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ABSTRACT

Estimation of the Greenhouse Gas (GHG) emission abatement cost of clean development mechanism (CDM) projects is essential
for forecasting the abatement cost of the cooperative approach (Article 6.2) and the sustainable mechanism (Article 6.4) of the Paris
Agreement. The purpose of this paper is to compare the GHG emission abatement cost of CDM projects among four countries using
the abatement cost information each country. The average abatement cost was $9.654CO, (2020 price) for all types of CDM projects
across the four countries. The abatement cost of methane avoidance projects was the lowest ($4.75/tCO,), followed by LFG
($6.49/tCO;), small hydro ($7.67/tCO,), biomass ($9.36/tCO,), energy efficiency ($10.02/tCO,), PV ($10.82/tCO,), fuel switch
($10.92/tCO,), and wind ($18.27/tCO,). There were economies of scale for wind and energy efficiency CDM activities, and the
higher investment needs for small hydro, PV, wind, LFG, and methane avoidance since their abatement costs are high. Economies
of time existed for small hydro, LFG, methane avoidance, and energy efficiency, and there was an effect of technology development
on wind, methane avoidance, and biomass. There was a correlation between abatement cost and the share of CDM activities for
methane avoidance, small hydro, and PV CDM projects. A cost-effective mitigation strategy would be to proceed with projects that
have higher mitigation potential at the same marginal abatement cost. Thus, at a marginal cost of $10-20/tCO,, the effective strategy
would be to proceed with LFG, energy efficiency, methane avoidance, small hydro, wind, biomass, fuel switch, and PV. At a cost

of over $30/tCO,, proceeding with LFG, wind, biomass, small hydro, fuel switching, and PV would be cost-effective.

Key words : GHG Emission Abatement Cost, Economies Of Scale, Economies Of Time, Certified Emission Reduction, Clean Development
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Table 1. CDM projects by type (May 2021)
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Chile Vietnam Peru Malaysia Total
Registered CDM 53(114) 42(145) 27(70) 33(145) 155(512)
(Biomass) 6(12) 5(18) - 8(42) 19(72)
(Efficiency) -(2) 3(6) 13) 1(4) 5(15)
(Fuel switch) 1(2) 2(3) 1(1) 4(6)
(Karge hydro) 7(14) - 2(27) - 9(41)
(Small hydro) 9(20) 20(85) 9(17) 4(4) 42(126)
(LFG) 11(15) 5(7) 4(4) 4(9) 24(35)
(Methane avoidance) 4(7) 5(23) 1(8) 15(85) 25(123)
(PV) 6(20) - 5(5) - 11(25)
(Wind) 9(22) 4(6) 3(3) - 16(31)
(Others) - - - - (38)

* () is registered CDM
Source: UNFCCC, CDM DB
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Fig. 1. GHG emission abatement cost of small hydro projects ($/tCO2, 2020 price)
(CL stands for Chile, MY for Malaysia, PE for Peru, VN for Vietnam)
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Table 2. GHG emission abatement cost of small

hydro projects ($/tCO,, 2020 price)

Abatement cost | Abatement cost | Abatement cost

(registered year) (2020) (cost-based)
Chile 8.48 12.19 78.40
Vietnam 5.25 7.10 43.18
Peru 6.43 8.21 40.17
Malaysia 2.14 2.37 4331
Total 5.90 7.98 50.10
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Table 3. GHG emission reduction of small hydro projects

Emission factor of grid (tCO,/MWh) Annual emission reduction (tCO/project) | Annual emission reduction (tCO/MW)
Chile 0.5704 19,649 2,743
Vietnam 0.5751 19,163 2,349
Peru 0.6223 32,462 3,741
Malaysia 0.6505 19,403 3914
Total 0.5914 22,140 2,881
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Table 4. Investment and O&M cost of small hydro projects

O&M cost
Investment per project ($) | O&M cost ($) Unit investment ($/MW) Unit ($/MW) per production ($/MWh)
Chile 24,901,909 210,263 3,502,400 28,722 5.81
Vietnam 12,957,591 68,108 1,562,372 8,819 3.73
Peru 18,260,349 577,306 2,048,471 70,249 17.97
Malaysia 8,268,264 169,955 1,723,242 50,710 13.89
Total 16,206,791 217,383 2,097,577 30,237 8.19
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€5 combined margin®] W|E&ALE oJu|stct EA; operating margin}
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Fig. 2. GHG emission abatement cost and unit investment of small hydro projects ($/tCO,, $/MW)
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Table 5. GHG emission abatement cost of PV
projects ($/tCO,, 2020 price)

Abatement cost | Abatement cost | Abatement cost
(registered year) (2020) (cost-based)
Chile 11.64 16.17 96.05
Vietnam - - -
Peru 4.90 6.05 162.71
Malaysia - - -
Total 8.57 11.57 126.35
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Fig. 3. GHG emission abatement cost of PV projects ($/tCO,, 2020 price)
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Table 6. Investment cost and O&M cost of PV projects

O&M cost
Investment per project (3) | O&M cost ($) | Unit investment ($/MW)
Unit ($/MW) per production ($/MWh)
Chile 190,493,474 2,227,340 3,488,770 67,690 22.76
Vietnam -
Peru 92,791,972 932,398 4,772,261 47,541 30.78
Malaysia -
Total 146,083,701 1,638,730 4,072,175 58,531 26.41
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Table 7. GHG emission abatement cost of wind
projects ($/tCO2, 2020 price)

Abatement cost | Abatement cost | Abatement cost
(registered year) (2020) (cost-based)
Chile 16.03 22.64 113.91
Vietnam 18.04 22.94 94.48
Peru 3.26 4.02 57.80
Malaysia - -
Total 14.14 19.22 98.53
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Fig. 4. GHG emission abatement cost of wind projects ($/tC0O,, 2020 price)

http://www.ekscc.re.kr



622 =82 - 201y

3.3.2 UM CDM AtHel E4

A 2A7IE wiEAe B2 0.6553 tCO/MWh,

CDM AHiY Bt 24A7HA 572 137,245 tCO/AMY,
AR((MW)G AZE 2A7EA AEFS 1,963 tCO,MWE
UrERs

Table 8. GHG emission reduction of wind projects

Emission Annual emission | Annual emission
factor of grid reduction reduction
(tCO/MWh) (tCOy/project) (tCO/MW)

Chile 0.6809 166,112 1,757
Vietnam 0.5926 71,332 1,630
Peru 0.6623 138,528 3,027
Malaysia - - -
Total 0.6553 137,245 1,963
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Table 9. Investment cost and O&M cost of wind projects

O&M cost
Investment per project ($) | O&M cost ($) | Unit investment ($/MW)
Unit ($/MW) per production ($/MWh)
Chile 241,715,320 4,057,389 2,967,291 35,877 13.83
Vietnam 104,209,376 733,624 2,396,502 13,765 8.82
Peru 95,722,634 3,806,370 2,102,178 82,808 27.43
Malaysia - - -
Total 179,965,205 3,179,382 2,662,385 39,149 15.13
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Table 10. GHG emission abatement cost of biomass
projects in 4 countries ($/tCO,, 2020 price)

Abatement cost | Abatement cost | Abatement cost
(registered year) (2020) (cost-based)
Chile 9.53 16.19 30.27
Vietnam 10.37 12.61 75.54
Peru -
Malaysia 4.38 4.83 40.27
Total 7.58 10.46 46.39
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Table 11. Investment cost and O&M cost of biomass projects

O&M cost
Investment per project ($) O&M cost ($) | Unit investment ($/MW)
Unit ($/MW) per production ($/MWh)

Chile 24,636,674 1,105,607 1,549,097 50,506 17.43
Vietnam 8,188,573 937,284 2,341,335 84,659 37.68
Peru - - - -

Malaysia 7,860,245 801,481 138 99,381 15.18
Total 13,244,467 933,259 858,931 50,239 21.81
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Table 12. GHG emission abatement cost of LFG projects ($/tCO2, 2020 price)

Abatement cost Abatement cost Abatement cost

(registered year) (2020) (cost-based)
Chile 2.88 5.67 7.36
Vietnam 11.56 15.71 35.89
Peru 345 4.25 7.31
Malaysia 3.19 3.64 17.71
Total 4.83 7.19 14.72

Table 13. Investment cost and O&M cost of LFG projects

O&M cost
Investment per project ($) | O&M cost ($) | Unit investment ($/MW)
Unit ($/MW) per production ($/MWh)
Chile 9,535,190 380,923 150 142,317 6.64
Vietnam 26,100,292 1,309,861 4,857,656 272,997 9.63
Peru 3,512,542 671,799 1,539,271 260,668 6.41
Malaysia 4,468,735 283,623 103 136,191 8.51
Total 11,138,069 606,714 533,163 67,936 7.26
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Fig. 6. GHG emission abatement cost and investment per project of LFG projects ($/tCO,, $/project)
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Fig. 8. GHG emission abatement cost of LFG projects ($/tCO,, 2020 price)
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Table 14. GHG emission abatement cost of methane
avoidance projects ($/tCO», 2020 price)

Abatement cost | Abatement cost | Abatement cost

(registered year) (2020) (cost-based)
Chile 5.73 11.41 11.41
Vietnam 2.15 2.90 12.83
Peru 0.69 0.98 435
Malaysia 4.12 3.98 14.31
Total 3.85 4.83 13.15
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Table 15. GHG emission abatement cost of efficiency
projects ($/tC0O,, 2020 price)

Abatement cost | Abatement cost | Abatement cost
(registered year) (2020) (cost-based)
Chile - -
Vietnam 11.51 13.74 61.05
Peru 7.02 8.67 63.62
Malaysia 1.01 1.12 13.52
Total 8.51 10.20 52.06
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Table 16. GHG emission abatement cost of fuel switch projects ($/tCO2, 2020 price)

Abatement cost Abatement cost Abatement cost
(registered year) (2020) (cost-based)
Chile 10.56 22.39 22.39
Vietnam - -
Peru 7.05 9.22 136.66
Malaysia 4.68 5.18 58.08
Total 7.33 11.50 88.45

3.8.2 gzdet CDM AtHel §4
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2A 7HE =1 ool HF 156,900 tCO01H, A=
13,545 tCO,2 A 7P W2 4=3o|t}. CDM A H+
EXH]E $46,127,5190]0, A7F SGH]E= $4,279,5732
et F2H= gEolAlort M &1, ATt 7
A 2 o, A7t GH] A DEojAlort 7Y
1 7t 7P @2 Folth ZEojAore] diqtE
17 A ALstd FAHY 2= =4 g2 &=

olc}.
3.8.3 QNSO SATIA ZEHIZT UEY B

CDM AHJ9] RAZLA 5 HEoh S AZ0lE
© 75 Ro] ARTAIEAL: 066628 Uehia glon
2 drAst Ao FRAAe) Bt et oz
w7k

3.8.4 HETEO| 24JtA AZH|IE FAH| 2

A FAE| 9 2A7EA TEH|8-2 749t B
BAFBAS -0.5780)2 UeRf glon, &4
o BApE|9F 24 7kA ZhEHE Al et B
FAATALS —0.6753)S e T 9t e ERu]r}

H= )

Journal of Climate Change Research 2021, Vol. 12, No. 5-2

Q75 AYUSE CER WoREAbE %A LRt
Castro and Michaelowa(2010)9] g+ 2= olE]R] o
o]—r,].
AT

3.8.5 GzTao 24tA AZH|IEL AlZtadt

(economies of time)

470 AT A FolA 1H P2 17] AFY(CER &
B71Ze 109)0], SATEA FEH 8L $8.90/C0,R

wjersls A9 ZEH]8 FES11.504C0.0] Hl8]
o zoln AAY A4S WE LA AEHE
(81237400 B]8] e Solold] AmAoIAE
ARHEIFE YetA e Ao BAET

AT 2 o

2(2011.12.13)9] 7F=H|-8-L2 $5.18/tCO,EA 2F 6179
Fo|EA T AHAYSE AFH|Eo] T & &
ATt WA ArAgoA = 7edHe 2t UER
ol grke & Qlth



48 =7t CDM Mo 247tA ZFHIE HlW 24 - &Y, HIF, HESH,

ECIUWNY; 631

24.00

20.00

GHG emission abatement cost of fuel switch by registered year($/tCO2

16.00 year($/tC0O2)

m GHG emission abatement cost of fuel switch by registered

12.00

8.00

4.00

CL PE

PE MY

Fig. 10. GHG emission abatement cost of fuel switch projects ($/tCO»)
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Table 17. GHG emission abatement cost and emission reductions

Abatement Emission reduction Investment per Emission reduction per Share of CER
cost($/tCO,) (tCOy) project($) investment(tCO,/1,0008) issue(%)
Biomass 10.46 55,041 13,244,467 11.17 0.23
Efficiency 10.20 285,359 117,533,958 5.39 0.03
Fuel switch 11.50 156,794 46,127,519 17.17 0.13
LFG 7.19 104,060 11,138,069 23.01 0.34
Large hydro 15.21 254,621 241,394,677 1.29 0.21
Methane 4.83 49,724 4,420,672 18.43 0.13
Small hydro 7.98 22,140 16,206,791 1.61 0.03
PV 11.57 71,327 146,083,701 0.51 0.00
Wind 19.22 137,245 179,965,205 0.79 0.05
Total 9.65 84,144 56,395,203 9.15 0.13
BT 1557] CDM A LA7kA AEHI8S WA AAYe] 2UTkA AEUSS $10204C0, $E
Agd @ ZrhEg Uehyid ol 9ZEE vlo] QujA IR Yot B AFFL $30/4COE 435
197, 8704 S7H, dade 47, g oA, & o J™oAs A AlFd 24 Aol digt AolA
ST 427, WiEvEs 2470, WiRte]as 2570, i AWSHA X AR FEHE 247ES A58 #2
A 117, FEEA 167] Aotk ERE A 2§ HojF1 gl HAMF Blud A UEUL Qe
A7t RIS SI0ACO, olste] MBX glom b AL AT 4 ek,
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Fig. 11. GHG emission abatement cost of all CDM projects ($/tCO,, 2020 price)
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Table 18. Relationship between GHG emission abatement cost and share of projects
MAC ($/tCO,, 2020 price) Share of CDM projects (%)
Rank MAC Type Type Share Rank
19.22 Wind Fuel switch 6(1.2%)
High 11.57 PV Efficiency 15(3.0%) Low
' 11.50 Fuel switch PV 25(5.1%) 1
10.46 Biomass Wind 31(6.3%)
10.20 Efficiency LFG 45(9.1%)
! 7.98 Small hydro Biomass 72(14.6%) '
Low 7.19 LFG Small hydro 126(25.5%) High
4.83 Methane Methane 133(26.9%)
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Table 19. Cumulative emission reduction per marginal abatement cost by project type (1,000 tCO,)

Methane
MAC Biomass | Efficiency |Fuel switch | Small hydro| LFG . PV Wind Large hydro Total
avoidance
$10/tCO, 557 1,325 614 668 1,805 1,092 225 632 297 7,213
$204CO 755 1,427 900 2,316 1,243 491 1,270 2,272 11,288
: (+198) (+102) (+233) (+511) (+151) (+267) (+638) (+1,975) (+4,075)
1,022 627 930 785 1,959 2,292 12,600
$30/tCO, -
(+267) (+14) (+30) (+293) (+689) (+20) (+1,312)
2,497 2,125 12,948
$40/tCO, - - - -
(+181) (+166) (+348)
1,046 2,196 13,042
$50/tCO, - - )
(+24) (+71) (+95)

* () is the additional emission reduction

5) oA EEAUAIT SIS Ae]l LA A AAREH SIS A5 TAS] YOH, 700,0001CO, ofaflAE oA FEe]
Z2u] 80| HEHs)2Alo] ZEHRHTH B, 700,000 ~ 1,200,000 (C0O, TLHOIA L HErs]o] 71Eu|go] ojUX &L FEH_H
o W3, 1,200,0001C0; o4l AE THA] oI AERY| H&u|Ro] Hlekslse] FEu| guTt W Aow EAHr
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48 I7MEE A5EE 0T ¢ A AAF R |
F7HA9] SAVIA 5 AEe] 7MY AL o RE F
A, AUA BE, HEslS, Blo|euA, 4AaE, AR
S EHRE ©oE RAVIA S| Ao = A Y &
AUt $10/tCO, ofshpetM)olAl= WH7tA7} 74 2 2
= HFE UEE 3o 2= oy aE, HEd<s,
A", FY, Hlo|QujA, ARASH HETEH ¢o=
73 AAFES Holal Ut $20/CO, o] ETHA) A=
gitdo] 7P & £0=® FAETol F7H+638% tCO,)
o= A & ¢ o 2o &= WP EA+5113 tCOy),
A%E(+2333 tCO,), HIo] Qi A(+1984 tCO,), HEHE]4:
(+1513 tCO,), NYA AL (+1027 tCO) 22 YERGT QL
ot SAEHEIE $304CO, olshZA)olA= FEHLHY
AEZH(+6897 tCOy)0] 7P A 7kt thao 2= H
OR3P (42933 tCO,), AR HZK+2937 tCO,), H}o] Quf
(2677 tCOy), TR0 &2 AL (+3074 tCO,) 22 YEr
Ul Qlth $404CO, olstolAl= wig AL 71 & o

ECIUWNY; 639

2 =0 ZTHHI81H 1CO,), T2 FHHH(+166
A tCOy)°IH, $50/tCO, oJstoflA= FHILA(+714 tCO,),
Ho] QUi A(+247 tCO,) =22 YeRhtal it

4.2 3712 CDM Afglel 247tA SHAZASHIE

SHATEE R R o] BYUT SFEOA 2AVEA S| Tt
w2 7oA AEAYE S5k Aol

LATIA FAZFEHE] $10/tCO, o|FloflAE HF 9
LQATIA ZHEEFo] 2,500 tCOEA 7Y E7] wl&o
A oA 2ATA AFAAE 7MY $A-0R 4
5t 2o 2= HF(2,4004 tCO,), L o]AoK2,000
A tCO,), THAEo 2 W EW(6004 tCO,) &0 & 275}t
£ Ao v aHQl H#E Ho|rt

LATA FAFEZHE $20/tCO, oldtolAL A9
T ATFA FAETFO] 5,600 tCOE 7MY =7] Wi
of oA FAFAES 7P FAH R X6, tha
O 2= 52,9004 tCO,), L o] A|ok(2,1007 tCO,), Bt

cumulative GHG emission reduction per MAC by type(tC02/$)

2,500

2,000

1,500

1,000

500

m MAC with $10/tC0O2
= MAC with $30/tC02
m MAC with $50/tC02

Fig. 16. GHG marginal abatement cost and emission reductions by project type (/tCO,, $/tCO.)
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marginal abatement cost of four countries($/tC02, 2020 price)
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Fig. 17. GHG marginal abatement cost curve of all CDM projects ($/tCO,, 2020 price)

o] Bl-& anAQl A5 Hol)

247t FAREHE $304CO; ostoll A Ao
A AT ETO] 6,100 tICOZ 7HY 7] wiEo]
AoA ASAS 7P SAF R X6k, o g
= HF(3,0004 tCO,), UHREO.Z HIEH (1,500 tCO,)
olA AFARYE FH5t= Zlo] H-E ATl 5 A
oJtt.

27k~ AT H]E $40/tCO, ol5lofAE A
LATIA ZHETFO| 6,400 tCO,E 7HE &7] wio] 2
oA AEAIES 7P $AHZH o R S5k, o'
= HEE(1,5003 tCOy)ollA HSZAIAS F75H= Zo|
H-§ G291 45 Aol

2472 FHAIEZH]E0] $50/tCO, o]dtofA = HEE
(1,600% tCO)NARE AHAIYS FX5k= Zo] H]-& &
A2l 45 Aol

oje} o] 2AVIA FARSZHEG PEE AV
A&l B2 S7HEE ASARE F75H $104CO, ©]
St A= 7,500% tCO,9| AETFE TGHET 5 S A=
Al FE Tt $20/CO, oJste] FHAH-Eol A= 11,8003 tCO,
£, $30/tCO, °]3}ol A= 12,7003 tCO,, $40/tCO, ©]5}o]
AL 13,0004 tCO,, WEKEFOZ  $50/tCO, o|sloflAl=

13,1008 tCO, 5 A5FY & S o= BAHH

Ao 2 HE(1,2004 tCO)NA HEAIGS FX15k=
]
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T AL 45 TS 2= A2 € 5 Ao
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TA 2 UEstH the 19T 22 24A7MA SARS S
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.

5. 22
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Table 20. GHG marginal abatement cost and economies of scale
. . . Methane .
Biomass Efficiency Fuel switch | Small hydro LFG . PV Wind
avoidance
Economies of scale X (¢} X X X X X A
Investment X X X O (0} (6] O A
Economies of time X (6] X (6] (6] (6] X X
Technology
(6] X X X X (6] X (¢}
development
Share of projects - - - A - O - -
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