Ⅱ  Energy Consumptiontc "Ⅱ  Energy Consumption"
1.  Overviewtc "  Overview"
Korea's energy consumption has increased sharply since the mid-1970s due to rapid economic growth focused on heavy and chemical industries.  Primary energy consumption increased 7.8% annually from 1981 to 1990, and 10.0% annually from 1991 to 1996.  Thus, primary energy consumption grew to 165.209 million TOE in 1996 from 43.911 million TOE in 1980.

Per capita energy consumption has also risen as personal income surged thanks to economic growth.  Per capita energy consumption has been increasing especially, rapidly since the late 1980s.  It reached to 3.63 TOE in 1996 from 1.15 TOE in 1980.

As a result Korea's dependency on foreign energy continues to increase.  The dependency rate on imported energy (including nuclear power) rose from 73.5% in 1980, to 87.9% in 1990, and to 97.8% in 1996.  Imported energy is currently meeting nearly all domestic energy demands.  This trend is attributed to the fact that  demand for high-quality energies such as petroleum and natural gas has risen while production of domestic anthracite coal has fallen sharply.

The energy/GDP ratio, which fell in the late 1980s, began to rise again from 1989.  The ratio rose from about 0.5 between 1986 and 1989 to 0.6 in 1996, which is close to the 1980 level.  This hike is explained by the fact that the economy depends largely on energy-intensive industries, especially heavy and chemical industries.  On the other hand, the energy/GDP elasticity trend in the reverse 
Source: Yearbook of Energy Statistics, 1997, KEEI.

of the energy /GDP ratio.  The elasticity, which rose in late 1980s, declined in the 1990s.


1980
1985
1990
1994
1995
1996
AAGR (%)








 81

   -90
 91

  -96

Energy Consumption

(1,000 TOE)
Primary
43,911
56,296
93,192
137,235
150,437
165,209
7.8
10.0


Final
37,597
46,998
75,107
112,206
121,850
132,033
7.2
9.8

Per Capita Energy Consumption (TOE/Person)
1.15
1.38
2.17
3.09
3.35
3.63
7.2
8.9

Dependency on Imported Energy (%)
Nuclear included
73.5
76.2
87.9
96.4
96.8
97.8




Nuclear excluded
71.6
68.8
73.7
85.7
85.6
86.1



Share of Petroleum in Primary Energy Consumption
61.1
48.2
53.8
62.9
62.5
60.5



Share of Electricity in Final Energy Consumption
7.5
  9.3
10.8
11.2
11.5
11.9



Energy Price Index
71.7
141.0
100.0
115.54
121.4
137.9



Energy/GDP Ratio

(TOE/Million Won)
0.58
0.51
0.52
0.58
0.58
0.60



Economic Growth Rate(%)
-2.7
6.5
9.5
8.4
8.7
6.9
9.4
7.4

Growth Rate of Primary Energy Consumption(%)
1.5
5.4
14.1
8.1
9.6
9.8



Energy Elasticity
-
0.83
1.48
0.96
1.10
1.41



< Table 2-1 >  Major Energy/Economic Indicators

 Comparing Korea's energy/economic indicators with major developed countries,  Korea's economic growth rate and energy consumption growth rate, 8.9% and 9.6% in 1995, respectively, were much higher than OECD countries' 1.9% and 1.6 % in 1995.   Such a high energy consumption growth in Korea, which is still in the development stage, is the result of its high economic growth. However, per capita energy consumption in Korea is lower than the average per capita energy consumption in OECD countries.


Korea
USA
Japan
OECD


1990
1995
1990
1995
1990
1995
1990
1995

Economic Growth Rate (%)
9.5
8.9
0.8
2.0
4.8
0.9
2.7
1.9

Energy Consumption Growth Rate (%)
14.1
9.6
0.1
1.6
3.4
3.9
0.2
1.6

Energy/GDP Ratio (TOE/US$1000)
0.3
0.4
0.3
0.3
0.1
0.1
0.2
0.2

Per Capita Energy Consumption (TOE/Person)
2.1
3.3
7.7
7.8
3.4
3.9
4.2
4.3

< Table 2-2 >  Energy/Economic Indicators of Major Countries

     Sources: Energy Balances of OECD Countries, 1997, OECD. International Financial Statistics, 1997, IMF.

With respect to electricity consumption, per capita electricity consumption in Korea, 4,006 kWh/person in 1995, was far lower than those of developed countries in the same year. 


 Korea
USA
Japan
UK


1990
1995
1990
1995
1990
1995
1990
1995

Per Capita Electricity Consumption (kWh/Person)
2,002
4,006
11,210
11,160
5,300
5,910
4,940
4,880

< Table 2-3 >  Per Capita Electricity Consumption in Major Countries 

      Source: Energy Balances of OECD Countries, 1997, OECD.

             BP Statistical Review of World Energy, 1997. Yearbook of Energy Statistics, 1997, KEEI.


1913
1950
1973
1990
1996

USA
436.5
866.0
1759.4
1930.7
2130.3

 Japan
21.7
44.9
338.9
428.1
501.8

 Germany
93.8
93.9
266.2
351.8
345.0

France
55.7
64.6
179.9
220.9
243.4

 UK
157.5
158.3
220.8
213.3
230.1

 Korea
N.A.
N.A.
25.0
93.2
165.1

< Table 2-4 >  Energy Consumption of Major Countries








     (Unit : Million TOE)

  Source: Dynamic Forces in Capitalist Development, Angus Madison.BP Statistical Review of 

             World Energy, 1997. Yearbook of Energy Statistics, 1997, KEEI.


1914-1950
1951-1973
1974-1990
1991-1996

USA
1.87
3.13
0.55
1.65

 Japan
1.98
9.19
1.38
2.68

 Germany
0.00
4.63
1.65
-0.32

France
0.40
4.50
1.22
1.63

 UK
0.01
1.46
-0.20
1.27

 Korea
NA
NA
8.05
10.01

< Table 2-5 >  Annual Average Growth Rate of Energy Consumption in Major                             Countries

    

                                                                      (Unit : %)

      Source: Dynamic Forces in Capitalist Development, Angus Madison.BP Statistical Review of 

             World Energy, 1997. Yearbook of Energy Statistics, 1997, KEEI.

2. Energy Consumption by Sourcetc " Energy Consumption by Source"
In addition to rapid energy consumption growth, Korea has experienced significant changes in energy consumption structure since 1980.  Theses changes can be summarized as the emergence of clean energy such as nuclear power and LNG, the decline of domestic coal, and the stable growth of petroleum.  As a result, the shares of nuclear and LNG in total energy consumption jumped while that of coal plummeted.  Petroleum consumption has maintained its share of around 60% in total primary energy.

Oil consumption increased from 182.105 million Bbl in 1980 to 721.063 million Bbl in 1996, which is twice the 1990 level.  This increase was partly the result of the substitution of oil for coal. The expansion of petro-chemical facilities especially accelerated oil consumption in the 1990s.


1980
1985
1990
1994
1995
1996
AAGR (%)








81-90
91-96

Petroleum

(kBBL) 
182,105

(61.1)
189,191

(48.2)
356,349

(53.8)
621,498

(62.9)
677,209

(62.5)
721,063

(60.5)
6.9
 12.4

Coal

(kTon)
25,862

(30.1)
40,533

(39.1)
43,405

(26.2)
42,660

(19.4)
44,352

(18.7)
50,277

(19.7)
5.3
 2.4

LNG

(kTon)
-

(0.0)
-

(0.0)
2,329

(3.2)
5,860

(5.6)
7,087

(6.1)
9,361

(7.4)
-
 26.1

Hydro Power

(GWh)
1,984

(1.1)
3,659

(!.6)
6,361

(1.7)
4,098

(0.7)
5,478 

(0.9)
5,201 

(0.8)
12.4
 -3.2

Nuclear Power

(GWh)
3,477

(2.0)
16,745

(7.4)
52,887

(14..2)
58,651

(10.7)
67,029     (11.1)
73,924     (11.2)
31.3
 5.7

Misc.

(kTOE)
2,492

(5.7)
2,031

(3.6)
797

(0.9)
742

(0.7)
1,051 

(0.7)
1,161 

(0.7)
-10.8
 6.5

Total

(kTOE)
43,911

(100.0)
56,296

(100.0)
93,192

(100.0)
137,235

(100.0)
150,437

(100.0)
165,209

(100.0)
7.8
 10.0

< Table 2-6 >  Trend in Primary Energy Consumption

 Note : Share in parentheses. Source: Yearbook of Energy Statistics, 1997, KEEI.

The share of coal in primary energy consumption, 30.1% in 1980, rapidly decreased to 26.2% in 1990 and fell to 19.7% in 1996, although coal consumption grew 2.4% between 1991 and 1996. In fact, domestic anthracite consumption declined dramatically due to the "rationalization of coal industry" policy in response to mounting environmental concerns and high cost in domestic coal production.  Only imported bituminous coal consumption was increased, owing to the demand mainly from steel and electricity industries.

As a clean energy source, LNG consumption in Korea exploded since 1986 when  LNG was first introduced.  LNG consumption  increased 177-fold in 11 years, reaching 9,361 thousand tons in 1996 from 53 thousand tons in 1986.  LNG accounted for 7.4% of total primary energy consumption in 1996.  Its meteoric rise is attributed to the government's policy to encourage LNG consumption, reducing the nation's heavy reliance on petroleum and diversify energy sources and also to consumers' preference for cleaner energy.  The Korean Government has undertaken consistent construction of infrastructure for LNG supply, such as receiving terminals and a national pipeline network, to meet the ever-increasing demand.

Nuclear power, another clean energy source introduced in 1978, also has exhibited significant growth.  Its consumption increased at an annual rate of 31.3% in the 1980s.  Nuclear power generation, 73,924GWh in 1996, accounted for 11.2 % of total primary energy consumption.

Korea's dependency rate on fossil fuels was 87.3% in 1995, slightly higher than average OECD levels.  


Korea
USA
Japan
OECD


1990
1995
1990
1995
1990
1995
1990
1995

Petroleum
53.8
62.5
39.9
39.0
58.9
54.6
42.1
43.0

Natural Gas
3.2
6.1
23.1
27.0
10.0
11.2
20.0
22.6

Coal
26.2
18.7
27.4
23.9
17.1
17.5
22.4
20.7

Nuclear Power
14.2
11.1
8.4
8.8
12.2
15.1
9.1
11.2

Hydro Power
1.7
0.9
1.2
1.2
1.8
1.5
6.4
2.5

Reliance on 

Fossil Fuels
83.2
87.3
90.4
89.9
86.0
83.3
84.5
86.3

< Table 2-7 >  Energy Consumption Structures in Major Countries

(Unit : %)

      Source : BP Statistical Review of World Energy, 1997.

3. Energy Consumption by Sectortc " Energy Consumption by Sector"
Sectoral energy consumption in Korea since the 1980s can be characterized by rapid increases in the industry and transportation sectors and slow or even negative growth in the commercial/residential and public sectors.  As a result of these changes in the sectoral energy consumption, the shares of the industry and transportation sectors in final energy consumption reached 51.4% and 22.6% in 1996 from 44.1% and 13% in 1980 respectively.  Meanwhile, the share of the commercial/residential and public sectors shrank from 37.3% and 5.6% to 24.0% and 2.0%, respectively, during the same period.


1980
1985
1990
1994
1995
1996
AAGR (%)








81-90
91-96

Industry
16,571

(44.1)
20,014

(42.6)
36,151

(46.2)
59,909 (53.4)
62,946

(51.6)
67,869

(51.4)
8.1
13.4

Transportation
4,905

(13.0)
6,707

(14.3)
14,173

(17.6)
23,860 (21.3)
27,148

(22.3)
29,792

(22.6)
11.2
13.2

Residential and Commercial
14,034

(37.3)
18,180

(38.7)
21,971

(32.3)
25,968 (23.1)
29,339

(24.1)
31,713

(24.0)
4.6
6.3

Public and Other
2,087

(5.6)
2,096

(4.5)
2,812

(4.6)
2,469

(2.2)
2,416

(2.0)
2,659

(2.0)
3.0
-0.9

Total
37,597

(100.0)
46,998

(100.0)
75,107

(100.0)
112,206

(100.0)
121,850

(100.0)
132,033

(100.0)
7.2
9.9

< Table 2-8 >  Trend of Final Energy Consumption by Sector

(Unit : kTOE, %)

      Note: Shares in the parentheses.

      Source: Yearbook of Energy Statistics, 1997, KEEI.

3.1. Industrial Sectortc " Industrial Sector"
As economic growth has been led by the industry sector, so has energy consumption.  Energy consumption in the industrial sector increased from 16.571 million TOE in 1980 to 36.151 million TOE in 1990 (2.2 times), to 67.869 million TOE in 1996 (1.9 times the 1990 level), which accounted for 51.4% of the total final energy consumption.

 Regarding energy consumption in the industrial sector, petroleum's share was significant at 57.4%, followed by coal at 25.0 % and electricity at 13.5%.  As anthracite coal consumption has almost completely ceased, bituminous coal has been mainly consumed to meet the demand in steel and power generation industries.  Coal consumption grew from 22.0% in 1980, 29.9% in 1990 and then fell to 25.0% in 1996, 


1980
1985
1990
1994
1995
1996
AAGR (%)








81-90
91-96

Petroleum
10,948

(66.0)
10,697

(53.4)
20,014

(55.4)
35,881

(64.5)
36,810

(58.5)
38,913

(57.4)
6.2
13.0

Coal
3,653

(22.0)
6,491

(32.4)
10,807

(29.9)
15,403

(27.7)
16,244

(25.8)
17,669

(25.0)
11.5
8.5

Electricity
1,971

(12.0)
2,812

(14.0)
5,095

(14.1)
7,398

(13.3)
8,293

(13.2)
9,179

(13.5)
10.0
10.2

City Gas
0.0

(0.0)
15.0

(0.1)
235

(0.7)
 601

(1.1)
863

(1.4)
1,196

(1.8)
-
29.7

Others
0.0

(0.0)
0.0

(0.0)
0.0

(0.0)
626

(1.1)
763

(1.2)
912

(1.3)
-
-

Total
16,571

(100.0)
20,015

(100.0)
36,151

(100.0)
55,591

(100.0)
62,946

(100.0)
67,869

(100.0)
8.1
11.7

< Table 2-9 >  Trend of Energy Consumption by Source in Industrial Sector

   (Unit : thousand TOE, %)

      Note: Shares in parentheses.

      Source: Yearbook of Energy Statistics, 1997, KEEI.

3.2 Transport Sectortc "3.2 Transport Sector"
Energy consumption in the transport sector showed a marked increase compared to other sectors.  It was only 4.905 million TOE in 1980, but increased to 14.173 million TOE in 1990 and to 29.792 million TOE in 1996 (2.1 times the 1990 level). Thus, the share of transport sector in final energy consumption rose from 13.0% in 1980 to 17.6% in 1990 and to 22.6% in 1996.

Although such increases were brought about by factors in all transportation modes, the leading factor was the sharp increase of gasoline consumption caused by  private passenger car expansion.  Gasoline consumption, which was 759 thousand TOE in 1980, increased to 2.936 million TOE in 1990 and to 8.664 million TOE, or 30.8% of energy consumption in the transportation sector, in 1996.


1980
1985
1990
1994
1995
1996
AAGR (%)








81-90
91-96

Petroleum

Gasoline
4,869

(99.3)

  759

(16.7)
6,645

(99.1)

754

(11.3)
14,086

(99.4)

2,936

(20.8)
23,736

(99.5)

6,451

(27.2)
27,010

(99.5)

7,527

(27.9)
29,647

(99.5)

8,664

(30.8)
11.2

 12.2
13.2

23.9

Electricity
34

(0.7)
62

(0.9)
87

(0.6)
124

(0.5)
138

(0.5)
145

(0.5)
9.9
8.9

Total
4,905

(100.0)
6,707

(100.0)
14,173

(100.0)
23,860

(100.0)
27,148

(100.0)
29,792

(100.0)
11.2
13.2

< Table 2-10 >  Trend of Energy Consumption by Source in Transport Sector

                                                               (Unit : kTOE, %)

       Note: Shares in the parentheses.

       Source : Yearbook of Energy Statistics, 1997, KEEI.

3.3.  Residential and Commercial Sectorstc "3.3.  Residential and Commercial Sectors"
  Energy consumption in the residential and commercial sector grew moderately from 1980 to 1996 compared to those of other sectors like industry and transportation.  It increased from 14.034 million TOE in 1980 to 21.973 million TOE in 1990 and to 31.713 million TOE in 1996 (1.4 times the 1990 level). Hence, the share of the residential and commercial sector in final energy consumption fell significantly from 37.3% in 1980 to 24.0% in 1996.

One of the most dramatic changes in energy consumption patterns since the late 1970s can be seen in the residential and commercial sector. Coal, once the main source of energy, accounting for 61.8% of energy demand in the sector in 1980, became the least important source with 3.3% share in 1996.  The shares of oil, gas, and electricity consumption rose from 15.8%, 0.1%, and 4.4% to 58.7%, 17.6%, and 17.2%, respectively, during the same period.

Such changes came from persistent inter-fuel substitution with the increased availability of more convenient fuels like petroleum and gas in the residential sector and also from government regulations to limit coal consumption in urban areas to reduce air pollution.  The consumption of petroleum increased from 2.222 million TOE in 1980 to 8.879 million TOE in 1990 and to 18.623 million TOE in 1996.  In contrast, coal consumption increased from 8.670 million TOE in 1980 to 9.027 million TOE in 1990 and then decreased to 1.050 million TOE in 1996. 


1980
1985
1990
1994
1995
1996
AAGR (%)








81-90
91-96

Petroleum
2,222

(15.8)
3,525

(19.4)
8,879

(40.4)
15,375

(59.2)
17,632

(60.01)
18,623

(58.7)
14.3
13.1

Coal
8,670

(61.8)
11,400

(62.7)
9,027

(41.1)
2,267

(8.7)
1,514

(5.2)
1,050

(3.3)
0.4
-30.1

Electricity
611

(4.4)
1,155

(6.4)
2,421

(11.0)
4,321

(16.6)
4,801

(16.4)
5,464

(17.2)
14.8
14.5

City Gas
15

(0.1)
69

(0.4)
777

(3.5)
3,313

(12.8)
4,495

(15.3)
5,588

(17.6)
48.4
38.9

Thermal Energy
0.0

(0.0)
0.0

(0.0)
75

(0.3)
454

(1.7)
632

(2.2)
796

(2.5)
-
48.2

Others
2,517

(17.9)
2,031

(11.2)
797

(3.6)
238

(0.9)
265

(0.9)
192

(0.6)
-10.9
-21.1

Total
14,034

(100.0)
18,180

(100.0)
21,973

(100.0)
25,968

(100.0)
29,339

(100.0)
31,713

(100.0)
4.6
6.3

< Table 2-11 > Trend of Energy Consumption in Residential/Commercial Sector

(Units : TOE, %)

      Note: Shares in parentheses.

      Source: Yearbook of Energy Statistics, 1997, KEEI.

The increase in electricity demand was caused by the rapid dissemination of household appliances and home electronics products.  Color TVs and refrigerators numbered more than one per household by the end of the 1980s, and washing machines numbered almost one per household by the mid-1990s.  

The number of air conditioners steadily increased from 0.09 per household in 1993 to 0.13 per household in 1995, while PCs grew from 0.32 per household in 1993 to 0.61 in 1995 (doubling in two years).


1989
1991
1993
1995

Color TV
104
127
135
137

Refrigerator
103
110
108
105

Washing Machine
65
86
91
96

Air Conditioner
9
8
9
13

PC
4
11
32
61

< Table 2-12 >  Per Household Ownership Rate of Major Appliances

                                                                      (Unit : %)

      Source: Study on Penetration Rate of Appliances, 1996, KEPCO.

3.4.  Public and Other Sectorstc "3.4.  Public and Other Sectors"
Energy consumption in public and other sectors, which showed a moderate increase in the 1980s, began to decrease in the 1990s.  Energy consumption in these sectors increased from 2.087 million TOE in 1980 to 2.812 million TOE in 1990, then decreased to 2.659 million TOE in 1996.  

Among energy sources, coal and petroleum consumption decreased while gas and electricity consumption increased. Petroleum consumption, which accounted for 85.6% of total energy consumption in these sectors in 1980 and 80.9% in 1990, fell to 1.530 million TOE in 1996, only 57.6% of total consumption.  Electricity consumption was 904 thousand TOE in 1996 (33.9%), a relatively high increase from 9.5% in 1985 and 18.3% in 1990.  Gas consumption has also steadily increased, reaching 153 thousand TOE in 1996, and the trend is projected to continue.

4.  Power Generationtc "  Power Generation"
Power generation in Korea has increased tremendously over the past two decades.  At the same time, it has undergone structural changes to meet increasing demand for electricity resulting from economic and income growth.  Power generation rose from 37,238 GWh in 1980 to 205,493 GWh in 1996.  Meanwhile, nuclear and LNG power generation surged replacing oil-fired  plants which played a major role in the 1980s. 


1980
1985
1990
1994
1995
1996
AAGR (%)








81-90
91-96

 Total Power Generation

(GWh)

  - Nuclear

- Coal

- LNG

 - Petroleum

- Hydro
37,238

3,477

(9.3)

  2,481

(6.7)

-

-

29,297

(78.7)

1,984

(5.3)
58,007

16,745

(28.9)

17,639

(30.4)

-

-

19,964

(34.5)

3,659

(6.3)
107,669

52,887

(49.1)

19,961

(18.5)

9,604

(8.9)

18,856

(17.6)

6,361

(5.9)
164,992

 58,651

(35.5)

41,835

(25.4)

20,046

(12.1)

40,313

(24.5

4,098

(2.5)
184,660

67,029

(36.3)

48,813

(26.4)

21,296

(11.5)

42,045

(22.8)

5,478

(3.0)
205,493

73,924

(36.0)

56,881

(27.6)

27,050

(13.2)

42,436

(20.7)

5,201

(2.5)
11.2

31.3

23.2

-4.3

12.4
11.3

5.7

19.1

18.8

14.5

-3.2

Generation Facilities

 (MW)
9,390
16,136
21,021
28,749
32,183
35,715
8.4
9.2

Transmission and Distribution Loss (%)
6.6
5.89
5.62
5.59
5.46
5.40
-
-

< Table 2-13 >    Major Indicators in Power Generation Sector

      Note: Shares in the parentheses.

      Source: Yearbook of Energy Statistics, each year, KEEI.

 Since 1978, when the first nuclear power plant began its commercial operation, nuclear power generation has increased more than 21.1% per annum.  Between 1981 and 1990, the growth rate was 31.3%, accounting for more than half of the total electricity consumed in 1987.  

Such expansion of nuclear power generation capacity reduced the share of thermal power generation capacity.  The share of oil-fired thermal power generation has plummeted from 78.7% in 1980 to 20.7% in 1996.  LNG-fired power generation, introduced in 1986, increased to 13.2% of total generation in ten years.

Such trends show that the Korean Government has taken significant steps to expand nuclear and LNG power generation capacity to ease environmental problems from fossil fuel use. Other achievements like thermal efficiency improvement and reduction of transmission and distribution losses also helped ease environmental problems.


Korea
USA
Japan
UK


1990
1995
1990
1995
1990
1995
1990
1995

 Nuclear
49.1
36.3
19.2
20.1
23.8
26.7
20.7
26.7

 Coal
18.5
26.4
53.4
51.5
14.5
17.8
65.1
43.0

LNG
8.9
11.5
12.0
14.9
19.5
19.5
1.1
17.5

 Petroleum
17.5
22.8
4.1
2.5
31.6
22.8
10.8
10.6

 Hydro
5.9
3.0
8.5
8.8
10.5
8.4
1.6
1.6

< Table 2-14 >   Power Generation Mix in Major Countries 

                  (Based on Generation Levels)

                                                                      (Unit : %)

      Sources: 1. Energy Balances of OECD Countries, 1993-1994, 1997.

              2. Business Statistics, 1997, KEPCO.


Korea
USA
Japan
UK


1990
1995
1990
1995
1990
1995
1990
1995

Efficiency in Thermal Power Plants
34.9
38.1
32.9
32.7
37.1
37.2
33.7
35.7

Losses in Transmission and Distribution
5.6
5.4
5.7
5.4
5.7
5.5
8.1
8.0

< Table 2-15 >  International Comparison of Power Generation Efficiency and                                Transmission and Distribution Losses

                                                                      (Unit : %)

      Source: Business Statistics, 1997, KEPCO.

