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Abstract. Cirebon Coal-Fired Power Plant Unit 1 uses an Induced Draft 

Fan (ID Fan) to regulate flue gas flow and maintain negative pressure inside 

the boiler. The current ID Fan control system still applies a blade pitch 

position mechanism with constant motor speed, resulting in high power 

consumption ranging from 2,547.9 kW to 4,311.2 kW. This condition is 

inefficient because the motor runs at constant speed regardless of changing 

load demands. This study aims to design a Variable Speed Drive (VSD) to 

control the ID Fan motor speed and analyze its impact on power 

consumption. The research was conducted using simulation with 

MATLAB/Simulink R2021a software. The VSD design consists of three 

main components: a three-phase rectifier, a buck converter-based DC link, 

and a three-phase PWM inverter, adjusted to meet the ID Fan operational 

pressure limit of 8.0 to 10.0 kPa. The simulation results show that with the 

implementation of VSD, the system pressure can be maintained within the 

safe range of 8.5 to 9.7 kPa, and the motor speed can be adjusted according 

to airflow demand. Power consumption decreased from 2,645.7 kW to 

1,273.1 kW after implementing VSD, resulting in an energy saving of 

62.1%. The application of VSD is proven to be effective in improving 

energy efficiency in the ID Fan system at the Cirebon Coal-Fired Power 

Plant Unit.  

1 Introduction 

Cirebon Steam Power Plant Unit 1 is a power plant operating with a capacity of 1 × 660 MW 

using coal as fuel. In the combustion system, the exhaust gas produced must be pressure 

controlled to ensure optimal combustion. One of the main tools used to maintain negative 

pressure in the boiler is the Induced Draft Fan (ID Fan). The ID Fan functions to suck exhaust 

gas from the boiler to the chimney. The current ID Fan control system still uses the blade 

pitch position method with a constant motor speed. Although the blade pitch position setting 

varies between 50.1% to 90.4% to adjust the air flow rate between 741.3 to 1,143.5 tons/hour, 
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the motor speed remains in the range of 996.0–999.0 rpm. This causes motor power 

consumption to remain high, namely between 2,547.9 kW to 4,311.2 kW, making the system 

inefficient because the motor speed does not follow the current load requirements. 

Therefore, a Variable Speed Drive (VSD) is needed to regulate the motor rotation speed 

based on the workload, thereby reducing electricity consumption [1]. Studies show that the 

use of VSD is more efficient compared to conventional contactor systems because it is able 

to dynamically adjust power requirements [2]. The implementation of an inverter as an 

induction motor driver can also reduce energy loss during the power conversion process [3]. 

Other analysis results show that the use of VSD on three-phase motors can reduce the average 

input power by up to 23.9% compared to conventional systems [4]. The addition of an 

inverter as a motor frequency and voltage regulator has a significant impact on saving 

electrical energy in variable load applications [5, 6]. In addition, regulating the rotational 

speed of the motor using a VSD has been proven to provide higher operational efficiency, 

especially in pump and fan systems [7, 8]. The research at PT Lestari Alam Segar shows that 

the use of VSD can save energy of 6,152.6 kWh per month [9]. Another study on the boiler 

fan system in a steam power plant showed that the use of VSDs succeeded in reducing energy 

consumption by up to 32.1% [10-11] leading to significantly higher efficiency compared to 

operation without VSD [12, 13]. In addition to energy savings, controlling motor loads with 

VSDs also extends the operational life of equipment and reduces maintenance costs [10]. 

Other research also states that the use of VSD has been proven to be able to reduce 

electrical power consumption in induction motor systems by adjusting the motor rotation 

speed to the workload [12]. Studies show that the use of VSD is more efficient compared to 

conventional systems because it is able to regulate the power and speed of the motor 

according to needs [13]. The use of a VSD allows linear control of motor speed with respect 

to frequency changes, which provides operational flexibility under varying loads [14, 15]. 

The results in [16] show that the motor with VSD is able to work efficiently at a speed of 

1,434.0–1,496.0 rpm with a frequency adjustment of 25.6–26.6 Hz. The implementation of 

an inverter in a VSD system has been proven to reduce the motor's starting current and 

minimize load surges during starting [15]. VSD plays an important role in adjusting the fan 

speed to the exhaust gas flow rate to avoid energy waste [16]. The use of VSD in the flour 

industry has been proven to be able to reduce the electricity consumption ratio from 19.1 

kWh/ton to 17.2 kWh/ton [17]. Comparative analysis shows that VSD-based drive systems 

produce lower CO₂ emissions than fixed-speed systems [16]. Motor speed controls with VSD 

has also shown to improve system efficiency and reduce excessive motor winding current 

[18, 19]. 

This study aims to design a VSD for the ID Fan motor at the Cirebon Steam Power Plant 

Unit 1 and analyze its effect on electrical power consumption. The VSD is designed to 

regulate the motor speed based on the required air flow rate. This design is expected to 

produce a more efficient system, with lower power consumption compared to conventional 

blade pitch position-based systems. The results of this study are expected to be a reference in 

the development of a high-power ID Fan motor drive system in a steam power plant unit.  

2 Overview of VSD  

A VSD is an electronic device used to control the speed and torque of an electric motor, 

particularly an induction motor, by changing the frequency and voltage of the power 

supplying the motor [15]. The basic structure of a VSD is shown in Figure 1. 
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Fig. 1. Basic structure of a VSD. 

The VSD system begins with a three-phase AC power/energy source supplying the 

rectifier unit to be converted into DC power/energy. The DC energy is then stored and 

stabilized in the DC link, which consists of capacitors and/or inductors. The inverter then 

converts the DC voltage back into AC with a controllable frequency using modulation 

techniques such as Pulse Width Modulation (PWM), allowing motor speed to be adjusted as 

needed. With this configuration, the VSD can improve energy efficiency and extend the 

lifespan of electrical equipment.  

3 Method  

3.1 Research flowchart  

This research has several stages as shown in flowchart of Figure 2 below.  

 

Fig. 2. Research flowchart. 

This research begins with data collection in the form of existing data and specifications 

of the ID Fan drive motor. After the data collection, the research will continue with 

simulation design using Matlab/Simulink software, where two simulation models will be 

created, namely the ID Fan system without VSD and with VSD. After carrying out the 

simulation design, the simulation testing is carried out by taking data from the simulations. 

The simulation results will be verified to see whether they are in accordance with the 

expectation. If the simulation results do not match, the simulation model will be redesigned; 

for the simulation results that are in accordance with the expectation, the data processing can 

be carried out. 

3.2 Data collections  

There are several data needed to design the simulation models of the ID Fan system without 

and with VSD. The required data are in the form of motor specifications and existing ID Fan 

system data as shown by Table 1 below. Using data in Table 1, simulation models accurately 

represent the ID Fan system without VSD (the existing ID Fan system) and ID Fan system 

with VSD (the proposed ID Fan system to replace the existing one) are developed.    
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Table 1. Data for simulation design. 

Parameters Value Unit 

Rated output power 4,800.0 kW 

Rated voltage 11,000.0 V 

Current 298.2 A 

Power factor 0.88 - 

Frequency 50.0 Hz 

Nominal speed 993.0 rpm 

Air flow rate 741.3 – 1,143.5 ton/hr 

Blade pitch position 50.1 – 90.4 % 

 

3.3 Simulation design  

In this stage, two simulations models are designed. The first model is the ID Fan system 

without VSD, while the second model is the ID Fan system with VSD. For the ID Fan system 

without VSD, a blade pitch position is set from 10.0%–100.0%, with reference to existing 

data of the air flow rate around 741.3–1,143.5 tons/hr. Figure 3 shows the ID Fan system 

model without VSD. 

 

Fig. 3. Simulation circuit of the ID Fan system without VSD. 

The next circuit is the ID Fan system model with VSD as shown in Figure 4. In this model, 

there are three main components, namely a three-phase full bridge rectifier, a buck converter, 

and a three-phase PWM inverter. The reference used to adjust the ID Fan system circuit with 

VSD is the similarity of the air flow rate value of the ID Fan system circuit without VSD, 

which is around 741.3 tons/hr. This value is the nominal value according to the existing data 

at a blade pitch position setting of 50% and a frequency of 25 Hz. 

 

Fig. 4. Simulation circuit of the ID Fan system with VSD. 

   
E3S Web of Conferences 664, 02005 (2025)

ISSAT 2025
https://doi.org/10.1051/e3sconf/202566402005

4



3.4 Data processing  

The data collected from the simulation series in this study includes air flow rate, current, 

voltage, and motor rotation speed, which will be used to determine electrical power 

consumption. To determine electrical power consumption, equation (1) will be used. 

 

Pinput  = √3 ×V  × I  × cos φ      (1) 

 

where: Pinput is the electrical input power of the motor (kW), V is the terminal voltage of the 

motor (V), I is the input current of the motor (A) and cosφ is the power factor of the motor 

4 Results and discussion 

The simulation results of the two models are presented in Tables 2 and 3. Table 2 shows the 

results of the system without VSD, while Table 3 shows the results of the system with VSD. 

Table 2. Simulation result data of the ID Fan system without VSD. 

Blade Pitch Position (%) Air Flow Rate (Ton/hr) Current (Ampere) Voltage (Volt) 

10.0 333.1 76.2 11,000.0 

20.0 466.1 89.3 11,000.0 

30.0 582,3 107.7 11,000.0 

40.0 665.0 129.1 11,000.0 

50.0 742.7 152.5 11,000.0 

60.0 863.5 177.1 11,000.0 

70.0 984.0 202.6 11,000.0 

80.0 1,078.0 228.8 11,000.0 

90.0 1,145.0 255.8 11,000.0 

 

Table 3. Simulation result data of the ID Fan system with VSD. 

Frequency (Hz) Air Flow Rate (Ton/hr) Current (Ampere) Voltage (Volt) 

5.0 335.0 66.9 523.8 

10.0 465.6 69.8 970.9 

15.0 580.7 87.6 2,266.7 

20.0 663.9 105.2 3,173.0 

25.0 746.2 124.2 4,355.7 

30.0 880.6 136.3 5,852.7 

35.0 995.2 169.9 7,310.0 

40.0 1,078.0 211.7 8,608.0 

45.0 1,152.0 253.9 9,761.0 

 

After obtaining the simulation results, the next step was to compare power consumption 

of the system without and with VSD at the same air flow rate. The comparison of power 

consumption shows a significant reduction in power consumption of 62.1% of the system 

with VSD compared to the system without VSD.  The variable speed drives can regulate the 

motor rotation speed based on the air flow rate required by the ID Fan, so that the resulting 

voltage changes following the changes in motor rotation speed [19]. Table 4 shows the 

comparison of power consumption of the two systems.  
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Table 4. Comparison of power consumption of the ID Fan system without and with VSD. 

Power consumption without 

VSD (kW) 

Power consumption with 

VSD (kW) 

Reduced power 

consumption (%) 

1,277.8 53.4 95.8 

1,497.1 103.3 93.1 

1,805.7 302.5 83.2 

2,164.5 508.8 76.5 

2,556.9 824.8 67.7 

2,969.3 1,215.6 59.1 

3,396.8 1,893.0 44.3 

3,836.1 2,777.6 27.6 

4,288.8 3,777.9 11.9 

Average: 2,643.7 Average: 1,273.1 Average: 62.1 

 

 

Fig. 5. Power consumption comparison chart. 

The comparison of electrical power consumption in Figure 5 shows that electrical power 

consumption of the system without VSD is significantly higher than the system with VSD. 

The average electrical power consumption of the system without VSD is 2,643.7 kW, while 

it is only 1,273.1 kW for the system with VSD, which is more than 50% saving. This proves 

that the ID Fan system with VSD can reduce power consumption with the same air flow rate 

[16]. 

Further analysis shows that the lower the percentage of blade pitch position the higher 

saving of electrical power consumption. For 10.0% - 50.0% of blade pitch position of the ID 

Fan system without VSD, the saving of electrical power consumption is around 95.8% - 

67.7% when the ID Fan system with VSD is used.  Meanwhile, for 60.0% - 90.0% of blade 

pitch position of the ID Fan system without VSD, the saving of electrical power consumption 

drops to only 59.1% - 11.9% when the ID Fan system with VSD is used. Because the existing 

ID Fan system of the Cirebon Steam Power Plant Unit 1 is frequently operated at 40% - 70% 

of blade pitch position then significant saving of electrical power consumption from 83.2% 

to 44.3% will be obtained if the ID Fan system is changed to ID Fan system with VSD.  

5 Conclusion 

This research successfully designed and simulated the application of Variable Speed Drive 

(VSD) on the ID Fan drive motor in Cirebon PLTU to reduce electrical power consumption 

and increase system efficiency. The simulation results show that the ID Fan system with VSD 

can regulate the motor speed according to the required air flow rate. The average power 
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consumption of the system without VSD was 2,643.7 kW, while it decreased to 1,273.1 kW 

after the VSD is installed, resulting in energy savings of 62.1%. These results prove that the 

application of VSD is effective in increasing energy efficiency in the electrical system in the 

steam power plant. 
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