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Abstract - This paper analyzed transition pathways toward a low carbon society in Korea to meet global 2°C
climate target. Lower economic growth, industrial structure change, enhance of energy demand management,
decarbonization of power sector, and replacement of low carbon fuel could reduce greenhouse gas (GHG)
emission from fuel combustion in 2050 by 67% against in 2011, or by 74% against in BAU (Business-As-Usual).
Lower economic growth contributes to 13% of cumulative emission reduction relative to BAU, industrial structure
change 9%, enhance of energy demand management 72%, decarbonization of power sector 5% and replacement
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of low carbon fuel 1% respectively. Final energy consumption in 2050 needs to be reduced to 50% relative
to 2011, or to 41% relative to BAU. Nuclear, coal and renewable energy represent 31%, 40%, 2% respectively
among electricity generation in 2011, but 38%, 2%, 32% in 2050. CCS represents 23% of total generation in
2050. Emission intensity of electricity in 2050 was decreased to 19% relative to 2011, or to 24% relative to
BAU. Primary energy in 2050 was decreased to 64% compared to 2011, or to 44% compared to BAU. Final
energy consumption, primary energy supply and GHG emission from fuel combustion from 1990 to 2011
increased by 176%, 197%, 146%. Radical change from historical trend is required to transit toward a low carbon
society by 2050. Appropriate economic growth, structural change to non-energy intensive industries, energy
technology research, development and deployment (RD&D) in terms of enhancement of energy efficiency and
low carbon energy supply technologies, and fuel change to electricity and renewable energy are key instruments.

Key words : Low Carbon Society, 2050, Economic Growth, Industrial Structure, Energy Demand Management,
Low Carbon Electricity, Fuel Change, GHG
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Table 1. Trend of major indicators in the past and BAU scenario

Annual Average
Growth Rate (%)
'90~'|'11~'|'30~" |"11~'
11 | 30 | 50 | 50

1990 (2000 | 2011 | 2020 | 2030 | 2040 | 2050

Population (Million person) 4291470498 | 514 | 522 | 51.1 | 481 | 0.7 | 0.2 | -0.4|-0.1
Household (Million) 112 (145|177 199 | 21.7 | 22.7 | 235 |22 | 1.1 | 04 | 0.7
GDP (2005 Trillion Won) 369 | 695 [1,082] 1,447 |1,898|2,308 (2,729 | 53 | 3.0 | 1.8 | 2.4
Value Added (%)
- Agriculture, forestry, fishery and mining 65|43 | 31| 22 1.6 12 | 0.8
- Manufacturing 199 125.0 | 31.6 | 35.1 | 36.1 | 352 | 33.0

Petrochemical, non-metallic, iron and steel | 7.0 | 80 | 82 | 8.5 7.8 6.9 6.1
- SOC 136199 [ 82| 74 | 65 | 59 | 55
- Service 60.0 | 60.8 | 57.1 | 55.3 | 55.8 | 57.8 | 60.7
Oil price (Dubai, $/bbl) 20 | 27 | 106 | 124 | 136 | 140 | 140 | 83 | 1.3 | 0.1 | 0.7
GDP per capita (2005 Million won) 8.6 | 148 |21.7| 28.1 | 36.4 | 452 | 56.7 | 45| 27|22 |25
Primary energy (Million TOE) 93 | 193 | 277 | 349 | 388 | 401 | 406 | 53 | 1.8 | 0.2 | 1.0
Final energy (Million TOE) 75 | 150 | 206 | 238 | 254 | 254 | 254 |49 | 1.1 ]0.0 [ 0.5
Electricty share among final energy (%) 11 14 | 19 22 26 28 28
Electricity consumption (TWh) 94 | 240 | 455 | 606 | 760 | 815 | 815 | 7.8 | 2.7 | 03 | 1.5
Electricity generation (TWh, Utilities) 107 | 262 | 496 | 659 | 827 | 886 | 886 | 7.6 | 2.7 | 0.3 | 1.5
Primary energy per capita (TOE per capita) |2.17 [4.10|5.56| 6.79 | 7.44 | 7.86 | 844 | 46 | 1.5 ]| 0.6 | 1.1
Final energy per capita (TOE per capita) 1.74 1 3.19 | 4.14 | 462 | 488 | 497 | 528 | 42 | 0.9 | 04 | 0.6
Electricity consumption per capita (MWh per

. 2.20|5.109.14 | 11.78 | 14.58 | 1594|1693 | 7.0 | 2.5 | 0.8 | 1.6
capita)

Primary energy intensity
(TOE/2005 Million won)

Final energy intensity (TOE/2005 Million won)| 0.20 | 0.22 | 0.19 | 0.16 | 0.13 | 0.11 | 0.09 | -0.3 | -1.8 | -1.8 | -1.8

0.25]0.28|026] 024 | 020 | 0.17 | 0.15 | 0.1 |-1.2|-1.6 |-1.4

GHG total emission (MTCO,eq) 296 | 511 | 698 | 814 | 891 | 912 | 877 |42 | 1.3 |-0.1| 0.6
GHG net emission (MTCO,eq) 270 | 470 | 655 | 770 | 844 | 864 | 828 [ 43 | 1.3 [-0.1] 0.6
GHG emission from fuel combustion

(MTCOneq) 236 | 407 | 590 | 689 | 749 | 753 | 703 [ 45| 13 |[-03| 04
GHG emission from electric power (MTCO,eq)[ 36 | 117 | 241 | 310 | 336 | 336 | 285 | 85 | 1.8 | -0.8 | 0.4
Total emission per capita (TCO,eq) 69 1109|140 158 | 17.1 | 17.8 | 182 | 34 | 1.0 | 03 | 0.7
Net emission per capita (TCOeq) 63 100|132 | 150 | 162 | 169 | 172 | 3.6 | 1.1 | 0.3 | 0.7
Per capita emission from fuel combustion

551 86 |11.9]| 134 | 144 | 14. 14.6 | 3. 1.0 | 0.1 | 0.5
(TCOzeq) ? 7 7

Emission intensity of electricity (gCO,eq/kWh)| 335 | 447 | 486 | 471 | 406 | 379 | 322 | 1.8 |-09|-1.2|-1.1
Emission intensity from fuel combustion
(TCO»eq/2005 Million won)

Total emission intensity

(TCO,eq/2005 Million won)

Net emission intensity

(TCO,eq/2005 Million won)

0.64]0.59|0.55)| 048 | 039 | 033 | 0.26 |-0.7 | -1.7 | -2.1 | -1.9

0.80{0.74|0.64| 0.56 | 047 | 040 | 0.32 | -1.0 | -1.7 | -1.9 | -1.8

0.7310.68|0.61| 053 | 044 | 037|030 |-09]|-1.6|-1.9]-1.8

Note. Statistical data from 1990 to 2011, while simulation data after 2011. Differences of simulation data compared to
statistical data in 2011 are 0.0% for final energy consumption, +3.4% for primary energy supply, -3.5% for GHG total
emission and -3.8% for GHG net emission. It is estimated that those differences result from different activity data, different
IPCC Tier levels of emission factors, differences of power plants’ characteristics etc.
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Fig. 1. Final energy forecast by energy sources in the
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Fig. 2. Final energy forecast by sectors in the BAU
scenario
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Fig. 4. Primary energy forecast in the BAU scenario
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Note 1. Colored parts represent emission from fuel combustion while patterned parts do emission from fugitive and
non-energy sector. Industry is sum of agriculture, forestry, and fishery, mining, manufacturing, and
construction. Three emission intensive industries are iron and steel, non-metallic mineral, and petrochemical.

Note 2. Emission numbers are produced from modeling. Emission inventory from fuel combustion in 2011 is 590
Million TCO,eq while modeling number is 566 Million TCO,eq, about 4% lower than inventory data.

Note 3. BAU : Business-As-Usual, LG : Low Economic Growth, SC : Industrial Structural Chnage, DM : Demand
Management Improvement, PD : Power Decarbonization, FC : Fuel Change, NE : Non-Energy Sector
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Fig. 8. Final energy forecast by sectors by scenarios
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