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Abstract 

Assessment for Energy Saving Potential in the 

Household Sector: Through Energy Efficiency 

and Conservation Using LEAP 
 

Frieski Putra 

Technology Management, Economics and Policy Department, 

International Energy Policy Program 

The Graduate School 

Seoul National University 

 

Indonesia has an abundant source of natural resources, such as oil, gas, coal, mineral and 

so on. With low penetration of renewable energy, high demand of fossil fuel and electricity, 

the tendencies to not to be efficient and effective in energy utilization, makes energy 

efficiency and conservation in Indonesia seems like an untouched territory.  

Household sector is the largest sector that consumes electricity followed by industry and 

commercial sector. By analyzing the way household treat and uses energy, and the energy 

saving technology that it uses and combine it in LEAP, we are hoping to find what approach 

and scenario which will be the best to be implemented in the household sector. So that the 

household sector would be more efficient in using the energy.  
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Indonesia has numerous energy efficient appliances and the Government had already ruled 

out some regulation in regards of energy efficient appliances, but there are still room to 

grow for saving the energy in the household sector in the future. By utilizing discrete choice 

model in the survey, we can develop scenario for energy efficient appliances penetration in 

the current household condition to projects the future energy saving potential in the 

household sector. Consumer tax scenario will lower the electricity consumption but not as 

low as the combination scenario. Combination scenario is develop to return the tax 

incentive back into the household in the form of subsidy, to achieve tax neutral scenario. 

 

Keywords: appliances, electricity, conjoint analysis 

Student Number: 2019-21940 
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Chapter 1. Introduction 

 

1.1 Research Motivation 

Indonesia is in the top 10 country with the biggest population in the world. In 2019 

Indonesia has around 270.6 Million people (Bank, 2020). With a big number of population, 

Indonesia also has a big energy demand. Indonesia is a country with an abundance of fossil 

fuel energy resources and high potential of new and renewable energy. By the increase of 

Indonesian population over the year, the demand for energy and electricity is continuously 

growing. Currently there are more than 267,7 million people in Indonesia, and the final 

Indonesia electricity consumption in 2018 is around 234,618 GWh (Indonesia, 2018). With 

the biggest electricity consumption in 2018 is the household sector with a total of 97,832 

GWh, the second one is industrial sector with a total of 76,947 GWh, and the third one is 

commercial with a total of 43,753 GWh. The details of energy consumption per sector is 

provided in Table.1. The final electricity consumption and also electricity consumption per 

capita are increasing steadily each year, and in 2018 the final electricity consumption 

increase 5% compare to 2017, and in 2017 the electricity consumption increase 3% than 

2016. For electricity consumption per capita in 2018 is 1.06 MWh, it increases from 0.95 

MWh in 2016. As we can see the demand and need of electricity will keep increasing from 

time to time. 
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Table 1. Indonesia Electricity Consumption (in GWh) (Indonesia, 2018) 

Year  
House 

hold 
Industrial Commercial Social Government 

Street 

Lighting 
Transportation Total 

2008 50,184 47,969 22,845 3,082 2,096 2,761 81 129,019 

2009 54,945 46,204 24,715 3,384 2,335 2,888 111 134,582 

2010 59,825 50,985 27,069 3,700 2,630 3,000 89 147,297 

2011 65,112 54,725 30,093 3,994 2,787 3,068 88 159,867 

2012 72,133 60,176 30,88 4,496 3,057 3,141 108 173,991 

2013 77,211 64,381 34,369 4,939 3,261 3,251 129 187,541 

2014 84,086 65,909 36,128 5,446 3,484 3,394 155 198,602 

2015 88,682 64,079 36,773 5,941 3,717 3,448 205 202,846 

2016 93,635 68,145 39,852 6,631 4,022 3,498 223 216,004 

2017 94,457 72,238 41,459 7,095 4,121 3,527 236 223,134 

2018 97,832 76,947 43,753 7,781 4,403 3,627 274 234,618 

 

As of today the proven reserves of fossil energy resources in Indonesia is depleting, 

and once its run out Indonesia will have difficulties in having a stable energy resources. 

The proven reserves of oil is around 3,6 billion barrel and with a total production around 

288 million barrel/year, the oil is expected to run out in 12 years. The proven reserves of 

natural gas is around 98 TSCF and with a total production around 3 TSCF/year, the natural 

gas is expected to run out in 33 years. The proven reserves of coal is around 32,4 billion 

ton and with a total production around 393 million ton/year, coal is expected to run out in 

82 years. All these assumptions for fossil energy resources depletion is calculated with the 

possibility of having no new reserves being found. The details of fossil energy resources is 

in Table 2. 
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Table 2. Indonesia Fossil Fuels Reserves 

  Proven Reserves Production Years to run out 

Oil 3,6 Billion Barrel 288 Million Barrel/year 12 

Gas 98 TSCF 3 TSCF/year 33 

Coal 32,4 Billion Ton 393 Million Ton/year 82 

 

With most electricity generation in Indonesian Power Plant is dominated by coal, 

the dependency to coal is very high. In 2018 from 58.000 MW around 61% (35.380 MW) 

electricity is produced by coal power plant (Indonesia M. o., 2019). With the high 

production of coal, and Indonesian policy of coal export, it makes Indonesia vulnerable in 

ensuring the stable supply of coal for electricity generation. Hence the electricity supply in 

some areas sometimes experience black out for several hours. Currently, Indonesia is 

ranked in the big 5 of coal exporting countries. Energy security is also an issue for Indonesia, 

with high dependency on exporting natural resources and low domestic utilization, the 

Government needs to have a better energy policy to address all these issues. 

In the other hand renewable energy penetration in Indonesia electricity production 

is low, and the development of renewable energy is also slow. Indonesia electricity 

production is still relying heavily on coal as their main energy sources. With a total potential 

of 441,7 GW of renewable energy potential, only 9,4 GW is realized currently in Indonesia 

(only around 2,1% based on potential) (Indonesia M. o., 2019). 

If the household sector as the biggest electricity consumer for the last 10 years still 

have the mindset and the way they utilizing energy as they are now, along with the growing 

population and a steady increase in electricity demand, soon Indonesia will have difficulties 
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in meeting the electricity demand. The way household sector treats and utilizes their energy 

resources is not efficient nor effective. Sometimes people just leave the AC and lights on 

even though there is no one in the room. There are only a few rules that is imposing the 

usage of energy efficient appliances, the affordability, accessibility of energy efficient 

appliances and many more. Indonesia has numerous energy efficient appliances and the 

Government had already ruled out some regulation in regards of energy efficient appliances, 

but there are still room to grow for saving energy in the household sector in the future. 

Energy efficiency and conservation relates closely but different from each other. Energy 

efficiency is utilizing a technology that has the same function but uses less energy, while 

energy conservation is a way or behavior to conserve energy (US Energy Information 

Administration, 2019).    

1.2 Research Question 

As previously explained in the research motivation, the main research questions 

for this research are, “How many % of electricity usage can be decrease using energy 

efficient appliances?” and “What is the key factor in increasing EEC in the household 

sector?” 

1.3 Research Objective 

The research objectives of this research is to investigate the necessary plan to 

implement energy efficiency and conservation in the household sector, and will focus on 

the policy implication and policy development to achieve it.  
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1.4 Thesis Structure 

The study is divided into 5 chapters. Chapter 1 Introduction provides information 

and data about the introduction part including research motivation, research question, 

research objective, and the thesis structure. Chapter 2 Research Background provides 

information about overview of Indonesian Energy and Indonesian Household Sector. 

Chapter 3 Literature Review provides information about the previous research/study about 

LEAP energy model for household, consumer preference for energy efficient appliances, 

energy models, methodology, classification, and also the theory that is being use as a base 

of this study. Chapter 4 Model and Data provides information about the conjoint analysis 

survey, scenario development of energy efficient appliances penetration and also the LEAP 

energy model of Rencana Umum Energi Nasional (Indonesia’s General Energy Plan). 

Chapter 5 Result provides information about the Conjoint Analysis Survey Result, scenario 

development result, and the LEAP energy model result after being modeled with various 

energy efficient appliances penetration. Chapter 6 Conclusion provides information about 

the policy implication and recommendation that is provided based on the study result, 

limitation of the study, and future studies. 
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Chapter 2. Research Background 

 

2.1 Overview of Indonesian Energy 

Indonesia has a diverse energy resources, ranging from fossil energy such as oil, 

gas, coal, and also renewable energy such as geothermal, wind, solar and so on. Currently 

Indonesia relies heavily to the fossil energy more than the renewable energy. This is 

because the development of fossil energy has started since early 1900s, while technology 

for fossil fuel is advancing throughout the time, the availability of fossil energy is slowly 

decreasing. On the other side, the development of renewable energy is slow because of the 

high investment cost in developing it.  

Indonesia also has a target of energy mix by 2025, which currently have been 

achieved in 2019 based on the figure below. In the figure we can see that in 2019 Indonesia 

dominantly use more fossil fuel energy, such gas 20%, coal 37%, oil 34% and meanwhile 

the renewable energy use is only 9%. The Government of Indonesia is targeting to increase 

the share of renewable energy by 23% in 2025, and by 31% in 2050. By increasing the 

renewable energy share on the National Energy Mix the Government is also targeting to 

reduce the fossil energy use in the energy mix. 
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Figure 2. Indonesia’s National Energy Mix Target (Council, 2020) 

Table 3. Attributes in Indonesia’s General Energy Plan (Council, 2020) 

no Attribute 2019 Realization 2025 Target 2050 Target 

1 Energy consumption per capita 0.8 TOE 1.4 TOE 3.2 TOE 

2 Electricity consumption per capita 1,084 Kwh 2,500 Kwh 7,000 Kwh 

3 Total installed capacity 69.7 GW * 115 GW  443.1 GW * 

*) Indonesia’s population in 2019 is 267 million people, and in 2050 the population will be 335 

million people (based on the assumption in Indonesia’s General Energy Plan) 

 

In the table above, we can see the other attribute target that is mentioned in the 

General Energy Plan is also to increase the energy consumption, electricity consumption 

and total installed capacity. The reason to target each attribute is because Indonesia is an 

archipelago country, which means that the electricity grid is divided into several main grid. 

Not all of the people in Indonesia have an equal access to electricity and energy. The 

availability and accessibility of energy holds the key of economic development, so the 

Government is doing what they can to ensure that energy is accessible for all Indonesian. 
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National Energy Mix target is also a way to reduce the dependability of Indonesia’s 

energy to fossil fuel. Currently fossil fuel commodity such as coal, oil and gas are 

experiencing decrease in production and in reserves. The condition of each fossil energy 

reserves is describe in the table below.   

Table 4. Indonesia Oil Reserves (in Billion Barrels) 

no Year Proven Potential Total 

1 2008 3.75 4.47 8.22 

2 2009 4.3 3.7 8 

3 2010 4.23 3.53 7.76 

4 2011 4.04 3.69 7.73 

5 2012 3.74 3.67 7.41 

6 2013 3.69 3.86 7.55 

7 2014 3.62 3.75 7.37 

8 2015 3.6 3.7 7.3 

9 2016 3.31 3.94 7.25 

10 2017 3.17 4.36 7.53 

11 2018 3.15 4.36 7.51 

(Source: 2018 Indonesia Handbook of Energy and Economic Statistics) 

 

Indonesia currently is experiencing deficit in the oil balance sheet. It is due to the 

increase of oil consumption, and the decrease of oil production in Indonesia. Since 2003 

Indonesia rely on oil import to meets its oil demand. In 2018 oil consumption is 1.8 million 

barrel per day while the production is only 808 thousand barrel per day. In the figure below, 

we can see the decline of oil production. In the oil sector, Indonesia is facing two problems, 

the decrease in oil production and the decrease in oil reserves. 
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Figure 3. Indonesia Oil Production and Consumption (in Million Barrel) 
(Source: BP Statistical Report) 

 

In the natural gas sector, Indonesia also has been experiencing decline in the oil 

reserves in the last 10 years, but in the natural gas production, it is experiencing fluctuation. 

Natural gas reserves is a total estimation in a certain year about the volume of natural gas 

in the reservoir that is economically feasible to be produced based on government policy 

and economic condition on that period of time. The table below is the detail of natural gas 

reserves in Indonesia. 

Table 5. Indonesia Natural Gas Reserves (in TSCF) 

no Year Proven  Potential Total 

1 2008 112.5 57.6 170.1 

2 2009 107.34 52.29 159.63 

3 2010 108.4 48.74 157.14 

4 2011 104.71 48.18 152.89 

5 2012 103.35 47.35 150.7 

6 2013 101.54 48.85 150.39 
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7 2014 100.26 49.04 149.3 

8 2015 97.99 53.34 151.33 

9 2016 101.22 42.84 144.06 

10 2017 100.37 42.35 142.72 

11 2018 96.06 39.49 135.55 

(Source: 2018 Indonesia Handbook of Energy and Economic Statistics) 

 

In Indonesia, the natural gas production in the last 10 years, was experiencing a 

slight increase and a slight decrease. However, the natural gas production is quite stable, 

compare to the oil production. The natural gas production is divided into two type. 

1. Associated gas production 

Associated gas production is a production of gas as a byproduct of crude oil production. 

Associated gas is considered invaluable product, and it will be injected, and flared back 

in the oil production. Due to the increase of awareness in sustainable energy 

development, some country is against gas flaring. Many associated gas contains 

Natural Gas Plant Liquids (NGPLs) such as gasoline, propane, etc. Associated gas 

needed to be refined in the natural gas plant before it can be marketed as natural gas 

(Administration, 2019).    

2. Non-associated gas production 

Non-associated gas production is the primary production of gas. Which might have a 

gas condensate in the gas production. Non-associated gas doesn’t contain any trace of 

liquid petroleum in it.  
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Table 6. Indonesia Natural Gas Production  

(in MMSCF/Million Standard Cubic Feet Per Day) 

no Year Non-Associated Associated Total 

1 2008 2,412,431 472,897 2,885,328 

2 2009 2,593,326 467,570 3,060,896 

3 2010 2,936,086 471,507 3,407,593 

4 2011 2,783,827 472,552 3,256,379 

5 2012 2,769,175 405,465 3,174,640 

6 2013 2,768,277 352,561 3,120,838 

7 2014 2,871,098 304,693 3,175,791 

8 2015 2,739,473 376,669 3,116,142 

9 2016 2,602,426 467,813 3,070,239 

10 2017 2,466,105 497,079 2,963,184 

11 2018 2,419,532 577,270 2,996,802 

(Source: 2018 Indonesia Handbook of Energy and Economic Statistics) 

 

In the coal sector in 2018, the total coal resources is 151,399.41 Million Tons, and 

the total reserves is 39,890.95 Million Ton. While in coal production, Indonesia has a target 

of Domestic Market Obligation (DMO) around 25-30% each year from the total coal 

production. DMO regulation requires Indonesia to circulate and use a certain percentage of 

coal production to be used domestically. This will ensure Indonesia to have a sufficient coal 

for electricity production and for other sector. In the coal production side, coal production 

in the last 10 years has been experiencing an increase. With 240 Million Ton in 2008, it 

became more than two folds at around 557 Million Ton in 2018. The table below presents 

the coal production. 
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Table 7. Indonesia Coal Production and Export (in Ton) 

no Year Production Export 

1 2008 240,249,968 191,430,218 

2 2009 256,181,000 198,366,000 

3 2010 275,164,196 208,000,000 

4 2011 353,270,937 272,671,351 

5 2012 386,077,357 304,051,216 

6 2013 474,371,369 356,357,973 

7 2014 458,096,707 3,819,772,830 

8 2015 461,566,080 365,849,610 

9 2016 456,197,775 331,128,438 

10 2017 461,248,184 297,741,135 

11 2018 557,772,940 356,394,687 

  (Source: 2018 Indonesia Handbook of Energy and Economic Statistics) 

2.1.1. Overview of Indonesian Electricity 

With the growing electricity demand and Indonesia’s population, Indonesia is 

trying to increase its electricity-installed capacity each year. Indonesia also have a target to 

have 115 GW by the year 2025. The growth of Indonesia totaled installed capacity is in the 

table below. 

Table 8. Indonesia Totaled Installed Capacity (in MW) 

No Year Installed Capacity 

1 2015 54,657 

2 2016 58,386 

3 2017 62,202 

4 2018 64,924 

5 2019 69,678 

6 2020 (September) 70,965 

  (Source: 2020 Q3 Performance Report Directorate General of Electricity) 
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Indonesia electricity installed capacity has been increasing steadily each year, with 

an average growth of 8% each year. Currently in September 2020 Indonesia installed 

capacity is 70,965 MW (Directorate General of Electricity, 2020). The 35,220 MW is 

produced by steam electric power plant, which is around 50% in the total Indonesia 

installed capacity. This shows that Indonesian electricity generation relies heavily on fossil 

fuel, especially coal. Followed by combined cycle gas turbine power plant with 20,537 MW. 

The figure below show the installed capacity based on the power plant fuel.  

     

Figure 4. Indonesia Installed Capacity Based on Power Plant (in Megawatt) 
(Directorate General of Electricity, 2020) 

 

2.2 Overview of Indonesian Household Sector 

2.2.1. Overview of Indonesian Household Sector  

According to UN World Population Prospect 2019 Indonesia is the 4th largest 

population in the world with around 270.6 million people (UN, 2019). Indonesia population 

in 2018 was 267.6 million people, it has an annual growth around 1%. With the steady 

population increase, the household number is also increasing in Indonesia. In 2020 there is 

35.220

20.537

6.096 4.781
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around 71.521 million households, with the projection by 2050 there will be around 94.7 

million households.  

In 2018 the household sector in Indonesia consumed 97.832 TWh in electricity. 

The household sector is the biggest electricity consuming sector, followed by industrial 

sector in second with 76.947 TWh and commercial sector in third with 43.753 TWh 

(Indonesia, 2018). The table below presents electricity consumption in the household sector 

in 2008-2018. 

Table 9. Household Sector Electricity Consumption (in GWh) 

no Year Electricity Consumption 

1 2008 50,184 

2 2009 54,945 

3 2010 59,825 

4 2011 65,112 

5 2012 72,133 

6 2013 77,211 

7 2014 84,086 

8 2015 88,682 

9 2016 93,635 

10 2017 94,457 

11 2018 97,832 

(Source: 2018 Indonesia Handbook of Energy and Economic Statistics) 

With an average growth around 7% each year in electricity consumption, 

household sector expected to consume around 157.096 TWh in the year 2025. With the 

increase of electricity consumption and with an opportunity of energy efficiency and 

conservation in the household sector, this study is conducted beforehand.  
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By 2050 the household sector population is expected to be around 335 million 

people with around 94.73 million household with total electricity consumption of 727.2 

GWh. With a total projection of electricity demand by 2050 is 1,770.6 GWh, household 

will consume 41.07% of electricity. As household sector is the biggest electricity 

consumption in the last 10 years and based on the electricity demand projection, any 

percentage decrease of electricity consumption would significantly decrease the total 

amount of electricity consumption. The detail about electricity demand projection is 

presented in the table below. 

Table 10. Electricity Demand Projection by Sector (in GWh) (Council, 2020) 

no Sector Electricity Demand 

2020 2025 2030 2035 2040 2045 2050 

1 Household 102.4 203.5 291.6 393.5 496.3 608.4 727.2 

2 Commercial 55.1 83.8 127 187.5 271.6 384.1 529.5 

3 Industry 95.7 213.7 270.5 331.5 394.2 450.3 489.2 

4 Transportation 0.5 1.5 3.9 7.1 11.5 17.3 24.7 

Total 253.7 502.5 693 919.6 1173.6 1460.1 1770.6 

 

Inside the household sector, there are several appliances comprises of refrigerator, 

AC, lighting, rice cooker, television, and so on. AC is currently the biggest electricity 

consuming appliances with 23.3 TWh in 2020, and expected to consume 381.7 TWh in 

2050. Then refrigerator and other appliances follow it. The detail of each appliances 

electricity consumption is presented in the table below.  
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Table 11. Electricity Demand Projection by Appliances (in GWh) 

No Appliance Electricity Demand 

2020 2025 2030 2035 2040 2045 2050 

1 Air Conditioner 23.3 66.7 116.7 177.2 240.9 309.9 381.7 

2 Refrigerator 18.7 33.4 45.9 60.6 76 94 114.8 

3 Other Appliances 15.4 25.3 32.4 40.1 47.3 55.4 64.2 

4 Rice Cooker 11.5 19.6 26.1 33.4 40.9 49.5 59.3 

5 Television 16 25.3 30.9 36.2 40.3 44 47.1 

6 Lighting 14.2 22 26.5 30.6 33.6 36.3 38.5 

7 Cooking 3.3 11.1 13.3 15.4 17.3 19.3 21.6 

  Total 102.4 203.5 291.6 393.5 496.3 608.4 727.2 

   

In the study lamp, refrigerator and AC is selected to be analyze, the reason of 

choosing these appliances is as follow: 

1. Based on the electricity demand projection and current condition AC has the biggest 

electricity consumption, with also the biggest growth of around 8% in electricity 

consumption 

2. Refrigerator is the second biggest electricity consuming appliances in the electricity 

demand projection, but the growth rate is not as big as the AC. 

3. Lamp is the second lowest electricity consuming appliances. On the purchase price 

perspective, lamp has the cheapest purchase price among other appliances. 

Any percentage decrease of regular appliances in AC and refrigerator will have a 

very positive impact on electricity consumption in the model. It will lower the electricity 

consumption significantly, this is mainly due to AC and refrigerator are the two biggest 

electricity-consuming appliances. Lighting is not very significant in the electricity 
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consumption, but because of its affordable purchase price it will be the most circulated and 

most adopted appliances compare to the AC and refrigerator. As long as a household has 

access to electricity, it will have a lighting system. So lighting is the basic need of each 

household. There are several energy efficiency and conservation approach that can be 

imposed to the household sector. Those are the followings: 

1. Increase energy efficient appliances share 

2. Decrease regular appliances share 

3. Develop different level of scenario concerning energy efficient appliances share 

4. Develop tax or incentives to directly influence the purchase price of appliances, and 

so on.    
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Chapter 3. Literature Review 

 

3.1 LEAP Model Used for Household Energy Consumption 

LEAP (Long Range Energy Alternative Planning) System is an energy modeler 

software, which allows users to have a full optimization simulation to forecast future energy 

projection, to back casting, and to implement scenarios and alternatives in the future. An 

energy modeler software such as LEAP is important as a supportive system in the decision 

making process of developing an energy policy. The policy maker can utilize LEAP to 

make an energy model that mirrors the energy sector current condition and imposing it with 

several scenarios, and can analyze the result of the model. This will help the government 

to develop an energy policy that is relevant to their energy sector condition. LEAP can be 

used to focus on one area such as energy efficiency or on one sector such as household. 

Ates utilized LEAP to mitigate the CO2 emission while also increasing energy 

efficiency in the biggest energy consuming sector (iron and steel industry) in Turkey (Ates, 

2015). He imposed several energy efficiency and technology scenario, and the result 

showed a decrease of energy intensity in Turkey. In the cleaner production and technology 

scenario (CPT) the iron and steel produce 14.5 metric ton of CO2, while in the BaU it will 

produce 34.9 metric ton CO2.  

According to Yophy et al in his study, using LEAP optimization simulation in 

Taiwan as a country that lacks access to natural resources and relies heavily on energy 

imports. LEAP was used to model the whole Taiwan energy policy and energy sector 
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(Yophy, et al., 2011). The LEAP model then was used to project future energy projection 

(includes demand and supply side), greenhouse gas emissions and to retire 3 Taiwan 

nuclear power plants. 

According to Meilandari in her master thesis, household sector in Indonesia did 

not follow energy conservation regulation accordingly (Meilandari, 2020). Since the 

household sector is the biggest electricity-consuming sector in Indonesia, if there is no clear 

policy of energy efficiency in the household sector, it makes household electricity 

consumption increasing significantly each year. In her study, she used LEAP to analyze the 

penetration of renewable energy while combining it with energy efficiency policy to 

develop long term electricity plan in the Java-Bali power system. In her study she 

mentioned that changing regular lamp to LED will decrease 4% of electricity consumption 

by the end year. 

Dioha in his study mentioned that Nigeria household sector is still lack of access 

to electricity and clean cooking (Dioha & Emodi, 2019). In the study LEAP was used to 

analyze different energy access scenario, and to mitigate CO2 emission when biomass 

utilization is increased in the household sector. The study mentioned that to achieve 100% 

modern energy access in the household sector would lower air pollutions, and lower final 

energy consumption by 845 PJ (equivalent to 52.4% compare to the BaU Scenario) but 

increasing the CO2 emission significantly. There is also concern about the funding to 

achieve the 100% modern energy access. 
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In the study of Kadian et al household sector in Delhi has been one of the major 

energy consumer and a pollutant emitter in the country (Kadian, et al., 2007). LEAP was 

utilized to model the total energy consumption in Delhi household sector and the emission 

associated with the energy consuming activities in it. The LEAP household sector model 

was inputted with several scenario and policy, to mitigate its effect on the emission 

reduction. 

According to Bashir et al rapid urbanization in the urban household sector, 

combined the low utilization of renewable energy and the inefficient fossil fuel usage 

increase the emission and cost of energy provision (Bashir, et al., 2018). LEAP was used 

to develop a long term sustainable energy policy plan for the urban household. Demand 

side management approach was imposed and showed that “efficient water heating” 

scenario is capable to reduce energy usage by 270 M.TOE, and “efficient space cooling” 

was the lowest cost scenario. 

A study by Subramanyam et al household sector is the third largest energy 

consuming sector in Canada (Subramanyam, et al., 2017). LEAP was used to improve 

energy efficiency, reduce GHG emission, and also to project energy demand in the future. 

By the LEAP simulation result to reduce GHG and improve energy efficiency household 

sector need to have an energy efficient lighting, heating and other high energy efficient 

appliances. 

Yang et al in his study mentioned that due to the increase of energy consumption 

in China, lead China to launch a pilot project for low carbon city program since 2010 (Yang, 
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et al., 2017). LEAP is used with four different scenarios to mitigate the total energy 

consumption and CO2 emission towards all urban sector (household, transportation, 

agriculture, service, industry and transformation). From LEAP simulation Policy Oriented 

Energy Saving (PES) policy can reduce energy consumption by 14% and CO2 emission by 

27% compared to the BaU Scenario. 

Murthy et al in his research used LEAP to project Nigeria future energy 

consumption, supply and GHG emission to end year of 2040 (Murthy, et al., 2017). He 

implement four different scenarios. The scenarios are reference scenario (REF), low carbon 

moderate scenario (LCM), low carbon advanced scenario (LCA) and green optimistic 

scenario (GO). GO Scenario will consume energy lower than REF Scenario by 28% and 

will emit GHG emission 38% lower REF Scenario. In implementing the GO Scenario, 

Nigerian Government needs to increase the share of energy efficient appliances such as 

LED lamp, and implement the energy standard for refrigerator, AC and electric stove. 

Household in Nepal consumed around 87% of total energy consumption (Malla, 

2013). LEAP is used to project future energy demand and air pollutant emission in the 

household sector. Nepal household uses biomass for cooking and therefore biomass 

dominates the Nepal energy mix. It uses LEAP combined with energy development index 

(EDI) to assess energy poverty and energy accessibility throughout the Nepal household. 

Result from the research showed that Nepal energy access and energy poverty is below the 

average basic human need and will improve slightly in the next 30 years. To tackle these 

issue Nepal Government needs to be more coordinated within its Ministries and National 
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Agencies and develop an integrated innovative policy while also introducing new 

alternative fuel for cooking in the household.  

 Rofat In his master thesis used LEAP to project future energy demand and GHG 

emission by 2040 in Cambodia (Rofat, 2014). The household sector is the third biggest 

GHG emission contributor, and he developed several scenarios to tackle the issues. Using 

his scenario there will be a reduction of energy demand by 2.22% and GHG emission by 

7.06%. Combined with efficient charcoal production, the GHG emission by 2050 will be 

reduce by 50.5%.     

According to Sapkota et al the implementation of renewable energy technologies 

such as biogas, improved cooking stoves, micro hydro, and solar power will help the 

household sector especially rural communities in Nepal to adapt to climate change while 

assuring energy security (Sapkota, et al., 2014). LEAP is used to develop a long term plan 

to implement RE technologies in the rural communities. Improved cooking stove will 

increase energy security and decrease emission rather than traditional biomass. Micro 

hydro and solar power will replace kerosene and lamp. Micro hydro and solar power is 

considered to be the major source of electricity generation in rural communities.  

Nigerian household energy consumption is dominantly use for cooking, lighting, 

and other household appliances (Ibitoye, 2013). In his study he mentioned that kerosene is 

the most widely use fuel for cooking because it is cheaper compare to LPG and is widely 

available in the urban and rural household. Low supply of kerosene is frequently happening 

in Nigeria, and when it happened, the household will shift to charcoal and wood. He 
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imposed a LEAP scenario to analyze the increase of electricity consumption. Based on his 

scenario the electricity consumption will increase by 41% compare to the BaU, and 

combining with increase of modern fuel for cooking will reduce fuel wood consumption 

by 2.9 GJ/capita.  

 

3.2 Consumer Preference for Energy Efficient Appliances 

Energy efficient appliances adoption is very crucial in regards of improving energy 

efficient and conservation in the household sector. The way consumer value each product 

or services varies by each consumer. This also happens in regards of purchasing energy 

efficient appliances. A very knowledgeable consumer will value energy efficiency rating 

and electricity consumption over a brand image. In the other hand, a consumer with no 

knowledge of energy efficiency will choose any appliances that he/she thinks that it is 

suitable for them, but putting aside the electricity consumption and big wattage. 

According to Min et al in his study lighting account to 20% US electricity 

consumption, a shift to more efficient lighting will significantly reduce the electricity 

consumption (Min, et al., 2014). The study was conducted using choice-based conjoint 

survey and estimated the discrete choice model form the survey result. The study mentioned 

that when a customer has a sufficient information about the lifetime of a lamp and also 

monthly cost to use that lamp it will increase the willingness to pay, and lower the implicit 

discount rate. 
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Li et al used conjoint analysis model to study rural population behavior in 

refrigerator purchase, and conducted survey in 14 provinces in China (Li, et al., 2011). The 

survey was constructed to determined what value is the most important for rural population 

consumer preference in purchasing refrigerator. The result from 5872 questionnaire showed 

that rural population preference in purchasing a refrigerator is based on brand, price and 

benefit. 

Jain et al in his study about consumer preference for purchase decisions of AC in 

India, mentioned that energy efficient labelling in appliances is very important to increase 

the energy efficient appliances in India (Jain, et al., 2018). The study is using discrete 

choice experiment to determine the willingness to pay in AC with energy efficient label. 

The result showed that consumer value the energy efficient label positively. 

From the study of Zhou & Bukenya, discrete choice experiment was used to 

determine the effect of sufficient information about AC related to the increase of 

willingness to pay (Zhou & Bukenya, 2016). The survey was conducted to 1600 household 

respondent in Nanjing, China, and the analysis was carried out using mixed logit model. 

The result showed that willingness to pay for energy efficient AC increases if there is a 

comparable information to the other AC, and the willingness to pay will increase even 

higher if there is more information is provided.   

Based on the study by Asinyaka refrigerator choice in household is vital to the 

electricity consumption and CO2 emission produced, more importantly in developing 

countries (Asinyaka, 2019). In developed countries household have a diverse choice of 
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energy efficient refrigerator, and have sufficient information about the refrigerator. In his 

research he uses choice experiment survey to determine how Accra household value 

refrigerator, its feature, and the WTP for it. In his study he found that Accra household was 

not well informed about refrigerator information such electricity consumption, efficiency 

rating and so on. The choice experiment result showed the household WTP is positive and 

around $690. 

Ward et al in his study mentioned that household in United States produce around 

17% of GHG emission each year (Ward, et al., 2011). Adopting energy efficient appliances 

will lower electricity consumption while also decreasing the GHG emitted. The study is 

conducted using only survey to determine how household consumer value appliances with 

ENERGY STAR label, and the WTP associated with it. Based on the result the WTP 

increase around $250-$350 USD. It means that American household is willing to pay an 

additional $250-$350 if there is an ENERGY STAR label in the refrigerator. 

Gandhi et al in his study try to analyze what is the barrier for Indian household to 

adopt energy efficient appliances using survey combined with Likert scale (Gandhi, et al., 

2018). The survey result showed that Indian household was not well informed about energy 

efficient appliances, while also having a disbelief in the energy efficient labels itself, and 

they were also not comfortable finding information about energy efficient appliances and 

purchasing it. In the other hand societal norm, price sensitivity and perceived product risk 

has a positive relationship with the purchase intention. 
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From the study of Yoo et al in the household sector of South Korea, to analyze the 

consumer preference of electric rice cooker adoption (Yoo, et al., 2019). He used choice 

experiment survey and combined with mixed logit model. The study showed that price 

attributes is very important in the rice cooker purchase, and the rebate program also has a 

significant effect on the rice cooker purchase decision. With 10% rebate program it will 

help reduce electricity consumption by 83.88 GWh and decrease 37,200 tons of CO2.  

The US Environmental Protection Agency has been ruling out a Green Power 

Partnership (GPP) with appliances manufacturers. Currently the GPP has 1200 members 

purchasing 18 billion KW of green power yearly. The appliances that joins GPP will be 

known to the public as an environmental friendly appliances manufacturer, hence their 

product would be considered to be produced more environmentally friendly compare to 

appliances that is produced by a non GPP member. Jensen et al in her study use choice 

experiment and survey to determine to which extent American household would pay for an 

appliances produced by GPP member (Jensen, et al., 2011). The result showed that the 

household would pay an extra $48-$70 to purchase a refrigerator that is produced by 

manufacturer that is a member of GPP. Being a member of GPP definitely increase the 

possibility of their appliances being purchased with a higher price.   

Indian appliances industry has grown rapidly in the past few year, due to the 

increase of income and a credit leniency in Indian household. Due to that circumstances, 

the average lifetime of Indian household appliances are shorten because of rapid product 

replacement cycle. Study by Luniya & Verghese try to find what is the key attribute of 
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consumer preference for home appliances purchase in Bhilai City (Luniya & Verghese, 

2014). The study is conducted using survey to 80 consumer and processed using 

multivariate analysis. Attributes that are being analyze include price, brand, mode of 

payment, location, and after sales service. Result of the study found that some consumers 

are considering brand and after sales service when purchasing home appliances. 

South African home appliances market has been increasing lately. It means there 

is also an increase in electricity demand, this also leads to several major power outage in 

South Africa that has been frequently happening. Sonnenberg et al try to determine how 

consumer value various environmental attributes, compare to other attributes (price, brand, 

etc) in washing machine purchase (Sonnenberg, et al., 2014). The study is conducted using 

conjoint analysis survey to 648 households in Tshwane, South Africa 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



29 

 

Chapter 4. Model and Data 

 

4.1 Conjoint Analysis and Conditional Logit Model 

In the research to analyze the penetration of energy efficient appliances in the 

household sector, we need to develop a scenario and to input it in the LEAP model. One of 

the way to develop the scenario of energy efficient appliances penetration is using survey 

method. Conjoint analysis survey is a survey-based model to use in market research to 

determine how consumer value attributes (such as price point, design, brand, energy 

consumption, etc) in their choice of adopting a service or a product. 

Conjoint analysis survey typically is in the form of hypothetical choice set question. 

Therefore, the respondent is given sets of alternative choice set, and the respondent needs 

to choose their most desired option on each question. After the survey, the survey result is 

still need to be process in data processing software (STATA, SPSS, etc) to determine the 

value of the survey result.  

There has been several research being conducted to really know the willingness to 

pay (WTP) and the potential adoption of energy efficient appliances. Research conducted 

by Jain et al using discrete choice model suggested that Indian customer are viewing energy 

efficient star labelling as a positive value in air conditioners (Jain, et al., 2018). While in 

China WTP increases for a higher energy efficient AC if there is comparable information 

of energy consumption to regular constant speed AC (Zhou & Bukenya, 2016). The scope 

of question in the survey including but not limited to: 
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- Price point of the appliances 

- Electricity consumption of the appliances 

- Life cycle of the appliances 

- Design of the appliances 

- Brand of the appliances 

- Technology of the appliances, and so on. 

The purpose of conducting a conjoint analysis survey in this study is: 

 To understand the current market condition of energy efficient appliances 

 To understand the customer’s key factor in choosing appliances (such as price point, 

electricity consumption, technology, brand, design, energy efficiency, etc) 

 To develop a feasible energy efficient appliances scenario to be input in the LEAP 

model 

 The survey is divided into three sections: 

1. Demographics question 

Respondent is being asked about demographic question such as gender, occupation, 

income, education and so on. 

2. Preferences question 

Respondent is asked to rank from 1 to 7 (1 being least preferred and 7 being the most 

preferred) of attributes of appliances such as brand, design feature, price, electricity 

consumption and so on  
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3. Survey question about lamp, air conditioner and refrigerator 

Respondent is given 9 questions about lamp, air conditioner and refrigerator, and each 

question is a hypothetical choice set.  

In this study, there are three appliances that is included in the survey, which 

comprises of lamp, air conditioner and refrigerator. There are several reason for choosing 

lamp, air conditioner and refrigerator in the survey. It is because in the end year of 2050: 

a. Air conditioner and refrigerator are the two biggest electricity consumer in the 

household sector 

b. Lamp is the smallest electricity consumer in the household sector, however lamp has 

the cheapest purchase price compare to other appliances in the household sector 

By having both the combination of the highest and smallest electricity consumer 

in the LEAP model, we can see the different penetration of energy efficient appliances and 

compare the electricity decrease in both level. 

 

Attributes and Level of Each Appliances 

4.1.1.1 Lamp 

There are three types of lamps, in the survey, Incandescent lamp, CFL lamp and 

LED lamp. In previous literature, Min et al uses several attributes of lamp in his research 

(Min, et al., 2014).  

‐ Type of lamp 

‐ Price 



32 

 

‐ Watt and annual electricity cost 

‐ Lamp lifecycle 

‐ Light output (lumen) 

‐ Color of lamp 

Table 12. Definition of different type of lamps 

no Pros Cons Image 

1 Incandescent lamp 

Is the most widely used lamp and invented in the late 1800s. It uses a wire filament to be heated until it 

glows 

 Cheap 

 Widely available 

 Electricity consumption is 

very high 

 Short lifetime 

 Very low lumen 
 

2 CFL Lamp 

Is a compact fluorescent lamp that was designed to replace incandescent light bulb, it uses electric or 

magnetic ballast in the base of the lamp, has a tubular shape 

 More efficient in electricity 

consumption 

 Has a longer lifetime 

 Has a higher lumens  

 Contains toxic material 

such as mercury 

 Low availability in the 

market  

 Considered to be a stepping 

stone for LED lamp  

3 LED Lamp 

is a lamp that uses several light emitting diodes (LED) to create light 

 Most efficient in electricity 

consumption 

 Has the longest lifetime 

 Has the highest lumen 

 Multipurpose lamp 

 Expensive 

 People are not well informed 

about its energy efficiency 
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Lumen is a light output measures. To calculate monthly electricity cost we 

compare 75 watt incandescent lamp, 18 watt CFL lamp and 10,5 watt LED lamp because 

it has the same lumen, which is 1100 lumen. With the assumption of lamp usage is 12 hours 

per day, and 1 KWh is 1.467 IDR. We can calculate the electricity cost per month. In the 

survey, we also add the attributes and level for lamp so that it can be used to construct the 

questionnaire, below is the detail the attributes and levels for lamp. 

Table 13. Attributes and levels of lamp 

no Attribute Lamp A Lamp B Lamp C 

1 Lamp type Incandescent CFL LED 

2 Purchase price  

(Indonesian Rupiah) 

10 watt lamp 

a. 2.500 

b. 5.000 

c. 10.000 

a. 10.000 

b. 20.000 

c. 30.000 

a. 20.000 

b. 30.000 

c. 40.000 

3 Lifetime a. 1.000 hours 

b. 1.200 hours 

c. 1.400 hours 

a. 6.000 hours 

b. 8.000 hours 

c. 10.000 hours 

15.000 hours 

17.500 hours 

20.000 hours 

4 Electricity cost per month 

(Indonesian Rupiah) 

incandescent 75 watt, CFL 

18 watt, LED 10,5 watt = 

1100 lumen 

a. 20.000 

b. 40.000 

c. 60.000 

a. 5.000 

b. 10.000 

c. 20.000 

a. 2.500 

b. 5.000 

c. 10.000 

 

The Conditional Logistic Regression to process lamp survey result and Conditional 

Choice Probabilities to develop scenario for lamp is in the equation below.  
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Equation 1. Conditional Logistic Regression and Conditional Choice Probabilities for lamp 

 

4.1.1.2 Air Conditioner (AC) 

There are three types of AC in the survey, Standard AC, Low Watt AC and Inverter 

AC. In previous literature, Zhou et al (Zhou & Bukenya, 2016), and Jain et al (Jain, et al., 

2018) uses several attributes of AC in his research  

‐ AC type 

‐ Energy saving rating (star rating)  

‐ Price 

‐ Brand  

‐ Air filter 

‐ Noise level 

‐ British Thermal Unit (BTU) 
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Table 14. Definition of different type of AC 

no Pros Cons Image 

1 Standard AC 

Is a regular split AC with no energy efficient feature 

 Cheap 

 Reach cold temperature 

faster 

 Electricity consumption is 

very high 

 

2 Low Watt AC 

Is almost the same with Standard AC, but the difference is that it uses a smaller compressor than a Standard AC 

 Lower electricity 

consumption 

 Great for room with start-

stop AC operation 

 Great for consecutive usage 

less than 6 hours 

 Noisy 

 Reach cold temperature 

slower 

 Low availability in the 

market 

 Not as popular as other type 

of AC 

 

3 Inverter AC 

is the top of the line in AC, it uses an inverter technology so the longer its being used the more efficient it gets.  

 Most efficient in electricity 

consumption 

 Reach cold temperature 

faster than Low Watt AC 

 Equipped with latest 

technology and additional 

feature 

 Very Expensive 

 

 British Thermal Unit (BTU) is a heat (energy) measures. BTU is being use to 

choose a correct AC for a certain room, a bigger size room needs an AC with a bigger BTU. 

In the attribute we compare Standard AC, Low Watt AC and Inverter AC that has 9000 



36 

 

BTU. We took different brand of AC as a sample to map the price point of different AC 

type. With the assumption of AC usage per day is 12 hours, and 1 KWh is 1.467 IDR. We 

calculate the electricity cost per month using 3 type of AC with the same 9000 BTU. In the 

survey, we also add the attributes and level for AC so that it can be used to construct the 

questionnaire, below is the detail the attributes and levels for AC. 

Table 15. Attributes and levels of AC 

no Attribute AC A AC B AC C 

1 AC type Standard AC Low Watt AC Inverter AC 

2 Purchase price  

(Indonesian Rupiah) 

9000 BTU 

a. 3.400.000 

b. 3.800.000 

c. 4.200.000 

a. 3.800.000 

b. 4.200.000 

c. 4.600.000 

a. 4.200.000 

b. 4.600.000 

c. 5.000.000 

3 Electricity cost per month 

(Indonesian Rupiah) 

9000 BTU AC with 

assumption 12 hours usage 

per day 

a. 330.000 

b. 360.000 

c. 390.000  

a. 300.000 

b. 330.000 

c. 360.000 

a. 240.000 

b. 270.000 

c. 300.000 

 

The Conditional Logistic Regression to process AC survey result and 

Conditional Choice Probabilities to develop scenario for AC is in the equation below.  
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Equation 2. Conditional Logistic Regression and Conditional Choice Probabilities for AC 

 

4.1.1.3 Refrigerator 

There are two types of refrigerator in the survey, Standard Refrigerator, and 

Inverter Refrigerator. In previous survey, (Nishitani & Itoh, 2016) uses several attributes of 

refrigerator in their survey. Those attributes are  

‐ Refrigerator style (two door, French door, single door) 

‐ Price 

‐ Energy consumption 

‐ Brand  

‐ Feature 

‐ Capacity 

To maximize the survey result for refrigerator, in this survey we only use 

refrigerator type, purchase price, and electricity cost. 
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Table 16. Definition of different type of refrigerator 

no Pros Cons Image 

1 Standard Refrigerator 

Is a regular refrigerator with no energy efficient feature 

 Cheap  Electricity consumption is 

high 

 No additional feature 

 

2 Inverter Refrigerator 

Is a refrigerator that use an inverter compressor 

 Lower electricity 

consumption 

 Stable refrigerator 

temperature 

 Keeps food fresh longer 

 Expensive 

 For current customer 

possibility of adoption is 

low because refrigerator can 

last to 20 years  

 

 

We compare 2 refrigerators with two doors model (with freezer in the top shelf), 

and with 300 liter capacity. With refrigerator usage per day is full 24 hours, 1 KWh is 1.467 

IDR, we calculate the electricity cost per month. In the survey, we also add the attributes 

and level for refrigerator so that it can be used to construct the questionnaire, below is the 

detail the attributes and levels for refrigerator. 
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Table 17. Attributes and levels of refrigerator 

no Attribute Refrigerator A Refrigerator B 

1 Refrigerator type Standard Refrigerator Inverter Refrigerator  

2 Purchase price  

(Indonesian Rupiah) 

300 liter of capacity 

a. 3.200.000 

b. 3.500.000 

c. 3.800.000 

a. 3.500.000 

b. 3.800.000 

c. 4.100.000 

3 electricity cost per month 

(Indonesian Rupiah) 

300 liter capacity with 115 

watt and 100 watt  

a. 120.000 

b. 140.000 

c. 160.000 

a. 80.000 

b. 100.000 

c. 120.000 

 

The Conditional Logistic Regression to process refrigerator survey result and 

Conditional Choice Probabilities to develop scenario for refrigerator is in the equation 

below. 
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Equation 3. Conditional Logistic Regression and Conditional Choice Probabilities for refrigerator 
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Orthogonal Test  

To construct questions in the third section (conjoint analysis) we used Orthogonal 

Test to have a combination of different attributes in this survey. Orthogonal test makes it 

possible to reduce the number of combination for each appliances attributes. Other 

advantage in using Orthogonal Test to develop the questionnaire is that it will also make 

the survey result more stable, this is because Orthogonal Test is eliminating the superior 

alternative within choice set. The Orthogonal Test is conducted within several step which 

are: 

1. Categorizing the Attributes 

Before processing the attributes of each appliances in Orthogonal Test, we need to 

categorize each attributes for each appliances. The categorization for lamp, air conditioner 

and refrigerator is provided in the table below.  

Table 18. Lamp Categorization 
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Table 19. Air Conditioner Categorization 

 

Table 20. Refrigerator Categorization 

 

 

2. Conduct Orthogonal Test in SPSS 

After each attributes have been categorized, it will be processed using Orthogonal 

Test to construct the alternative choice set in the questionnaire. 

 

4.2 LEAP Model 

The study is conducted using LEAP System (long range Energy Alternative 

Planning) as the energy modeler system. LEAP is an energy modeler system that is using a 

scenario to determine the energy projection in the future. LEAP can also be used to examine 
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sector, region or statewide. LEAP allows energy analyst to create and evaluate alternative 

scenarios in a long term energy planning and to compare each scenarios energy 

requirements, costs, benefits and environmental impacts. LEAP is the chosen energy 

modeler software because it has a feature to project future electricity demand. I need to 

project the future electricity demand on each scenario. I will also analyze the electricity 

decrease of each scenario and comparing it to the BaU scenario in the end year of the model 

2050.  

In the LEAP model it has already been inputted data on other sector, include 

industrial sector, transportation sector, commercial sector, and other sector. In the 

household sector there are also other appliances data beside lighting, refrigerator and AC. 

Those appliances are cooking, television, rice cooker and other appliances. If I want to 

calculate the share change in lamp, AC and refrigerator. It not needed to use LEAP, but the 

main idea is analyzing the effect on electricity consumption decrease if the share of efficient 

appliances lamp, AC and refrigerator increase.  

The LEAP model and data is being utilized to develop the Ministry of Energy and 

Mineral Resources 2020-2024 National Strategic Plan. The simulation in the LEAP model 

is intended to calculate the electricity decrease and to see what is the effect on increase of 

share in certain appliances.   
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Energy planning in LEAP is using a “bottom up” scheme, it is a future energy 

projection determined by the energy demand. LEAP modelling structure is divided into 

three; energy demand, transformation and energy supply. To model and project energy 

demand in the future, we need data about energy demand, energy usage, energy potential 

and also the infrastructure of the energy.  

LEAP were used multiple times in the Ministry of Energy and Mineral Resources 

throughout 2010-2019 due to its agility in energy modelling. LEAP were used to produce: 

1. 2017 National Energy General Plan and Policy (Presidential Regulation Number 

22/2017 about RUEN)  

2. 2015-2019 Ministry of Energy and Mineral Resources Strategic Plan 

3. 2020-2024 Ministry of Energy and Mineral Resources Strategic Plan 

4. Future Indonesia Provincial Energy General Plan and Policy 

In the LEAP model inside household sector, there are activities and technology 

with energy entities that utilize energy, basic calculation, formula, energy model structure 

and scenario that will determine LEAP energy projection. The household sector model 

structure in the LEAP model is presented in the figure below. 
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Figure 5. Household Sector Model Structure (Council, 2020) 

 

The survey result will be processed in STATA and the coefficient will be used to 

calculate the penetration of 3 appliances (lamp, AC and refrigerator) by 2050, and the result 

will also be use to develop several energy efficient penetration scenario in LEAP.  
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Chapter 5. Result 

 

In the next several section, we will explained about the conjoint analysis survey 

result, scenario development and the LEAP simulation in the given order.  

5.1 Conjoint Analysis Survey Result 

The survey was conducted in 18-25 September 2020, the survey was being 

participated by 143 household respondents. From 143 respondents 57.3% (82 respondents) 

is male, and 42.7% (61 respondents) is female. Below are the details of the respondents’ 

demographics. 

Table 21. Respondents Demographics 

No Respondent Demographics Responses Ratio (%) 

1 Age 21-25 9 6.3 

26-30 32 22.4 

31-35 63 44 

36-40 19 13.3 

>40 20 14 

2 Sex Male 82 57.3 

Female 61 42.7 

3 City Jakarta 93 65 

Outside Jakarta 50 35 

4 Home status Owned 72 50.3 

Family owned 42 29.4 

Rent 24 16.8 

Company house 5 3.5 
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5 Education level 

(graduated) 

High School 6 4.2 

Diploma 3 2.1 

Bachelor’s Degree 92 64.3 

Master Degree 39 27.3 

PHD 3 2.1 

6 Monthly income 

(Indonesian 

Rupiah) 

<5 million 24 16.8 

5-10 million 64 44.7 

10-15 million 24 16.8 

15-20 million 13 9.1 

>20 million 18 12.6 

 

Since the study was conducted among researcher’s colleagues and friends, the age 

group of 31-35 years, and the education level group of Bachelor’s Degree is over 

represented. In the second section of the survey we asked the respondents to rank their 

preference/importance when they will purchase an appliances. in the third section we asked 

the respondents 9 questions for each appliances. In each question we provide three 

hypothetical options for lamps and AC, and 2 hypothetical options for refrigerator. The 

alternative choice set for each attributes was processed using Orthogonal Test in SPSS. 

 

5.2 Scenario Development 

The coefficient from the regression of survey result is being used to develop several 

scenario. The scenario develop is later being input in the LEAP model to show different 

penetration of energy efficient appliances, and we can analyze the different level of energy 

efficiency in each scenario.  
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The research also tries to see the household tendency to adopt an energy efficient 

appliances, and stimulate that changes to increase the share of energy efficient appliances. 

The subsidy and consumer tax scenario will stimulate a behavioral change in household. 

The reason to compare combination, increase of all energy efficient appliances, 

and consumer tax scenario is to see how the household will respond to each scenario. In 

instance consumer tax slightly increase energy efficient appliance share, because the price 

of regular appliance increase almost as expensive as the energy efficient appliance. While 

combination scenario significantly increase energy efficient appliance share, because the 

subsidy decrease the price of energy efficient appliance and the tax increase the price of 

regular appliances.  

The selection of 10% and 30% on consumer tax is to measure if the household will 

buy the regular appliance or shift to energy efficient appliance, and avoiding not to overload 

the household budget. The selection Combination 10 and 30 Scenario is to utilized the tax 

incentive that government received through the 10% and 30% Consumer Tax scenario and 

return it back to the household in the form of subsidy for energy efficient appliances 

purchase. This will help the Combination 10 and 30 to be tax neutral, so that both the 

government and the household is break even. The detail of each scenario is presented below. 

 

Energy Efficiency and Conservation Scenario (EEC BaU) 

The EEC BaU scenario is the scenario that is derived from the survey result. It will 

be use as the basic scenario for the LEAP model. It uses the coefficient of the Conditional 
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Logistic Regression and processed it with exponential equation. It has no other policy 

implication, and only using the survey result. The detail of the EEC BaU Scenario is 

presented in the table below. 

Table 22. EEC BaU Scenario 

no Appliance Price  

(in Indonesian Rupiah) 

Share  

(in %) 

Total  

(in %) 

1 Lamp   

a Incandescent 5,000 9 100 

b CFL 15,000 23 

c LED 35,000 68 

2 Air Conditioner 

a Standard 3,000,000 26 100 

b Low Watt 3,750,000 28 

c Inverter 4,500,000 46 

3 Refrigerator 

a Standard 2,400,000 47 100 

b Inverter 3,400,000 53 

 

 

10% Share Increase of Energy Efficient Appliances (SIEEA) 

Scenario 

10% SIEEA Scenario is a scenario when the government is having a target to 

increase all energy efficient appliances (include lamp, AC, refrigerator, television, rice 

cooker and other appliances) by 10% on 2050. The details of the scenario is presented in 

the table below. 
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Table 23. 10% SIEEA Scenario 

no Appliance Share (in %) Total (in %) 

1 Lamp 

a Incandescent 0 

100 b CFL 25.3 

c LED 74.7 

2 Air Conditioner 

a Standard 18.6 

100 b Low Watt 30.8 

c Inverter 50.6 

3 Refrigerator 

a Standard 41.7 
100 

b Inverter 58.3 

4 TV 

a CRT 0 

100 b LCD 33 

c LED 67 

5 Rice Cooker 

a Standard 56 
100 

b Efficient 44 

6 Other Appliances 

a Standard 56 
100 

b Efficient 44 

 

10% Consumer Tax Scenario 

10% Consumer Tax Scenario is a scenario of when the government are imposing 

consumer tax for regular appliances, such as Incandescent lamp, standard AC, and standard 

refrigerator. The consumer will bear the 10% tax from the normal purchase price. The 
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household consumer will pay the purchase price amount plus 10% tax. In the 10% 

Consumer Tax Scenario the government will receive an additional 10% tax. The details of 

the scenario is presented in the table below. 

Table 24. 10% Consumer Tax Scenario 

no Appliance Price  

(in Indonesian Rupiah) 

Share  

(in %) 

Total  

(in %) 

1 Lamp   

a Incandescent 5,500 9 100 

b CFL 15,000 23 

c LED 35,000 68 

2 Air Conditioner 

a Standard 3,300,000 20 100 

b Low Watt 3,750,000 30 

c Inverter 4,500,000 50 

3 Refrigerator 

a Standard 2,640,000 40 100 

b Inverter 3,400,000 60 

30% Consumer Tax Scenario  

30% Consumer Tax Scenario is a scenario of when the government are imposing 

consumer tax for regular appliances, such as Incandescent lamp, standard AC, and standard 

refrigerator. The consumer will bear the 30% tax from the normal purchase price. The 

household consumer will pay the purchase price amount plus 30% tax. In the 30% 

Consumer Tax Scenario the government will receive an additional 30% tax. The details of 

the scenario is presented in the table below. 
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Table 25. 30% Consumer Tax Scenario 

no Appliance Price  

(in Indonesian Rupiah) 

Share  

(in %) 

Total  

(in %) 

1 Lamp   

a Incandescent 6,500 8 100 

b CFL 15,000 23 

c LED 35,000 69 

2 Air Conditioner 

a Standard 3,900,000 11 100 

b Low Watt 3,750,000 33 

c Inverter 4,500,000 56 

3 Refrigerator 

a Standard 3,120,000 27 100 

b Inverter 3,400,000 73 

 

Combination 10 Scenario 

Combination 10 Scenario is a combination scenario where government is imposing 

10% consumer tax while also giving 3.67% subsidy. The main purpose of Combination 10 

Scenario is to utilize the tax incentive from the household and return it back to the 

household in the form of subsidy, and to achieve tax neutral. 

‐ The consumer tax is for any purchase of regular appliances, such as incandescent lamp, 

standard AC, and standard refrigerator. The consumer will bear the 10% tax from the 

normal purchase price. The household consumer will pay the purchase price amount 

plus 10% tax 

‐ The subsidy is for any purchase of energy efficient appliances, such as LED lamp, 

inverter AC, and inverter refrigerator. The government will bear the 3.67% cost off 
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from the normal purchase price. The household will pay the purchase price amount 

minus 3.67% from the government subsidy  

The details of the Combination 10 Scenario is presented in the table below. 

Table 26. Combination 10 Scenario 

no Appliance Price  

(in Indonesian Rupiah) 

Share  

(in %) 

Total  

(in %) 

1 Lamp   

a Incandescent 5,500 8 100 

b CFL 15,000 22 

c LED 33,717 70 

2 Air Conditioner 

a Standard 3,300,000 18 100 

b Low Watt 3,750,000 27 

c Inverter 4,335,066 55 

3 Refrigerator 

a Standard 2,640,000 36 100 

b Inverter 3,275,383 64 

 

Combination 30 Scenario 

Combination 30 Scenario is a combination scenario where government is imposing 

30% consumer tax while also giving 6.47% subsidy. The main purpose of Combination 30 

Scenario is to utilize the tax incentive from the household and return it back to the 

household in the form of subsidy, to achieve tax neutral. 

‐ The consumer tax is for any purchase of regular appliances, such as incandescent lamp, 

standard AC, and standard refrigerator. The consumer will bear the 30% tax from the 
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normal purchase price. The household consumer will pay the purchase price amount 

plus 30% tax.  

‐ The subsidy is for any purchase of energy efficient appliances, such as LED lamp, 

inverter AC, and inverter refrigerator. The government will bear the 6.47% cost off 

from the normal purchase price. The household will pay the purchase price amount 

minus 6.47% from the government subsidy 

The details of the Combination 30 Scenario is presented in the table below. 

Table 27. Combination B Scenario 

no Appliance Price  

(in Indonesian Rupiah) 

Share  

(in %) 

Total  

(in %) 

1 Lamp   

a Incandescent 6,500 8 100 

b CFL 15,000 21 

c LED 32,737 71 

2 Air Conditioner 

a Standard 3,900,000 9 100 

b Low Watt 3,750,000 27 

c Inverter 4,209,056 64 

3 Refrigerator 

a Standard 3,120,000 22 100 

b Inverter 3,180,175 78 
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5.3 LEAP Simulation 

In the LEAP model, after running the whole scenario we will analyze how many % decrease 

of electricity consumption by the end of year 2050. While also determining which scenario will 

work best in regards of energy policy development.  

Energy Efficiency and Conservation Scenario (EEC BaU) 

In the EEC BaU Scenario total electricity demands will increase from 465.6 TWh 

in the base year of 2020, to become 1,770.6 TWh in the end year of 2050. The household 

sector electricity demands will grow from the base year of 2020 from 102.4 TWh into 727.2 

TWh by the year of 2050 as the end year. This will make the household sector as the biggest 

consumer of electricity. In 2050 household will consume 727.2 TWh (41.1%) from the total 

electricity demand, followed by commercial 529.5 TWh (29.9%), industry 489.2 TWh 

(27.6%), and transportation 24.7 TWh (1.4%). The projection of electricity demand is 

presented in the table and figure below. 

Table 28. Electricity Demand Projection By Sector (in TWh) 

no Sector Electricity Demand 

2020 2025 2030 2035 2040 2045 2050 

1 Household 102.4 203.5 291.6 393.5 496.3 608.4 727.2 

2 Commercial 55.1 83.8 127 187.5 271.6 384.1 529.5 

3 Industry 307.6 614.8 683.8 717.9 706 631.7 489.2 

4 Transportation 0.5 1.5 3.9 7.1 11.5 17.3 24.7 

Total 465.6 903.6 1106.3 1306 1485.4 1641.5 1770.6 



55 

 

 

Figure 6. Electricity Demand Projection by Sector (in TWh) 

In 2050, AC will be the biggest electricity consumer appliance inside the household 

sector. AC will consume around 381.7 TWh (52.5%) from the total electricity demand in 

the household, followed by refrigerator 114.8 TWh, other appliances 64.2 TWh, rice cooker 

59.3 TWh, television 47.1 TWh, lighting 38.5 TWh, and cooking 21.6 TWh. The detail of 

the electricity demand by appliances is presented in the table and figure below. 

Table 29. Electricity Demand Projection by Appliance (in TWh) 

No Appliance Electricity Demand 

2020 2025 2030 2035 2040 2045 2050 

1 Air Conditioner 23.3 66.7 116.7 177.2 240.9 309.9 381.7 

2 Refrigerator 18.7 33.4 45.9 60.6 76 94 114.8 

3 Other Appliances 15.4 25.3 32.4 40.1 47.3 55.4 64.2 

4 Rice Cooker 11.5 19.6 26.1 33.4 40.9 49.5 59.3 
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5 Television 16 25.3 30.9 36.2 40.3 44 47.1 

6 Lighting 14.2 22 26.5 30.6 33.6 36.3 38.5 

7 Cooking 3.3 11.1 13.3 15.4 17.3 19.3 21.6 

  Total 102.4 203.5 291.6 393.5 496.3 608.4 727.2 

    

 

Figure 7. Electricity Demand Projection by Appliance (in TWh) 

 

10% Share Increase of Energy Efficient Appliances (SIEEA) 

Scenario 

In this scenario, the government have a target to increase energy efficient 

appliances share by 10% in all appliances in the household sector by 2050. This will also 

change the share of each appliances in the LEAP model. The detail of the differences 

between EEC BaU and 10% SIEEA Scenario is presented in the table below. 
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Table 30. Comparison to EEC BaU 

no Appliance 
Share (in %) 

EEC BaU 10% SIEEA 

1 Incandescent lamp 9 0 

2 CFL lamp 23 25.3 

3 LED lamp 68 74.7 

4 Standard AC 26 18.6 

5 Low Watt AC 28 30.8 

6 Inverter AC 46 50.6 

7 Standard refrigerator 47 41.7 

8 Inverter refrigerator 53 58.3 

9 CRT TV 0 0 

10 LCD TV 30 23 

11 LED TV 70 77 

12 Standard Rice Cooker 60 56 

13 Efficient Rice Cooker 40 44 

14 Standard Other Appliances 60 56 

15 Efficient Other Appliances 40 44 

 

Since the 10% SIEEA Scenario has a higher penetration of energy efficient 

appliances such as LED lamp, inverter AC, inverter refrigerator, and other efficient 

appliances, it help the 10% SIEEA Scenario to consume electricity lower than the EEC 

BaU Scenario. In the end year of 2050 the 10% SIEEA Scenario will consume 690.8 TWh, 

compare to EEC BaU Scenario 727.2 TWh. It consume electricity lower by 36.4 TWh. The 

10% SIEEA Scenario can save electricity consumption by 4.9%. The detail of the electricity 

demand projection is presented in the table below.  
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Table 31. Electricity Demand Projection (in TWh) 

No Scenario Electricity Demand 

2020 2025 2030 2035 2040 2045 2050 

1 EEC BaU 102.4 203.5 291.6 393.5 496.3 608.4 727.2 

2 10% SIEEA 102.3 202.1 287.7 385.3 481.8 584.8 690.8 

 

10% Consumer Tax Scenario 

 In this scenario, the government is imposing 10% tax for any purchase of regular 

appliances. Therefore, the price for incandescent lamp, standard AC and standard refrigerator will 

be 10% higher. This will also change the share of each appliances in the LEAP model. The detail of 

the differences between EEC BaU and 10% Consumer Tax is presented in the table below. 

Table 32. Comparison to EEC BaU 

no Appliance Price (in Indonesian Rupiah) Share (in %) 

EEC BaU 10% CT EEC BaU 10% CT 

1 Incandescent lamp 5,000 5,500 9 9 

2 CFL lamp 15,000 15,000 23 23 

3 LED lamp 35,000 35,000 68 68 

4 Standard AC 3,000,000 3,300,000 26 20 

5 Low Watt AC 3,750,000 3,750,000 28 30 

6 Inverter AC 4,500,000 4,500,000 46 50 

7 Standard refrigerator 2,400,000 2,600,000 47 40 

8 Inverter refrigerator 3,400,000 3,400,000 53 60 

 

Since the 10% Consumer Tax Scenario has a higher penetration of energy efficient 

appliances such as LED lamp, inverter AC and inverter refrigerator, it help the 10% 

Consumer tax Scenario to consume electricity lower than the EEC BaU Scenario. In the 
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end year of 2050 the 10% Consumer Tax Scenario will consume 705 TWh, compare to 

EEC BaU Scenario 727.2 TWh. It consume electricity lower by 22.2 TWh. The 10% 

Consumer Tax Scenario can save electricity consumption by 3%. The detail of the 

electricity demand projection is presented in the table below.  

Table 33. Electricity Demand Projection (in TWh) 

No Scenario Electricity Demand 

2020 2025 2030 2035 2040 2045 2050 

1 EEC BaU 102.4 203.5 291.6 393.5 496.3 608.4 727.2 

2 10% Consumer Tax 102.3 202.9 289.7 389.1 488.2 594.5 705 

 

30% Consumer Tax Scenario 

In this scenario, the government is imposing 30% tax for any purchase of regular 

appliances. Therefore, the price for incandescent lamp, standard AC and standard 

refrigerator will be 30% higher. This will also change the share of each appliances in the 

LEAP model. The detail of the differences between EEC BaU and 30% Consumer Tax is 

presented in the table below. 

Table 34. Comparison to EEC BaU 

no Appliance Price (in Indonesian Rupiah) Share (in %) 

EEC BaU 30% CT EEC BaU 30% CT 

1 Incandescent lamp 5,000 6,500 9 8 

2 CFL lamp 15,000 15,000 23 23 

3 LED lamp 35,000 35,000 68 69 

4 Standard AC 3,000,000 3,900,000 26 11 

5 Low Watt AC 3,750,000 3,750,000 28 33 

6 Inverter AC 4,500,000 4,500,000 46 56 
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7 Standard refrigerator 2,400,000 3,120,000 47 27 

8 Inverter refrigerator 3,400,000 3,400,000 53 73 

 

Since the 30% Consumer Tax Scenario has a higher penetration of energy efficient 

appliances such as LED lamp, inverter AC and inverter refrigerator, it help the Consumer 

tax 30% Scenario to consume electricity lower than the EEC BaU Scenario. In the end year 

of 2050 the 30% Consumer Tax Scenario will consume 669.9 TWh, compare to EEC BaU 

Scenario 727.2 TWh. It consume electricity lower by 57.3 TWh. The 30% Consumer Tax 

Scenario can save electricity consumption by 8%. The detail of the electricity demand 

projection is presented in the table below.  

Table 35. Electricity Demand Projection (in TWh) 

No Scenario Electricity Demand 

2020 2025 2030 2035 2040 2045 2050 

1 EEC BaU 102.4 203.5 291.6 393.5 496.3 608.4 727.2 

2 30% Consumer Tax 102 201.5 286.2 381.9 474.9 572.3 669.9 

 

Combination 10 Scenario 

Combination 10 Scenario is a combination between government subsidy and 

consumer tax that is being impose simultaneously. The government tax is impose for 

regular appliances, while the subsidy is for energy efficient appliances. In this scenario, the 

government is imposing 10% tax for any purchase of regular appliances. Therefore, the 

price for incandescent lamp, standard AC and standard refrigerator will be 10% higher. 

While the government will provide 3.67% subsidy for any purchase of energy efficient 

appliances. Therefore, the price for LED lamp, inverter AC and inverter refrigerator will 
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be 3.67% lower. This will also change the share of each appliances in the LEAP model. 

The detail of the differences between EEC BaU and Combination 10 is presented in the 

table below.  

 Table 36. Comparison to EEC BaU 

no Appliance Price (in Indonesian Rupiah) Share (in %) 

EEC BaU Combination 10 EEC BaU Combination 10 

1 Incandescent lamp 5,000 5,500 9 8 

2 CFL lamp 15,000 15,000 23 22 

3 LED lamp 35,000 33,717 68 70 

4 Standard AC 3,000,000 3,300,000 26 18 

5 Low Watt AC 3,750,000 3,750,000 28 27 

6 Inverter AC 4,500,000 4,335,066 46 55 

7 Standard refrigerator 2,400,000 2,640,000 47 36 

8 Inverter refrigerator 3,400,000 3,275,383 53 64 

 

Since the Combination 10 Scenario has a higher penetration of energy efficient 

appliances such as LED lamp, inverter AC and inverter refrigerator, it help the Combination 

10 Scenario to consume electricity lower than the EEC BaU Scenario. In the end year of 

2050 the Combination 10 Scenario will consume 691.2 TWh, compare to EEC BaU 

Scenario 727.2 TWh. It consume electricity lower by 36 TWh. The Combination 10 

Scenario can save electricity consumption by 5%. The detail of the electricity demand 

projection is presented in the table below.  
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Table 37. Electricity Demand Projection (in TWh) 

No Scenario Electricity Demand 

2020 2025 2030 2035 2040 2045 2050 

1 EEC BaU 102.4 203.5 291.6 393.5 496.3 608.4 727.2 

2 Combination 10 102.1 202.1 288.1 386 482.7 585.6 691.2 

 

Combination 30 Scenario 

Combination 30 Scenario is a combination between government subsidy and 

consumer tax that is being impose simultaneously. The government tax is impose for 

regular appliances, while the subsidy is for energy efficient appliances. In this scenario, the 

government is imposing 30% tax for any purchase of regular appliances. Therefore, the 

price for incandescent lamp, standard AC and standard refrigerator will be 30% higher. 

While the government will provide 6.47% subsidy for any purchase of energy efficient 

appliances. Therefore, the price for LED lamp, inverter AC and inverter refrigerator will 

be 6.47% lower. This will also change the share of each appliances in the LEAP model. 

The detail of the differences between EEC BaU and Combination 30 is presented in the 

table below.  

 Table 38. Comparison to EEC BaU 

no Appliance Price (in Indonesian Rupiah) Share (in %) 

EEC BaU Combination 30 EEC BaU Combination 30 

1 Incandescent lamp 5,000 6,500 9 8 

2 CFL lamp 15,000 15,000 23 21 

3 LED lamp 35,000 32,737 68 71 

4 Standard AC 3,000,000 3,900,000 26 9 

5 Low Watt AC 3,750,000 3,750,000 28 27 
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6 Inverter AC 4,500,000 4,209,056 46 64 

7 Standard refrigerator 2,400,000 3,120,000 47 22 

8 Inverter refrigerator 3,400,000 3,180,175 53 78 

 

Since the Combination 30 Scenario has a higher penetration of energy efficient 

appliances such as LED lamp, inverter AC and inverter refrigerator, it help the Combination 

30 Scenario to consume electricity lower than the EEC BaU Scenario. In the end year of 

2050 the Combination 30 Scenario will consume 652.5 TWh, compare to EEC BaU 

Scenario 727.2 TWh. It consume electricity lower by 74.7 TWh. The Combination 30 

Scenario can save electricity consumption by 10.2%. The detail of the electricity demand 

projection is presented in the table below.  

Table 39. Electricity Demand Projection (in TWh) 

No Scenario Electricity Demand 

2020 2025 2030 2035 2040 2045 2050 

1 EEC BaU 102.4 203.5 291.6 393.5 496.3 608.4 727.2 

2 Combination 30 101.9 201 284.6 378.3 468.4 561.3 652.5 

 

5.4 Discussion  

Electricity Demand Projection 

In the LEAP model, electricity demand will grow from 253.7 TWh in 2020 as a 

base year to 1,770.6 TWh in 2050 as the end year. Household sector consecutively will be 

the biggest electricity consumer with electricity demand in 2020 by 102.4 TWh to 727.2 

TWh in 2050. Because of this, we will try to increase the energy efficiency in the household 

sector using several energy efficiency scenario with different penetration share of energy 
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efficient appliances, such as lamp, AC and refrigerator. By increasing the penetration of 

energy efficient appliances in the household sector, it will help lower the household 

electricity consumption.  

With several scenarios that being developed, we input the scenario in the LEAP 

model to see how many percentage of electricity consumption can be decreased by 

implementing this scenario. Multiple scenarios projects different level of electricity 

decrease. The detail of the electricity demand projection by scenarios is presented in the 

table and figure below. 

Table 40. Electricity Demand Projection by Scenario (in TWh) 

no Scenario Electricity Demand 

2020 2025 2030 2035 2040 2045 2050 

1 EEC BaU 102.4 203.5 291.6 393.5 496.3 608.4 727.2 

2 10% SIEEA 102.3 202.1 287.7 385.3 481.8 584.8 690.8 

3 10% Consumer tax 102.3 202.9 289.7 389.1 488.2 594.5 705 

4 30% Consumer tax 102 201.5 286.2 381.9 474.9 572.3 669.9 

5 Combination 10 102.1 202.1 288.1 386 482.7 585.6 691.2 

6 Combination 30 101.9 201 284.6 378.3 468.4 561.3 652.5 

 

 

 



65 

 

 

Figure 8. Electricity Demand Projection by Scenario (in TWh) 

 

In the figure above the 10% SIEEA Scenario and the Combination 10 Scenario 

share almost the same line, because 10% SIEEA Scenario consume electricity 690.8 TWh, 

while the Combination 10 Scenario consume electricity 691.2 TWh, only 0.4 TWh different. 

The scenario that consume the biggest electricity is EEC BaU as the baseline 

scenario with 727.2 TWh. Followed by 10% Consumer Tax Scenario with 705 TWh, 

Combination 10 Scenario with 691.2 TWh and the scenario that consume the lowest 

Combination 30 Scenario with 652.5 TWh. 

The two consumer tax scenario consumes electricity lower than EEC BaU because 

Consumer tax scenario will increase the price of regular appliances (incandescent lamp, 
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standard AC and standard refrigerator). This will make the price of these appliances to be 

almost as expensive as the energy efficient appliances. Some of the consumer will choose 

energy efficient appliances compare to the regular appliances due to small price differences. 

It made the share of energy efficient appliances increase. The energy efficient appliances 

price is not decrease, but the price becoming able to compete with the regular appliances.  

Both combination scenario is develop with the idea of returning the tax incentive 

back to the household in the form of subsidy, so that it would achieve break even and 

become tax neutral. The Combination 10 Scenario consumes less electricity compare to 10% 

Consumer Tax Scenario and almost as low as Increase 10 Scenario. This is because on 

Combination 10 Scenario, the price of regular appliances will increase and the price of 

energy efficient appliances will decrease simultaneously. The price changes on both regular 

appliances and energy efficient appliances, will increase the share of energy efficient 

appliances to be more significant than the 10% Consumer Tax Scenario, and will decrease 

the share of regular appliances significantly. Considering the share changes of each 

appliances in the Combination 10 Scenario is very significant, help make the Combination 

10 Scenario to consume electricity lower than 10% Consumer Tax Scenario, and very close 

to the 10% SIEEA Scenario. In Combination 10 Scenario it is 691.2 TWh, and in 10% 

SIEEA Scenario it is 690.8 TWh, the differences is only 0.4 TWh. This means that the 

Combination 10 Scenario is very potential in lowering electricity consumption because the 

share only increased in lamp, AC and refrigerator. While on 10% SIEEA Scenario, all 

energy efficient appliances share is increased.    
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Combination 30 Scenario consumes less electricity compare to all scenario. This 

is because on the Combination 30 Scenario, the price of regular appliances will increase 

and the price of energy efficient appliances will decrease simultaneously. The price changes 

has the same effect as Combination 10 Scenario, which will increase the energy efficient 

appliances share significantly. The electricity consumption in Combination 30 Scenario is 

the lowest of all scenario with 652.5 TWh.  

 

Government Financial Capacity 

5.4.1.1 Consumer Tax Scenario 

In the 10% Consumer Tax Scenario, to lower the electricity consumption from 

727.2 TWh into 705 TWh or by 22.2 TWh (3%), the government will receive tax revenue 

from the household of 14.782 Trillion Indonesian Rupiah. While for 30% Consumer Tax 

Scenario, to lower the electricity consumption from 727.2 TWh into 669.9 TWh or by 57.3 

TWh (8%), the government will receive tax revenue from the household of 27.805 Trillion 

Indonesian Rupiah.  

5.4.1.2 Combination Scenario 

In the Combination 10 Scenario, to lower the electricity consumption from 727.2 

TWh into 691.2 TWh or by 36 TWh (5%), the government will provide subsidy that is 

being the same amount with the tax incentive from the household. In the end, the total 

subsidy that will be given to the household is around 14.782 Trillion Indonesian Rupiah, 

and the tax incentive that the government will receive is 14.782 Trillion Indonesian Rupiah. 
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There is a difference of 386,026 Indonesian Rupiah or equivalent to 27.4 USD.   

In the Combination 30 Scenario, to lower the electricity consumption from 727.2 

TWh into 652.5 TWh or by 74.7 TWh (10.2%), the government will provide subsidy that 

is being the same amount with the tax incentive from the household. In the end, the total 

subsidy that will be given to the household is around 27.805 Trillion Indonesian Rupiah, 

and the tax incentive that the government will receive is 27.805 Trillion Indonesian Rupiah. 

There is a difference of 632,988 Indonesian Rupiah or equivalent to 45 USD. 

In the combination scenario the government will give subsidy while also receiving 

tax revenue, this will make it easier for the government to allocate the financial resources 

needed to implement the scenario. Considering that subsidy comes from the state budget, 

it will be a burden to the government to allocate a certain amount of subsidy in the state 

budget. The financial resources required to run the combination scenario is 0, because it 

comes from the tax incentive in the consumer tax scenario. While from the household 

perspective, household will receive subsidy for any purchase of energy efficient appliances, 

but if they purchase a regular appliances they will be subject to tax. With a tax neutral 

scenario such as both combination Scenario, it will definitely help the government and the 

household to become break even while also decreasing electricity consumption.  

There are several advantages in using combination scenario: 

1. Combination scenario increase the share of energy efficient appliances while 

decreasing the electricity demand 

2. Combination scenario has the lowest electricity consumption 
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3. Combination scenario is utilizing the tax incentive from the consumer tax scenario and 

this will be return back to the household in subsidy, to achieve tax neutral scenario. 

Financial resources required to run the combination scenario comes from the household 

itself. 
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Chapter 6. Conclusion 

 

6.1 Conclusion 

According to the 2018 Handbook of Energy, household sector is the biggest 

electricity consumer in 2018 with 97.8 TWh (Indonesia, 2018). Followed by industrial 

sector with 76.9 TWh, commercial sector with 43.7 Twh, and transportation sector with 

0.274 TWh. Household sector consecutively has been the biggest electricity consumer in 

more than 10 years. Household electricity consumption has a growth rate of around 7% 

each year, and the electricity demand is steadily increasing each year. The study is focus 

on analyzing the electricity demand in Indonesian household sector, and the way to 

decrease it utilizing energy efficiency and conservation.     

Indonesian household sector has already adopted several energy efficient 

appliances, however the penetration of energy efficient appliances is low and can be 

increase with some stimulation. The scenario that was being developed, was derived from 

a conjoint analysis survey result. The survey was conducted to have a better understanding 

about current market share in energy efficient appliances and to make a feasible scenario 

to be processed in LEAP. 

Each scenario has a different penetration of energy efficient appliances, and the 

final electricity demand in 2050 is ranging from 652.5 TWh to 727.2 TWh. The consumer 

tax scenario is requiring the household to pay tax for purchasing regular appliances. While 

the combination scenario is the combination of government giving subsidy for energy 
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efficient appliances, and imposing tax on regular appliances. The cost of subsidy comes 

from the tax incentive. The combination scenario turns out to be the scenario that consumes 

the least amount of electricity by 2050 compare to both consumer tax scenario. Due to the 

significant increase of energy efficient appliances share in Combination 10 Scenario, it 

consume electricity almost as low as 10% SIEEA Scenario. Considering that Combination 

10 Scenario share of energy efficient appliances increase only in lamp, AC and refrigerator. 

While in 10% SIEEA Scenario the share of energy efficient appliances increase on all 

appliances. Combination Scenario is also a tax neutral scenario, the subsidy comes from 

the tax incentive in implementing consumer tax scenario, so what is being paid by the 

household will return back to household in the form of subsidy.  

Inside the household sector air conditioner is the biggest electricity consuming 

appliance, followed by refrigerator, and other appliances. While lighting is the second 

lowest electricity consuming appliances. AC electricity consumption growth is more than 

16 folds from the start of the base year (2020) with 23.3 TWh, and in the end year (2050) 

become 381.7 TWh. Refrigerator electricity consumption growth is more than 6 folds from 

the start of the base year (2020) with 18.7 TWh, and in the end year (2050) become 114.8 

TWh. In the contrary, lighting electricity consumption growth is only 2.5 folds from the 

start of the base year (2020) with 14.2 TWh, and in the end year (2050) become 38.5 TWh. 

Energy conservation is an uncharted territory for the household sector, household 

sector is not aware and not accustomed to conserve energy in their daily activities. There 

are only a few government regulations that is imposing energy efficiency and conservation 
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in the household sector, and most of the regulation is outdated. Having a clear planning on 

energy efficiency and conservation in the household sector is important to lower the 

electricity consumption.   

Based on each factor mentioned above, the study result, the simulation, and the 

analysis offers following conclusions: 

1. Electricity Demand 

Based on the electricity demand projection, by the end year of 2050 the total electricity 

demand will be 1,770.6 TWh. Household is projected to be the biggest electricity-

consuming sector with 727.2 TWh. To minimize the electricity consumption while 

increasing energy efficiency, the government can implement energy efficiency 

program and policy.   

2. Scenario 

In LEAP simulation each scenario has a different result of electricity reduction. The 

scenario with the lowest electricity consumption is Consumer 30 Scenario. and it can 

reduce electricity demand to 652.5 TWh (10.2%) 

3. Appliances 

Air conditioner will be the biggest electricity consuming appliances, and the growth of 

electricity consumption from 2020 to 2050 is more than 16 folds to 381.7 TWh. With 

Combination 30 Scenario, the electricity consumption will decrease to 316.9 TWh.   
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6.2 Policy Implication and Recommendation 

The study conducted is focusing to analyze the effect of energy efficient appliances 

penetration and how many percent of electricity consumption can be reduce in the 

household sector. The result from the study will provide insight and recommendation for 

the government as a policymaker and related stakeholder to develop an energy efficiency 

and conservation policy in the household sector. The following is the policy implication 

and recommendation:  

The survey result showed that if a consumer is given a sufficient information about 

an appliance, this will help them to choose an energy efficient appliances that is suitable 

for them. The information about appliances may include but not limited to: the appliances 

electricity consumption, energy efficiency rating, price of a similar appliances, etc. 

Appliances in the household sector has different level of electricity consumption, 

AC is projected to be the biggest electricity-consuming appliance by 2050, the growth of 

electricity consumption is more than 16 folds from the base year. The government needs to 

have a specific energy efficiency policy to address this matter. 

Scenario that has the lowest electricity consumption is the Combination 30 

Scenario, but this scenario will increase the price of regular appliances, to be almost as 

expensive as energy efficient appliances. Combination 30 Scenario will only be effective 

if consumer decided to buy the energy efficient appliances. 

In the other hand, combination type scenario holds a bigger opportunity compare 

to two consumer tax and 10% SIEEA Scenario, because it has a lower electricity 
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consumption, household is receiving subsidy, and government is also receiving tax 

incentive. So all stakeholders play major role in the combination type scenario and all 

stakeholders are benefitted from the scenario.   

Therefore, the government needs to develop an energy efficiency policy that is 

combining subsidy with consumer tax to reduce electricity consumption. On the other hand 

combining subsidy and consumer tax will ease the burden in the national budget.  

The awareness and knowledge of energy efficiency and conservation in the 

household sector needs to be increase. Government needs to have a clear plan to 

disseminate information and knowledge about energy efficiency and conservation. The 

dissemination needs to be done periodically and utilizing social media platform. 

 

6.3 Study Limitation and Future Studies 

The study that was conducted in energy efficiency and conservation in the 

household sector has study limitations and can be develop even further in the future. The 

following is some limitations that can be develop: 

1. The study only analyze several appliances (lamp, AC and refrigerator), future studies 

may include other appliances such as TV, rice cooker, cooking, and so on. So that 

future studies can analyze the impact of energy efficient appliances more accurately 

in the household sector. 
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2. The scenario in the study is directly affecting the purchase price of appliances. Future 

studies can develop a scenario to give subsidy or discount for electricity bill if a 

household is using several energy efficient appliances, and so on.  

3. The study is solely focus on energy efficiency and conservation in the household 

sector, future studies can analyze industry, commercial and transportation sector. 
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Appendix 

 

Appendix 1. Survey Questionnaire for Energy Efficient 

Appliances (in English) 

Dear respondents: 

Thank you very much for participating in this survey, this survey is conducted as part in 

the writing of my master thesis with title “Energy Saving Potential in Household Sector 

through Energy Efficiency and Conservation (EEC) Using LEAP”. The thesis is written by 

Frieski Putra in the Department of Technology Management Economics Policy Program 

(TEMEP) at Seoul National University with advisory and guidance from Professor Yoonmo 

Koo and Professor Jaedo Moon. 

 

Purpose of the survey: 

 To understand the current market condition of energy efficient appliances 

 To understand the customer’s key factor in choosing appliances (such as price point, 

electricity consumption, technology, brand, design, energy efficiency, etc) 

 To develop a feasible energy efficient appliances scenario to be input in Long Range 

Energy Alternatives Planning System (LEAP) 

 

Currently in Indonesia, household sector is the biggest electricity consumer, followed by 

the industrial sector and commercial sector. Household consumed 97,8 thousand GWh, 

industrial consumed 76,9 thousand GWh and commercial consumed 43,7 thousand GWh 

in 2018 (Ministry of Energy and Mineral Resources, 2018). Indonesia has numerous energy 

efficient appliances and the Government had already ruled out some regulation in regards 

of energy efficient appliances, but there are still room to grow for saving energy in the 
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household sector in the future. Energy efficiency and conservation relates closely but 

different from each other. Energy efficiency is utilizing a technology that has the same 

function but uses less energy, while energy conservation is a way or behavior to conserve 

energy (US Energy Information Administration, 2019).   

There has been several research being conducted to really know the willingness to pay 

(WTP) and the potential adoption of energy efficient appliances. Research conducted by 

Jain et al (Jain, et al., 2018) using discrete choice model suggested that Indian customer are 

viewing energy efficient star labelling as a positive value in air conditioners. While in China 

WTP increases for a higher energy efficient AC if there is comparable information of 

energy consumption to regular constant speed AC (Zhou & Bukenya, 2016) .   

In this survey we will asked you several questions regarding your choice of preference 

related to three home appliances that is being used every day in the household sector. The 

appliances are lamp, AC and refrigerator. The type of questions that will be asked in the 

survey are hypothetical choice question, please answer one question at a time and move to 

the next question.  

 

The survey will take around 40-50 minutes, please ensure to have sufficient time to 

finish the survey, thank you.  

I. Respondent Demographic 

1. What is your email address? 

2. How old are you? 

3. What is your gender? 

4. In which city do you live? 

5. What is the status of your home? Owned, shared, or rented? 

6. Are you single or married? 

7. Are you living with any other people in your household? 

8. If yes, how many people lives in your household? 

9. What is your occupation? 

10. What is your last education? 

11. How much is your monthly income? 

12. How much is your monthly household expenses? 
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13. How much is your monthly electricity bill? 

14. Do you have any plan to buy new appliances this year? 

15. What type of appliances you wish to be more energy efficient? 

16. How many light point do you have in your household?  

17. What is the maximum price you are willing to pay for a lamp? 

18. What is your current lamp type? 

19. How many AC do you have in your household? 

20. What is the maximum price you are willing to pay for an AC? 

21. What is your current AC? 

No AC type 

(standard, 

low watt, 

inverter) 

How 

many 

AC? 

BTU watt Average hour 

usage per 

day? 

Purchase 

price 

Year of 

purchase 

Are you 

satisfy with 

your purchase?

         

 

22. What is the maximum price you are willing to pay for a refrigerator? 

23. What is your current refrigerator? 

No Refrigerator 

type (standard, 

inverter) 

watt Refrigerator 

capacity 

Purchase 

price 

Year of 

purchase 

Are you satisfy with 

your purchase? 
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II. Survey Question About Preferences/Importance 

Please rank the following attribute in order of importance, to your home appliances 

purchase. (Starting from 1 is least preferred and 7 is most preferred) 

Table 41. Rank of Attribute Importance  

No Attribute Rank (1 to 7) 

1 Brand   

2 Design (color, appearance)   

3 Feature   

4 Price   

5 Electricity consumption   

6 Energy efficiency   

7 After sales service and warranty   

 

III. Survey Question About Lamp 

A. Lamp Definition 

There are three type of lamps, in the survey. It is Incandescent lamp, CFL lamp and 

LED lamp. In previous literature, Min et al uses several attributes of lamp in his research  

‐ Type of lamp 

‐ Price 

‐ Watt and annual electricity cost 

‐ Lamp lifecycle 

‐ Light output (lumen) 

‐ Color of lamp 
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Table 42. Definition of different type of lamps 

no Pros Cons Image 

1 Incandescent lamp 

Is the most widely used lamp and is invented in the late 1800s. It uses a wire filament to be heated 

until it glows 

 Cheap 

 Widely available 

 Electricity consumption is 

very high 

 Short lifetime 

 Very low lumen 

 

2 CFL Lamp 

Is a compact fluorescent lamp that was designed to replace incandescent light bulb, it uses electric 

or magnetic ballast in the base of the lamp, has a tubular shape 

 More efficient in 

electricity consumption 

 Has a longer lifetime 

 Has a higher lumens  

 Contains toxic material 

such as mercury 

 Low availability in the 

market  

 Considered to be a 

stepping stone for LED 

lamp 

 

3 LED Lamp 

is a lamp that uses several light emitting diodes (LED) to create light 

 Most efficient in 

electricity consumption  

 Has the longest lifetime 

 Has the highest lumen 

 Multipurpose lamp 

 Multiple shape 

 

 Expensive 

 People are not well 

informed about its energy 

efficiency 
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Lumen is a light output measures. To calculate monthly electricity cost we 

compare 75 watt incandescent lamp, 18 watt CFL lamp and 10,5 watt LED lamp because 

it has the same lumen, which is 1100 lumen. With the assumption of lamp usage per day is 

12 hours, and 1 KWh is 1.467 IDR. We can calculate the electricity cost per month.  

Table 43. Attributes and levels of lamp 

no Attribute Lamp A Lamp B Lamp C 

1 lamp type Incandescent CFL LED 

2 purchase price  

(Indonesian Rupiah) 

10 watt lamp 

a. 2.500 

b. 5.000 

c. 10.000 

a. 10.000 

b. 20.000 

c. 30.000 

a. 20.000 

b. 30.000 

c. 40.000 

3 Lifetime a. 1.000 hours 

b. 1.200 hours 

c. 1.400 hours 

a. 6.000 hours 

b. 8.000 hours 

c. 10.000 hours 

15.000 hours 

17.500 hours 

20.000 hours 

4 electricity cost per month 

(Indonesian Rupiah) 

incandescent 75 watt, CFL 

18 watt, LED 10,5 watt = 

1100 lumen 

a. 20.000 

b. 40.000 

c. 60.000 

a. 5.000 

b. 10.000 

c. 20.000 

a. 2.500 

b. 5.000 

c. 10.000 
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B. Survey Questions About Lamp 

1. Please choose the most preferred lamp among three hypothetical options provided 

below? 

no Attribute Lamp A Lamp B Lamp C 

1 lamp type Incandescent CFL LED 

2 purchase price (Indonesian Rupiah) 

10 watt lamp 

2.500 10.000 20.000 

3 lifetime 1.400 hours 10.000 hours 20.000 hours 

4 electricity cost per month (Indonesian 

Rupiah) 

incandescent 75 watt, CFL 18 watt, LED 

10,5 watt = 1100 lumen 

20.000 10.000 10.000 

Choose your most preferred lamp o o o

Will you actually buy the lamp of your choice in your next lamp purchase? If yes, when? 

 

2. Please choose the most preferred lamp among three hypothetical options provided 

below? 

no Attribute Lamp A Lamp B Lamp C 

1 lamp type Incandescent CFL LED 

2 purchase price (Indonesian Rupiah) 

10 watt lamp 

5.000 20.000 40.000 

3 lifetime 1.000 hours 6.000 hours 15.000 hours 

4 electricity cost per month (Indonesian 

Rupiah) 

incandescent 75 watt, CFL 18 watt, LED 

10,5 watt = 1100 lumen 

20.000 10.000 5.000 

Choose your most preferred lamp o o

Will you actually buy the lamp of your choice in your next lamp purchase? If yes, when? 
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3. Please choose the most preferred lamp among three hypothetical options provided 

below? 

no Attribute Lamp A Lamp B Lamp C 

1 lamp type Incandescent CFL LED 

2 purchase price (Indonesian Rupiah) 

10 watt lamp 

2.500 30.000 30.000 

3 lifetime 1.000 hours 10.000 hours 17.500 hours 

4 electricity cost per month (Indonesian 

Rupiah) 

incandescent 75 watt, CFL 18 watt, LED 

10,5 watt = 1100 lumen 

40.000 20.000 2.500 

Choose your most preferred lamp o o o

Will you actually buy the lamp of your choice in your next lamp purchase? If yes, when? 

 

4. Please choose the most preferred lamp among three hypothetical options provided 

below? 

no Attribute Lamp A Lamp B Lamp C 

1 lamp type Incandescent CFL LED 

2 purchase price (Indonesian Rupiah) 

10 watt lamp 

10.000 10.000 20.000 

3 lifetime 1.400 hours 8.000 hours 17.500 hours 

4 electricity cost per month (Indonesian 

Rupiah) 

incandescent 75 watt, CFL 18 watt, LED 

10,5 watt = 1100 lumen 

40.000 5.000 5.000 

Choose your most preferred lamp o o

Will you actually buy the lamp of your choice in your next lamp purchase? If yes, when? 
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5. Please choose the most preferred lamp among three hypothetical options provided 

below? 

no Attribute Lamp A Lamp B Lamp C 

1 lamp type Incandescent CFL LED 

2 purchase price (Indonesian Rupiah) 

10 watt lamp 

5.000 20.000 40.000 

3 lifetime 1.200 hours 8.000 hours 20.000 hours 

4 electricity cost per month (Indonesian 

Rupiah) 

incandescent 75 watt, CFL 18 watt, LED 

10,5 watt = 1100 lumen 

60.000 20.000 2.500 

Choose your most preferred lamp o o

Will you actually buy the lamp of your choice in your next lamp purchase? If yes, when? 

 

6. Please choose the most preferred lamp among three hypothetical options provided 

below? 

no Attribute Lamp A Lamp B Lamp C 

1 lamp type Incandescent CFL LED 

2 purchase price (Indonesian Rupiah) 

10 watt of lamp 

10.000 30.000 30.000 

3 lifetime 1.000 hours 8.000 hours 20.000 hours 

4 electricity cost per month (Indonesian 

Rupiah) 

incandescent 75 watt, CFL 18 watt, LED 

10,5 watt = 1100 lumen 

60.000 10.000 5.000 

Choose your most preferred lamp o o

Will you actually buy the lamp of your choice in your next lamp purchase? If yes, when? 
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7. Please choose the most preferred lamp among three hypothetical options provided 

below? 

no Attribute Lamp A Lamp B Lamp C 

1 lamp type Incandescent CFL LED 

2 purchase price (Indonesian Rupiah) 

10 watt lamp 

5.000 10.000 40.000 

3 lifetime 1.400 hours 6.000 hours 17.500 hours 

4 electricity cost per month (Indonesian 

Rupiah) 

incandescent 75 watt, CFL 18 watt, LED 

10,5 watt = 1100 lumen 

60.000 20.000 10.000 

Choose your most preferred lamp o o

Will you actually buy the lamp of your choice in your next lamp purchase? If yes, when? 

 

8. Please choose the most preferred lamp among three hypothetical options provided 

below? 

no Attribute Lamp A Lamp B Lamp C 

1 lamp type Incandescent CFL LED 

2 purchase price (Indonesian Rupiah) 

10 watt lamp 

10.000 30.000 30.000 

3 lifetime 1.200 hours 6.000 hours 15.000 hours 

4 electricity cost per month (Indonesian 

Rupiah) 

incandescent 75 watt, CFL 18 watt, LED 

10,5 watt = 1100 lumen 

20.000 5.000 10.000 

Choose your most preferred lamp o o

Will you actually buy the lamp of your choice in your next lamp purchase? If yes, when? 
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9. Please choose the most preferred lamp among three hypothetical options provided 

below? 

no Attribute Lamp A Lamp B Lamp C 

1 lamp type Incandescent CFL LED 

2 purchase price (Indonesian Rupiah) 

10 watt of lamp 

5.000 20.000 20.000 

3 lifetime 1.200 hours 10.000 hours 15.000 hours 

4 electricity cost per month (Indonesian 

Rupiah) 

incandescent 75 watt, CFL 18 watt, LED 

10,5 watt = 1100 lumen 

40.000 5.000 2.500 

Choose your most preferred lamp o o o

Will you actually buy the lamp of your choice in your next lamp purchase? If yes, when? 

10. What is your current lamp type in your home? If you are not using LED lamp at the 

moment, what is the reason? Would you buy LED Lamp on your next lamp purchase? 

If yes, when? 

 

IV. Survey Question About AC 

A. AC Definition 

There are three type of AC in the survey. It is Standard AC, Low Watt AC and 

Inverter AC. In previous literature, Zhou et al (Zhou & Bukenya, 2016) and Jain et al (Jain, 

et al., 2018) uses several attributes of AC in his research  

‐ AC type 

‐ Energy saving rating (star rating)  

‐ Price 

‐ Brand  

‐ Air filter 

‐ Noise level 

‐ British Thermal Unit (BTU) 
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Table 44. Definition of different type of AC 

no Pros Cons Image 

1 Standard AC 

Is a regular split AC with no energy efficient feature 

 Cheap 

 Reach cold temperature 

faster 

 Electricity consumption is 

very high 

 

2 Low Watt AC 

Is almost the same with Standard AC, but the difference is that it uses a smaller compressor than a 

Standard AC 

 Lower electricity 

consumption 

 Great for room with start-

stop AC operation 

 Great for consecutive 

usage less than 6 hours 

 Noisy 

 Reach cold temperature 

slower 

 Low availability in the 

market 

 Not as popular as other 

type of AC 

   

3 Inverter AC 

is the top of the line in AC, it uses an inverter technology so the longer its being used the more efficient 

it gets.  

 Most efficient in 

electricity consumption 

 Reached cold temperature 

faster than Low Watt AC 

 Equipped with latest 

technology and additional 

feature 

 

 Very Expensive 
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British Thermal Unit (BTU) is a heat (energy) measures. BTU is being use to 

choose a correct AC for a certain room, a bigger size room needs an AC with a bigger BTU. 

In the attribute we compare Standard AC, Low Watt AC and Inverter AC that has 9000 

BTU. We took different brand of AC as a sample to map the price point of different AC 

type. With the assumption of AC usage per day is 12 hours, and 1 KWh is 1.467 IDR. We 

calculate the electricity cost per month using 3 type of AC with the same 9000 BTU.   

Table 45. Attributes and levels of AC 

no Attribute AC A AC B AC C 

1 AC type Standard AC Low Watt AC Inverter AC 

2 Purchase price  

(Indonesian Rupiah) 

9000 BTU 

a. 3.400.000 

b. 3.800.000 

c. 4.200.000 

a. 3.800.000 

b. 4.200.000 

c. 4.600.000 

a. 4.200.000 

b. 4.600.000 

c. 5.000.000 

3 Electricity cost per month 

(Indonesian Rupiah) 

9000 BTU AC with 

assumption 12 hours usage 

per day 

a. 330.000 

b. 360.000 

c. 390.000  

a. 300.000 

b. 330.000 

c. 360.000 

a. 240.000 

b. 270.000 

c. 300.000 
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B. Survey Question About AC 

1. Please choose the most preferred AC among three hypothetical options provided below? 

no Attribute AC A AC B AC 3 

1 AC type Standard AC Low Watt AC Inverter 

2 purchase price (Indonesian Rupiah) 

9000 BTU 

3.400.000 4.200.000 4.600.000 

3 Electricity cost per month (Indonesian 

Rupiah) 

9000 BTU AC with assumption 12 hours 

usage per day 

330.000 300.000 300.000 

Choose your most preferred AC o o 

Will you actually buy the AC of your choice in your next AC purchase? If yes, when? 

 

2. Please choose the most preferred AC among three hypothetical options provided below? 

no Attribute AC A AC B AC 3 

1 AC type Standard AC Low Watt AC Inverter 

2 purchase price (Indonesian Rupiah) 

9000 BTU 

3.400.000 3.800.000 4.200.000 

3 Electricity cost per month (Indonesian 

Rupiah) 

9000 BTU AC with assumption 12 hours 

usage per day 

390.000 330.000 240.000 

Choose your most preferred AC o o 

Will you actually buy the AC of your choice in your next AC purchase? If yes, when? 
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3. Please choose the most preferred AC among three hypothetical options provided below? 

no Attribute AC A AC B AC 3 

1 AC type Standard AC Low Watt AC Inverter 

2 purchase price (Indonesian Rupiah) 

9000 BTU 

3.400.000 4.200.000 4.200.000 

3 Electricity cost per month (Indonesian 

Rupiah) 

9000 BTU AC with assumption 12 hours 

usage per day 

360.000 360.000 270.000 

Choose your most preferred AC o o 

Will you actually buy the AC of your choice in your next AC purchase? If yes, when? 

 

4. Please choose the most preferred AC among three hypothetical options provided below? 

no Attribute AC A AC B AC 3 

1 AC type Standard AC Low Watt AC Inverter 

2 purchase price (Indonesian Rupiah) 

9000 BTU 

4.200.000 3.800.000 5.000.000 

3 Electricity cost per month (Indonesian 

Rupiah) 

9000 BTU AC with assumption 12 hours 

usage per day 

360.000 300.000 300.000 

Choose your most preferred AC o o 

Will you actually buy the AC of your choice in your next AC purchase? If yes, when? 
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5. Please choose the most preferred AC among three hypothetical options provided below? 

no Attribute AC A AC B AC 3 

1 AC type Standard AC Low Watt AC Inverter 

2 purchase price (Indonesian Rupiah) 

9000 BTU 

3.800.000 3.800.000 4.600.000 

3 Electricity cost per month (Indonesian 

Rupiah) 

9000 BTU AC with assumption 12 hours 

usage per day 

390.000 360.000 270.000 

Choose your most preferred AC o o 

Will you actually buy the AC of your choice in your next AC purchase? If yes, when? 

 

6. Please choose the most preferred AC among three hypothetical options provided 

below? 

no Attribute AC A AC B AC 3 

1 AC type Standard AC Low Watt AC Inverter 

2 purchase price (Indonesian Rupiah) 

9000 BTU 

3.800.000 4.600.000 4.600.000 

3 Electricity cost per month (Indonesian 

Rupiah) 

9000 BTU AC with assumption 12 hours 

usage per day 

360.000 360.000 240.000 

Choose your most preferred AC o o 

Will you actually buy the AC of your choice in your next AC purchase? If yes, when? 
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7. Please choose the most preferred AC among three hypothetical options provided below? 

no Attribute AC A AC B AC 3 

1 AC type Standard AC Low Watt AC Inverter 

2 purchase price (Indonesian Rupiah) 

9000 BTU 

3.800.000 4.200.000 4.600.000 

3 Electricity cost per month (Indonesian 

Rupiah) 

9000 BTU AC with assumption 12 hours 

usage per day 

390.000 330.000 300.000 

Choose your most preferred AC o o 

Will you actually buy the AC of your choice in your next AC purchase? If yes, when? 

 

8. Please choose the most preferred AC among three hypothetical options provided below? 

no Attribute AC A AC B AC 3 

1 AC type Standard AC Low Watt AC Inverter 

2 purchase price (Indonesian Rupiah) 

9000 BTU 

4.200.000 4.600.000 5.000.000 

3 Electricity cost per month (Indonesian 

Rupiah) 

9000 BTU AC with assumption 12 hours 

usage per day 

330.000 300.000 270.000 

Choose your most preferred AC o o 

Will you actually buy the AC of your choice in your next AC purchase? If yes, when? 
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9. Please choose the most preferred AC among three hypothetical options provided below? 

no Attribute AC A AC B AC 3 

1 AC type Standard AC Low Watt AC Inverter 

2 purchase price (Indonesian Rupiah) 

9000 BTU 

3.800.000 4.600.000 5.000.000 

3 Electricity cost per month (Indonesian 

Rupiah) 

9000 BTU AC with assumption 12 hours 

usage per day 

330.000 330.000 240.000 

Choose your most preferred AC o o 

Will you actually buy the AC of your choice in your next AC purchase? If yes, when? 

 

10. What is the current AC type in your home? If you are not using Inverter AC at the 

moment, what is the reason? Would you buy Inverter AC in your next AC purchase? 

If yes, when? 

 

V. Survey Question About Refrigerator 

A. Refrigerator Definition 

There are two type of refrigerator in the survey. It is Standard Refrigerator, and 

Inverter Refrigerator. In previous survey, some researchers uses several attributes of 

refrigerator in their survey. Those attributes are  

‐ Refrigerator style (two door, French door, single door) 

‐ Price 

‐ Energy consumption 

‐ Brand  

‐ Feature 

‐ Capacity 

To maximize the survey result for refrigerator, in this survey we only use 

refrigerator type, purchase price, and electricity cost. 
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Table 46. Definition of different type of refrigerator 

no Pros Cons Image 

1 Standard Refrigerator 

Is a regular refrigerator with no energy efficient feature 

 Cheap  Electricity consumption is 

high 

 No additional feature 

 

2 Inverter Refrigerator 

Is a refrigerator that use an inverter compressor 

 Lower electricity 

consumption 

 Stable refrigerator 

temperature 

 Keeps food fresh longer 

 Expensive 

 For current customer 

possibility of adoption is 

low because refrigerator 

can last to 20 years  

 

We compare 2 refrigerators with two doors model (with freezer in the top shelf), 

and with 300 liter capacity. With refrigerator usage per day is full 24 hours, 1 KWh is 1.467 

IDR, we calculate the electricity cost per month.  
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Table 47. Attributes and levels of refrigerator 

no Attribute Refrigerator A Refrigerator B 

1 Refrigerator type Standard Refrigerator Inverter Refrigerator 

2 Purchase price 

(Indonesian Rupiah) 

300 liter of capacity 

a. 3.200.000 

b. 3.500.000 

c. 3.800.000 

a. 3.500.000 

b. 3.800.000 

c. 4.100.000 

3 electricity cost per 

month 

(Indonesian Rupiah) 

300 liter capacity with 

115 watt and 100 watt  

a. 120.000 

b. 140.000 

c. 160.000 

a. 80.000 

b. 100.000 

c. 120.000 

 

B. Survey Questions About Refrigerator 

1. Please choose the most preferred refrigerator among two hypothetical options provided 

below? 

no Attribute Refrigerator A Refrigerator B 

1 refrigerator type Standard refrigerator Inverter refrigerator

2 purchase price (Indonesian Rupiah) 

300 liter of capacity 

3.500.000 3.800.000 

3 electricity cost per month 

(Indonesian Rupiah) 

300 liter capacity with 115 watt and 

100 watt  

140.000 100.000 

Choose your most preferred refrigerator o  o  

Will you actually buy the refrigerator of your choice in your next refrigerator purchase? If 

yes, when? 
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2. Please choose the most preferred refrigerator among two hypothetical options provided 

below? 

no Attribute Refrigerator A Refrigerator B 

1 refrigerator type Standard refrigerator Inverter refrigerator 

2 purchase price (Indonesian Rupiah) 

300 liter of capacity 

3.800.000 4.100.000 

3 electricity cost per month 

(Indonesian Rupiah) 

300 liter capacity with 115 watt and 

100 watt  

120.000 100.000 

Choose your most preferred refrigerator o  o  

Will you actually buy the refrigerator of your choice in your next refrigerator purchase? If 

yes, when? 

 

3. Please choose the most preferred refrigerator among two hypothetical options provided 

below? 

no Attribute Refrigerator A Refrigerator B 

1 refrigerator type Standard refrigerator Inverter refrigerator 

2 purchase price (Indonesian Rupiah) 

300 liter of capacity 

3.200.000 3.800.000 

3 electricity cost per month 

(Indonesian Rupiah) 

300 liter capacity with 115 watt and 

100 watt  

140.000 80.000 

Choose your most preferred refrigerator o  o  

Will you actually buy the refrigerator of your choice in your next refrigerator purchase? If 

yes, when? 
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4. Please choose the most preferred refrigerator among two hypothetical options provided 

below? 

no Attribute Refrigerator A Refrigerator B 

1 refrigerator type Standard refrigerator Inverter refrigerator 

2 purchase price (Indonesian Rupiah) 

300 liter of capacity 

3.800.000 4.100.000 

3 electricity cost per month 

(Indonesian Rupiah) 

300 liter capacity with 115 watt and 

100 watt  

120.000 100.000 

Choose your most preferred refrigerator o  o  

Will you actually buy the refrigerator of your choice in your next refrigerator purchase? If 

yes, when? 

 

5. Please choose the most preferred refrigerator among two hypothetical options provided 

below? 

no Attribute Refrigerator A Refrigerator B 

1 refrigerator type Standard refrigerator Inverter refrigerator 

2 purchase price (Indonesian Rupiah) 

300 liter of capacity 

3.200.000 3.500.000 

3 electricity cost per month 

(Indonesian Rupiah) 

300 liter capacity with 115 watt and 

100 watt  

120.000 80.000 

Choose your most preferred refrigerator o  o  

Will you actually buy the refrigerator of your choice in your next refrigerator purchase? If 

yes, when? 
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6. Please choose the most preferred refrigerator among two hypothetical options provided 

below? 

no Attribute Refrigerator A Refrigerator B 

1 refrigerator type Standard refrigerator Inverter refrigerator 

2 purchase price (Indonesian Rupiah) 

300 liter of capacity 

3.800.000 4.100.000 

3 electricity cost per month 

(Indonesian Rupiah) 

300 liter capacity with 115 watt and 

100 watt  

140.000 120.000 

Choose your most preferred refrigerator o  o  

Will you actually buy the refrigerator of your choice in your next refrigerator purchase? If 

yes, when? 

  

7. Please choose the most preferred refrigerator among two hypothetical options provided 

below? 

no Attribute Refrigerator A Refrigerator B 

1 refrigerator type Standard refrigerator Inverter refrigerator

2 purchase price (Indonesian Rupiah) 

300 liter of capacity 

3.500.000 4.100.000 

3 electricity cost per month 

(Indonesian Rupiah) 

300 liter capacity with 115 watt and 

100 watt  

160.000 120.000 

Choose your most preferred refrigerator o  o  

Will you actually buy the refrigerator of your choice in your next refrigerator purchase? If 

yes, when? 
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8. Please choose the most preferred refrigerator among two hypothetical options provided 

below? 

no Attribute Refrigerator A Refrigerator B 

1 refrigerator type Standard refrigerator Inverter refrigerator 

2 purchase price (Indonesian Rupiah) 

300 liter of capacity 

3.800.000 4.100.000 

3 electricity cost per month 

(Indonesian Rupiah) 

300 liter capacity with 115 watt and 

100 watt  

160.000 120.000 

Choose your most preferred refrigerator o  o  

Will you actually buy the refrigerator of your choice in your next refrigerator purchase? If 

yes, when? 

 

9. Please choose the most preferred refrigerator among two hypothetical options provided 

below? 

no Attribute Refrigerator A Refrigerator B 

1 refrigerator type Standard refrigerator Inverter refrigerator 

2 purchase price (Indonesian Rupiah) 

300 liter of capacity 

3.200.000 3.500.000 

3 electricity cost per month 

(Indonesian Rupiah) 

300 liter capacity with 115 watt and 

100 watt  

160.000 120.000 

Choose your most preferred refrigerator o  o  

Will you actually buy the refrigerator of your choice in your next refrigerator purchase? If 

yes, when? 
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10. What is the current refrigerator type in your home? If you are not using Inverter 

refrigerator at the moment, what is the reason? Would you buy inverter refrigerator 

on your next refrigerator purchase? If yes, when? 

  

Thank you very much for your time and participation taking this survey, if there is any 

comment or suggestion please write below. 
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Appendix 2: Financial Calculation of Each Scenario 

10% Consumer Tax Scenario 

No Appliances Share 

(in%) 

Number of 

household 

Total (in 

Indonesian Rupiah) 

1 incandescent lamp 9      8,525,733  4,262,866,740 

2 standard AC 20     18,946,074  5,683,822,320,000 

3 standard refrigerator 40     37,892,149  9,094,115,712,000 

Total tax that will be received 14,782,200,898,740 

 

30% Consumer Tax Scenario 

No Appliances Share 

(in%) 

Number of 

household 

Total (in Indonesian 

Rupiah) 

1 incandescent lamp 8      7,578,430  11,367,644,640 

2 standard AC 11      10,420,341  9,378,306,828,000 

3 standard refrigerator 27      25,577,200  18,415,584,316,800 

Total tax that will be received 27,805,258,789,440 
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Combination 10 Scenario 

No Appliances Share 

(in%) 

Number of 

household 

Total (in 

Indonesian Rupiah) 

1 LED lamp 70      66,311,260  85,064,923,679 

2 inverter AC 51      48,312,490  7,968,326,524,176 

3 inverter ref 57      53,996,312  6,728,809,064,859 

Total subsidy that will be given 14,782,200,512,714 

 

No Appliances Share 

(in%) 

Number of 

household 

Total (in Indonesian 

Rupiah) 

1 incandescent lamp 9    8,525,733 4,262,866,740 

2 standard AC 20   18,946,074 5,683,822,320,000 

3 standard refrigerator 40   37,892,149 9,094,115,712,000 

Total tax that will be received 14,782,200,898,740 

 

Combination 30 Scenario 

No Appliances Share 

(in%) 

Number of 

household 

Total (in 

Indonesian Rupiah) 

1 LED lamp 71     67,258,564  152,199,014,647 

2 inverter AC 55     52,101,705  15,158,654,376,358 

3 inverter ref 60     56,838,223  12,494,406,031,423 

Total subsidy that will be given 27,805,259,422,428 

 

No Appliances Share 

(in%) 

Number of 

household 

Total (in 

Indonesian 

Rupiah) 

1 incandescent lamp 8    7,578,430 11,367,644,640 

2 standard AC 11   10,420,341 9,378,306,828,000 

3 standard refrigerator 27   25,577,200 18,415,584,316,800 

Total tax that will be received 27,805,258,789,440 
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Abstract (Korean) 

 

인도네시아는 석유, 가스, 석탄, 광물 등 천연자원이 풍부하다. 재생에너지의 

보급률이 낮고, 화석 연료와 전기의 수요가 높으며, 에너지 이용에 있어 효율성이 

낮은 경향이 있다.  

가계부문은 산업과 상업부문에 이어 전기 소비량이 많은 부분이다. 가계가 

에너지를 처리하고 사용하는 방식과 이를 이용하고 이를 결합하는 에너지절약 

기술을 LEAP 모형을 이용하여 분석함으로써 가계부문에서 에너지를 절약하기 

위해 어떤 접근방법이 필요한지를 알 수 있다. 이를 통해 가계부문이 에너지 사용 

효율이 더 높아질 것으로 기대한다.  

인도네시아는 수많은 에너지 효율이 높은 가전제품을 보유하고 있으며 정부는 

이미 에너지 효율이 높은 가전제품과 관련하여 일부 규제를 배제하고 있었지만, 

향후 가정 분야에서 에너지 절약을 위해 성장할 여지가 남아 있다. 설문조사에 

이산선택모델을 활용하여 에너지 효율이 높은 가전제품 보급에 대한 시나리오를 

만들고, 이를 LEAP 모형의 입력자료로 이용하여 가계 부문의 미래 에너지 절약 
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잠재량을 평가하였다. 소비세 시나리오는 전력 소비는 낮출 수 있지만, 세금과 

보조금 조합 시나리오만큼 낮추지는 못했다. 세금중립 시나리오 달성을 위해 세금 

인센티브를 보조금의 형태로 다시 가구에 반납하는 조합 시나리오의 효과가 가장 

우수한 것으로 평가됐다.  

 

주요어: 기기, 전기, 결합 분석 

학생번호: 2019-21940 
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