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 Gas Engine Power Plant (PLTMG) is a power plant that uses a gas engine as 
a generator drive. Maxpower Panaran MHP produces 2x25 MW of electrical 

power which is distributed through the 20 KV Batam and 150 KV Batam-

Bintan distribution networks with the island mode of operation. Maxpower 

Panaran MHP is a power plant with 18 gas engines. There is 1 engine with 20 
cylinders and 1 generator in each engine. This plant uses Compressed Natural 

Gas (CNG) fuel with cogeneration mode of operation.  This research was 

conducted for a case study focusing on the cooling water motor pump 

protection system to evaluate the performance of the protection on the motor 
pump so that the cooling system at Maxpower Panaran can work optimally. 

One of the main protections of this system is the fuse and the Thermal 

Overload Relay (TOR). The research was conducted in December after a short 

circuit occurred in the fuse motor pump jacket water. This research was 
conducted by performing calculations and analysis based on the 

standardization of induction motor protection systems. The research was 

carried out based on calculations, the TOR rating was at a rating of 28.5A with 

the installed TOR rating at a rating of 34 A, from the results of the analysis 
carried out, the TOR rating was already above the threshold value that should 

be. Based on NEMA standardization, the calculated fuse rating is 57A with 

the installed fuse rating in the range of 25A - 35A. Therefore, a 50A fuse is 

required to maintain the reliability of the machine so that it does not blow or 
re-burn the fuse. 
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1. INTRODUCTION  

Electrical energy is one of the most basic needs to support human life in the 5.0 era. The growth of 

electrical energy demand has increased every year. Gas Engine Power Plant (PLTMG) is a power plant that 

uses a gas engine as a generator drive. PLTMG is functioned to overcome the need for electrical energy during 

the peak load because the operation of providing power is faster by producing large power but only requires a 

small space for the placement of the engine[1].  

Maxpower Indonesia’s Gas Power Plant (PLTMG) located in Panaran is one of the power plant that 

fulfill reliable electricity spply in Batam with 18 gas engines. Each engine consists of 20 cylinder and 1 genrator 

which produces 2x25 MW of electricity distributed through the 20 kV and 150 kV Batam-Bintan distribution 

networks with the mode operation is island mode. This plant uses single-fuel engine technology for power 

generation with the following fuels Compressed Natural Gas (CNG). The gas engine functions to convert 

thermal energy into mechanical energy which is converted back into electricity by the generator. Jenbacher 

engines use LEANOX method, which is a development og Lean-Mix. Engines with this method are supplied 

with a mixture of gas with surplus air to reduce emissions at the combustion stage to a minimun. The engine is 
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the Jenbacher JMS-620 NS F-L gas engine. Jenbacher has several types of engine types, for type Jenbacher 

JMS is a type with a co-generation plant mode of operation. This sype of engine not only generates electricity 

but also reused heat. The heat that is utilized is the heat form exhaust gas, lubrication system, and cooling 

system[2]. 

In the process of converting potential energy into mechanical energy before electricity is generated, 

the motor produces heat energy that continues to increase as the motor runs. In the process of converting 

potential energy into mechanical energy before electricity is generated, the engine produces heat energy that 

continunes to increase as the engine runs. Requiring a cooling tower to maintain engine stability before 

overheating occurs. In principle the cooling tower works by using an electric motor to drive a fan and circulate 

cooling water. Therefore, to maintain the effectiveness of the engine during the starting and running process, 

it is essential to ensure that there is no trip in the electrical system that supplies power to the cooling tower 

area. This requires a protection system to keep the engine optimal and reliable, preventing any disturbances on 

the engine[2]. If disturbances in the power system are not prevented and handled properly, it can damage the 

machine in operation. However, the electric power system has main protection, including the fuse and Thermal 

Overload Relay (TOR). The protection system used in the electrical system of the cooling system panaran is 

comprised of a fuse, Thermal Overload Relay (TOR), and soft starter. The cooling system is powered by a 3-

phase electric motor that drives the fan and pumps water for the cooling circulation process in the production 

plant. 

This research focuses on the cooling water pump protection system to evaluate its performance of 

protection on the motor pumo so that the cooling system at Maxpower Panaran can work optimally. In the field 

conditions encountered, the cooling system process at the PLTMG Maxpower Panaran has the potential to 

experience interference caused by continuous motor work with the start-stop engine process within 24 hours. 

These conditions cause various possible disturbances[3]. Therefore, this research also aims to research will 

then provide an overview of the three-phase induction motor used by the Jenbacher machine and analyzie the 

protection system that works on the cooling water system. Finally, the research wil evaluate the protection 

system of the cooling water motor pump used by the Jenbacher at the PLTMG Maxpower Panaran. 

 

2. METHOD  

The research conducted is a type of quantitative research that is then carried out, with calculations and 

analysis based on the standardization of induction motor protection systems. The standard used refers to the 

NEMA and NEC standards. The data analyzed is the amount of current and voltage that passes through the 

fuse. This is then compared with the capable power capacity of the fuse used. The steps taken to analyze a 

Cooling Water Motor Pump Protection System at PLTMG Maxpower Panaran Batam are shown in the 

flowchart in Figure 1.  

 
Figure 1. Flowchart 

 The data parameters utilized in this calculation are derived from calculations based on the 

standarization of the protection system, as outlined below: 

 

Table 1. Data Parameters 
Parameters Unit Symbol 

Current flowing on the motor  Amp I 

Voltage flowing on the motor Volt V 

Power factor - Cos𝜃 

Motor Power Watt P 

  

The calculation parameters to be proccessed include the following: 

 

Table 2. Calculation Parameters 
Parameters Symbol 

Nominal current In 

Fuse rating A 

TOR rating A 
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3. RESULTS AND DISCUSSION 

3.1.  3-Phase Pump Motor 

The pump motor utilized in the PLTMG Maxpower Panaran Indonesia is a squirrel cage pump motor. 

The specifications of the PLTMG Maxpower Panaran Indonesia 3-phase pump mmotor can be identified in 

Figure 2. 

 
Figure 2. 3-Phase Pump Motor Nameplate 

A review of the nameplate reveals that the motor, with a power rating of 11 kW, has two distinct 

specification ratings. A voltage analysis indicated that the motor is rated for a voltage range of 380-415V at 

PLTMG Maxpower Panaran Indonesia[8]. The specifications of the 3-phase pump motor can be identified in 

Table 3. 

Table 3. 3-Phase Pump Motor Specifications 
Certification  IEC60034 and IEC 60072-1/EN50347 

Frequency  50 Hz 

Voltage  380-415 V 

Nominal current (In)  21,8-22,8 A 

Power  11kW 

Type of Motor  3 Phase  

Efficiency  91,2% 

 

3.2.  Analiysis of Calculation 

The selection of fuse capacity and TOR used is a function of the type of motor being protected. The 

following is a summary of the results of the calculations performed to determine the appropriate fuse capacity 

and TOR values used in the PLTMG Maxpower Panaran Indonesia. 

 

3.2.1. Analysis of Thermal Overload Relay (TOR) Calculation 

The Thermal Overload Relay is one component of the protection system that is used as protection 

against overload due to the current flowing in the Thermal Overload Relay (TOR). This component serves to 

safeguard the 3-phase motor from a sudden surge in current flow. Once the nominal current of the motor has 

been determined, the appropriate fuse rating can be calculated using the following formula:  

 

TOR Rating = 125% x In…………………………………………………………………… (A) 

 

In accordance with the provisions of the National Electrical Code (NEC), It is necessary to cinsider 

the type of motor being protected when selecting the capacity of the Thermal Overload Relay (TOR). Ther 

formula indicates that the fuse capacity or rating should be 125% of the nominal current (In). The highest 

nominal current flow is obtained at 22,8 A, as indicated on the motor’s nameplate. Therefore, the TOR rating 

that must be used is: 

TOR Rating   = 125% x In 

  = 125% x 22,8 A 

  = 28,5 A 

A field observation revealed that the type of TOR utilized is Type 3RV2021-4FA10, with the 

following specifications: 

- Protected motor power  : 11 kW 

- Range rating   : 34 A – 40 A 

- Install    : 34 A 
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The data indicates that the TOR rating, with a value of 34 A, is utilized at a current passing through it 

of 28.5 A. The installed rating excedds the threshold value, as evidenced by the results of the field analysis. 

 

Table 4. Analysis of TOR Rating Calculation 

Protection 

Type 
Type 

TOR Rating (A) 

Analysis Installed Recommend 

Thermal 

Overload  

Relay  (TOR) 

3RV2021-

4FA10 
28.5 A 34 A 34 A 

  

3.2.2. Analysis of Fuse 

The fuse is designed to perform protection funsctions in the shortest possible time. In the event that 

installation of the fuse is not appropriate or that the current passing through the circuit exceeds the capacity of 

the fuse, an overload will occur. Consequently, the fuse functions to interrupt the flow of electric current by 

melting the element and breaking the circuit into an open circuit. Following the determination of the nominal 

current of the motor, the fuse rating can be calculated using the following formula: 

 

Fuse Rating   = 250% x In …………………………………………………………………..(A) 

 

 Following the provisions of NEMA, it is of the utmost importance to consider the type of motor 

being protected when selecting the capacity of the fuse. The formula indicates that the fuse capacity/rating 

should be 250% of the nominal current (In). According to the nameplate of the motor utilized in the 

Maxpower Panaran Indonesia MHP, the maximum nominal current flow is 22.8A. Consequently, the fuse 

rating that must be utilized is as follows: 

Fuse Rating   = 250% x In  

      = 250% x 22,8A 

  = 57A 

 

 The results of the analysis in Table 5 indicate that the fuse rating is 57A. The data presented above 

indicates that the use of a fuse with a current rating of 25-35 A is below the threshold value based on the 

analysis results. In the context of fuse usage, the rating applied is contingent upon the available fuse rating. 

The analysis results indicate a value of 57A, which is close to the value of a fuse rating of 50A. It is therefore 

recommended that a fuse rating be selected that is as close as possible to the threshold value to prevent the 

fuse from breaking under the effects of a very high current surge. 

 

Table 5. Analysis of Fuse Rating Calculation 

Protection 

Type 
Type 

Fuse Rating (A) 

Analysis Installed Recommend 

Fuse CLF 57A 25-35A 50A 

 

4. CONCLUSION  

1. The squirrel cage motor utilized at PT Maxpower Panaran Indonesia is a three-phase induction 

motor. The induction motor is responsible for pumping water, which is then directed to the water 

jacket, which serves as a low-temperature (LT) cooler. 

2. The three-phase induction motor is protected by several systems, including fuses and thermal 

overload relays (TOR). The function of the protection system is to prevent damage to components 

that have been affected by the fault current and to components that have not been affected by the 

fault current. This is achieved by isolating the affected components as small a distance as possible 

from the source of the fault current and by preventing the spread of the disturbance. This protection 

system is designed to protect against surges caused by: 

a. Excessive wind passing through the pump motor causing the pump RPM to spike. 

b. Start-Up Current. 

c. Under Voltage. 
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d. Electrical disturbances, such as sudden voltage drops, and failures in voltage control systems 

can create current surges. 

e. Mechanical disturbances, cylinder head leaks, or cracks in the jacket water system that cool 

the engine temperature can increase the mechanical load on the motor. 

3. The protection system utilized in the 380V 3-phase induction motor exhibits a calculated TOR 

rating of 28.5A, while the installed TOR rating is 34A. The results of the analysis indicate that the 

TOR rating is already above the threshold value that should be. The fuse protection system installed 

has a rating of 25 amperes. The field conditions indicate that the rating is incapable of withstanding 

the current surge that occurs. This resulted in the burning of some fuses, necessitating a change in 

rating to a fuse with a 35A rating. In light of the prevailing field conditions, it is evident that the 

35A rating is similarly incapable of withstanding the current surge that occurs. Some of these field 

conditions serve as the basis for calculations in accordance with NEMA standardization, resulting 

in a calculated fuse rating of 57A. In accordance with the standard, the closest fuse rating to 57A 

is a fuse with a rating of 50A. Consequently, a fuse with a rating of 50A is necessary to ensure the 

continued reliability of the machine, preventing any potential trips or fuse burning. 
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