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ABSTRACT

National greenhouse gas emission reduction targets should be realized mainly through domestic efforts, but also through
emission reductions abroad. Some countries plan to use international carbon market mechanisms to acquire the Certified
Emission Reductions. Korea also plans to use voluntary cooperation under Article 6 of the Paris Agreement as a supplementary
measure to achieve our NDC. Given the Korean government has decided to update its 2030 greenhouse gas emission reduction
target to 40%, using the international carbon market is essential to achieve NDC. This study aims to identify a cost-effective
way to acquire emission reductions abroad using the international carbon market. According to UNFCCC, the sustainable
development mechanism under Article 6 of the Paris Agreement will be developed based on CDM under the Kyoto Protocol.
This study reviews and analyzes the greenhouse gas mitigation cost of past CDM projects implemented under the Kyoto
Protocol. CDMs allow to transfer emission reductions between countries. This study analyzes the cost-effectiveness of different
CDM projects, especially those in Malaysia, by estimating marginal abatement cost. This study focuses on small-hydro, landfill
gas, biomass energy, fuel switching, energy efficiency and methane avoidance CDM projects in Malaysia and estimates the
marginal abatement cost (CER price). Methane avoidance projects had the lowest marginal abatement cost, indicating that they

were the most cost-effective CDM projects in Malaysia.
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1S 24T A AAskaL Ak Syt 941, 2020
129 A&3E NDCo|| TEg LA7A 758 Q8] s
A 20159 AA 222 oh @A (Paris Agreement)S Bt o}t FEAZAR] Y AeR(A) APEE
Al olF 20169 LUk weEjgge niEsty  BEe HRSUos 288 AL Uk 20208 T AE
ok Zt A A9 AZISAIA stollA ek 7] 3 NDC ZHE 25| 98] 2gjuelr}t 93t 2oz
TEY £YS 5] 2030 2A7MA AEERE T w7 AFS F 1,6208HCOeq 0tk At 109 HAFH?
Z77]a(Nationally Determined Contribution, ©]5} NDC)S 3]0 A 20304 LAVIA ZFEEEE 20189 iy 7|2
UNFCCCO] A|&staL 1o, Yozt 2050\ 71X 9] &4% 26.3%14 40%=2 TE ABFR ALY, olast Alske
S A1k Y} GAFEEC] AE3H NDCOJAE Fujzr 20309 B DA oyt 20509 hAEY B4S SIA]
%, AESE, 7S 5o &S 35 203049 NDC = TS A o] A&SiA 22T Zow .
TAALS] = 19979 A= E W E 2% A{(Kyoto Protocol)
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£ 59 258 59 2AMAE ST & e
Hoks Elaik=dl, HAYNEAA(Clean Development
Mechanism, CDM)7} 170|t}. CDME AA=23} e
7+o] B4 FE Y A EFo g, ARFo] ArZoA 5
B3 2L Fol AE FE YA 25 (Certified
Emission Reduction, CER)S AZ=9] Z=EHE G40
2838 4 9= AL o]th(Oh et al., 2017). ©]F 2015 T}
JEHE B3l g2 Y A 52 FIA Aoz
TARLAE HAUEY FHE 5H5HA =HUuoh o
A4 Aoxol= F84 AW, AE7Fs WAYUE, HIA
Z(non-market) HLH 5 3709 FEHI HAYZ] 4
ol=]of qltt. A JIH2 ApEH & 7|¥te & gt
A Ee v E S E5 5295 NDCE/ol AR
Sh= Alwoltth. A&7Hs HAUES LEFA AA
NS A = (CDM)L}E FAFSE A==, UNFCCC o] 7+
7|95 SHOE SYHAA YTRE AFEAIT Al
BollA A== Azolth HAR HAYES A&7
7of] thgk 7]o] ApofA Abio]l FXIEA|RE ATEA
AEARAS ik AHEA g Al=olth(Noh et al.,
2021). THEA A6z X&71s H)#H U Z(Sustainable
Development Mechanism, ©]5} SDM)2] HHEL2 W EO]
44 ste] DM HWHEZ 7IRteE AdE  9F
(UNFCCC, 2019)°]9, mt2bx] CDMAIYZ w2 g4 st
A% SDMY| FHIZ AAE 4 US ALRE JAHT
ot FU7 A7A AETS FHESH] Yol 54
ZAZEAS AEARo A 4= vk Ad 20179 HiE
HAHE AFFS NG stEA wiEdARA 223 A<
71742018 ~ 2020)F-H 39| FAFYG QI CDMAFY A
et AS5AA(CERE Ul HiSAAIAY A544
(Korea Offset Credit, ©]3} KOC)C.2 AT 4 L=
5} TH(Ministry of Environment, 2018). ©]% 2021 34,
U2 AHE NATS o ARAAL B KOC B8
HE&E 7] 5%°0A4 10%= FHAFH S (Ministry of
Environment, 2021)1.
KOC &8H]& 3], 2030 NDC E-HAF 9 2050
25 51 44 52 394 A2 1 2SS HA
& Y A HAYUSE 8% 27544 gE}
TAAZ HojEth mehA, & Ao 3 EF of
A HAUES Bl-&RIA 08 Z-85t7] 95, A
EAA] st A oY= Q1= CDMAGE Q] 2A47kA 7

=1

A E 72} Sk} B A o)Al (host country)
Alote Agstglor, dEojAlore] CDM
H-&-S &9 B8Ry oR I35
U= AFdo] FoQIAl 45
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2.1 CDMARY] EXpEA W=

CDMAIY Q] EAHEA "2 CDMARE Sl 247k~ 7+
ZZA37HCertified Emission Reductions, CER) Tfj7} A
A el glrke AL YR Wl 2, A
5} u}

A 3714 additionality)o] PASEAE FH=
wolzh & % Utk o) #AHe] AT FARA W

H
3

0 2= theH]-B-E A (simple cost analysis), SFAH] W&
H(investment comparison analysis), 7]& WE+dE
X (benchmark analysis)©] ]THSchneider, 2009).

HeH| 8RS CERTVISY 29 F7Hpdo] gl
Ardof 2-&=o], AotE CDMAIQGOZ Q13 7}H]-g0]
TS A5t sid A 7140l AUntal Brlkst=
ot EXH| W EAHL CERTUSY] 9 712
o] st AFGQ] AbEEo] thE AFYGollA At
A S o = HHECE, T AFAS AAA A
H(IRR, NPV, B/C Ratio, LCOE §)& T2 Ay} H|aw
e wf, A A#7F B L2 ]t ARQle] EAfshd
7Hdol Qltta BriEh mAete g VY RSsE &
AH2 CERT Y & 7ol &5k, A 9] 4t
£ AolA T ik o) A5 R Ee|H
CERHT:RIZ AS o s A WiRSIE
(Internal rate of return, IRR)0| FEX}-§-X]=(host country)
O] WXt (benchmark) WHFE 52 e Hrp &
2 A9 F7}Ao] QUth(Noh et al, 2021).
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1) 24702 wiEde] 99 4 7ol et ME ARP(2021.3.23) A7) 33§ A29% 37 oo GE AHquiEd) Aedtes
H A272A1%e] nt g TP DATT SEFGEA AEsHor sk wiEdS 100:22] 10 o] MM dgAg R Ajith
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HEH| SR HL CDM AFY o2 Qg HAEE=
F7H(EIEE H85t FEAH 29u]9] LAt
A& A 717kl A E 2AVEA SO R Lol A
_9_}\17]./\ 71—21:]]%_,% 'Fﬂ-

EAH 242 CER qunH o] gl& 392 CDM
AFele] AAA A E(IRR, NPV, B/C Ratio, LCOE )7}
|2 o] He 7MY Fost A AAY ARE F
3 4= Q& CER #j9E 4511, o] 247t~
DEFORE YrolA 2A7MA [EH|ES 73

71& WESAE E4¥2 CER Baj=9lo] gittal 7+
J3 CDM AtY 9] WRQEo] FEAFA| 9] HIxutE
YEseEs 4% 232 73%4 CER ll]‘UH—)r\‘?:]’% ?
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Coeng R, Erxwm—w@, e
H Qjo] EEo] AHFEAQI EAo] §l
of its kind)@} %o 221 E”‘ﬂ(barrler analysis) 59 &7}
4 9% HEE g T BAY BT EEo] SARA
glo] F7Hdol YFE o AFdS XFL 4 Ith(Schneider,
2009). Hz7|EEAH(first of its kind)< thA} CDM AFY
o] sF AHof| FxE Z=AH 7& Ee= EF0lH F7H
o] YZEH, Fofal FAH(barrier analysis)> THA A
o] CDMo|| SEEA] oW ALY F71& A dfol= ol
23l0] ZAUGE AL FHaE PHoz, Fojaclol
FHEE F7Hdo] Atkal F7HETH(Noh et al., 2021).

2.2 CER714 ¥ 44

deH SRS Gl 3 H8S =R O] 2
A7kA ZEFE Wiro] CER7MES APERiT) YR
E(RR) FAH2 A9 Wi ge] FA=2 1l
At R Edt L5t sk CER7HAOIH. F2
Hla ZANe] CER 7H4 24 e WEIE(RR)
Tt v, AAA AEE vl o Ade] A
A AES} FLHET AAA7]= Aol HhE #oloh £
A9 ZA CDMA}?Q + 334 3 7IE HRsdE
4ol 2771019, 642 Tl g4 Holtt

71% WRAEIRR) 24 IRRZ 7 AH9) &
Bl 83 Fde FAVHAS e o 1 ghol AR &
3% sk EUE9] Jidolnt. wEbA iRalE 24

& AM8RE CDM ARRiolA 9] St Agk2gH], 19
i B 718 27hed 52 B @A (net

X 1o of

YEHIE FY: LO[AOF 603

present value, NPV)Z A g5} T Q] <429 (net profit)
o] 00] HEZ 3H= oA CER Tuj4lS 233+t

£429)(net profit) =

NPV(CERS:Q);+ 37149 - NPV(EAH], +- 298] =0
= NPV[CER%:%); = (A +-&H]) - 37144 ]

= CER7MH, x LA7IA 7H2ek
". CER7}4;=NPV(CERFY)/2A7HA THET,

i = CDMAHY]

F7Hdi = A Bx 7IEeY

el 0] 515 Al coRVEAE Al & v
= A1 goltt. b 29 CERAL 24t
Eal @é 11C0Oeq. 3 £85= AFHER HAASHE
(marginal abatement costs)°|2} T 4 At} A E=H|E
2792 o Al EAp], L8], 25 SO Aot
G, o ARSS Mwel] 3 LelolAlol 3
FAMYR)Z 20208 W=EH = HISHT, 55T
GDPHEFOIHE &3l 20208 &71= SASHI.

3. 24 oY

3.1 B A

e

A

UNFCCCO] 5-=4 T# o]0t CDM AR 20214
7% & 14370t} §9], 559 A AFY 5 122719]
Hers]n] AFG(8170)} Hio] Quf AR A (4170) 2
2, 1A 85%F AA ok AoZ eyt o2
H7EA oA, T 5, YA EE 44, T8
B4, A E U SEAAL0 77 1 ARY 2509}

o] ¥ EAYLREE= F 33719 CDMANYE AAst

Table 1. CDM projects by type in Malaysia
Total CDM projects | CDM projects
(UNFCCC) (of this study)
Smal-hydro 5 4
Landfill gas 9 4
Biomass energy 41 8
Fuel switch 1
Energy efficiency 4 1
Methane avoidance 81 15
Geothermal 1
Transport 1 -
Total 143 33
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ATE A4 A LlE YA AMYES S utao] gt
932 Q8] UNFCCCOA] CDM 2A7tA ZHEANY &
Fo A A5t 4 dh A (Large scale hydro power) AFY
I FAA F7H30] A5l E PFEC] Bl B B
7} HHE A 8o] Q3R] &L Positive list(Z7HI AHs
A5 71550 x4 7l& A 5ol ok E3 A
o] e B0 o a9l E&(barrier analysis)THS 2]
&3 A4 AF BRI Y 59 AFEEE oefs
7] ojE 9] A GNA AQstATE. mhAte 2 ALY <
71483 o] first of its kind(F 22 =YEE 7|&AN)QA
8%, EEo EAEA glol CDMANICE 550 7}
5ot7] Wl EAdolA AlLlstict. ol 7]Eo
mEt HFHoT & A o= T olAote] CDM ALY
% &Y, Wy7tA, vol oA o], AR 85
WA, wEelE AME AN eR A5kt

3.2 Xtz +3

& A7) =22 CDMARE S 24A7EA SIS =
=2 AelME ARE S v1E 3§ U B HlolErt
Bt} dole] +4L 918 ARVIEAZ UNFCCCo] A
E3 AP EA A (project design documents, PDD) &AM
AT R Financial shee S TH83) ALle] T, 293
], WAEl IRR, Aeleg), A7} salvage value) 5
o] A2 2-gshith. T2 CDM AL 2] Aol
of A% W Age] BYE o] S v 85, e

A SO FEE GA AJUARAS o) 2P
4. LHOIAIO} CDM Al 24

4.1. CDMAIY +1&: HEIjAIE e ] HEOHALY

COMARIS A A2 oAkl Hlghaem AR
o BEF 4 Utk F ARISYL 7| $9889 CER
2:9] 919] 4:¢lo] ojt] A 7] Ishrto] whet TEEC A
g Al e A BASHE Ao, JaE e
sl CERTHN4:9) 910] 371219] 40l WAL, Bt
W, (k) A Al e of] AL o= A
QolAtt, Mg AAch Ak A L2 A8sH
Agjolet. Z, M) o]9)o] U0 E R H CERTS
% o] $4HQ 594 WPAIIE AAL Jujic
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Table 2. Electricity sales and non-electricity sales
CDM projects in Malaysia

CDM Electricity | Non-Electricity

projects sales sales

Small-hydro 4 4 0
Landfill gas 4 1 2
Biomass energy 8 4 4
Fuel switch 1 1 0
Energy efficiency 1 1 0
Methane avoidance 15 5 11
Total 33 16 17

2 A9 BN A 337 5 16719 AbQdo] HE
) AR, WA 17732 H|GFF) A Abfoltt. H]
A Aol tiFE2 Hes]s A9 H7E A
o7, BAE A AA Lvgo] TE B4Rl Y
(BHEro = QIgh H]&3]u))o] WAYst= ARdoltt. Y
of et ApAIGE -8 4374 TR o

WA, Zeo]Alo} CDMALY 5 HHANI S E4Q A
Al AulE&F A4S A EQIT AR Ve
FHEE 88T AYPAES Y WLE Fig. 1914 &,
Asdey /A AFY A 1L Fol UR AA 1
o A ZFAZIA] Ekiet. dedgyt aesfA
A B B35l WA (combined cycle power) A0
2, 5 AHhe E44 1 727 e Skl {7
o iZolth s F AMES A|Q]otH, HiolujA AFS]
AR Aol tid A 5 BlaE 2 dS
Ade}. ol HpoleujAR FEH= FF H 7= (Palm
Oil (solid) waste) AFQo] FH|o]Aote] 8 A O 2 A
H7|E 50| S5t ARdtE7T st Aes o
SHEL}. 1970-1980 Afolo] wao]xjob 2 o]
et O ARSI A Gisty A AA B AR 9]
FHE SHOMIoLR o]HAI7]7] &= FTH(Eom, 2017).
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Fig. 1. Installation capacity and power production of

CDM projects in Malaysia

Table 3. Average facility capacity and power
production of Malaysia CDM projects

Capacity (MW) Electric(ilt\if vaelgleration
Small-hydro 4.8 33,376
Landfill gas 1.0 4,363
Biomass energy 9.8 61,268
Fuel switch 190.0 1,329,856
Energy efficiency 330.0 712,011
Methane avoidance 1.7 7,142

4.2 CDM AfHQ| HIBHZE

COMAYIS] Bl T2 A FAIS} il T
Ao SAIE AYS Y] Ao 1HoE Aass
H|-go|w, &JHl:= FAH] o] AFY9] ol AMEE=
O&M (Operation&Maintenance) H|-&, A& 9 o]z} 59
Wlgolth Al FAIg LIS BAT B UES
&85 2A7A A9 SAMES

EXZ}H](investment cost)= A
PFE7] Aol A== FAHE, A
gol.
TEE
EENETA SO, ¥ A
F G9E Hwrt E7Fssto] Azt 2A7RA
H-Go 2 AJE FAH|E Bk

oz

S~
>,
>
jins
1o

A

ZsHlg 23

22| O] A IO 605

stick: investment cost($/tCO,)
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& operational cost($/tCO,)
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Fig. 2. Investment and operational cost per emission
reductions by Malaysia CDM project

At 9] @9 FAH = OhE AMIET H
o ZAOE YEgow, VA 45
AAl 8 AFAET Hlas) & Ao Y
. AEAS AMYS d=RdE o) S
Z(combined cycle)Z AT 7FAER WH7] F et d
3|42 7] 7] (heat recovery steam generator) T T,
Z71E)H1gA 7] (steam turbine generator) $F ThE A X
floFst7] wiizol 27| FAH & g HdulES FAIst
7] 9%t &QHI7F B2 AL E AdEH. 11 Qo] A%
LA FA] G TR Bl A w2 ol
o, WjF7tALt WEtd]n] AFYE Hw A ¥e How
UEETH & 298ls WE37tA, v A as, we
3 A9 BHEC] HhE AMEY HZFS o @2
How yehgth E5u o|ABEAYE 330 MW Y
diatro] dulgFo= Esta, 7€ EA7] Ax
(retrofityE 53l YA EE&ES /NAst= AFdolr] &
of FApret £Pu7F AdRMSAY TE2 =4 gt
I werE ) shR|NE A% oA aE AP &

Hejatol 247t 3 AMTE EAFE Fe w5
g ¥ Aol ARAVT UA TS AALLY 54
2 gEet T 15 SE Qo
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Table 4. Average unit cost by CDM projects

(unit: USD, 2020)

cost per emission reductions

($/tCO,)

Small-hydro $374
Landfill gas $103
Investment Biomass energy $138
Cost Fuel switch $576
Energy efficiency $226
Methane avoidance $77

Small-hydro $11.42

Landfill gas $8.51

Operational Biomass energy $15.18
cost Fuel switch $30.64
Energy efficiency $3.37

Methane avoidance $5.82

4.3 CDM Atgie| gjtx
4.3.1 YUFZ: HHTORALY

CDMARIS] 28 29e CDMARIS] B9l 47}

2 P52 B9 W CERS Wolghoan g 5glo]
o}, SRk P 4178014 A& e} o] CER

29l &F2 Fol F7HHQ £YUYE FEE S Qo
AETIAIA Y] 718 Q1 902 A e =Ry WAt
o, H|(JF) DAL AFHuf7t obd Ve EES
Bl 710 U2 AT ohA] g, ALY
U2 CER e+ g mm4=9]ol™, H] = wj
A9 U2 CEREHSY+7Eoltt. 7144
Ago] A o] Alot HEIL 2011 ERE =Y 29 F
ol W2} 2] YA (Feed-in Tariff, 0|5} FIT)9] 912
3R] Aottt COMAY Y3 = FITS 722 E-FH)
o] miA e AE(2002.11.11.) o]Fo] =<
EATHH, Hlo]AZl Al E AT o o]F st
A &E & USS ZASHA EHolAoFY FITA ==
A ol o] %o AFEA7] &l AT AFAQ
AASS 18T off FEALFS AQstarl AT 5= ]l

THUNFCCC, 2016; Korea Energy Agency, 2021b).

_ ®electricity sales  # non-elec. sales

333,000 | ®
100,000 °
60,000

50,000 | L

Revenue($)

40,000 + Py
30,000 +
20,000 + °
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[]
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L 4

Hydro 3719 |

B
H

Fig. 3. Revenue from electricity and non—electricity
sales in Malaysia CDM project

o ARGl A ABALE = A Y] w2 HErol
2 HEDZHMYRAWh)o| Mol Fo= w&ot
Aot AFrle dE8E sdoks 7190 mEtA o2,

FEO uie f 58491 AHYE Y5t Y= =971
o9l o] AJo} A 2-ZAHTenaga National Berhad, TNB)2]
A A8 Gang and Lee, 2018). & AF-S] HliFAL
A T tiFE] A FA] Dol viee] AYg-S
g5k TNBE 59f A2 Halisial 9lom, Hio] QufjA
oA Atdat JENM AY YF+= SESB (Sabah
Electricity Sdn Bhd)o] A& Tafjstar Qo AME A
72 A48 ARRIo] 0.17 MYR/KWhH, mi7tA Ab
% 0.22 MYR, Hfo|ujA o A] AFFefAl= 0.21 MYR
0.33 MYR, H&t3]y] AJA4L 0.4 MYR 2 0.34 MYROE A}
A71Ed E HEPER Adolgt AoE UEt

AR HE AT B E A ol A A st
£ F7Fr2 Fig 33 2ot AEuiArg o] Az gkt
NAAEEAANA AgGdo] 7Y TA A= A
O 2 YERSITh ol 9FA] 71&St v o] T Aol A
FAAo] JrFOo R F frol7] fEQl Aog 4
ok ol T AFRGS 47 148 Aol 7] oo
71 gko] aig AFERgol Higt EALS AYA = X3
£ Aol At} sk i 7kASE Higrs] T AFYG o
X9} Zro] @2 CER¥j=Tto] R-Ust =Y, 7t
o] AR ke AT EA 51t

2) B35 Agolgt LAkA AulE7)e 9 duol AhA olde AT Ao ARMIUA RIS 9% FIT L RPS AE Fo it

(UNFCCC, 2016).
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4.3.2 $YUFZE: H|(GF) MBTOHALY

AN A 5 8] AgEiArg S w7k 2A), HE
o|euiA U4z, Mg H(114) AFLe=, F 171
9] AFQoA 1] A<= (revenue from non-electricity
sales)o] F7FpQl o2 WAt S|y tf 79| 7]E
AL TRZH(palm oil mil)2] 5L S35 FAYsh= A
0% Uittt BRFYOIN WS Rsdont
B, A dofo = Ijt HE3]y 4, H|&,
Hel, A e, € ®59) 4 Dobe WiHH|E 33
%4 5ol 3Utk(Table 5).

Table 5. Revenue from non-electricity sales in
Malaysia CDM project

CDM Revenue information from

number non-elec. sales

Steam revenue, Dobe removal
Landfill gas 4663 o
tipping fee

Biomass energy 7371 Fertilizer revenue

Biomass energy 9049 Sales of pellet

. Shell saving from the mill,
Biomass energy 9245 . .
Avoided diesel purchase

Methane avoidance 6487
Methane avoidance 7245
Methane avoidance 7587
Methane avoidance 9142

Diesel savings

Diesel savings

Diesel savings

Compost sales

Methane avoidance 9171
Methane avoidance 9178
Methane avoidance 9183 Compost sales

data: PDD of each CDM project (cdm.unfccc.int)

Compost sales

Compost sales

7} Ad'E PDDO] WEH, F---{CPO) R H#d(palm
kernel)S 7155l oA EFB (empty fruit bunches),
PKS (palm kernel shell), POME (palm oil mill effluent) 5
o] w7|zol WA dot. S35y A Eto] A #H7
EQl EFBE= IAHZIEA Y] EA 5=, CDMAY
&5 B9 2714 EHISH AlAER AAske] HrlES
Eulst Al & Stk of7] A AFAHE E]H](compost)= 215
= wjEo] 7edS AYAIZITH(Compost sales). EQF
7549 wa AYA AN TS HRTIAE 3
o AgS A 4= 2o, ol gATA7E HiAstH

TAEBFEFC R QI v-&3| 1)) TYAIF 4= Ut
(Diesel savings). ZL &] H}o] U2 ARQJo]A LAYSH= H]
H(fertilizer), H (pellet), (shell) 2F T-F-F49] H7|

YEHIE FY: LO[AOF 607

=2 Ut 7|ekYo|th(Fertilizer revenue, Sales of pellet,
Shell saving from the mill). TSt & Trfj4=Qlo] BAYsH=
WFH7tA AFF-S H|A7]-83 = (non-electric furnace) 574
of 3 d& A4tolr] fIt AEE Dobe (De-oiled
bleached earthyE ARE-St=H], -88=0] 4 Hxd I8
7F glol @ wujgo] HAYSEAL, DobeE MET LRVt
310 Dobe tiHH]-E Ju|= QIst =¢Jo] TSI Steam
revenue, Dobe removal tipping fees). ©|274] CERGY €]
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