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Biodiesel

Carbon capture and storage (CCS); new coal Waste | Industrial CCS
Coal-to-gas shift
Medium-cost forestation CCS; coal retrofit
Cofiring biomass Industrial Higher-cost
o Wind: low penetration motor systems abatement
Industrial feedstock substitution )
CCS, enhanced oi | pHuidod
, enhanced oi fBCO\I'QlIY, new coa deforestation |
50 Low-cost forestation |
& Livestock " Further potential®
e Nuclear |
5 0 '
H | Industial non-C0, é
s Standby losses . . @ o
_E 50 Sugarcane biofuel £ PR S2IpN} Sl
s | Fuel efficiency in vehicles ~25 -40 50
2 | Water heating Marginal cost? € per tC0,e?
00 conditioning
| Lighting systems
Fuel efficiency in commercial vehicles
-150
5 10 15 20 25 30 35
R i Abatement beyond ‘husiness as usual,” GtCO,e' per year in 2030
Building insulation
(a8 2-2) SFY StAXNUES(MAC) At
Imeolvement by the chemical industry Specific forestry fertilizers
B Substantial B Partial N Little/none Organic film CCS separation technigues
photovoltaics (chemical, physical)

Insulation material Pulping Wiind blade
30 i materials
Innovative coolant Collslose  €NZymes |
20 Enzymes and i) —
10 organ lisms I
0 1

CCS:; coal

& :;g Industrial Soil retrofittad
= n-C .
= non-CO, CCS: new coal Waste
g 4 Solar
T Wind; low penatration Industrial CCS
= 50 Industrial feedstock substitution
'Q, Carbon capture and storage (CCS) with enhanced
= -70 oil recovery (EOR); new coal
g -8 Livestock, soils
2 w Nuclear
= Industrial non-C:
= -100 Sugarcane biofuel 0 ... then identified concrete growth
-0 Fuel-afficient vehicles opportunities in relevant areas (see measures
—120 Air conditioning labeled in red).
—130 Lighting systems
140
1% Fuel-afficient commercial vehicles
T Insulation improvaments
—160 =

o1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27
Abatement, billion tons COze per year
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(E 3-2) &Hto 24714 &2t ZF0ietd vl
gz A=E 24712 wlEH (FE/Y) 2020 ZrEoiebd Hla
= =72
o ot 1990 2005 2020 25 (%) ( 25’; %:j) °(§;:)E
714 34,940 87,349 127,641 BAU
12 100,836 21 +13,487 +15.4
29k 93,178 27 +5,829 +6.7
3¢t 89,349 -30 +2,000 +2.3
AR BT, SMAE 5E A=, 2009.(7H)
(F 3-3) 39 247tA =2 g 8%
7} Fu)E (U THE) e ol
= = P
a= Adge A | AdEe B | AuEe C i;f;k ?;;}]f;
2000 531.0 531.0 531.0 78.1 75.5
2001 550.4 550.4 550.4 80.9 78.5
2002 571.1 571.1 571.1 84.0 81.6
2003 582.6 582.6 582.6 85.6 83.3
2004 590.4 590.4 590.4 86.8 84.6
2005 594.4 594.4 594.4 87.4 85.2
2006 599.5 599.5 599.5 88.1 86.0
2007 652.3 618.9 635.6 93.4 90.9
2008 670.9 630.1 650.5 95.6 93.0
2009 689.4 641.2 665.3 97.8 95.1
2010 708.0 652.4 680.2 100.0 97.2
2011 726.5 663.6 695.0 102.2 99.3
2012 745.1 674.7 709.9 104.4 101.5
2013 763.6 685.9 724.8 106.5 103.6
2014 782.2 697.1 739.6 108.7 105.7
2015 800.7 708.3 754.5 110.9 107.8
2016 819.2 719.4 769.3 113.1 109.9
2017 837.8 730.6 784.2 115.3 112.1
2018 856.3 741.8 799.1 117.5 114.2
2019 874.9 752.9 813.9 119.6 116.3
2020 893.4 764.1 828.8 121.8 118.4
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AT
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] e A | 1S aoa

a | e | B g | e

444 Stk

2000 | 88.0 87.7 76.6 1.4 51 4.6 0.0 0.3
2001 | 90.9 90.7 79.4 1.5 5.2 4.6 0.0 0.3
2002 | 94.3 94.0 82.4 1.5 5.5 4.5 0.0 0.3
2003 | 96.0 95.8 84.1 1.6 5.7 44 0.0 0.3
2004 | 97.0 96.6 85.2 1.6 5.6 4.2 0.0 0.3
2005 97.8 974 85.8 1.6 57 4.4 0.0 0.3
2006 | 98.3 98.0 86.5 1.6 5.8 4.0 0.0 04
2007 | 104.1 | 103.8 91.7 1.7 6.2 4.2 0.0 0.3
2008 | 106.4 | 106.1 93.9 1.7 6.3 41 0.0 0.4
2009 | 108.8 | 108.4 96.0 1.8 6.5 41 0.0 04
2010 | 111.1 | 110.7 98.2 1.8 6.6 4.0 0.0 0.4
2011 | 1134 | 113.0 100.3 1.9 6.8 4.0 0.0 04
2012 | 115.7 | 115.2 102.5 1.9 7.0 3.9 0.0 04
2013 | 118.0 | 1175 104.6 1.9 7.1 3.9 0.0 04
2014 | 120.3 | 119.8 106.7 2.0 7.3 3.8 0.0 04
2015 | 122.6 | 122.1 108.9 2.0 7.4 3.8 0.0 0.5
2016 | 1249 | 1244 111.0 2.1 7.6 3.7 0.0 0.5
2017 | 127.2 | 126.7 | 113.2 2.1 7.7 3.7 0.0 0.5
2018 | 129.5 | 129.0 115.3 2.1 7.9 3.6 0.0 0.5
2019 | 131.8 | 131.3 117.5 2.2 8.1 35 0.0 0.5
2020 | 134.1 | 1335 119.6 2.2 8.2 3.5 0.0 0.5

AHE20  2006E0HKIS OI0IE= OIUXIZMS AR & XNAFHE SHAZ 018
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(E 3-5) MIRE SAlA jEY HYT HY
Tl ol
el 2

R I B sl B prcs | rrCe 7} ig}iﬂg
a4 R a4 44 SFe‘g};l' SFeA ‘;] 2H]
2000 34 1.6 0.5 0.0 0.0 0.2 1.1 0.0 0.0
2001 3.7 17 0.5 0.0 0.0 0.0 1.5 0.0 0.0
2002 3.7 1.8 0.4 0.0 0.0 0.1 14 0.0 0.0
2003 4.0 1.8 0.6 0.0 0.0 0.0 15 0.0 0.0
2004 4.0 1.7 0.8 0.0 0.0 0.0 1.5 0.0 0.0
2005 3.8 1.6 0.7 0.0 0.0 0.0 1.5 0.0 0.0
2006 3.7 1.6 0.6 0.0 0.0 0.0 1.5 0.0 0.0
2007 44 1.8 0.7 0.0 0.0 0.0 1.9 0.0 0.0
2008 4.6 1.8 0.8 0.0 0.0 0.0 2.0 0.0 0.0
2009 4.8 18 0.8 0.0 0.0 0.0 21 0.0 0.0
2010 5.0 1.9 0.8 0.0 0.0 0.0 2.2 0.0 0.0
2011 5.1 19 0.9 0.0 0.0 0.0 23 0.0 0.0
2012 5.3 19 0.9 0.0 0.0 0.0 2.5 0.0 0.0
2013 55 1.9 1.0 0.0 0.0 0.0 2.6 0.0 0.0
2014 5.6 2.0 1.0 0.0 0.0 0.0 2.7 0.0 0.0
2015 5.8 2.0 1.0 0.0 0.0 0.0 2.8 0.0 0.0
2016 6.0 2.0 1.1 0.0 0.0 0.0 29 0.0 0.0
2017 6.2 2.0 1.1 0.0 0.0 0.0 3.0 0.0 0.0
2018 6.3 2.1 1.2 0.0 0.0 0.0 3.1 0.0 0.0
2019 6.5 21 12 0.0 0.0 0.0 3.2 0.0 0.0
2020 6.7 2.1 1.2 0.0 0.0 0.0 34 0.0 0.0
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2000 1.0 0.2 0.1 0.4 0.2 0.0
2001 0.9 0.2 0.1 0.4 0.2 0.0
2002 0.9 0.2 0.1 0.4 0.2 0.0
2003 0.9 0.2 0.1 0.4 0.2 0.0
2004 0.9 0.2 0.1 0.4 0.2 0.0
2005 0.9 0.2 0.1 0.4 0.2 0.0
2006 0.9 0.2 0.2 0.4 0.1 0.0
2007 1.0 0.2 0.1 0.4 0.2 0.0
2008 1.0 0.2 0.1 0.4 0.3 0.0
2009 1.0 0.2 0.1 0.4 0.3 0.0
2010 1.0 0.2 0.2 0.4 0.3 0.0
2011 1.0 0.2 0.2 0.4 0.3 0.0
2012 1.0 0.2 0.2 0.3 0.3 0.0
2013 1.0 0.2 0.2 0.3 0.3 0.0
2014 1.0 0.2 0.2 0.3 0.3 0.0
2015 1.0 0.2 0.2 0.3 0.3 0.0
2016 1.0 0.2 0.2 0.3 0.3 0.0
2017 1.0 0.2 0.2 0.3 0.3 0.0
2018 1.0 0.2 0.2 0.3 0.3 0.0
2019 1.0 0.2 0.2 0.3 0.3 0.0
2020 1.0 0.2 0.2 0.3 0.3 0.0
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2k 4 7lE

b= =37 2 g 2 =Y

2~ [e) =

2A i o] © ) 2= 2 A8 Ex| 9] co2u| &

- - v k2 o B2

AR s ¢ T
2000 -2.6 -2.9 0.0 0.0 0.5
2001 24 2.7 0.0 0.0 0.5
2002 23 -2.6 0.0 0.0 0.5
2003 23 -2.6 0.0 0.0 0.5
2004 2.2 25 0.1 0.0 0.5
2005 2.2 -25 0.1 0.0 0.5
2006 2.1 25 0.1 0.0 0.6
2007 2.6 2.9 0.1 0.0 0.6
2008 2.6 -3.0 0.1 0.0 0.6
2009 2.7 3.1 0.1 0.0 0.6
2010 2.8 3.1 0.1 0.0 0.7
2011 2.8 3.2 0.1 0.0 0.7
2012 2.9 -3.3 0.1 0.0 0.7
2013 -3.0 -3.4 0.1 0.0 0.7
2014 -3.0 -3.4 0.1 0.0 0.7
2015 3.1 -3.5 0.1 0.0 0.7
2016 -3.2 -3.6 0.1 0.0 0.7
2017 -3.2 3.7 0.1 0.0 0.8
2018 -3.3 3.7 0.1 0.0 0.8
2019 34 -3.8 0.1 0.0 0.8
2020 34 -3.9 0.1 0.0 0.8
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(% 3-8) Hr[=F= S47tA s &y MY

#7)%
S g | 2EANE Heals exkln H71E -
o 2k 2k 27
2000 0.7 0.4 0.1 0.0 0.2 0.0
2001 0.7 0.4 0.1 0.0 0.3 0.0
2002 0.7 0.4 0.1 0.0 0.3 0.0
2003 0.7 04 0.1 0.0 0.3 0.0
2004 0.7 0.4 0.1 0.0 0.3 0.0
2005 0.6 0.3 0.1 0.0 0.3 0.0
2006 0.6 0.2 0.1 0.0 0.3 0.0
2007 0.7 0.2 0.0 0.0 0.4 0.0
2008 0.7 0.2 0.0 0.0 0.4 0.0
2009 0.7 0.2 0.0 0.0 0.4 0.0
2010 0.7 0.2 0.0 0.0 0.4 0.0
2011 0.6 0.2 0.0 0.0 0.4 0.0
2012 0.6 0.1 0.0 0.0 0.5 0.0
2013 0.6 0.1 0.0 0.0 0.5 0.0
2014 0.6 0.1 0.0 0.0 0.5 0.0
2015 0.6 0.1 0.0 0.0 0.5 0.0
2016 0.6 0.1 0.0 0.0 0.5 0.0
2017 0.6 0.1 0.0 0.0 0.6 0.0
2018 0.6 0.0 0.0 0.0 0.6 0.0
2019 0.6 0.0 0.0 0.0 0.6 0.0
2020 0.6 0.0 0.0 0.0 0.6 0.0
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4. 9] A A=A

1) 13} A=A 4n)9)

20083 FH2 % 409U ITOE(N VA YE 2= Mt 53.3%, A+ 39.1%, LNG 7.5%, 7|
E} 02%)] NUAIE &Bl8te] A= AHlEF 240.79WTOES] 169% AFAISFATE 109 &
] 22 104TOEE A=+ BF(27TOE) 9] 388 @3lv, A5THR| £+ 0.64TOE/ Wkl o
2 A=8(027)9] 2492 A BAn g FGTE o3 14} | A] vt} F

2) A T o] A4k
2009 7)&E F3S A8 15,233 MWOIlA] 107,143GWhe] A e S AL 339381
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=4
o
M
o
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o
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=L

E_ﬂl
TA SoME LNG, THE ol&ste] wrstth vhd Al YA AR E o] &5t 4 &
RS Aol Bl A 2 oko] oA Rl Blare] glof BF wlw]ghd], 2008 FEo Al-
A2 AYrbeEe F 75.9HTOER, A= AAHH(5,8584%TOE) 9] 1.2% E2H10)3}tt.
Z A ANIA S o] &3 WAL 3931GWhE, A= Al A A e 0.9%, =FA S

Ao} 0.04%0] £ ol

=

3) HFIA &HW

SAkE L 712 FAARR AUARBADTLAA ANAA AL FFE
Ad 2 SEATE 7R o3 Ao R 75 A5 290 ARE 8T F
o SHE 2008 & 1959 RTOES] HFAUAIE avlste] M= &8l 18284 WITOE
9] 10.7% S 2A3h 2 Foll AR o7} 15.9M I TOES AHlske] A4 2n]2) 81.5% 2}
A, AgHEE A7 158MTITOER HFUA| 4H1¢ 81.1%] 23, A 26,

e

32

8) AR A A7 (www keeirekr)e] A B9} A% (www kostat.gokr) FA AR 48,2977, % 1,928
%) 2 AALGEE QUSRS 8574% 9, T8 571%9) IF=E

9) TAHLYT G2 (2010)9] <A

10) 20108 A1- A Aol A WA (R 2 BA R, o x| Be] 3, 2010)

11) AR A A7 (www.keei.re kr)
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71€} 0.2 4] <ot} ke AE 107,143GWh(Fvl #7)5) 74e-l] AHA| 4=
3 YR = g Al-Eof I 191940 & 829TOER A= 11(3.59)2] 2.3u] o)™, A&
SoiH] A% A=37F(0.20)2) 1.558]91 0.31TOE/ M aklo]t) oy =] 4nl7F & 2k
gholle, 7P, 7, T 7IE 5 A FEAA AS HaEs dElska ok

34.3%0°]

h

T B st A A & 71344 = & =278}
A= 3.59 2.01 0.75 0.76 0.08
> 9 8.29 6.46 0.76 0.99 0.09

4 AUA &M FA 2 A

12 U AE 5 g £ LNGY 614%< ﬂEﬂMoﬂ ol g5 & 18.0M %t
TOES] 17} oUAZ 63WTITOEY] AH12)S Asksich, Zge] A4 AHAhnZS 7%
o2 & A, 12 oUA AHFS 1249 WTOE7} Z43h= 2049 WTOES s d<eh
19993 o]% F9] 12} AU A] AH|S7He AT 6.25%2 A=rH 12 3.7% 33 sk=d)
O FY07E ING AHEV) 2 glEuAs 24715 7)elska itk HEU R
AHIE 42% F7HES B, ASHH28%) S A3t FRERE Y 40%, 5F
6.3%, 713249 31%, T 7|Et 7.9%°1H, ARHEE EA7125(29.0%), AE(13.2%) AH-
o] fwﬂ S7FskaAt.

o) oA Al FFoE AL TS Aog AgEe, A5a AYFF ) EA
ﬁ(zolo) oA 20200 7kA] F 7,000MWe] Bt S of goltt. o] w Al WA et

LTHUE 9997HTOER) | 3FstH, ddY FA4| 2 A h SA4-H XA w-gdA] 2010,
20201 ABAFE S 747} 3939 TITOE, 48. 7MW TOER Z7H4)7} o= th

7 % & A N @ H LNG +27]e
2010 39,253 22,027 14,470 2,683 73
20203 48,731 24,935 18,499 5,165 132

12) 89 A¢=

A8, A

12} oA T4l of
13) 37 MgstE et 3, 1) 1871(4 6)9 2008'd HF Hgan|go] ZAF=3
A% 0.620TOE/ E(NAASA AR, 2] AA] 5o 2 FA A

14) Aeke WA A =4

B Z{Eﬂ/\g

T~ =

g e

<, 2010) #&.
- EE @3 F4, LNG - 7[Eke 17] $4

257, 2009) ¥ A48

18] 3 A 134l A ke Wk
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< 3-9> 20084 EHHEZLU F2 oUX| AISHEHE
(EH2l: TOE)
AqE Fa N A A&
1 gl HEA 29 7,937,902
2 gl FATF AEH 7,646,269
3 gl Ejotat & 7,394,227
4 38t A A 1,247,969
5 L] IR S 919,169
6 SRl A A A 874,388
7 A 7318 AAEA] Bk 871,002
8 M f3)8t AL A 709,790
9 =5 FRAT Fots 606,447
10 A olAtAl B H 576,241
11 gl AT AE 569,487
12 il AN 44T 260,678
13 A5 O}AkAl B AW 185,215
14 fr3}st AR A 181,675
15 A A AdT Zg5 180,132
16 il AMA AAF 173,037
17 =& FATE F4S 138,887
18 OFRHAl Hl S 131,875
19 AT AEA 110,068
20 IR S4HA 101,916
21 AT AD™ 82,383
22 ofxkA] QIFH 76,069
23 AL A 46,722
24 R R il 42,581
25 olabA] B 40,799
26 A A A 38,665
27 et B 38,129
28 A7 sH 36,532
29 AT ZXNES 33,223
30 A7|F W 28,105
31 ofabA] £Y41%E 26,949
32 A A H 26,928
33 A AAS 25,008
34 A A 23,738
35 FAE ot 23,358
36 OpAA] 1 21,559
37 A AAS 20,923
38 oA EEH 19,667
39 A7) Ao 19,592
40 OlxkA] A& F 17,666
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<¥ 3-9> 20084 SHEUY FL2 olHX ALSHEHE(AZ)

(
A F o 2| A}-§-
il AAA AAS 17,479
A5 A+ @ 16,939
2E ek A tE 16,445
A A olakA] A& F 15,467
A= AAA JHH 14,385
3}5} AAA AAE 13,616
AE FFA Z714A 12,753
71A AkA] A4 12,639
Z1A HHA Fud 12,330
=5 ofAbA] Q1 11,919
AR AAT B 10,695
71 A AEA] A4 10,629
3}3} AR A 10,438
A2 FoT Fo5 10,177
A7 A dA3H 9,747
A=} oA B F 9,691
3}3} AT e 9,119
Ak oA W 8,281
A A AtA FAHH 7,965
Z1A ofakA] FEH 7,852
A oF IR F45 7,782
¥ AAA BHF 7,350
71 A e A F 6,741
AR A 41dA 6,409
AR} A WA F 6,365
AR OFAHAl AR & 5,961
71A OFLHAl wi 5,912
71 A A B 5,733
A= oAbt A obd 5,674
717 ol4tAl B 5,457
AR A Fard 5,374
¥ A7 AMH 5,328
bl AAA 54 5,161
Z1A oA S H 4,955
AR ofabAl A 4,807
2F AT A 4,761
A= oRiA FEXW 4,715
A A] oMitAl A& F 4,666
38t ofxkA] Q0 4,546
2 & A TEE 4,460
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g ilEed AdAE =AU

1 AALF

1) 51 24 Wy

AL GaAld 2 FRE FTEAPE(Cap & Trade) ] 122 3t} o
22 HEAAYAES A FIAE H=55H(Cap) S Bt ForpEE Jold &
= FE5ES Adske B & EU-EISE HIXS Fa359] wiEdAYA 7|2/ o
g3lal ok dRAL wiEd e 548 a8ty Z2AE W4(Project & Credit) S E
ZA o7 FEolws Ftk A FolAprt Fojol R e Ao g ddsty A5EEe o
ARk el osl fdHor 754 ASERE AAstal o

A7 27 718 B AR (2006 AE J18) A ti7|LHERARE FEEA QlerE §
&4 FgdeE e wiEd BeAA vhdol 8751 9l o % Al A E9 = 7]
E WL E T HuAAIE 488 F Ao F, 7L de2 ] FHeE 1L
gloto] AR ©92 Hauske 7]Ee] d7]| e dE R EJJﬂﬁl@r LT AT A 9
3 AAE 273k

AFAQ] R o2 AR E wjEA A 7] ARE ] 3 T TMS(EAH A3
A7z e ‘25 AESA77)) Az ek, AV1HoR ASAESAYY
(CEMS) o2 24712 wWiE s AHgEa & 5 Sl t7| ey 2471: S3aeAA
T50| 7Fsstes AAIZ o3t e 5 SN EE S Ve dEE Bl
A3 AAZ JAE B Alg e 2718E B AR = A ST 2] a84Q By

o] oI AAA Fofrmst AREES A ARFRAA TFo] Apslolobaink
LA BT AEA AdE A AR AAAA FAY o] FALS AAsH
BUSI A9 BIA B YA S 2R B 5 A AR Rl Gk
T3 AR B9 BN Sk 0jEY 2Quel o G 9T B
0 eWks BeYAY 24 ANE ERT 5 Yot
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FHAPLA(Cap & Trade)d] APHA GaAgS 71EQAH o7 AAR AT IAF
(Allowance Market) 242 913 &5 % (Cap)E At FAAHE Yol T F
S Adlshe FEAHEA(Cap & Trade) 2.2 ARE SYFsh 247t: 58S Eo)7]
M E AAIE Folztel tis) Aol Z5F EREAE AHOE &y, dAHOE 7
7 719 ARE veste] 5 oy R el =4S ARSI o] FHolN 7
A 243t B g as AlALE Slel ZEAE A W4 (Baseline & Credit)®] &4uiE
S

g
H(offset credit)S HFEHo 2 383}

o} WAl (Cap & Trade) =2 ME ulAl(Baseline & Credit)
(A% 22 :78.2%) (AIZ =RE:21.8%)
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(1) 2 24014 HiE &8
O 2005 =20t 2AIItA HHSZH594.48H8F COE)2 2004 THHI 0.7%(3.9 B4BHCO,) &0t
- HIESJI200 gt 28 JIHEE= HXIRE0| 246.5%010, =Jt & = HHl OILHX 2
22 & 84.4%(498.6240tE)
- HUXIR2 240tA HHEYE2 MPFE 55.4%, tE-42, E3JIEt 2201 11.2% XX
O 228 zB0UX AH ¥ 240tA IS 88
- 2006 S2E ESUUX AH HES2 4 F20] 56.0%2 It =3
- MY F29 FE 0IUX AHl S)l= AReer & Z2 A9l Hd| &, Hiss2=el XI=8el
& BOF, I SSBYUE SALZ & MEAH| SO 1!
O ZBUUX =20 OHE 24IA HHES MHYREZ0| 40.4%, IHE, &Y, 3 S HIMY
29 HEE0l 26.1%E XXl
- JHE, &Y, 32 229 240tA HHEZ2 154.692HE(20054)
<E 4_2> %/éljl'ﬁ HH%% ;\_% ([—C}%)_l H—h”al'tCOZ %)
= 1990 1995 2000 20054
=7} BHEZ 295.7 451.9 527.6 594.4(100)
& &4 247.8 372.1 438.5 498.6(84.4)
off L X| &hd 38.0 83.2 125.9 171.1(28.9)
HzE 8 7 87.6 124.2 141.8 156.9(26.5)
5 42.4 77.2 87.1 98.2(16.6)
2t/ 67.2 70.4 64.0 61 6(10.4)
33, 7|Et 7.0 4.7 44 4.9(0.8)
EE 54 3.2 44 5.9(1.0)
H|of| LA X| 49.7 79.8 89.1 92.5(15.6)
EM 0 TIISHIEAN NS M 3% LHEel= IVHE2DM, =0t
<E 4_3> _?__Eté:‘ ﬂ%‘oﬂl:iﬂ _+_H| (C|,o| x"TOE %)
T 1995 2000 2005 2006
e 62,946(51.6) 83,912(56.0) 94,366(55.2) 97,235(56.0)
& 27,148(22.3) 30,945(20.7) 35,559(20.8) 36,527(21.1)
DTS IS o 29,451(24.1) 32,370(21.6) 36,861(21.6) 35,986(20.7)
=5 - 7[Et 2,416(2.0) 2,625(1.7) 4,068(2.4) 3,836(2.2)
A 121,962(100) 149,852(100) 170,854(100) 173,584(100)
EMd : THUHXSAHAE 2007,
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2 A 3721| 4385 4986 844 85 33 26/ 1012
! 180.4| 2193/ 2385 404/ 103 4.0 13| 1118
T & 78.0 88.2 296/ 168 12.8 25 24| 1324

718,344 101.0f 1147 1384, 234 49 26 34 70.5

.7 | EF 9.5 11.8 16.2 27 04 44 6.0 69.5

SRS 32 44 59 1.0 99 6.6 6.0 93

(8D) 22E 25 FHY & 25 HIS
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(A AH&E) = A AA 9] CCX(Chicago Climate Exchange) #q

O B Ade eAztx FE vd I v ERHA LA~ wE BS99
Ak “Cap and Trade" 41 A A4 CCX MEAA N Ao 3] (Member) &
2 #F9
- HAse 2avks
p

d =& fal ALHolz #4¥ Q= (voluntary but legally
binding) &% =¥

b

Fas

o] zsg OH o]: 6’]—

Ol*a‘rﬂ F7HARe] 1998~2001 FiERo R APgsial, 2006~10 &<t Hlo]~elel
2] 6%

O Fof AAHA

MIo M)

=
=

- Counties : King County, Washington; Miami-Dade County, Florida; Sacramento
County, California

- City of Aspen - Berkeley* - Portland* - Boulder - Chicago - Fargo - Caldand* - Melbourne, Australia
- State of Illinois, State of New Mexico*
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<# 45> 7= LY CO2 HIEE (2005 7|&, thel © MTOE)

T2 (0 =) A (%) A E M EATEA e
A 8(4,300) 5480.7(36.7)| 1.3(100)|  175.9(20.9)| 1,118.5(28.6)| 4,184.9(41.0)
& -87(1,427) 2,186.6(14.6) - 17.2(2.0)] 512.0(13.1)] 1,657.4(16.3)
W 5-8-(3,232) 2,253.5(15.1) - 145.3(17.2)] 598.0(15.3)| 1,510.2(14.8)
3 E(322) 799.4(5.3) - 130.0(15.4) 265.9(6.8) 403.5(4.0)
421 (446) 1,197.7(8.0) - 50.3(6.0)]  467.5(12.0) 679.8(6.7)
% 8= (148) 249.5(1.7) - 2.8(0.3) 23.7(0.6) 222.9(2.2)
o} 3} E.(396) 1,648.3(11.0) - 202.8(24.1)] 687.9(17.6) 757.6(7.4)
71 BH(729) 1,138.2(7.6) - 118.5(14.1) 237.9(6.1) 781.7(7.7)
71(11,000) 14,953.7(100)|  1.3(100) 842.8(100)| 3,911.5(100)| 10,198.1(100)
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1) oie Al - 22, &=, 01=

O g2 Mg tHEAHHA &H Ard

- 22 SA3AEE MM KNXH ZHE So HEsEHAM T (2010~) FAAl, &, HE
78, s3J1& L8

O g= CRC(Carbon Reduction Commitment)

- EU-ETS, E= IS ZEEX S HE &Y, SSHS0 U 52 MEte

BHEA MM =&(2010~)
O D=2 E2AS9 CCX(Chicago Climate Exchange) &0 Al
- 20| Xg9 24D1A 2= 52 8281 HIE &0l 2ADIA HiE 2A2IE ATt IEE “Cap
and Trade" A1 Hell AIEC! CCX BHEAMHAM 3l&(Member)2Z &0

A
- JASS 2aItA 2 /Al IP%”—‘*.OII’_ 23 Qe (voluntary but legally
L

U

o= =
binding) 2=
- Hio|A2iRI2 EIIXICl '98~'01E HWRHIEHCZ AEGHLD, '06~10E SOt HiolA2ke! &
2ol 6% 2=
- &0 st
Hadlow College, Michigan State University, University of California, San Diego,
University of Idaho, University of lowa, University of Minnesota, University of
Oklahoma, Tufts University=*

* Phase 1(2003~20064) J|2t &0 Xt

Carbon emissions from energy consumption
Million metric tons

8900 ynimep sates ..

5,000 A 'y

5,000 | e, By 2050
M A drop of

4,000 / By 2020 about 83
j A drop of about percent

3,000 / 17 percent ", below 2005

g CHINA below 2005 "--,‘.‘ levels

2,000 levels, an A

haed amount not seen o

> INDIA since the late o,
1,000 1980 g

TATAT T T T T T T T T T T T T T
'80 '85 '90 '95 '00 05 10 ‘15 20 ‘25 '30 '35 40 '45 '50

Source: Energy Information Administration
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ABSTRACT

Methods for the Introduction of Greenhouse Gas
Emission Trading Scheme in Chungnam Province

Historical Background

The Intergovernmental Panel on Climate Change(IPCC), in its fourth report in 2007,
concluded that climate change is accelerating as a result of human activities. As part of
efforts to mitigate climate change, it introduced a market theory which could minimize
social costs and reduce levels of greenhouse gas emissions. This carbon market scheme
began with the Kyoto Protocol. The Marrakesh Accords in 2001 further defined the rules
for meeting targets set out in the protocol. Later, a preliminary carbon emissions trading
system was implemented from 2005 to 2007.

Notably, carbon markets have expanded much quicker than other markets generally. It
is true, however, that the carbon market scheme is limited because it is designed mainly
to enable developed countries to achieve their mitigation obligations. Nevertheless, the
voluntary carbon market scheme, where participants trade their greenhouse gas emission
allowances on a voluntary basis, has been growing recently in terms of taking social
responsibility and responding to climate change.

In 2010, Korea has also prioritized climate change in national policy by enacting the Basic
Law for Low Carbon Green Growth. At the G20 Summit Meeting in Seoul in November
2010, Korean government addressed the law on the emission trading scheme for greenhouse
gas reduction within three years, and that Korea would be an early mover in global
greenhouse gas reduction efforts.

The Basic Law for Low Carbon Green Growth provides the legal ground for the Korea
Carbon Emissions Trading System, and it determines the launch date for the system in
consideration of domestic and international circumstances including any negotiation

process. Indeed, the carbon market is projected to be a major policy tool for greenhouse
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gas reductions in Korea. It is further expected that the growing carbon market will create
a new business environment for domestic and international industries.

A carbon market is a marketplace where greenhouse gas emission rights can be traded.
The emission rights are emission allowances issued and managed on the basis of
greenhouse gas mitigation policies, and the carbon markets can be characterized as either
an international emissions trading(IET) system or a domestic emissions trading(DET)
system, depending on market players and participants.

The major targets of IET are developed countries that are obliged to reduce emissions
under the Kyoto Protocol, and a major role in these markets is being played by the
Secretariat of the UNFCCC. On the other hand, energy-intensive industries are the key
players in DET, and a domestic carbon market is developed as part of domestic policy to
reduce emissions in certain economies and GHG and energy target management system.

In addition, the carbon market can take the form of internal emissions trading when
found in companies with more than one site; or it can be characterized as voluntary
emissions trading to promote greenhouse gas reduction activities when emission targets are
not mandatory.

A carbon market scheme is one of the policy measures that can be introduced to reduce
greenhouse gas emissions. Its form and direction are dependent on whether the greenhouse
gas reduction policy aims to optimize the social efficiency of policy implementation, or
maximize the voluntary implementation of reductions. To achieve mandatory reduction
targets most effectively, economies will introduce regulatory measures to limit carbon
emissions and they will also take measures which include financial incentives to optimize
voluntary actions. Carbon market schemes will be different according to which policy goals
a nation establishes. If a government involves itself directly, providing funding and driving
greenhouse gas reduction activities, it should address issues such as the need for expanded
organizations and the reasonable allocation of greenhouse gas reduction costs.

As with voluntary agreements(VAs) or negotiated agreements(NAs), if a government

pursues collaboration between the public and private sector, it should examine incentives
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for participants and other methods for allocating participation. However, if it directly
regulates sources of emissions, an approach that can be effective for achieving mandatory
reduction targets, it may not take into account the scale of the social costs. That is to say,
policies for greenhouse gas reductions will differ depending on target, cost burden and
implementation methodology.

Financial assistance, carbon taxes and emissions trading systems are examples of
greenhouse gas reduction measures which utilize financial incentives. Among these, the
emissions trading system is intended to minimize participants’ greenhouse gas reduction
costs by allowing participants to distribute and trade emission allowances freely according
to their circumstances.

The Kyoto Protocol is considered a flexible regime since it establishes the emissions
trading system, which allows participants to trade assigned amount units(AAU);
joint-implementation(JI) - under which tradable emission rights are granted as a result of
implementing greenhouse gas reduction projects between developed countries; and the
Clean Development Mechanism(CDM) which allows developed countries to use issued
credits achieved through greenhouse gas reduction projects in developing countries that are
funded by developed countries. The Kyoto Protocol introduced the carbon market scheme

wherein participants can trade their rights related to greenhouse gas emission allowances.

Compliance Markets and Voluntary Markets

Carbon markets exist to achieve mandatory greenhouse gas reductions mandated by the
Kyoto Protocol. This is by allowing participants trade assigned amount units(AAU).
Emission reduction units(ERU) and certified emission reductions(CER), which are issued
through the JI and CDM, are also tradable. However, these are referred to as compliance
markets since they relate to accomplishing mandatory reduction targets. At present, the
EU-EIS is the only compliance market in operation and its scale remains small since the
United States, the largest potential purchaser, has not ratified the Kyoto Protocol. In a

voluntary market within its territory, participants are able to set their own emission target
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rather than be given AAUs. Some aspects of this scheme resemble a voluntary market more
closely than a compliance market. However, voluntary markets participants are not
assigned mandatory reductions for mitigating climate change. Instead, participants trade
emission reductions resulting from the ETS and/or CDM as a means of taking social
responsibility.  Carbon markets can be further categorized as international, regional,
domestic or internal, depending on the scope and scale of the introduced market.

The regional carbon market is best represented by the EU-EIS. In Europe, the EU
operated a preliminary emissions trading system from 2005 to 2007, and then introduced
a carbon market from 2008 as a second phase. In the first phase of preliminary emission
trading, emission allowances were assigned for 12,000 installations according to national
allocation plans by member countries. These were known not as AAU but encompassed
EUA because they were confined to that regional carbon market. Although a number of
countries participate in the EU-ETS, it would be wrong to characterize it as a fully
international carbon market since it was introduced and is managed according to EU
decisions. Nevertheless, having large scale and vigorous activity, the EU-ETS is expected to

be the foundation for a future international carbon market.

Prospects for the Emission Trading Market

The Ministry of Knowledge Economy established the Korean Greenhouse Gas Emission
Reduction Registry Center in July 2007, and through this authority, the Korean government
is implementing a program which encourages domestic plants to register their voluntary
greenhouse gas reduction projects. Accordingly, it issues Korea Certified Emission
Reductions(KCERs) for greenhouse gas emission reductions through a process of
assessment, reporting and verification. Without the assignment of greenhouse gas emission
allowances to domestic plants, the system remains a primitive means for the government
to purchase emission reductions resulting from this program. It is intended, however, to
promote the emission reduction activities of domestic industries and was introduced to

familiarize industries with this system.
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Furthermore, the government is operating a unilateral and elementary carbon market.
Through this program, by the end of 2008, 189 projects were registered and, after
assessment and verification, 126 projects were issued KCERs amounting to a 2.87 million
ton reduction in greenhouse gas emissions. The program is meaningful because Korea is
demonstrating an example of a voluntary carbon market scheme which developing
countries without greenhouse gas reduction obligations could follow.

Korea is now trying to create the conditions for introducing a cap-and-trade system by
mandating it in the Basic Law for Green Growth. Moreover, considering trends in
negotiations on the UNFCCC and the international environment, the government will allow
other forms of carbon markets in addition to the cap-and-trade system. The trend in
UNFCCC negotiations will be the most influential factor for the introduction of a domestic
carbon market. Since Korea does not yet have emissions reduction obligations, and given
that the introduction of a carbon market is intended to achieve reduction obligations in a
cost-effective manner, whether and when Korea will have reduction obligations is the most
influential variable.

Since negotiations on mandatory emission reductions after the Kyoto Protocol are still
ongoing, and they have not fully identified the views of developed and developing
countries, it is too early to estimate whether Korea’s carbon market would be considered
as infrastructure for the implementation of emission reduction obligations, or whether it
would be excluded from international emissions reduction obligations because it is deemed
as a voluntary reduction activity. However, within the year, the Korean government plans
to release its mid-term plan for emissions reductions after its voluntary steps.

It is highly possible that Korea will introduce a domestic emissions trading system as a
policy tool. Some needed preparatory steps still remain, as the government should decide
the level of AAU after conducting research on economic impacts and holding public
hearings for the affected industries. However, Korea is introducing most of the measures
which the Annex-1 parties have introduced for their reduction obligations and the

government is expected to phase in regulatory measures. If so, it will require one or two
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years from the design of a carbon market to the initiation of preliminary emissions trading.
The Korea carbon market will reflect the Post-Kyoto Protocol once it is determined by
international agreements and it will become regularized after several years of the
preliminary emissions trading system.

Korea announced national plan to reduce GHGs emissions in 2009, as target goal as to
cut GHGs by 30% of the BAU by the year 2020. To keep up with the national goal,
Chungnam Provincial government had set the objective level considering the reduction
potential as the same as the national one. Korea’s emissions amounted to 620 million tons
in 2007, and Chungnam Province occupies the most parts of it as equivalent as 93 million
tons. However, given that Korea is not qualified to utilize the JI or the CDM, the volume
of trading project CERs should be limited, and a volume of emissions trading will be
significantly less given that the Korean government has not yet built up its capacity for
emission reductions according to a carbon market scheme. Once the carbon market becomes
stable in the long run, the purchasing of emission rights will play an important role in
options for emission reductions as participants build up their capacity, and the scale of

emissions trading will expand.

Countermeasure for Trading System in Provincial Level

The creation of a carbon market is one of the measures for greenhouse gas emission
reductions, but its meaning goes beyond just the introduction of a policy measure. It is
projected to be a turning point for the Korean government. Chungnam is moving to
convert its passive policies for greenhouse gas reductions into proactive ones, and is
shifting from promoting voluntary participation toward the utilization of market forces. The
government is transforming its measures toward supporting the development of green
technology by creating a market environment for the introduction of the technology,
ultimately putting green technology developed through R&D supports into the market.

Because the carbon market requires participants to make choices for purchasing, they

should understand the carbon market scheme and how to use of it. Therefore, to achieve
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the broader policy goals with the introduction of a carbon market scheme, it is essential
for the government to establish infrastructure and to build the capacity of participants. To
this end, having a sophisticated market design and running a preliminary program for a
sufficient time are required.

The government should continue reflecting international moves in a timely way after the
Kyoto Protocol Mechanism. We have sufficient time to design the Korean regional carbon
market to achieve adequate policy goals and to make a contribution to the vision of "low
carbon green growth." The time is right to collaborate to ensure a desirable carbon market
rather than to suffer from lofty expectations or concern. For a successful green infrastructure
policy within the context of reducing the GHGs, the Chungnam Provincial government is

advised to consider following strategies:

First, the Province needs to set clear and detailed policy goals embodying the emission
trading scheme(ETS) in line with green growth visions of it. Clearly stated goals relating
to, for instance, emissions cuts methods including target-oriented management
system(TOMS) and EIS, improvement of infrastructure service and contribution to
economic growth, will give a clear definition to the concept of green infrastructure and
facilitate the achievement of those goals, that is, without compromising the sustainable

regional economy.

Second, green infrastructure requires a proper division of roles and a close cooperation
between the pubic and private sectors. Private businesses should lead the way in
developing green infrastructure, which is entirely based on creative technologies. But
technological innovation has a high level of risks. So, the Provincial government should
play a role of minimizing the risks while staying vigilant against possible moral hazards.
The Provincial government needs to strategically select and concentrate support on projects
that best satisfy the standards of feasibility, effect, growth potential, and appropriateness of
the ETS support.
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Third, the detailed procedures to improve efficiency of the ETS implemental facilities
deserve more emphasis. Changing methods of the TOMS and ETS of introducing
infrastructure can reduce costs, improve services and deter demands for new institutional
implementation. This will help slash greenhouse gas emissions and significantly save the

Provincial spending on the institutional infrastructure.

In conclusion, the green infrastructure policy including the ETS will contribute to the
Provincial economic sustainability and creation of green jobs. That is the EIS system
operational know-how obtained through the process will also boost sustainable economic
growth by providing with solid ground in new trading markets created by national

responses to climate change.
Keywords:

baseline and credit(BAC),  cap-and-trade(CAT), emission trading scheme(ETS),
greenhouse gases(GHGs), target-oriented management system(TOMS)
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