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Abstract In this study, the optimal level of CER issuance price in the energy industry was estimated using a
real options considering the uncertainty of emission price. As a result of the analysis, the break-even point for
CDM projects in the energy industry registered by UNFCCC from December 2012 to the end of 2021 was
0.64-36.69 euros per ton of CO2 for each individual project. More closely, the emission permit price that
reaches the break-even point when NPVw/o CER+ NPVCER = 0 is estimated to be 12.10 euros on average, and
the emission permit price that reaches the break-even point when NPVw/o CER + NPVCER = option value is
estimated to be 12.63 euros on average. Meanwhile, the option value using real options to reduce business
uncertainty is about 19% at the 1-5 euro per ton level, about 11% at the 5-10 euro per ton level, and about 5%
at the 10-15 euro per ton level. It was analyzed that there was an effect of increasing emissions prices due to
uncertainty reduction. The results of this study may be useful to greenhouse gas reduction project entities,
including investors, project operators, and companies with potential mandatory reductions.
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A28t 7h&EkE Qs 153t 7] %-97] AR
29 QAo et FAALR]9] Q14]o] ghitE]x Qict.
MAZBAZH(World Economic Forum)& 2020 AlA|
AFEIAE B9l AFoIA 7HY & GFE A= 9
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S E3SH 29 AXZE0] 2050W(F=2 20609)E 7]
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ATIAE Fojof & 7|} ERAEA g AR
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2849 g4 mAYSS 1E P A (Kyoto Protocol)
AA5Fe] 247N A (Clean Development Mechanism,
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A5 7 AYS B3 ARJol AN B2} ARY S S =
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4E WE LA ECM)T 1 o2 HESI] A
A5t 1 A3 7Aoo AR &4
2 9= Nord Pool ALAIF9] Hgto] FEE|loH,
Powernext®} EEX 5 58 A A A9 FTFe IA 2
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o] Wy7HA T FAHETE 20 ATE WHSE HE A
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CER 714 0 & giAYo] 27] 5835 AA 4
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9 M5 5L A4 wied A5 FED ¥EY
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EA519it) B4 A3} EUASH sCERS Ae7HA(-), 36
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2 olN
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(CER™) W §87t] 7197H17F E38 Adolet. AAGA)
T2, ohtEo] Boptan U Adoltt. % 7149 Hol
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A7} CER #=2l°] gl 74-9-9F CER 479l 2% 4+
£ g4Isle] Xt 2 o CDM AFEY] 7R AR ISR
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(NPVep)E FARE SEA7HA7F ARG 9] FAA S 19
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Table 1. Comparison of variables between B-S call
options and real options

B-S call option
S : underlying asset

Real option
CER expected price

E : exercise price issuance price

r . risk—free interest rate risk—free interest rate

¢ - variation of underlying asset

) variation of emission price
price

T : duration until maturity 1 year(defer)

B-S & 54 F4c 2ag Heet AESH Hee
Table 1% & 7Fssith. &, S6-&4014 9 7|24t
9] 7143} YAHE (exercise price)= & A9 AES

w

A E40A= CER 7|H7H2 3 Eg7tA o 2 83t 4=
U Zojth. & Aol EAsoF & CDM AI7HA &
NPVwo cer %= CDM AF4AI €A (PDD) Aoll 7141€ 2
< o]-83lth YR AFAZA Foll= NPVE AXIoHA] g
I IRRUFESAE)S AAEE Zo] it o] Bfoll= IRR
S okt AR -84 (financial indicators) ZO]
AtdAE A B71=]e] QLo olF B3l NPVwo cr &
AR NPVwo cer b 7ok 3412 4] (2)2 2.

= Rtfct

NPVyiocer = =0 2
W/ OCER t; (1+T’)t ( )
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01714 C= CDM AFH]&(project cost) 2.2 2} 29]
Por(Z1H7F2A) T LR B Ao)A] AF 246
OF 8 NPVers #& 31 B4 4] (3)o]ch. 2 0]
e £ A9.0] CER A $2& 2431t 24 CDM A
jo] CER Hf o] %] A og Q%Eo}ﬂ] B =y
9| Py, & 343U olof wiEA/IZ 9] Bty
o= gHo PAHEANDE 19 710k B9 Fopy

AR E Z=rt

n ), P
34 Lo = 3)

t=1 €

NPV ogp =

CDM AtH 9] 7HXE 785171 HsliAl= NPV Akt
= EE R AESA 7HE F46foF ettt AEE4 7
A= B-S & ¥4 BEE &9l A==, ol #Ish
SH7H 9] WE/S ASshk= 2ol 5Zolth CDM
ARYE ARJAIRPA = (FAFE ARl whet viEd7HE
9] E54(g)0] th2t. THIEAR EUAE Alslke=
ECX®H715AHA)7F 20058 4¥5E =T Qo]
HEA7HE HEd2 ECX 7HEARE B3l 45kt

Table 3. Basic data for CER issuance price analysis

Table 2. Estimation of variation in emission prices

2012 2013 2014 2015 2016
variation 489 | 444 | 490 | 417 | 548
(%)
calculation annual variation(o)= s.d x v/52

note : Price data is based on ECX CFI futures contracts and EUA
closing prices.
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+20% olAfo] wolof T} SHHH 35 9
o] EAE 2012-2016d 7120 hE A
3t 237} Table 20/t & 717J°1 91

offt ok

N, r.?L
E do ox

-
o
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ﬁ
e

1:1&
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AN 329] 5208 o] A H
3

22 20124 12¥
HE zozlL% nwm CERo] 2ay=l 1’1 1 %—t« CDM At

of s AFIALA(PDD) AollA FE3F 1267]0]ct
(Table 3). ojzoll= A2} JFEHS7]Zto] Ed 20139

(Unit: tCOze, €, years)

No Registration Total Issuance | Crediting | Expected Libor Discount rate NPV
: date reduction price period price (%) (%) w/o CER with CER
1 2012.12.03 565,474 16.58 7(renew) 11.00 0.3105 7.05 -3,717,092 5,660,297
2 2012.12.03 275,835 8.77 7(renew) 12.00 0.3105 12.00 -1,362,908 1,673,240
3 2012.12.03 555,373 15.83 7(renew) 10.50 0.3105 7.05 -2,598,636 6,192,615
4 2012.12.03 603,092 16.58 7(renew) 11.00 0.3105 7.05 -3,335,794 6,665,424
5 2012.12.04 1,053,570 17.26 7(renew) 10.00 0.3105 8.00 -13,814,346 4,373,093
6 2012.12.04 907,040 4.98 10 10.20 0.3105 12.00 -3,039,782 1,480,112
7 2012.12.04 709,548 14.73 7(renew) 10.50 0.3105 8.00 -3,660,497 6,789,174
8 2012.12.04 548,660 16.58 7(renew) 11.00 0.3105 7.05 -4,970,022 4,128,537
9 2012.12.05 606,277 13.62 7(renew) 10.50 0.3105 8.00 -6,474,431 1,782,495
10 2012.12.05 728,861 14.74 7(renew) 10.50 0.3105 8.00 -5,614,527 5,129,113
11 2012.12.05 668,003 9.13 7(renew) 12.00 0.3105 8.00 -433,816 5,667,505
12 2012.12.05 873,012 8.17 7(renevv) 8.00 0.3105 10.00 -6,137,593 993,909
115 2014.12.04 210,850 5.97 10 13.00 0.2349 9.50 -901,011 356,898
116 2014.12.31 177,345 20.42 7(renew) 16.53 0.2552 10.00 -1,949,971 1,671,747
117 2015.04.17 238,203 6.22 7(renew) 10.82 0.2751 8.92 -1,350,779 131,354
118 2015.04.21 769,405 20.62 7(renew) 10.50 0.2760 8.00 -8,062,701 7,801,924
119 2015.06.10 736,754 3.12 10 10.62 0.2855 12.50 -1,052,271 1,244,403
120 2015.07.28 135,401 8.14 7(renew) 10.00 0.2941 13.00 663,042 438,643
121 2015.08.15 145,684 12.48 7(renew) 12.00 0.3093 10.50 -1,594,429 224,000
122 2016.05.11 245,133 9.04 7(renew) 8.85 0.6281 10.00 -1,018,324 1,196,761
123 2016.06.23 508,739 5.73 7(renew) 8.85 0.6401 18.00 -2,890,985 26,531
124 2016.07.22 257,873 17.79 7(renew) 16.50 0.7145 10.00 -515,847 4,071,719
125 2016.07.29 508,739 5.89 7(renew) 9.09 0.7565 18.00 -2,852,930 144,154
126 2016.10.28 16,421 5.84 10 12.00 0.8873 12.00 -92,531 3,424
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129 3978 20164 109 28974 &
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A
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A 4 oo A HA= Hz 749
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AFst 3o ;9‘%% AA=xH= ’\éxe]"é?_g(rlsk ad)usted
real discount rate)O]E]'(Table 3).
o4ty F& CDM AFY Y] 32 B gt 7]
EAF A= Table 49+ 2t} CDM AFR Y] B &
A2 996,478 0149}‘4* S7FE(COe) 22 H T
20,260,270E, HAE 16,421E0]ch. B 437142
Ed 11. 147201, BE & FOigk2 27.547-2 18
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Table 4. Basic statistics of the sample
(Unit: tCOze, € /tCOze, years)

Variable Average Std. Min Max
Total reduction 996,478 | 2,661,030 | 16,421 | 20,260,270
Issuance price 11.14 5.43 0.60 27.54
Crediting period 7.98 1.41 7 10
Expected price 11.34 2.83 4.56 24.40

Libor (%) 0.30 0.09 0.22 0.89

Discount rate (%) 9.52 2.63 5.94 18.00
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49(8798
50(9365
51(8378
52(8423
53(9469,
54(9278
55(9319,
56(6783

2012.12.31 -12,227,042 2,035,456 76,994 14.75 14.88
2012.12.31 -6,918,728 6,014,523 8,902 15.08 15.10
2012.12.31 -148,621 336,037 62,343 9.86 10.27
2012.12.31 -11,670,961 5,197,120 € 21.53 21.63
2012.12.31 -24,366 59,072 27,439 3.48 4.35
2012.12.31 -4,163,909 2,349,504 0.00044 13.43 13.43
2012.12.31 -7,297,873 400,170 0.00052 19.91 19.91
2012.12.31 -4,175,536 27,206,400 € 1.87 1.87

Table 5. CER optimal price level analysis results (Unit : €)
(ProjS; No.) Registration date wo C,\é;t (I Valuz(e:ER Option value Break-even point” Break-even pointZ)

1(8412) 2012.12.03 -3,717,092 5,660,297 €00 873 8.73
2(8317) 2012.12.03 -1,362,908 1,673,240 128,345 10.76 11.28
3(8385) 2012.12.03 -2,598,636 6,192,615 € 6.21 6.21
4(8411) 2012.12.03 3,335,794 6,665,424 € 7.34 7.34
5(8507) 2012.12.04 -13,814,346 4,373,093 € 18.71 18.71
6(8472) 2012.12.04 -3,039,782 1,480,112 474,872 13.72 14.80
7(8476) 2012.12.04 3,660,497 6,789,174 € 7.36 7.36
8(8422) 2012.12.04 -4,970,022 4,128,537 € 12.02 12.02
9(8481) 2012.12.05 -6,474,431 1,782,495 0.00066 16.46 16.46
10(8490) 2012.12.05 5,614,527 5,129,113 € 10.98 10.98
11(8479) 2012.12.05 -433,816 5,667,505 276,582 1.80 2.19
12(8441) 2012.12.05 -6,137,593 993,909 11,923 13.78 13.79
13(8502) 2012.12.05 -19,833,210 1,163,464 1.28 22.50 22.50
14(8552) 2012.12.05 3,050,731 3,730,173 0.00046 8.55 8.55
15(8544) 2012.12.06 -4,151,658 7,539,161 € 12.29 12.29
16(8510) 2012.12.06 7,887,547 4,205,809 10.88 17.61 17.61
17(8435) 2012.12.06 -3,414,398 4,951,814 € 858 8.58
18(8542) 2012.12.06 3,559,734 6,441,129 € 7.01 7.01
19(8465) 2012.12.07 -6,194,280 2,947,268 € 12.88 12.88
20(8125) 2012.12.07 -5,395,710 2,669,765 € 12.72 12.72
21(8585) 2012.12.10 5,819,551 2,549,601 0.00057 13.91 13.91
22(8610) 2012.12.10 -4,935,152 4,240,862 0.00062 11.30 11.30
23(8555) 2012.12.10 -13,007,792 20,098,200 38.46 8.26 8.26
24(8616) 2012.12.10 -3,878,224 2,225,702 15,978 14.19 14.22
25(7891) 2012.12.11 -25,491,661 18,438,012 43,331 10.43 10.43
26(3628) 2012.12.11 -459,675 1,127,426 € 6.09 6.09
27(8620) 2012.12.13 -10,085,255 454,390 0.00074 28.71 28.71
28(7301) 2012.12.13 -1,562,730 10,135,591 € 2.81 2.81
29(7340) 2012.12.13 -1,850,476 494,098 344,241 23.32 25.48
30(8634) 2012.12.13 -9,989,147 19,503,337 5.62 6.78 6.78
31(8635) 2012.12.14 -878,248 7,588,542 € 1.98 1.98
32(8676) 2012.12.17 -6,810,833 6,903,813 € 12.42 12.42
33(9017) 2012.1218 -6,784,976 5,458,082 1,062,807 18.36 19.79
34(8460) 2012.12.19 -953,605 3,158,274 0.00028 3.72 3.72
35(8656) 2012.12.20 -14,034,641 22,622,691 0.1528 8.05 8.05
36(3069) 2012.12.21 -684,714 3,725,165 € 3.88 3.88
37(8601) 2012.12.24 -2,419,878 3,818,485 € 7.76 7.76
33(8826) 2012.12.24 -3,314,435 7,992,670 € 6.16 6.16
39(9014) 2012.12.24 -640,387 1,900,288 0.00042 5.05 5.05
40(9408) 2012.12.29 -99,525 51,562 18,030 10.93 11.32
41(9405) 2012.12.29 -303,899 135,644 101,517 22.64 26.29
42(7521) 2012.12.29 -106,925 7,812,105 424,513 0.22 0.65
43(9420) 2012.12.30 -218,487 57,697 36,101 15.72 16.03
44(9410) 2012.12.30 562,882 50,228 20,371 22.91 23.34
45(8049) 2012.12.31 -13,970,306 42,226,892 9,051,225 5.74 7.59
46(9333) 2012.12.31 -571,768 5,202,097 304,629 2.26 3.10
47(9479) 2012.12.31 -2,394,229 1,897,071 343,200 27.20 29.15
48(8300) 2012.12.31 -6,794,060 3,686,870 € 14.01 14.01

)

)

)

)

)

)

)

)
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57(9467) 2012.12.31 -1,201,897 332,881 84,099 12.54 12.97
58(9222) 2012.12.31 -2,903,777 6,352,196 € 6.59 6.59
59(9418) 2012.12.31 -805,483 3,124,624 576,897 7.89 8.27
60(7954) 2012.12.31 -1,235,092 58,943 62,665 21.12 21.72
61(3638) 2012.12.31 -133,045 116,494 20,047 4.84 5.25
62(9201) 2012.12.31 -4,762,359 145,686 499,254 16.50 17.37
63(9264) 2012.12.31 -3,784,474 210,113 10,553 15.16 15.18
64(9258) 2012.12.31 -1,779,255 980,541 7,291 10.32 10.34
65(9464) 2012.12.31 -345,453 1,270,933 343,983 4.19 5.82
66(3108) 2013.01.06 -823,095 1,606,911 397,387 5.37 6.67
67(7759) 2013.01.15 -4,720,729 4,152,428 € 9.64 9.64
68(9349) 2013.01.16 -2,311,486 2,318,843 144,706 7.99 8.24
69(8922) 2013.01.17 -2,256,964 2,804,522 27,981 12.58 12.65
70(9425) 2013.01.25 -359,336 846,304 167,538 7.16 8.83
71(6055) 2013.01.29 -16,974,738 13,420,247 27,360,482 20.74 20.84
72(9419) 2013.01.31 -112,726 117,416 43,020 12.76 15.10
73(8062) 2013.01.31 -374,306 17,048,593 294.75 29.79 29.79
74(9565) 2013.02.01 -431,744 516,878 130,453 12.00 12.02
75(7031) 2013.02.05 -675,295 181,549 89,400 30.32 34.78
76(8329) 2013.03.29 -184,726 7,091,268 € 0.64 0.64
77(8319) 2013.04.01 -416,637 4,926,425 € 1.28 1.28
78(8867) 2013.04.10 -1,488,907 1,600,447 0.0613 16.84 16.84
79(9614) 2013.04.22 -1,377,117 1,009,715 197,609 9.69 10.41
80(9667) 2013.06.27 -1,309,895 3,944,625 80.61 4.99 4.99
81(9674) 2013.07.03 -413,990 180,103 11,779 19.53 19.80
82(9309) 2013.07.26 —139,948,145 61,131,209 16,649 13.92 13.92
83(9689) 2013.07.31 -1,334,242 311,403 197,109 5.01 5.75
84(9378) 2013.08.08 -1,773,020 1,082,143 217,070 9.94 10.55
85(9720) 2013.08.19 -337,155 136,997 62,808 21.50 23.35
86(8237) 2013.09.06 -4,031,370 8,417,150 € 6.81 6.81
87(9359) 2013.09.12 -607,301 1,628,072 295,444 5.54 6.83
88(7672) 2013.09.23 -1,925,098 2,651,799 267,500 35.07 36.69
89(9487) 2013.09.23 -229,316 551,061 248,667 8.40 12.71
90(9601) 2013.09.24 -361,260 132,037 55,893 17.81 19.25
91(9757) 2013.10.07 -50,515 127,959 6,329 7.42 7.88
92(9736) 2013.10.11 -6,5649,813 3,172,965 € 24.40 24.40
93(7567) 2013.10.25 -1,312,703 876,988 524.06 15.59 15.59
94(9590) 2013.11.15 —4,684,665 4,417,907 € 10.70 10.70
95(9781) 2013.11.21 —2,983,906 7,229,100 0.00064 6.98 6.98
96(9658) 2013.12.04 -322,362 35,620 13,259 17.82 18.18
97(9832) 2014.01.06 -263,185 165,866 € 18.31 18.31
98(9857) 2014.01.21 -3,479,135 6,195,308 € 8.64 8.64
99(9824) 2014.01.28 -77,457 119,720 234,689 13.36 15.38
100(9878) 2014.01.29 -366,701 549,024 87,551 10.95 12.27
101(9877) 2014.02.18 -480,361 9,378,000 € 1.03 1.03
102(9876) 2014.02.18 -5,728,964 20,471,607 € 1.19 1.19
103(9770) 2014.02.28 -3,311,854 1,149,274 289,925 12.63 13.22
104(9897) 2014.03.17 -2,101,418 6,090,125 € 4.1 411
105(9891) 2014.03.11 -7,917,614 1,130,506 67.80 17.51 17.51
106(9918) 2014.03.20 -54,769 140,172 27,334 7.39 9.19
107(4120) 2014.03.22 -3,982,852 11,157,659 € 5.69 5.69
108(9896) 2014.03.28 -931,671 473,315 36,915 17.36 17.71
109(9950) 2014.05.07 -203,289 19,052 1,186 1.94 1.99
110(9973) 2014.07.10 -720,523 2,158,031 394,593 6.16 8.04
111(9968) 2014.08.26 -5,100,456 6,026,011 € 9.63 9.63
112(10052) 2014.10.17 -18,031 42,009 143,208 32.63 36.27
113(6164) 2014.11.06 -528,383 531,322 33.88 11.97 11.97
114(10068) 2014.11.20 -6,142,102 6,846,376 0.0149 11.63 11.63
115(10073) 2014.12.04 -901,011 356,898 148,523 18.46 20.10
116(10088) 2014.12.31 -1,949,971 1,671,747 0.04% 17.80 17.80
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117(10139) 2015.04.17 -1,350,779 131,354 157,116 19.73 20.87
118(10043) 2015.04.21 -8,062,701 7,801,924 € 10.68 10.68
119(10102) 2015.06.10 -1,052,271 1,244,403 553,218 9.95 12.56
120(9843) 2015.07.28 -663,042 438,643 36,440 11.91 12.22
121(10183) 2015.08.15 -1,594,429 224,000 501.57 21.10 21.10
122(10239) 2016.05.11 -1,018,324 1,196,761 4,742 8.14 8.16
123(10207) 2016.06.23 -2,890,985 26,531 229,412 17.54 18.24
124(10312) 2016.07.22 -515,847 4,071,719 1,768 3.72 3.72
125(10206) 2016.07.29 -2,852,930 144,154 235,793 17.31 19.83
126(10333) 2016.10.28 -92,631 3,424 10,199 23.50 24.88

note: 1) NPVy/o cEr+*NPVcER >0, PCER(break-even point), 2) NPVy/o cEr+NPVcER > option value, PCER(break-even point)

3) € is a Very small amount of real number close to 0
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