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ABSTRACT  

Issues related to energy sustainability and carbon emission reduction are continuously being concerned 

by the Government of the Republic of Indonesia. Various efforts and programs have been launched to 

achieve targets of the related issues. As known that energy use for cooking by the household is 

continuously increasing in relation to population growth that will off course increase in energy need 

which relate to sustainability of presence energy and carbon emission. Accordingly, the LPG stove 

conversion program to an electric stove was introduced in order to achieve the target to solve such issues. 

This paper compared of efficiency and carbon emissions of both electric filament stove and induction 

stove. The result indicated that the induction stove have better efficiency compared with the electric 

stove. The study also was proved that the carbon emissions for both types of stoves were relatively low 

in comparison with LPG stove. However, the enormous operational power of the induction stove is still 

a challenge that must be resolved to achieve the target of energy sustainability in Indonesia. 
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Introduction  

Reducing carbon gas emissions is currently 

a central issue that has become the main 

problem in various countries. It relates to an 

important strategy to minimize the impact of 

climate change worldwide based on the 

Copenhagen climate conference.1,2 Various 

programs/activities have been proposed to 

overcome these problems,3 such as efforts to 

increase the use of renewable energy,4 

development of high-efficiency equipment, 

and management of energy use at small to 

mass levels.5-7 In addition to the transportation 

and industrial sectors, the household sector is 

one sector that requires a significant amount 

of energy in Indonesia. In 2019, the household 

sector accounted for 14% of national energy 

use, with a projected increase of 4% per year. 

On the other hand, the energy consumed by 

the household sector can contribute to carbon 

emissions such as CO2, especially from the 

use of cooking fuel.7,8 Several types of fuel 

widely used by people in Indonesia are 

liquefied petroleum gas (LPG), firewood, 

charcoal, and kerosene. Among these fuels, 

LPG has the lowest CO2 emission factor value 

of 63,100 kg/TJ with a net calorific value of 

47.3×10-6 TJ/kg.8 However, the percentage of 

use reaching 72.38% of the entire population 

of Indonesia, the amount of CO2 produced 

also has a significant value.9 Therefore, in 

recent years several elements of the 

Government of the Republic of Indonesia 

have begun to aggressively initiate the 

conversion of LPG gas stoves to electric 

stoves.10,11 Electric stoves can reduce carbon 

emissions during cooking and are more 

efficient than LPG stoves.12-14 However, there 

are currently at least two electric stoves on the 

market: filament electric stoves and induction 
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stoves. Unlike electric stoves, which generate 

heat due to resistance when current passes 

through the filament element, induction 

cookers generate heat due to magnetic field 

oscillations that induce cooking equipment 

made of ferromagnetic materials.15 In this 

article, a comparison of the efficiency and 

carbon emissions of filament electric stoves 

and induction cookers is carried out. It aims to 

provide a more comprehensive picture of the 

characteristics of the two electric stoves. In 

addition, this article is a development of 

research by Hasanah and Handayani (2016), 

who have previously compared the two 

stoves.16 However, the work that has been 

done has not involved an analysis of carbon 

emissions and how efficient the stove is for 

different scales of use. In addition, it is hoped 

that this information can be used to develop 

low-power induction cookers to expand the 

application of induction cookers for people 

with low-power groups. 

Method 

By using experiment method, the research 

was conducted to measure and compare the 

efficiency of filament and induction stove. 

The filament electric stove used in this study 

has a maximum working power of 600 Watts 

with a cooking level of 1 to 5. In comparison, 

the induction cooker used in this study is an 

induction stove with a maximum working 

power of 1600 Watt. The tests were carried 

out at cooking levels 3 and 5 on a filament 

electric stove while on an induction cooker at 

a condition of 500℃ (middle level) and 

1300℃ (upper level). Comparing the 

efficiency of the filament electric stove and 

the induction cooker is done by comparing the 

energy consumed by the two stoves during the 

cooking process. Two cooking activities use 

the two stoves: (i) boiling one liter of water 

until it boils and (ii) frying chicken nuggets: 

(i) boiling one liter of water until it boils and 

(ii) frying chicken nuggets. The process of 

boiling water is carried out from room 

temperature (26℃) to boiling (100℃). 

Chicken nuggets used in this study are 

commercial nuggets that can be purchased in 

the market. Frying nuggets is carried out on 

both stoves with the same number and mass of 

nuggets. To find out the energy consumed by 

the stove during the cooking process is carried 

out with an energy-meter with a scheme as 

shown in Figure 1. The parameters observed 

from the efficiency study include energy 

consumed, average power during cooking, 

and cooking time. 

 

Figure 1. Schematic of measuring the energy consumed on the electric stove 

The measurement of carbon emissions was 

carried out for two types of carbon emissions 

that often appear in the cooking process, 

namely CO2 emissions (carbon dioxide) and 

CO emissions (carbon monoxide). The 

scheme for measuring CO2 and CO emissions 

during the cooking process is carried out in a 

room equipped with a gas trapping system, as 

shown in Figure 2. The smoke collector is 

equipped with an aluminum chimney with a 

fan installed at the chimney's mouth. The CO2 

detector (Smart Sensor – AR8200) and CO 

detector (Benetech – GM8805) are placed in 

the smoke storage room to determine carbon 

emissions during the cooking process. 
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Figure 2. Schematic of measuring carbon emissions during the cooking process 

Result and Discussion 

Table 1 shows the average power of 

filament electric stoves and induction cookers 

for boiling water and frying nuggets. It 

appears that the induction cooker requires 

more power than the filament electric stove. 

Even at the intermediate level of cooking 

using an induction cooker (500℃), the power 

used is still more significant than the 

enormous scale filament electric stove. 

Therefore, based on the high power required 

to operate an induction cooker, this might be 

a consideration for the Government of the 

Republic of Indonesia when it wants to launch 

a conversion program for LPG gas stoves to 

electric stoves, especially for induction 

cookers. It is because the majority of 

Indonesian people still be a customer of PT. 

PLN (Persero) for the low-class level (R-1)17. 

In addition, the high power consumed by 

induction cookers can be an opportunity for 

further research related to the development of 

induction cookers with low power levels. 
 

Table 1. Comparison of the average power of induction power stove when operated 

Cooking activities 

Average power (Watt) 

Filament Stove-

3 

Filament 

Stove-5 

Induction 

Stove-500 

Induction 

Stove-1300 

Boiling water (1 liter) 320 591 900 1410 

Frying nuggets 278 544 870 1500 
 

In Table 2, a comparison of the cooking time 

between using a filament electric stove and an 

induction stove. It appears that the induction 

stove with a heating rate of 1300℃ is faster 

than the other. In addition, the induction stove 

with a medium heating rate (500℃) is also 

faster than the filament electric stove, even 

with the highest heating level. These results 

indicate that the efficiency level of cooking 

time using an induction stove is better than 

that of a filament electric stove.  

 

Table 2. Comparison of cooking time 

Cooking activities 

Cooking time (min.) 

Filament 

Stove-3 

Filament 

Stove-5 

Induction 

Stove-500 

Induction 

Stove-1300 

Boiling water (1 liter) 45 19 8 4 

Frying nuggets 30 15 6 3 
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(a) 

 
(b) 

Figure 3. Comparison of electrical energy consumed by induction cooker and filament electric 

stove for (a) boiling water and (b) frying nuggets 

Figure 3 (a), a comparative graph of the 

electrical energy consumed by an induction 

stove and a filament stove, is presented when 

boiling one liter of water. It appears that the 

slope of the curve for increasing the energy 

consumed by the induction stove is sharper 

than the filament electric stove. However, 

because the cooking time using an induction 

cooker is faster than that of a filament electric 

stove, the total energy consumed by an 

induction cooker to boil one liter of water is 

lower than that of a filament electric stove. In 
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addition, it also appears that the curve of 

increasing energy consumption for filament 

electric stoves changes the slope pattern when 

heating is carried out above five minutes (for 

scale 3) and above 7 minutes (for scale 5). It 

is related to the achievement of close to the 

desired heating temperature so that the 

filament stove system will regulate the next 

energy or power consumption. An induction 

stove with a medium heating level (500℃) 

consumes 0.12 kWh of energy to boil one liter 

of water. An induction stove with a high 

heating rate (1300℃) consumes 0.094 kWh of 

energy, while a filament electric stove with a 

scale of 5 consumes energy of 0.187 kWh, and 

a filament electric stove with a scale of 3 

consumes energy of 0.24 kWh. If the initial 

temperature of the water is 26℃, then the 

energy required to boil one liter of water until 

it boils is 0.086 kWh. Thus, the efficiency of 

induction cookers with heating levels of 1300 

and 500 and filament stoves with heating 

levels of 5 and 3 is 91.5%, 71.7%, 46%, and 

35.8%, respectively. The same pattern also 

occurs in the process of frying nuggets. It can 

be seen that the induction stove at heating 

levels of 500℃ and 1300℃ consumes 

electrical energy of 0.087 kWh and 0.075 

kWh, respectively. The filament electric stove 

with heating scales 3 and 5 respectively 

consumes 0.139 kWh of electrical energy and 

0.136 kWh. These results confirm that using 

an induction stove in the cooking process with 

the frying method is more efficient than the 

filament electric stove. This result was in 

agreement with the researches conducted by 

Hasanah and Handayani,16 and Gomez.18 In 

addition, it also appears that the cooking 

process using an induction stove with a high 

heating rate has the highest efficiency 

compared to the others. Through the 

measurement results of the electrical energy 

consumed, the cost of using electricity on the 

two electric stoves tested can be calculated. 

Because electric stoves require a large amount 

of power, the majority of Indonesian people 

who can use electric stoves are people who 

belong to the power limit >1000 VA. The cost 

of the basic electricity tariff in 2020 (October 

– December) is 1,444.70 kWh. Therefore, the 

cost to boil one liter of water for an electric 

stove with a scale of 3 and 5 is Rp. 346.7 and 

Rp. 270.2. The cost for an induction stove to 

boil one liter of water at heating levels of 

500℃ and 1300℃ is Rp. 173.4 and Rp. 135.8. 

For the process of frying nuggets, electric 

filament stoves with a scale of 3 and 5 each 

cost Rp. 200.8 and Rp. 196.5 while the 

induction cooker at heating levels of 500℃ 

and 1300℃ costs Rp. 125.7 and Rp. 108.3. 

Therefore, it is clear that the cost of cooking 

using an induction stove is relatively cheaper 

than a filament electric stove. 

Figure 4 shows CO2 emitted in boiling 

water and frying nuggets using a filament 

electric stove and an induction stove. It 

appears that the amount of CO2 detected 

fluctuates around 400 – 500 ppm, and it 

indicates that the CO2 emissions produced in 

the cooking process using both electric stoves 

are not significant. It is because the detected 

CO2 value is not too far from the background 

CO2 level. The measurement results are much 

lower than CO2 emissions on LPG stoves, 

reaching 2000 ppm when used for cooking18. 

In addition, the measurement of CO emission 

levels in the cooking process using the two 

stoves is very low, even reaching 0 ppm. 

Therefore, switching LPG stoves to electric 

stoves, both filament electric stoves and 

induction cookers, is an excellent program to 

reduce carbon emissions in the cooking 

process. A number previous research 

conducted by Gomez et al18 and Ramirez et 

al19, also supported this result as they 

indicated in their research paper. The result of 

this research support the use of induction and 

filament stove in applying the policy of zero 

emission. 
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(a) 

 
(b) 

Figure 4. Comparison of CO2 emissions by induction stove and filament electric stove for (a) 

boiling water and (b) frying nuggets 

Conclusion 

Based on the study, it can be concluded that 

induction stoves have higher energy 

efficiency compared to filament electric 

stoves. In addition, it also appeared that the 

higher heating rate for both types of stoves 

also has higher efficiency and relatively low 

carbon emission compared to the LPG stoves. 
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To achieve the target of using induction 

cookers, we proposed several 

recommendations: 

1. The use of enormous power in operating 

the induction stove will specifically be 

challenged for the government since most 

of households still use electrical energy 

provided by PT. PLN. 

2. It is needed to promote the use of the 

induction stoves rather than the LPG 

stoves in order to support the program for 

reducing carbon emission. 
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