combustion process in the boiler it will further increase the value of the heat rate of an ombilin power plant. Value

correlation coefficient (R2) = 0.0959 indicates a weak (not significant) relationship between the two variables, meaning

that the use of specific fuels in sliding pressure mode applications hardly affects the heat value of the ratio.

The SFC value in normal pressure applications is 0.50 kg / kwh which is almost the same as the SFC value of sliding

pressure applications that is 0.52 kg / kwh.

Example 2. Analysis of the graph of the relationship between Heat vs. boiler efficiency, from the figure it is known that

the linear regression equation formed is the value of b is always negative (-), namely: y = -33,591x + 5821.1

From the equation shows the opposite relationship that is increasing boiler efficiency in the PLTU system will further

reduce the value of the heat rate, and vice versa. With the value of the correlation coefficient (R2) = 0.7524 shows a fairly

strong relationship between the two variables.

Basically boiler efficiency is a parameter of boiler work performance in each generation, many factors affect boiler

efficiency, and will be discussed in the figure and analysis below

Normal pressure Sliding pressure

Gambar 4. Grafik Heat rate vs effisiensi boiler
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1. The efficiency of boiler unit 2 decreases by 12% when the output power setting mode is changed from sliding

pressure to normal pressure mode. This reduction is said to be very large because when viewed from the

commissioning conditions in 1996 the efficiency of this boiler could reach 89.19%. This decrease can also be

caused by many things, here are the factors that influence the reduction in the efficiency of the boiler.

2. 1. The rate of clean air supplied through the air heater. Boilers must be operated with an air flow rate that is more

than the theoretical air requirements calculated based on a flue gas analysis. But too much excess air will also

result in losses due to the taking up of heat by the excess air to be carried with the exhaust gas.

3. 2. Burner factor, the function of the burner is to mix the fuel and air with the proportions appropriate for the

ignition of the fire and to maintain a continuous combustion condition that is running well. Incorrectly set burners

will result in improper mixing of air and fuel and at each loading rate will increase the need for excess air and

waste fuel so the boiler efficiency will decrease.

4. The combustion air temperature is also a factor that affects the efficiency of the boiler, combustion air temperature

can be increased by utilizing high exhaust gas temperatures through the air heater.

5. Fouling is a major factor affecting boiler efficiency. Fouling is the occurrence of deposits or crust on the surface of

heat transfer which can result in inefficiency of the combustion results resulting in high exhaust gas temperatures.

6. Slagging occurs in the coldest part of the boiler. On that surface, inorganic volatile condensate will stick and form a

deposit. In addition, the particles that melt will cool and form deposits on the coldest surface of the boiler

7. Blowdown also influences boiler efficiency.

8. Sediment formed in the tube wall on the water side can reduce efficiency and even crust can damage the tube due to

over heating. These deposits are caused by high concentrations of suspended solids and dissolved solids, which can also

cause foam formation to cause carry over. Therefore the concentration of solids must be maintained under certain

conditions, and this is done by a blowdown process, where the water is discharged out and immediately replaced by boiler

feed water. Because blowdown is water that is released in a high temperature state, this is a heat dissipator which results in

a decrease in efficiency.

9. The next factor is the use of condensate, if water vapor provides thermal energy into a process system, the heat

absorbed by the process is generally its latent heat, while the condensate that still carries heat.

Based on the results of analysis, calculations and industry visits in the field, to improve the performance of the Ombilin

power plant system it is recommended:

Effisiens
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Gambar 5. Effisiensi boiler pada saat kondisi normal pressure dan sliding pressure
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1. Periodic checks on the specification of the instrument (instrument) both on the boiler component and turbine-

generator will be able to help in achieving better thermal efficiency. Because with regular checks will make it easier to find

problems that will then be quickly resolved.

2. Minimizing various causes of boiler efficiency decline by carrying out routine maintenance and periodic repairs so

that boiler efficiency is maintained and the boiler's performance can work optimally in producing steam

3. The need for further research on the performance of the boiler by applying the indirect method (Indirect Method) in

order to find out the cause of the lower system efficiency by calculating the heat loss in each boiler component.

V. CONCLUSIONS

1. Based on the analysis of the calculation results and discussion of the turbine output power settings using sliding

pressure and normal pressure modes, it can be concluded that:

2. Ombilin Power Plant has applied the turbine output power control application with both modes, namely sliding

pressure mode which is actually one type of combined-pressure operating mode during low load, ie between the

gross load of 49.58 MW - 95.80 MW , then switches to normal pressure mode when the pressure reaches the

rated value, and the gross load is 103, 21 MW.

3. 3. There is an increase in the NPHR (net positive heat rate) value if the system setting is changed from normal

mode prssure to sliding mode prssure.

4. 4. Process parameters that affect the decreasing heat rate due to the sliding pressure mode application are the

increased flow rate of coal fuel. This increase was caused by several factors including the increased consumption

of feed water flow. The heat energy obtained from the combustion is then transferred to the feed water in the

boler to produce steam.

5. Based on the direct method analysis table data (input-output method) above it can be concluded that:

6. 1. An increase in the value of the heat rate of 1245 kcal / kwh when changing the turbine output power system

from the normal pressure mode to the sliding pressure mode, this decrease is caused by several factors including

the unpreparedness of the boiler unit in applying the sliding pressure mode by showing a 12% reduction in

efficiency. this decrease can be caused by many things such as:

7. The rate of clean air supplied through the air heater

8. Burner factor in the boiler unit

9. Combustion air temperature

10. Oul Fouling factor

11. Slagging factor
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