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ABSTRACT : As energy conservation can be realized through changes in the composition of goods and 

services consumed, there is a need to assess indirect and total household energy consumption. The Korean 

household sector was responsible for more than 55% of Korea’s total energy consumption in the 1995 

to 2010 period. More than 69% of household energy consumption was indirect. Thus, not only direct but 

also indirect household energy consumption should be the target of energy conservation. Electricity 

consumption became in 2009 the main source of household energy consumption in Korea. Households 

consume more and more electricity intensive goods and services, a sign of increasing living standards. 

Decrease in energy intensities of products consumed by Korean households contributed greatly to reduce 

the increase in the total household energy consumption. However, switching took place towards more 

energy intensive products, thus the structure effect was negative. It is necessary to direct consumption and 

production towards much less energy intensive goods and services as to reduce energy consumption or its 

growth rate. The Korean government should readjust low energy and electricity prices to cost-reflective 

prices levels as these low prices are one of the main reasons for the consumption of more energy intensive 

products. This study differentiates prices of oil products and electricity between households and 

industries, as to allow more accurate estimation.
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요 약 : 상품 및 서비스 소비구조의 변경을 통해 에너지절약이 실현될 수 있기 때문에 가정부문
의 간접 및 총 에너지소비를 추정할 필요가 있다. 가정부문의 직간접 에너지소비를 보다 정확
히 추정하기 위해 본 연구는 기업과 소비자(가정부문) 간 석유제품 및 전력의 가격을 차별화하
였다. 한국의 가정부문은 1995-2010년 기간 중 한국 1차 에너지소비 중 55% 이상을 소비하였
다. 가정부문의 에너지소비 중 69% 이상이 간접 에너지소비였다. 따라서 가정부문의 직접뿐만 
아니라 간접 에너지소비도 에너지절약의 대상이 되어야 한다. 전력 소비는 2009년 한국의 가정
부문의 주 에너지소비가 되었다. 생활수준이 향상됨으로써 가정부문은 전력 원단위가 높은 상
품과 서비스를 소비하게 되었다. 

한국 가정부문이 소비하는 제품의 에너지 원단위가 낮아짐으로써, 에너지소비의 증가율이 감소
하게 되었다. 반면에 한국 가정부문의 상품 및 서비스 소비구조는 에너지 다소비형으로 변경되
어 오히려 에너지소비 증가를 가속시키는 결과를 초래함으로써, 구조효과는 악화되었다. 이에 
따라 에너지정책은 에너지소비를 감소시키기 위해 소비자로 하여금 에너지 저소비형 재화와 
용역을 소비하도록 유도하여야 한다. 에너지 저소비형 소비를 촉진시킬 수 있는 주요 수단인 
에너지가격 현실화가 요구된다.

주제어 : 가정부문 에너지소비, 간접에너지, 산업연관분석
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I. Introduction

The Korean economy has been very energy intensive. Korea consumed energy in 

the amount of 93.087 Mtoe (million tons of oil equivalent) in 1990, 188.161 Mtoe 

in 2000 and 249.964 Mtoe in 2010, according to the International Energy Agency 

statistics (IEA, 2012). Although the annual average growth rate of energy 

consumption slowed down from 7.3% in the 1990s to 2.9% in the 2000s, it is very 

alarming. Korea was ranked 10th in the world for its energy consumption in 2010. 

Only China, the USA, Russia, India, Japan, Germany, Brazil, France and Canada 

consumed energy more than Korea. The Korean per capita energy consumption was 

5.1153 toe or 14 GJ in 2010. This consumption amount was higher than that of the 

OECD Europe (3.2910 toe) and the OECD Asia Oceania (4.3293 toe) and lower 

than that of the OECD Americas (5.7010 toe).

The first step for the energy conservation is to assess energy consumption by 

economic activities like consumption, investments and exports and by industrial 

sectors. Korean households (private consumption in the national accounts) spend a 

lion’s share of GDP for consumption. Korean households (private consumption in 

the national accounts) spend a lion’s share of GDP for consumption. The household 

consumption expenditure amounted to 617.1 trillion Korean Won (TWon) or USD 

533 billion, corresponding to 59.1% of GDP in 2010. Often the discussion focuses 

on direct energy consumption in the form of electricity, fuel oil, gasoline, town gas 

and district heat by households. Many households are not paying much attention to 

energy conservation as a relatively small portion of their income is spent for direct 

energy use. In 2010 the Korean households spent only 6.1% of their incomes to 

pay energy utility bills and to buy gasoline, diesel and Liquefied Petroleum Gas 

(LPG) for their cars according to the 2010 input-output tables of the Bank of Korea 

(BOK, 2012).

However, the households cause substantial energy consumption embodied in the 
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goods and services they consume. The so-called indirect energy consumption depends 

on energy intensities of products consumed and on the mix of products consumed, 

hence on the household consumption behavior/ pattern. Energy conservation can be 

realized, if consumption can be directed towards less energy intensive products. The 

first step for such conservation is the quantification of total (direct and indirect) 

household energy consumption. This study aims to quantify direct and indirect 

household energy consumption in Korea from 1995 to 2010 by using 168 sector 

classification input-output tables. 

This study discusses first the way in which the household energy consumption 

can be calculated. (Monetary) input-output tables are transformed to energy input- 

output tables. Next, income development and energy consumption in Korea from 

1995 to 2010 are briefly described. Then the paper presents the results concerning 

direct and total energy intensities, direct, indirect and total household energy consumption 

as well as causes of the increase in energy consumption over the studied period. 

At the end some limitations of this study are discussed and some conclusions are drawn.

II. Quantification of the household energy consumption

Well established are the two basic methods to quantify indirect energy consumption 

or indirect energy consumption, e.g., process chain analysis and input-output 

analysis, and hybrid combination of the two methods. The process chain analysis 

or life-cycle assessment calculates indirect energy consumption or indirect energy 

consumption by adding up energy inputs or energy inputs (contents) in all stages 

of the production process of a product or a service. This method enables to assess 

indirect energy consumption or energy emission in a very detailed manner. However 

it is very work intensive and requires a detailed database (IFIAS, 1978; Boustead 

and Hancock, 1979; Schaefer, 1982; SETAC, 1993) and it is typically used for 

assessing individual products or services.
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The input-output analysis computes with the help of the Leontief inverse 

intermediate or cumulative energy inputs or cumulative energy inputs (contents) of 

a sector/ branch. This analysis can be applied easily to all sectors regardless length 

and complexity of their production processes. However, as the number of the 

sectors in a national input-output table is limited, for instance, to 403 in the case 

of Korea, product specific energy consumptions cannot be considered (Wright, 

1974; Bullard and Herendeen, 1975; Denton, 1975; Pick and Becker, 1975; Miller 

and Blair, 1985; Peet et al., 1985; Peet, 1993; Ospelt et al., 1996; Lenzen, 1998; 

Pachauri, 2002; Pachauri and Spreng, 2002; Park and Heo, 2007; Vringer et al., 2009).

The hybrid method seeks to use advantages of both methods. In other words, the 

process chain analysis is used to calculate energy consumption or energy emission 

of energy intensive or energy intensive products and the input-output analysis is 

applied to calculate that of other products. Suh et al. (2004) classifies hybrid 

approaches in three groups, e.g., tiered hybrid analysis, input-output based analysis 

and integrated hybrid analysis. To calculate the total energy consumption of Dutch 

households, Vringer and Blok (1995a, 1995b, 2000) used the so-called tiered hybrid 

energy analysis. They determined the energy intensities of about 350 basic 

consumption categories using the expenditure of 2767 representative households 

from the Netherlands Household Expenditure Survey of 1990. Although they 

analyzed changes in consumption patterns of Dutch households in the period from 

1948 to 1996, information on energy intensities of only one year (1990) was used 

(available). This method is also work intensive and requires detailed data (van 

Engelenberg et al., 1994; Vringer and Blok, 1995a, 1995b, 2000; Vringer et al., 2009).

This study applies input-output analysis and uses relatively disaggregated 

input-output tables for Korea from 1995 to 2010. It converts monetary input-output 

tables into energy input-output tables. Used are 168 sector classification input-output 

tables for Korea for the years 1995, 2000, 2005, 2009 and 2010 published by the 

Bank of Korea (BOK, 2008, 2012), both in current and constant prices. The 168 
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sectors consist of 161 non-energy sectors and 7 energy sectors which are naphtha, 

oil products (gasoline, diesel, kerosene, LPG, aviation fuel and fuel oil), other oil 

products (white spirit & SBP, lubricants, bitumen, solvent, paraffin waxes, petroleum 

coke etc.), coal products, electricity, town gas, and steam & district heat. Input- 

output tables in constant deflated prices provided by the Bank of Korea are used 

to calculate energy intensities as to make the values for different years comparable. 

There are 168 sector classification input-output tables for the years 1995, 2000, 

2005 and 2009 in 2005 constant prices. For comparison, 168 sector classification 

input-output tables for the years 1995, 2000, 2005, 2009 and 2010 in current prices 

are also used.

Energy consumption data for the entire period are taken from the Energy 

Balances of OECD Countries of the International Energy Agency (IEA, 2012). 

However, these data are not detailed enough to construct 7 (energy sectors) ´ 168 

energy input-output tables which are needed to calculate 168 direct energy 

intensities. The IEA energy statistics gives information on energy consumption of 

only following sectors: agriculture/ forestry; fishing; 13 manufacturing sectors; 6 

transportation sectors; residential; commercial and public services and non-energy use.

Moreover, energy consumption data are given in final energy terms (total final 

consumption, TFC) in the IEA energy statistics. This study converts these data in 

primary energy terms (total primary energy supply, TPES, Table 1) as not to favor 

those sectors especially with a higher share of electricity in the total energy 

consumption in calculating energy intensities. Sectors with a higher share of 

electricity require larger amount of primary energy equivalents than those with a 

lower share if energy intensities are calculated in final energy equivalents. The IEA 

energy consumption data in million tons of oil equivalent (Mtoe) are converted to 

Peta Joule (PJ) by multiplying with 41.868, thus 1 Mtoe is equal to 41.868 PJ.
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<Table 1> Final and primary energy consumption in 2010 (PJ).

Furthermore, this study excludes renewable sources of energy amounting to 116.9 

PJ or about 1.1% of the TPES in 2010, as it is difficult to allocate its consumption 

to individual sectors.

The monetary input-output system can be formulated in Eqs. (1)-(2).1)

 


    



        (1)


  



    
  



      (2)

with 
    



≺ 

where X1 is the gross domestic output (production)2) or the total input of sector 1. 

The gross domestic output X1 of sector 1 consists of the total intermediate demand

1) The approach used to develop energy input-output tables is based on Park and Heo (2007).
2) The Gross domestic output is equal to the total demand (the total intermediate demand and total final 

demand) minus imports in the terminology of input-output tables or national accounts. 
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   and the total final demand Y1 minus imports IM1 as shown in Eq. (1). 

The total intermediate demand of sector 1, e.g., naphtha, 
    



   are the 

products of sector 1 to be used for the production of goods of sectors 1 to 168 and 


  



   are the total intermediate inputs from sectors 1 to 168 for the production 

of goods of sector 1. Y is the total final demand which includes consumption 

(private and government), investments, exports and stock changes. IM is the 

imports and V is the value added inputs. The first summation of Eq. (2) means the 

inputs of 7 energy sources (carriers). The second summation of Eq. (2) means the 

inputs of 161 non-energy sectors.

In the first step, this study transforms (monetary) input-output tables into energy 

input-output tables with the help of average (uniform) energy prices. Such energy 

prices are calculated as ratios of energy use (inputs by fuel) Ei to the gross 

domestic output Xi or the total demand (IMi) by fuel, expressed in kJ/Won, same 

as energy intensities as shown in Eq. (3). The reciprocal numbers of the energy 

intensities are more commonly used prices expressed in Won/kJ. Thus, higher 

kJ/Won values or higher energy intensities mean lower energy prices and vice versa 

(Energy prices in kJ/Won for the 1995 to 2009 period are given in Table 3).

    

 or  

 
 (3)

where Ei is energy use or energy consumption. First, we apply the uniform fuel 

prices to convert monetary into energy input-output tables. P1, the average price of 

energy sector 1, e.g., price of naphtha, is used to quantify 168 intermediate inputs 

of naphtha to produce goods of 168 sectors in Eq. (4).
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 (4)

Once intermediate energy inputs (energy input-output tables) are computed as in 

Eq. (4), it is easy to estimate direct energy intensities (by fuel) of individual 

sectors. Direct energy intensities of sector 1 are calculated as ratios of direct energy 

expenditure converted in energy terms to the total input (intermediate inputs and 

value added inputs) of sector 1, also expressed in kJ/Won in Eq. (5).


  



 


  



 

 (5)

where I1 (direct) is the direct energy intensity of sector 1 (the sum of 7 direct 

intensities). Total or cumulative energy intensities (e.g., energy sector 1, naphtha 

intensities) of 168 sectors can be then computed by multiplying direct energy 

(naphtha) intensities with the Leontief inverse ∑(I – A)-1 of the corresponding 

input-output table as expressed in Eq. (6). 


  



  
    



    
  



   (6)

The indirect energy intensities are the differences between total (Eq. (6)) and 

direct energy intensities (Eq. (5)). Sectoral total or cumulative energy consumption 

can be computed by multiplying total energy intensity with sectoral household 

(private consumption) expenditure. Indirect household energy consumption is then 

the sum of sectoral cumulative energy consumptions. Direct use of oil products, 

other oil products, coal products, electricity, town gas, and steam & district heat in 
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primary energy terms by households is considered as direct household energy 

consumption. Total household energy consumption is the sum of direct and indirect 

household energy consumption.

Uniform (average) prices for fuels to all 168 sectors (total intermediate demand) 

and total final demand (consumption, investments and exports) minus imports are 

not without problem. Industries (168 sectors) will pay much lower prices than 

households (private consumption expenditure) for the same fuel. The price 

differential exists within the intermediate demand for fuels. For more discussions 

see Lenzen (1998). 

In the second step, fuel prices are differentiated between industries (the total 

intermediate demand, investments, stock change, exports and imports) and consumption 

(households and public consumption). From 7 fuels under consideration only oil 

products and electricity prices are differentiated. Naphtha, the feedstock for the 

petrochemical industry is used only in the industry. Coal products are used mostly 

for power generation and iron & steel and cement production in the industry. In 

2010 the Korean households consumed coal in the form of briquettes in the amount 

of 35.8 PJ. In comparison the industrial coal consumption was 885.5 PJ in the 

same year. Coal briquettes are heavily subsidized in Korea as these are considered 

fuels for very low income households. Thus, one can consider that there is hardly 

any coal price differential between industries and households. Other oil products are 

also used mostly in industries. 

The Korean natural gas market has been regulated. There have been cross 

subsidies from the industry and the commercial sector to households in the gas 

market. The costs of storage of liquefied natural gas (LNG) in summer months, 

caused by household low gas demand in summer months and high gas demand in 

winter months, are shared evenly between industries and households. In general 

Korean households do not pay more for natural gas than industries. The heat 

market has been also regulated. Korean households pay for district heat less than 
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the commercial and public sectors. The tariffs for district heat of the Korea District Heat 

Corporation, which supplies more than 50% of district heat in Korea, were Won 

79.28/Mcal (1 Mcal = 4.1868 MJ) for households, Won 102.83/Mcal for the commercial 

sector and Won 89.90/Mcal for the public sector as of 1 June 2012. The share of the 

commercial and public sectors in the district heat market is small. The industry does not 

use district heat of 120℃ heat but steam which is different from district heat. The 

tariffs for steam are for low steam (200℃) Won 77.90/Mcal, for middle steam (285℃) 

Won 88.55/Mcal and high steam (380℃) Won 99.08/Mcal.3) This study assumes no 

substantial difference in the heat price between households and industries.

<Table 2> Electricity tariffs in Won per kWh.

In the electricity market there is only one supplier, the state-owned Korea 

Electric Power Corporation (KEPCO). The electricity tariffs apply to the whole 

country without any exception to individual companies. Table 2 shows that Korean 

households paid 30% to 80% more than industries. This study assumes the industry 

to residential tariff ratios for individual years as given in Table 2.

In the electricity market there is only one supplier, the state-owned Korea 

Electric Power Corporation (KEPCO). The electricity tariffs apply to the whole 

country without any exception to individual companies. Table 2 shows that Korean 

households paid 30% to 80% more than industries. This study assumes the industry 

to residential tariff ratios for individual years as given in Table 2.

3) Information is provided from a large petrochemical company which sells also steam to other 
companies in a large petrochemical complex in Korea.
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Households consume highly taxed fuels such as gasoline and diesel and LPG for 

transport and fuel oil for heating while the industry uses less taxed petroleum 

products such as fuel oil and diesel as well as LPG for the production of synthetic 

gas. At the same time, households pay more than the industry for the same fuel. 

This study assumes that households pay on average 30% more than the industry.

 
<Table 3> Fuel prices cum energy intensities applied in kJ per Won.

According to Table 3, the average prices of oil products and other oil products 

increased from 51.8 kJ/Won and 33.8 kJ/Won in 1995 to 34.1 kJ/Won and 24.8 

kJ/Won in 2009, respectively. These were expensive fuels in Korea. There were 

little changes in prices of fuels like naphtha and electricity. It is important to note 

that prices of electricity are lower than primary fuels like oil products and natural 

gas. The electricity prices are low partly because of a large share of nuclear power 

generation and partly because of a low electricity price policy in Korea.

III. Income development and energy consumption in Korea
Before presenting the findings of this study a brief description on income 

development and energy consumption in Korea from 1995 to 2010 is given. The 

annual average income (GDP) growth was 5.2% in the second half of 1990s as shown 
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in Table 4. It slowed down in the 2000s. The increase in household consumption 

expenditure decreased from 6.7% per year in the second half of the 1990s to 4.6% per 

year in the 2000s. The annual growth rate of total household primary energy 

consumption increased from 1.9% in the first period to 2.1% in the second period. The 

increase in direct household primary energy consumption decreased substantially from 

4.4% in the 1995 to 2000 period to 0.6% in the 2000s. Thus, the income (consumption 

expenditure) elasticity of energy demand decreased substantially from 0.66 (4.4/6.7) in 

the first period to 0.13 (0.6/4.6) in the second period. The relatively high income 

elasticity in the second half of the 1990s was due to heavy investments in iron & steel 

and petrochemical industries since the late 1980s, which was one of the causes of the 

Asian economic crisis in Korea. Large investments were made in energy intensive 

industries such as petrochemical, iron & steel, and cement industries. For instance, the 

production capacity of ethylene, a major basic chemical, increased from 0.505 Mt 

(million tons) in 1988 to 5.150 Mt in 2000. Indeed, Korea’s industry is very energy 

intensive. Korea’s iron & steel industry ranks fifth and Korea's petrochemical industry 

measured in ethylene production ranks sixth in the world. The high per capita TPES 

in Korea is partly due to a large share of heavy industry in the economy.

<Table 4> Income development and energy consumption in Korea (1995-2010).
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For a per capita income of USD 19,720 economy the per capita primary energy 

consumption of 214.2 GJ in 2010 was very high. In comparison, the per capita 

primary energy consumption for France, Germany and Japan were 169.3 GJ. 167.6 

GJ and 163.3 GJ, respectively according to the IEA Statistics. And the per capita 

income for France, Germany and Japan were USD 42,190, USD 43,280 and USD 

42,050, respectively according to the World Bank. The shares of the Korean 

household consumption in GDP were with between 52.3% (1995) to 54.5% (2000) 

smaller than most OECD countries. 

 

<Table 5> Energy consumption patterns in international comparison for the year 2010.

Table 5 shows that the share of household consumption in total final consumption 

is lowest among OECD countries in comparison, while its share of the industry 

together with non-energy use (mostly petrochemical industry) is highest among 

these countries in 2010. Per capita household electricity consumption was with 
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1254 kWh the lowest, while per capita industry electricity consumption was with 

4337 kWh the highest in 2010. The energy consumption grew a little slower than 

the total primary energy supply but depended in general on its growth rates. 

Table 6 shows that the per capita energy consumption of 5.12 toe in 2010 was 

very high in comparison to most OECD countries. Korea consumed more energy 

per capita or per GDP production than most OECD countries in 2010. Only the 

Netherlands recorded almost the same per capita energy as Korea. However, 

Korea’s energy consumption per GDP production was much higher than other 

OECD countries in comparison. 

<Table 6> Energy consumption in international comparison (2010).

IV. Results 

1. Energy intensities 
Table 7 lists direct energy intensities of the 15 most energy intensive non-energy 

sectors as of 2009, expressed in kJ per Won in 2005 constant prices. The average 

direct energy intensity decreased from 1995 to 2009. However, the energy 

intensities of several sectors like warehouse and storage, agriculture, forestry and 

fishing related service and starches and other sugar increased from 2000 to 2009 

or from 2005 to 2009. The energy intensity of agriculture, forestry and fishing 
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related service, increased substantially from 3.78 kJ per Won in 1995 to 14.08 kJ 

Won in 2009. This sector has been using more and more electricity. Indeed, 

electricity is heavily subsidized for the agriculture in Korea. As a consequence 

greenhouses to cultivate vegetables and fruits have changed as heating fuel from 

fuel oil or coal briquettes to electricity. With the increasing income and living 

standard required are more cooling and refrigeration of meat and vegetables in 

warehouses and storage facilities in Korea.

 

<Table 7> Direct energy intensity of most intensive non-energy sectors in 
Korea (1995-2009).

Most direct energy intensive non-energy sectors are characterized by relatively 

high shares of direct energy intensities in the total energy intensities. However, the 

majority of sectors studied have a very high share of indirect energy intensity in 

the total energy intensity. More than 70% (from 117 out of 161 for 2000 to 129 

out of 161 for 1995) of non-energy sectors had such a share higher than 60%. 

Average indirect energy intensities of non-energy sectors were more than twice as 

high as direct ones as shown in Table 8. This highlights the importance of indirect 
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and total energy intensities, for instance, for energy conservation policies. 

<Table 8> Average total, direct & indirect energy intensities in Korea (1995-2010).

<Table 9> Total (direct and indirect) energy intensities of most intensive 
non-energy sectors in Korea.

Total energy intensities in 2005 constant deflated prices for the period from 1995 

to 2009 in Table 9 reveal again that iron & steel and chemical products (sectors) 

are most energy intensive. The average total energy intensity decreased from 1995 

to 2005 but increased from 2005 to 2009 as was the case for the average direct 
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energy intensity. As the energy consumption depend not only on the energy 

intensity (energy efficiency) but also on the amount of household consumption of 

goods and services, it is necessary to have a look at the household consumption 

expenditure (categories). 

<Table 10> Largest consumption expenditure categories of Korean households 
(1995-2009).

Table 10 shows shares of the 20 largest sectoral household consumption expenditure 

categories. These shares amounted to 65.32% of the total household consumption 

expenditure in 1995, more than 70% in the years 2000, 2005 and 2009. The main 

expenditure for non-energy sectors had relatively low total energy intensities except 

road transport, motor vehicle and motor vehicle equipment and communications 

and broadcasting equipment. Real estate (housing rental), postal service and 

telecommunication, financial services and insurance recorded increases in the share 

in the total household consumption expenditure, a sign of increasing living 

standards. However, this share decreased in the case of wholesale & retail trade 

and medical and health.
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2. Direct energy consumption of households
The direct energy consumption of Korean households accounted for 14.6% 

(2005) to 17.2% (2000) of the total energy consumption. Direct household energy 

consumption grew at an annual average rate of 6.3% in the second half of the1990s 

and slowed down to 1.6% in the 2000s as shown in Table 11. The per capita direct 

household energy consumption increased from 22.24 GJ in 1995 to 32.19 GJ in 

2009. The consumption of oil products was mainly responsible for the direct 

household energy consumption in 1995. Oil products were main household fuels in 

the 1990s. As oil products were replaced by natural gas as heating fuel and as 

more and more electricity is used in households for heating, cooling and operation 

of electrical appliances, electricity consumption became the main source of direct 

household energy consumption in Korea. 

The oil products share in the direct household energy consumption decreased 

from 65.7% in 1995 to 24.8% in 2009, while the electricity share increased from 

21.9% to 52.6% in the same period. The share of the town gas and steam & district 

heat sector increased, too. The coal share decreased until 2000 as coal briquette 

consumption for heating and cooking was replaced by town gas and district heat 

with growing income. It increased in the 2000s as heavily subsidized coal 

briquettes became heating and cooking fuel for very low-income households.
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<Table 11> Direct energy consumption of Korean households by fuel (1995-2010).

Table 11 shows the estimation of direct household energy consumption with price 

differentiation between households and industries. As discussed before, uniform 

prices for households and the industry applied to convert monetary into energy 

input-output table result in an increase of household energy consumption and 

concomitantly higher household energy consumption. It is common that the industry 

pays fuels less than households. With the price differentiation between households 

and industries the energy consumption due to oil products and electricity consumption 

decreased from 477.99 PJ to 388.64 PJ and from 1015.26 PJ to 1569.27 PJ, 

respectively in 2009. The direct household energy consumption decreased by 15.1% 

from 1848.55 PJ to 1569.27 PJ in 2009. It is important to differentiate fuel prices 

between households and industries.
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3. Indirect energy consumption of households
More than 69% of the total energy consumption of households was indirect in 

the 1995 to 2009 period as shown in Table 12. Indirect energy consumption of 

households were high as goods and services consumed were produced energy 

intensively by industries due to relatively low priced fuel oil, coal and electricity. 

There is hardly any tax on coal and electricity is sold below production costs. 

Taxes on fuel oil are very low compared to oil products used by households such 

as gasoline, diesel and LPG. 

Direct energy consumption of Korean households were low because relatively 

high prices for gasoline (high gasoline taxes) and electricity (high progressive 

tariffs only for households as can be seen in Table 13) discouraged household 

energy use, hence energy consumption. Moreover, Table 8 shows that the per 

capita primary energy consumption of Korean households (direct household energy 

consumption less fuel consumption for private cars, as used in the conventional 

energy statistics) was the lowest among countries in comparison, while their per 

capita energy consumption of the whole economy was much higher than that of 

Japan, France and Germany in 2010.

Another reason for the high share of indirect household energy consumption 

could be found in a relatively high share of iron & steel and petrochemical 

industries in Korea as shown in Table 5. Per capita energy consumptions of iron 

& steel and petrochemical industries were with 0.214 toe (8.96 GJ) and 0.785 toe 

(32.87 GJ), respectively highest among OECD countries in comparison. Indirect 

energy consumption of households did not change in the second half of the 1990s. 

Indirect household energy consumption grew by 3.3% in the 2000s. Again higher 

electricity consumption was mainly responsible for the increase in indirect 

household energy consumption in 2009.
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<Table 12> Indirect energy consumption of Korean households by fuel (1995-2009).

It is interesting to note that the price differentiation in the development of energy 

input-output tables, hence readjusting uniform prices to more realistic price 

differentiation between households and industries, resulted in higher indirect 

household energy consumption as shown in Table 12. The indirect household 

energy consumption after price differentiation grew by 3.6% from 4002.63 PJ to 

4136.77 PJ in 2009. The direct household energy consumption decreased while the 

indirect household energy consumption increased. 
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<Table 13> Monthly electricity tariffs in Korea as of August 2010.

4. Total energy consumption of households
Total (direct and indirect) household energy consumption increased from 3942.12 

PJ in 1995 to 5706.05 PJ in 2009. The growth rate was a little higher in the 2000s 

as shown in Table 14. As households were responsible for about between 55% in 

2005 and 65% in 1995 of the energy consumption in Korea, they should be the 

main policy target for energy conservation. The rest of the energy consumption was 

emitted by the government (7.2%), the public (5.3%) and private (20.7%) 

investments (26%), the net exports (10.6%) being the difference between exports 

and imports and stock exchange (0.9%) in 2005. Households did not realize how 

much they emitted energy directly and indirectly as their direct energy purchase accounted 

only to from 5.1% in 2009 to 7.4% in 2000 of their consumption expenditures.

Total household energy consumption in spite of using low energy intensive 

electricity grew fast in the 1995 to 2009 period due to low electricity tariffs 

especially for industries. The consumption of oil products decreased substantially as 

relatively expensive oil products were replaced by electricity, town gas and steam 
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& district heat. Energy consumption by coal grew also because the shares of coal 

using iron & steel and cement industries increased. This was also the case for 

naphtha, the basic feedstock for the petrochemical industry.

Table 14 shows that the estimation of total energy consumption without price 

differentiation between households and industries is bigger than those with price 

differentiation. For the year 2009 households consumed energy in the amount of 

5706.05 PJ against 5851.18 PJ without price differentiation. In 2009 electricity 

consumption became the largest energy source for household energy consumption, 

as households consumed much more electricity (4230.4 PJ) than petroleum products 

(2003.8 PJ) indirectly.4)

<Table 14> Total energy consumption of Korean households by fuel (1995-2009).

4) 34.1% of electricity was produced in 2009 by nuclear, 44.6% by coal, 15.1% by LNG, 3.2% by heavy 
oil and diesel, 1.3% by hydro and 2.6% by renewable energy and others.
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Table 15 reveals changes in household energy emission patterns in Korea from 

1985 to 2009. Consumption groups like living, education, leisure and banking & 

insurance experienced an increase in their share of the household energy 

consumption. Consumption groups like food & beverage, clothing & footwear, 

hygiene & medicare, transport & communication and household recorded a 

decrease in the share in the household energy consumption. In terms of direct 

household energy consumption, electricity, town gas and steam & district heat play 

a more important role than other fuels. All these changes are related to the 

increasing living standards and rapid economic growth in Korea.

<Table 15> Energy consumption patterns of Korean households (1995-2009).
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Table 15 reveals changes in household energy emission patterns in Korea from 

1985 to 2009. Consumption groups like living, education,

leisure and banking & insurance experienced an increase in their share of the 

household energy consumption. Consumption groups like food & beverage, clothing 

& footwear, hygiene & medicare, transport & communication and household 

recorded a decrease in the share in the household energy consumption. In terms of 

direct household energy consumption, electricity, town gas and steam & district 

heat play a more important role than other fuels. All these changes are related to 

the increasing living standards and rapid economic growth in Korea. 

 

<Table 16> Direct and total energy consumption by economic activity in Korea.

Table 16 indicates that Korean households were dominant in energy related direct 

and total energy consumption of the country. Investments were also important in 

the total energy consumption. Energy embodied exports have been larger than such 

imports since 2000. This is because Korea has had trade surpluses since 2000. 

However, Korea had more direct energy imports than direct energy exports. Korean 

exports were more energy intensive than imports in the studied period. This 
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contradicts the expectation that an energy resource poor country like Korea should 

import more energy intensive goods and services and export less energy intensive 

goods and services, rather than vice versa. However, it was a progress that the ratio 

of energy intensity of exports to that of imports declined from 109.5 in 1995 and 

118.6 in 2000 to 102.5 in 2009.

5. Changes in household energy consumption
Although the evolution in average direct, indirect and total energy intensities 

shown in Table 9 indicates a decrease in energy intensities (energy efficiency 

improvement) during the studied period, it is not clear what caused the changes in 

total household energy consumption. These changes (increases in household energy 

consumption) are related to four factors: (1) change in the household expenditure 

(activity effect); (2) change in the structure of household consumption (structure 

effect); (3) change in the energy intensity (efficiency effect) and (4) change in the 

energy intensity (energy efficiency) with the help of a simple decomposition analysis.

The analysis used to decompose the effects of changes in activity, structure, 

energy efficiency and energy efficiency on changes in energy consumption (C) is

   



 (7)

where Σ P refers to household expenditure, PPI (Physical production index) means 

here the sum of expenditure categories weighted with energy intensities of 

expenditure categories of a reference year, PPI / Σ P is structure effect, Σ E / PPI 

represents energy efficiency effect on consumption. Increasing PPI of PPI / Σ P 

results in higher fraction and thus more energy intensive consumption structure. 

Whereas increasing PPI in Σ E / PPI results in higher energy efficiency. By 

decomposing the differential of Eq. (7):
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       . (8)

A simple average parametric Divisia method 2 (AVE-PDM2, an additive energy 

consumption technique) is used as to minimize the residuals (Ang, 1995).

- Activity effect:

     











5) (9)

- Structure effect:

    











 (10)

 - Energy efficiency effect:

     











 (11)

Results of decomposition of changes in household energy consumption in periods 

from 1995 to 2005 are presented in Table 17. The increase in consumption 

expenditure (activity) was principally responsible for the rise of household energy 

consumption. The large positive activity effect was partly due to growing household 

expenditure. The household expenditures increased at an annual growth rate of 

6.7% from 283.8 TWon (Trillion Won) in 1995 to 392.3 TWon in 2000 and at an 

annual rate of 3.5% from 392.3 TWon in 2000 to 465.6 TWon in 2005. 

The energy efficiency (minus sign of the efficiency variable) contributed greatly 

to reduce the increase in total household energy consumption also in the 1995 to 

5) The right side of Eqs. (9)-(11) is divided by 4 as to have the averages of the last two factors. For 
more discussion on the decomposition analysis see Farla et al., 1997a, b.
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2005 period. However, switching to consumption of more energy intensive goods 

and services (plus sign of the structure variable) caused to accelerate the increase 

in total household energy consumption from 1995 to 2005. There was positive 

efficiency but negative structure effects in the studied period.

 

<Table 17> Decomposition of changes in total household energy consumption (PJ).

V. Discussion and conclusions

1. Discussion
A key issue in the quantification of direct and indirect household energy consumption 

for the input-output analysis is to construct energy input-output tables. As detailed 

sectoral energy consumption and energy emission data are missing, monetary 

input-output tables are first converted into energy terms with the help of uniform 

(average) fuel prices. However, this kind of construction of energy input-output 

tables results in an overestimation of direct household energy consumption and 

concomitantly an underestimation of indirect household energy consumption. This 

study has tried to differentiate prices of oil products and electricity between 

households and industries. Better energy price information is crucial to construct 

energy input-output tables. 

Despite a relatively disaggregated sector classification to 161 non-energy sectors 
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and 7 energy sectors, sectors like vegetables and fruits, meats, diary products and 

wholesale and retail used in this study are too aggregated, as to make sectoral 

energy intensities for different years comparable. This is because large differences 

in energy intensities of products can exist in the same sector and because the 

composition of products consumed in a sector does not remain unchanged. 

Moreover, not only inter-sector structural changes but also intra-sector structural 

changes are occurring.

2. Conclusions and recommendations

This study converts energy consumption data given in final energy terms (TFC) 

into primary energy terms (TPES). Sectors with a higher share of electricity in the 

energy consumption tend to have lower energy intensity than those with a lower 

share if energy intensities are calculated in final energy terms. Moreover, this study 

has used differentiated prices of oil products and electricity between households 

and industries. Uniform (average) prices used to convert monetary to energy input- 

output tables would cause an overestimation of direct household energy consumption 

and concomitantly an underestimation of indirect household energy consumption. 

This study shows that average direct and total energy intensities declined rather 

substantially in the 1995 to 2010 period in Korea. This means that the Korean 

industry moved to a higher value added production structure as the value added of 

the Korean production grew faster than the energy input (use) for the production. 

Energy intensive sectors belong mostly to heavy and chemical industries. In 2009, 

electricity consumption became the main source of household energy consumption 

in Korea. Households consume more and more electricity intensive goods and 

services, a sign of increasing living standards. This occurred despite relatively low 

energy intensity of electricity in Korea.

The Korean household sector was responsible for between 55% in 2005 and 65% 
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in 1995 of the energy related energy consumption in the 1995 to 2010 period. And 

more than 69% of household energy consumption was indirect. Thus, the household 

sector is the main economic sector (driver) in energy consumption and not only 

direct but also indirect household energy consumption should be the policy target 

of energy conservation. Decrease in energy intensities of products consumed by 

Korean households contributed greatly to reduce the increase in the total household 

energy consumption. However, switching took place towards more energy intensive 

products, thus the structure effect was negative. It is necessary to direct consumption 

and production towards much less energy intensive goods and services as to reduce 

energy consumption or its growth rate. The Korean government should readjust low 

energy and electricity prices to cost-reflective prices levels as these low prices are 

one of the main reasons for the consumption of more energy intensive products.

The share of direct household energy consumption in the total household energy 

consumption is low probably because higher fuel prices for gasoline and electricity 

discouraged direct household energy use, hence low energy consumption, while 

lower fuel prices for the industry lead to an energy intensive industrial structure 

and with it to higher share of indirect use. It exemplifies that higher energy prices 

are a strong measure for energy conservation and energy conservation. Another 

reason for the high share of indirect energy consumption could be found in a 

relatively high share of heavy industry in the economy as well as in the total final 

energy consumption (TFC).

Information on energy intensities of more disaggregated sectors/ products will 

encourage household energy conservation. Many consumers do not pay adequate 

attention to energy conservation as they do not have such information (Hassett and 

Metcalf, 1993; Ürge-Vorsatz et al., 2006). 

Korea’s energy consumption per GDP production was much higher than other 

OECD countries in comparison as shown in Table 6. Korea should make more 

effort to reduce energy consumption. In this regard, indirect and total household 
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energy consumption should be the main target for energy conservation.

More research should be done on indirect household energy consumption. A 

future Korean study should apply a hybrid method to assess indirect household 

energy consumption more accurately. Intensities of energy intensive products and 

expenditure strong products need to be assessed by the process chain analysis as to 

reduce errors occurred by using uniform (average) prices within the individual 

sector in constructing energy input-output tables and as to make energy intensities 

of different years more comparable.
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