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Real Option Study on Cookstove Offset Project under
Emission Allowance Price Uncertainty

Jaehyung Lee*

ABSTRACT : From the Phase II (2018~2020) of K-ETS, the offset credit from 'CDM projects that
domestic companies and others have carried out in foreign countries' can be used in the K-ETS. As a
result, stakeholders in the K-ETS market are actively developing overseas CDM projects, such as the
‘high-efficiency cook stove project’. which can secure a large amount of credits while marginal cost is
relatively low. This paper develops the investment decision-making model of offset project for the
‘high-efficiency cook stove project’ using the real option approach. Under the uncertainty of the emission
allowance price, the optimal investment threshold ( p*) is derived and sensitivity analysis is conducted. As
a result, in the standard scenario (PoA-S), the optimal investment threshold is 29,054won/ton, which is

*

lower than the stock price (p,,,,). However, allocation entities are not only economics in the CDM

spot
project, but also CDM risk factors such as non-renewable biomass ratio, cook stove replacement ratio,
equity ratio with host country, investment period and submission limitation of emission allowance. In
addition, offset project developers will be able to derive the optimal investment threshold for each

business stage and use it for economic feasibility checks.
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HEH 712 2EANS DS NES FASH HIANY MBSH A7

LM 2

2020220154 149 129 A5 24 7FA v & A A (K-ETS, Korea Emission
Trading Scheme, ©]3} “BjZHAZA) 7} AR 2] 6 @A 0=}, 22} A|E 7] 7H2018~
2020%d) o] mpA| e o] R A= o] a1, 32} A& 7] 7H2021~2025) 8] Trgo] o] Fof x| = 3
olt}. 22} A7) 7] &3 8-5 2 13 A2 717H2015~20171d) thH] 5.2%(8,7171E
) S7FSFAAL AP SRR 12 A2 71 7E o8] 1.8%(2,8257H #) 2k a e = Qlrk($F
7% HEA, 2018a)). 134 A2 7|7k0k23} A1)7]74S S h AR A 4, AbA e o)
&AL WS, ol ARt 2] Fol Adolsto] S avtol thgt Theen] il of 2,
W51 85 ¢0] 234 418171 7bol 13} A8717F Bk ol ol e 75t A4 X el
&2 7} 2o BE T AL Wuke AHol.

20159 1€ 129 A AFAFE KAU(Korea Allowance Unit) 2] & A4 Z£71= 8,640
H/EKAULS) = 13+ A2 7|7t vpx| ) A A (20173 128 28 L) 7HA] A H <t 32%
& S(CAGR)SH BH 23} A 27|17 A AL (20189 1Y 2¢) F7k= 25,0009/=
(KAU18) 2. 20199 129 304 714] A%+ 38% AF5(CAGR)EH TR,

ol ZA wiEH 7HA o] F5 Tt ol f= ol 7] HQlo] A& 4= e, Ao o] s AI A}
S S 7H weol Wit Bl a A o2 vl S SHE ] ffal & FARP)S #
51 9tk 20159 AR A3 o] 2t Sof T 93Ae] 5E A%}
o

ul, 5251 A1) % vtk ARelo] Ao} ofsjEARRS o] XA o2 23]

AP E8 71 T2 U @ FARGE obd 2t sl 9] o FAR & Eastal Al sl 9] 9
AFA2 UNFCCC AIABHY == a2 78712 A1A|(Clean Development Mechanism,

1) 3R BE2E(2018.07.12.), “QA7LA Hi 2 S} Zekol 3d7F 179 7,7130H £

2) KAUE=20159 19 122 3 AFQ) 274= 8,640/ E(KAU15)0| 11, wpA| g} 7@ & 27H=20159 212,000
Q/EKAUIS), 20169 = 19,3009/ E(KAUL6), 20179 = 20,0009/ E(KAUL6), 2018 2+ 25,000%
(KAU17), 2019 2 38,100/ E(KAU19)S 7] 2511k,

3) “o]RARI ol Tt A o] 22 G A LJiof| A] o] R X = 2AITEA FEARY of T g BEAbE Sal S
S SR 5 9 =AY S vttt QRARY2 2 A UNFCCC 14 of| whe) a9 W ol A R =] AU 2
P& o)L 9 = CDM ALY’ o] Q1L o] FARY BFg/d H7F 2 S Aol ek A3, of wh& =) &%
Ard’ o] glet
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oJs}‘CDM’) Abl2- ofmfsh, =il @A of| B8l FAH2| =5 (Host Party) 2] =77}
A3, A A, A7) A W 3K ) 2laa 5o f e aEe] 2R
oFAE, 2009)5}1, 3l 2] CDM A& E3f) W% CER(Certificated Emission Reduction)
= =fjoll ARE-817] f1al gk AN A S AL, 2018)F A A oF gfoll = E5haL,
A2 S AN B8] AFsHEA B o HiEES SRS 5 Sl
cho|ch.

31€] CDM AFY] & @A i ofsfldAIARE o] FAFSEAL Qe AFY 9 shu7h e &
F2EH(Cook Stove)” Hg AFlo|th of7]| A AL A& SAEHT A, 25 5
223 FAAELR B4, AWE, A5 502 ARFT, TES RAEH B
olgh of2|Rt A& FAEHE = 7ol Byt =i vlo] el Bl Skl g
59 S FE 2AVIAE AS5he ARlS 2Ju] gtk UNFCCC CDM A A 7F A2
= 0]3 2009 o] R] 2] o(Nigeria) AF(Efficient Fuel Wood Stoves for Nigeria)3)-<
AZto 2 T emg O 3t FAEH HAbYd S A& 02 S e il Qlok S
EHOLHHE Al = 2 1§ & FAE H O] B AR ZF4(Minang, 2007; Miah
et al., 2009), 2417}~ ZF=(Panwar et al., 2009; Johnson et al., 2010; Mobarak et al.,
2012; Dresen et al., 2014), 37|12 L A7} 7§41 (Panwar et al., 2009; Mobarak et al.,
2012; Aung et al., 2016) F o) 2L Ub=0] A3}t 12|y oA 71R]| FAEH

=
of LML Aol LS A WY ol HA19H AT gk

¢

e

-

i
filo
re
X,
ol

AL WUEOR 27K PEAAES BAR A7 22 H A0 et A

A U3 £A71 eI URGE) B el £A7kA U eIs elAie) om

Ui 4= 91k 40 VRS T TR Mol BRI BT 7
d} 1 7F=H]-8(Zhao, 2003; Park, 2012) .2 A5} )

A S AEsd PHEC R AR A s i Abe Rl 238 350

ATEUT. AP ARLEAA JEH ATL FEA - HEH(2009), Park

4) ARFAIE(2019.11.14.), “SKEH T, 117] ZA AL} w]okalo] FAE B 4320kt # 4.
5) UNFCCC CDM (https://cdm.unfccc.int/ProgrammeOfActivities/registered.html)
6) 27k S EA YA Y WS B Yl Q1S B A3, AN A2 A37E
“22A A A AufA 2 G ool A B E= Bgofl 93 AN A AT v s AP H B
119 7)0] H= 229 HHE wItT
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and Jang(2010), 7 - 9+5 A(2011) 2 Yoo et al.(2018)0] it} & Ao A = Y&
A upR7 R 2 B35 A vl & 7 (A8 A - BF5 A, 2009; Park and Jang,
2010; 97 - ¥F54, 2011 2=0](Yoo etal., 2018) © & A5l o] 4515
Ch AF T 9] 9] st o = gt = BHE7g(2012) W S A - 712-78(2017) 0] Sl=d,
£ o7 B ReAT gL WET AR Agste] Basldr

B e o] RaEAelS S AR AR oISt AR

& FAER WA ol ofe B Y BFe AR PHES ol -§3to] A
) =)

N
=)
1
=
cl
:‘F:

.

=3
e
[
N
iy
lo

t}
A7} ] FAL Gl 9] CDM * 1§ A% 8 B AR 445t
2 LA GH YHES B8 n S AL

19100, o] A= UNFCCC CDMof| 525 ARI=b AR] 73] 4/(PDD, Project
Design Document)of] A| 4] uhebu] gl 2 heho 2 AZEA8 slolr), upxufo 2 [V

Aol e AR Aot AT A A A B B 5] AES Ak

UNFCCC CDMoJ A= CDM AFY -3 ofl W2 A5 25k it i E A
Al5Fa Qlek MR e ALe] ol we} oh i (large scale) AFY, 47+ (small scale)
A, 2 22/ A Z 2 (large scale A/R) AFY, AR Z3/A Z 3 (small scale A/R)
Bk 23] 9l ZZHCCS, Carbon Capture and Storage) AF¢1o] Q1. o.H, o] gk AFY
o]l B} CDM A1) m@% Aaksto] A5 e,

ok A ARle) e i HowA te] SAR Wee] CDM AlIE s

7) T osARe] By W7k 9 25 Q1] T 4|4, Al A2
“QEARY AR RE QARG 9 W AR B 2ol Yol Q= AMFAIE Wk, T7] S Hstof w3t = A
A 712 ool thet = AL Al12220] T2 FANEAA AFY S Sdhe] B gt 2 A7k Q15 Ao o
& 29902 71 A2 w5t
8) UNFCCC CDM Aol A 7 8HaL Qs tht EARY-S vl 455 60,000tCO»/ 274w =AY S ofw] s},
ATFRARYS 60,0006C0/ 9 0|32l AF}S OBk}, ATt A1l A 20,0006C05/\ 0]510l AR
T A}%‘OIEP gt
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of ZRAEAY FolH FET 5 9t Ado] g ] o]F T2 IARI(PoA,
Programme of Activities)o|2} 2| At} o]= PoA Aol 7HEAFY(CPA, Component
Project Activities) 8 7|E F& o Y= A= 2ZA] 7iE 2= 2|9k th=9] G-AFSH
FE O AFS N A 02 T55h= A AR B8 A=5ke] CDM A= 243}

A7)#e Azo]t.

o] % MEE FAEE WAL A 2AIA PEF TFRE AA T, FUTFF2
8.8 £ 7] ojo] hkg B of Shute] PoA ofef of 2] 7o) CPAS Fr= 0.
2 RIS 2T A 5L AT PHRORE ANH 02 27w AR HHE

‘(AMS-IL.G) H]-Z}A3 H]—O]Quﬂifﬂ G7)71o|4 oY A a8 ZX|(Energy efficiency
measures in thermal applications of non-renewable biomass)’ W'H 22 AR8-5}o] 241
7} ZF2 2R AR FTHUNFCCC, 2019).

UNFCCCQR019) Y2 2 17 & FAEH BRIA| FAEH 17]9] 2A7[A 7}
S A (D)3 o] yrekd = QI

q<t):B t ></1’><fNRB><NCI/I/’[()HLH,SS ><l(;‘lpPJff><L14—F‘ (1)

savings ( )

Bsavings (t)
g FAEE T NS

fyrp : BIAAY vFo] o} A (non-renewable biomass) H|-S

: Biomass 7<% (£//71)

NCI/})’/,()HI, ass - z’l__\—\jE]-oE_‘j%‘: (TJ/%‘blomaSS)
EFpj e HiZ A= (/1))
LAF: - 2A5

A (DA B pings ()= B= A AF(WBT, Water Boiling Test)S 33l T}
(2)2} #ro] 713k 4= QILtHUNFCCC, 2019).

Al
Y

oo

2o upz il 2417k TE G912 1C02e(O| SN FEY & ULt ofslol 4= B 0 2 s}
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Nold

B pines = B

savings t=1,new

X

Nold
1— 2
17”('(17 ) ( )

— 1)— B, <
B, gyings (t) 1 TAE B ARE-o| k2 Biomass 71555 (Fbiomass/1d/7H)
B,_ | et EAEH Biomass ARS8 (Ebiomass/H/7H)

Mnew * /l\l‘ﬁ’_ %—é—EE i%
Notd * 71% i_—/—\—E—EI- i%

2ARIA7E CDM A 35K o - ARIAE St eiA ol B el &

A7be BEEE P ARG BteE BA0l T, AR RGN F 9ol

CER o} Fiuf H% Al wofstels Eaolet. T1g7]e] AYAT(Park

and Jang, 2010; P_J/ﬂ 54, 2009; $HU7 - BrE A, 2011; ‘ii@,, 2012; BF5 A,
Z

(KOC, Korean Offset Credit) 0.2 4% ’8]-031:}. :LE]_T’_ Ay 0,1—7-9]- =23}A KOC vj&
H 7142 o 4] (3)x} o] 715} Beke 5(GBM, Geometric Brownian Motion) &+

EEE TE2 78T

dp(t) = ap(t)dt+op(t)dz(t) 3)

A Ao A a+= pol 57H(Drift Rate)o|1l, o= W54 (Volatility) S S35, dz (t)
+ YY" (Wiener’s process) 2] S5 o|u|3ict.

Q)AL R} 7} A 7E ¢ of| A BhE B1= vl &A 2K Ng)- A 7H ¢ of| A] EA]-5-2] =K Host
Party)of 3¢ FAEE (W), SLEE UG A5she 247 453 q), F4
FA) 3ol AFBHE WS U AT A E-E(0) R TAE Y, ARIARe] Sl AR
7hetEshe S Sl S d M S Folo] madith thEo R g SIAER
AT (e)), 2] (e) B2 M (eg) 2 T ], CDM AR el 5 918t 2538 (k) 7
AGT) dubE o2 LAZLA ZHEa) g AR Ao A v g ES 4R

5
w2 0| x}sk(quadratic cost function) 2 7143} tHZhao, 2003; Bt A, 2005; Park,
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2012). o= FEHEO| AYLE FEHUGL ASH O R 7}
oh NP FAEH BFAGS AY FEFE FAsL 2
AR Rl AL 1§ H4E YRAF TR 7PYstac

ARH 02 ORAIALY o] &3k ThE 4] (4)2} o] Liekd 4 9Ie,

Bl

rr

e

>

lo

I,

of

<t

fr e
o

m(p) =p(t)dNg— N((1+ ¢)c; + ey +¢3) — k 4

6 Adte
N:EAEHE BINE
cp : AJAFETH /)

¢ IEE

¢y 1 258|(/7h)

cs =GR/

ks (1A R], U B, HEfdold ¥E-5) (H)

o2 FTH ARAARY] AT g ek,

Vip) = EfOT[p(t)qu— N1+ ), + ¢y + c5)— k| e~ dt 5)

st.dp(t)=ap(t)dt+op(t)dz(t)

A A (5)o|A E= 7|djAAkR ol H, p= 3Hol 8-S LEPHT) ESt 7= FAEH ALY
] 7] (Duration of PoA) 24 CDM A 2] 79 Ak 55 U vl & whaj o] wk7| 7} 4
Joll 7= {3kt 3 Zh =t}

Zol 4] Hejatnl Theat 2eh0

:oé
2
mlm 0,
N

SnNVe N1+ o¢)e,+eyte)+k
V(p):pp_gT]* 1p S T, (6)

10) 0] &0 ApA|EE Fo] ol s A= a4 (2018)& ats}7] vigkh
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A7V Ty =1 7T W Ty =1— ¢ R Ok wof o7t F A

T, = T, = 12 5817 5L, oli= Ak] 717t0] Baiel 490 71d) £@AHAS
ofujgiet,
The0 R §4 71X S ool Btk RAEE B B4 ol Ho] SIS F(p)

2} o o], Fp)= o|E HZXAT(to’s lemma)e} &f|W-E-2}7 v]-HTHHamiltonian-
Jacobi-Bellman, HIB) ¥4 A& vlgl o &2 Al (7)1} o] A2|g 4= gt

1
pF(p) = apF,+ UpF (7

pp

oJulA] 0 & 94742 Dixit and Pindyck(1994)0l|4] & oFed 7l upe} z+o] 4] (8))
FHE 2=tk o, o7]olA 4> 0 W 3> 0 22 WSSk A o= A Utk

Flp) = Ap’ ®)

A (8)= 4 (9)] el Z*F%P E}i—‘ﬂ A (9)3 ol F2 e = QU o174 p=HIB
_]

v A o 2 HE =3 £ 4] (Characteristic Equation) 9] 3|2, EA414 4] & T}
< ek
L
af+5o'B(B—=1)=p=0 ©

ﬁ—l1+\/(li)2+2—§>1 (10)

S A 2L FJHEAAAA(p ) Fallof 51 b 0] S71x A(value matching
condition) ™} 34| 2 A(smooth pasting condition)& HIE S 2 =<3 4= QiTh
SARAL Flp) = Vip)— 191 22% eJu5}m o= kg 4] (1)} 2eh. k& Ao
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A 1= S RARIALY H7hel 2] 27] BAPH|Z ofulgtel.

N((1+ @), + ey +c5) + k
Ay’ = Na (AFg)e +ertey) -1 (1
p—a p
SHARAL F,(p) = V,(p)olH, o] =4 (1) e 4= p & &3 2718 v
sk
B—1 _ dNq
BAp p— aTl (12)

A (1) % 4 (122 Ayl Aeishd that 22 HAFRTH0)E 78 5
SAck okl A (13)94 7 = 1™ VT B 7, = 1 ¢ 7S Jmjgieh,

o [N+ d)ey e tey)tk ) 3 p—a
P= P T2+1(ﬁ1)(6Nqu

(13)

A1 (13)9] $-19] 3/ (3— 1)+ FAE A A= 9S8, o]& |45 (option
multiplier) 3-2 5| A~ E| 2] A| 2 (hysteresis) 2 A 2]t} B3 A o] 2R 5= Al Ao A =
25 p o LASG7EEAEH HE, &EARIA) -Er AL AL 2 =X

SO 2 ohE H| Al AGES Aofjof gtk A gk HAFARE7I A 4] (13)2 4]

(1Dl Ut & FE2 Aol sl Hejehe =i = = 3

Bl sp" N((1+¢)ey +ey+eg)+k
A_(L*)(‘Squﬂ platatalthk, | (14)
p ) \p-a P
BepAo] gl Aol Ao HARARHE 4] (6)& vhgro.g 73 4= 9k &,

V(pup) = 1= 02 HFFO & < B3t 8 1 35}A] ok 1 o] HATEAEY - (p,,,,) 2
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. N1+ @), +cyg+es)+k ) p—a
pnp1 - P) 2+[(6NQT1) (15)
AH o BNt A Q] HHRAEIH(p ) 2l 4] (13)2 B4 S T
SR 9% W] HHRAR () A A (199 S45H 501 Bl 1S
o4 g
* _ ﬂ *
p = ﬂ_l ><pn,p'1; (16)
. 235=4
5 Hol A gPolA] mE WS 7h BEAAsol A o] SAEN A Fap
AR A2 Skl 51710 4 A I selele g
k.
S/ GBM SHE31 2 2 wiET 712 (1) ) £7h82l a 9 WS AR] 0B WiE

o

rl
Sy

A 7H tloE| 258 4= Stk y(t) = log(p(t)) —log (p(t— 1)) = 7 9Jst
A ZKtime interval) S A 2}l A0, p(¢) 7 GBM FETAH S w202 ¢ (1) = 4
BEg 2 A goh A PEEE g2 (1) 9] Bzt 2ol E(y(t) = (u—0°/2)A
o} Var(y(t)) = o’ A0| B2, y(t) o] HEH 3t y & FEHAEs, oM a=y/A+s)/24

=5,/ VAETE 5k AEH AR E 0|88 A a9} 0B FATIIA T
B A=10]1, YHARE o]§T A A =1/127} HoKEFE 7, 2005). 2 =]
A A - AR 017)3 2] A FAE ukdsl] 918 A = 1/244 2 A5}
=T, 0= 2015~2019 3k vijd AAPE A LID o] atolch

ol 8 Mo R EEdtiEH VM S7ke(a) R S/ (0) A2 <3k 1> o, o]

O

p =
e

11) 2] w22 A Ao 29201549 19 122 7143 o] 201592 2429,
2439, 201811-& 2449, 2019@3 24698 A st aew vEy - 18
Q_o}ﬁl;}

201692246, 201792
(2017)& A=1/250& &
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T & =woll A= ‘Case I I B Q1 a = 0.0287 A 0 = 0.1272F &5}tk Iut
Moz ABEH BACIA HARALRA ) £5 2 NgE BAL I3 A4 271
O 7 a < p& 7PASItHDixit and Pindyck, 1994; ARG - G 4] - AL, 2019). o]+=
a < p Aol TR 2l A A Al 2R 0] sfaE= 7HA 7 &
A, o = p2 AL EApmo) o] Tl Rt =7]o] Fxh 19 A ML B
A efshA] A Frk g 7o) & =moll A= ‘Case I 9] Tfejn|E| 2 24 5F

: E X RS

A7) BE W U= 24 ARSI e i e A3 A

“
(2015) 2 957 - ZLAQOINONA HE3E p =005 FUsHA & g3hec

(& 1) HiEH 7t mi2tolE

ulgbu| g Case | ‘ Case 11 | Case 111
o KOC d&
ALde 2018~2019 2018 2019
717t 2018.01~2019.12 2018.01~2018.12 2019.01~2019.12
=271 (a) 0.2575 0.0287 0.4843
HEA (0) 0.1358 0.1272 0.1426
& (p) 0.0500

(& 1) KOC HiEH 717 0| (2016 05&~2019H 12¢)

Case IT

| /KOC)

[l

oF

[
L
[
c
c

o o
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The o= QEARARLS) 75+ wetn] g ol). 75 stetnlE gt 4] (1) 2 4] (2)9]
Q1 mhetulE| & QRARY AFAAZE 7159l W UNFCCCOll A 552 S8l A&t
A A E A (PDD) o]l A A1gE gholct. @] FAFY A= UNFCCC 55 A| PDDE 2Hd35}al,
& PDDO|| 55 o whetu| 8 & A|AIgheh 18]z Abjlo]d) 9 U e | 7| 7ke] By
Bl HaLA 2 A AA RUE g atetu] e S Al A gt 19 7] of PDD/2] Tt
1] e 9} MU E g B Ae] mhetul ] gh2 Aol 4= 9l B =EolAls YRAN
A7t FAEH W BAALY QJAMEA ThA| o A &-8-517] 918l PDD O] st H & 3
F getu|E & 2853t
ofbel| <3t 2>of| A AT BERF O] B, H ¢ W TP E = ARIAfIIT o] 8}
t}. o) Hgdle SAEH O a8 9 FAMA|=(Host Party) 0] 574 of| w}e} afe}n| e
7S Uitk S8 NCViouass> EFpyyy R LAFE SEEB A5 P
HE WA et Aoldh ke 2= AE & 4 itk
7o) B =Rol i o RARYE HHEAET|H(p )& E&317] HsiA ZH AR
H PDDof| A A| A3t w}etn] e & ARE-SFGI T TLe| Al WIZtE FA1S 9] 7]'1£‘}\]1’]'E]—?—
(PoA-S)E A3t e, 1 HOE B, iy B FHUE(B, 105 Ncws Mota)> 1 %

(E 2) ZU ARAI AfiXtel Aleie Zt&2 mtato|E

PoA
T el PoA-1 | PoA-2 | PoA-3 | PoA-4 | PoA-S a Rl
HPHE W Ver.7 | Ver.7 | Ver.8 | Ver9 | Ver.9 - -
B, 4.180 4.210 2.300 4.390 3.770 | Ebiomass/d | Ht
B pings Notd 0.100 0.180 0.110 0.200 0.148 - g+
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