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Abstract

Unconventional natural gas resources are now estimated to be as large as conventional
resources. Unconventional natural gas has became an increasingly important source of energy in
the world since the start of this century. The factors that drive natural gas demand and supply
point more and more to a future in which natural gas plays greater role in the global energy mix.
The expansion of using natural gas will be expected in Korea.

This research aims to analyze environmental impacts of expansion of unconventional natural
gas. This research was carried out for comparative analysis between global energy mix and Korea
energy mix, and developed a case that reflect the changed energy mix due to the expansion of
unconventional natural gas in Korea. Also this research evaluate the production of air pollutants
and the cost of the damage in power generation sector.

The results of this research can be summarized as that natural gas portion of future global energy
mix (about 25%) is greater than Korea energy mix (about 12%). This research developed a case
that replace 10% energy of power generation sector to natural gas in the 6th demand supply
program, reflecting the changed energy mix due to the expansion of natural gas use. In that case,
air pollutants would be reduced gradually through 2015 to 2027. In detail, carbon dioxide reduces

22 million tons and environmental damage cost reduces 4500 billion won by 2027.
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Table 1. Comparison of energy mix(2011)
Cat Coal Oil | Natural Nucl Renewabl Fossil fuel
atego 04l 1 atural gas clear ener; enewable ener;
S/ s . Y . 2/ Total Natural gas
US.A. 22.1 36.7 27.6 83 53 86.4 319
UK 15.5 36.1 36.4 79 4.0 88.1 41.4
Germany 253 364 213 8.0 9.0 83.0 25.7
Japan 24.6 422 19.9 7.7 5.6 86.7 229
Korea 30.2 40.3 15.9 12.9 0.7 86.4 18.4
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Table 2. Comparison of energy mix in power generation sector(2009)
Cat Coal Oil | Natural Nucl Renewabl Fossl fuel
atego oal i atural gas uclear ener, enewable ener,
S s Y Y Total Natural gas
US.A 51.1 1.0 16.0 259 6.0 68.1 235
UK 335 1.7 335 25.1 6.1 68.8 487
Germany 489 14 42 32.0 13.6 54.5 7.6
Japan 273 79 243 342 6.3 59.4 409
Korea 47.0 34 9.3 39.8 0.5 59.7 15.6
A}& :IEA energy balance, http://www.iea.org/countries/membercountries/
Table 3. Comparison of energy mix outlook
Fossil fuel
Year Category Coal Oil Natural gas NI LGS
energy energy Total | Natural gas
2020 Korea" 232 36.2 11.9 22.1 6.6 713 16.7
EU? 15.8 344 254 13.0 11.5 75.5 33.6
2030 Korea 15.7 33.0 12.0 27.8 11.5 60.8 19.8
EU 144 32.0 24.3 14.8 14.5 70.7 344
2035 World? 220 27.0 25.0 7.0 19.0 74.0 338
US.AY 20.0 32.0 26.0 9.0 15.0 76.5 333
A5 0 TEE2] AL 2008 4|13} 27101 2|71 R A2 A AR R 2013, A67 A7) 2 A,

2 European Commission. 2010. EU energy trends to 2030.
3 [EA. 2011. World Energy Outlook 2011.
Y EIA. 2012. Annual Energy outlook 2012.
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Table 4. Comparison of energy mix in power generation sector at 5th and 6th demand supply program

Year | Category DD Coal | Naturalgas | Oil | water LGRS ity Fossil fucl
energy energy energy Total | Natural gas
2015 52} 25.5 32.1 244 43 49 43 4.5 60.8 40.2
62} 22.6 26.1 289 3.6 43 8.6 59 58.6 493
2000 52} 294 29.7 219 3.8 4.4 6.2 4.6 554 39.5
62} 209 30.8 233 2.7 33 139 52 56.8 41.0
2024 52} 31.9 279 20.9 3.6 42 7.2 43 524 399
2025 62} 23.1 292 204 0.8 3.0 18.7 4.3 50.4 40.5
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Table 5. The coefficient of emission(kg/million Kcal)

Category Coal Oil Natural gas
Sulfur oxides® 0.308 0.287 0.001
Dust? 0.811 0.150 0.003
Nitrogen oxides? 0.365 0.200 0.172
Carbon monoxide 0.041» 0.06" 0.1279
Carbon dioxide?d 395.995 324.058 234.879
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Table 6. Comparison of 5th and 6th demand supply program

Category Sui g;‘;‘;(‘)agiin Sug;hl;;i‘)a;gm Variation(6th-5th)
Power consumption(GWh) 541,221 516,156 -25,065
Sulfur oxides(ton) 48,046 121,428 26,618
2015 Nitrogen oxides(ton) 205,775 80,842 -24,933
Carbon dioxide(ton) 233,756,843 208,300,967 25,455,877
Dust(ton) 38,536 312,017 -68,685
Environmental damage cost(trillion won) 25.2 21.7 -3.5
Category sui;)hl;;r;:)agr;gm suf)tphl;?rr:)agz(aim Variation (6th-5th)
Power consumption(GWh) 588,856 590,565 1,709
Sulfur oxides(ton) 143,476 152,203 8,727
2020 Nitrogen oxides(ton) 191,456 204,174 12,717
Carbon dioxide(ton) 214,538,538 228,731,617 14,193,079
Dust(ton) 373,464 397,512 24,047
Environmental damage cost(trillion won) 23.8 254 1.6
Category Sth d;rrr(l)a;r;g;upply 6th df;)rrr(l)a;g;upply Variation(6th-5th)
Power consumption(GWh) 608,592 624,950 16,358
Sulfur oxides(ton) 124,494 130,088 5,593
2025 Nitrogen oxides(ton) 167,966 175,045 7,079
Carbon dioxide(ton) 188,757,525 195,854,886 7,097,361
Dust(ton) 323,707 341,309 17,602
Environmental damage cost(trillion won) 20. 21.8 0.9
Table 7. Comparison of 5th and 6th demand supply program(per GWh)
Category Sth d;?:)a;griuljply 6th d;rrr:)zjgr;g;upply Variation(6th-5th)
Sulfur oxides(ton) 0.274 0.235 -0.038
Nitrogen oxides(ton) 0.380 0.350 -0.030
2015 Carbon dioxide(ton) 431.906 403.562 -28.344
Dust(ton) 0.703 0.605 -0.099
Environmental damage cost(million won) 46.6 42.0 -4.5
Category Sth demand supply program | 6th demand supply program | Variation(6th-5th)
Sulfur oxides(ton) 0.244 0.258 0.014
2020 Nitrogen oxides(ton) 0.325 0.346 0.021
Carbon dioxide(ton) 364.331 387310 22979
Dust(ton) 0.634 0.673 0.039
Environmental damage cost(million won) 404 43.0 2.6
Category 5th demand supply program | 6th demand supply program | Variation(6th-5th)
Sulfur oxides(ton) 0.205 0.208 0.004
025 Nitrogen oxides(ton) 0.276 0.280 0.004
Carbon dioxide(ton) 310.154 313.393 3238
Dust(ton) 0.532 0.546 0.014
Environmental damage cost(million won) 342 34.9 0.706
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Table 8. The production of air pollutants and the cost of the damage (per GWh)

Category Coal Oil Natural gas
Sulfur oxides(ton) 3.254 3.032 0.002
Nitrogen oxides(ton) 17.127 0.317 0.006
Carbon dioxide(ton) 2.570 1.407 1.209
Dust(ton) 835.549 683.762 495.595
Environmental damage cost(million won) 515 82 37

Table 9. Variation of The production of air pollutants and the cost of the damage at a case that replace 10% energy of
power generation sector to natural gas in the 6th demand supply program

Category 2015 2020 2027
Sulfur oxides(ton) 33,479 38,305 42,504
Dust(ton) 87,998 100,684 111,722
Nitrogen oxides(ton) 21,074 24,112 26,755
Carbon dioxide(ton) 17,546,969 20,076,538 22,277,405
Environmental damage cost(trillion won) 3.59 4.10 4.55
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