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A Study on Economic Evaluation of SNG Project using Real Option
Valuation Model
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Abstract >> This study attempts to suggest an economic analysis model for SNG projects, which can reflect the
future uncertainty objectively and applies the real option valuation incorporating the flexible investment decision.
Based on this analysis model, net present value and internal rate of return were estimated by using preliminary
feasibility study report of SNG project. And economic evaluation of SNG project was performed with real option
valuation using binomial option model. Through this, the difference of analysis results between the real option
valuation model and the discounted cash flow model were compared and the usefulness of the real option valuation
model was confirmed. From the actual proof analysis, it is confirmed that the real option valuation model showed
higher SNG project value than the discounted cash flow model did. It was confirmed that by applying the real
option valuation model, economic analysis can be performed on not only the current straightforward SNG project,
but also various future portfolios having options such as expansion, modification, or decommission.
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Fig. 1 SNG Process Flow Diagram

Table 1 Component Comparison of SNG and LNG

Domestic Overseas
section ..
Piping
SNG LNG Standards Japan USA
Heat Value 9,700~ | 10,400+
(kcal/Nm®) 9,400 10,800 | 100 1078 | 8,940
Methane(%)| 98 |85 ~ 98|85 above| 85 95 above
Nitrogen(%) |1 Under|1 Under|1 Under |1 Under |0.6 Under
Sulfur3 30Under | 30Under | 30Under | 30Under | 30Under
(mg/Nm’)
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Table 2 NPV, Pl and Discount Rate of DCF

(unit : one hundred million won)

1 2 3 4 5 6 7

NPV PI Discount Rate
2011 2012 2013 2014 2015 2016 2017
7,335 1.10 3.5% -2 -143 -576 -1,482 -3,454 -5,364 -917
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2,499 1.05 5.5% -2 138 -544 -1,373 3,139 -4,782 -802
900 1.02 6.5% 2 135 -529 -1,322 2,994 -4,519 -750
-322 0.99 7.5% 2 133 -514 -1,273 2,858 -4,273 -703
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Fig. 7 Combined Cycle SMP Results Based on the
Regression Model of Time Series Analysis

Table 5 SMP Volatility of Combined Cycle Power Plant

Category oA ®y 0, 0,
- Category Volatility( 0) Output
Estimated
Coefficients | 07016 | 06404 | 0.7364 1 -1.02 SMP 0.200 0.0578x v/12
Standard Error| 0.0981 0.0985 0.0137 0.0303
Category Volatility(0) | Weight Value(w)
Table 4 SMP Volatility of Combined Cycle Power Plant Bituminous Coal Fuel
Expenses(CO) 0.028 03
C M Standard Ob 4 Val
ategory ean Deviation served Value SMP(SP) 0.2000 05
SMP 142.64 0.0578 60 Covariance of CO.SP -0.0053
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1) T71A] H7)-3A400 o3t A4 H7t
SNG Z2AE AR FXFA ol A HA|Z ¢l
o] B3k Aol v A1- Q] 7S E71%
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l

>> e W AeuAete] =8

H& o83t SNG AHIEALS] B4 B2}

Table 6. Binominal Option Input Main Variables

Parameter Value Remarks
Project Current 13342 Cur's”entd\/;:luet of
Value () hundred millon won| | S25¢¢ AASSE

(except investment)
Construction 14,485
Cost(X) hundred million won
Maturity 30 Years
Fuel expenses and
Volatility (o) 13.7% combined Cycle
power plant SMP
Up Factors (u) 1.1468
Down Factors(d) 0.8720
Risk free Rate of 455% 30-Year Treasury
Interest (1) R Bonds of the U.S
Risk Neutral
Probability(p) 06352

Analysis Cycle(dt)

1

Table 7 Binominal Lattice Model of Real Option Value
(unit : one hundred million won)

(3/1:111(1): =1 | =2 | =3 | =4 | =5 | =6
13,342 | 15,301 | 17,548 | 20,124 | 23,079 | 26,467 | 30,354
11,634 | 13,342 | 15,301 | 17,548 | 20,124 | 23,079

10,144 | 11,634 | 13,342 | 15,301 | 17,548

8,846 | 10,144 | 11,634 | 13,342

7,713 | 8,846 | 10,144

6,726 | 7,713

5,864

Table 8 Values of Abandonment Option
unit : one hundred million won)

(\)}:lf: t=1 =2 =3 t=4 =10
9,662 | 11,435 | 13,492 | 15875 | 18,630 | 46,672
7809 | 9313 | 11,066 | 13,104 | 34,084
6,187 | 7449 | 8930 | 24,508

4778 | 5821 | 17222

3572 | 11,694

7,547

2 Al AR

= #7147

1

.

_g_
E
Yun 2001) 2 AFJS 304 $9F &9 3 & Ag}f 2=
Aebio] Bhx] ool G delolE e A& Ao=
o] =W Ae] 7HAE 27|18 ousith



7h &4 7HRAE

I ZRAE O] FHE= AH(E=30)2] FAE 2
718k HA| ZRAES 7|5k thekE Uttt 3
T EA715]9] 7= VollA V* (=8-X) & 24
I PAEE X=rld WA= FAA R ol sfjdgh
t}. Table 8[A4] Ko o], h7]A] #7]3-49] 7}
A= 9,629, F AIS] 7HA= 12,1619/ H 0=
AP =] et

0

[ef

% A 7H

= 24999191 + 9.66291% = 12,1611

o Aol Ant

i

B9 AV AR

I/'”_’jZMax[S”"j*XOLjZOan (14)
Vi,=e P pViy+(1=p) Vi)
0<i<n-1, 0<5j<i (15)
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=

& G7tA] FARE 7Y AAT I F9EA
H =]

ojgste] FA7IAE AESH]
fleliAe tha 2ol AlI7HA] ©AE AAA et
ARe F5EL SFHES olgste] ZRAE 7|7t
o] Aifo|| W 7|2 E W) 7HA] AlAbstaL,
F A= AES Q71 e Apdgol gt o]
AEE() T} RISV dsd FAREX)olth
5, A AI7TE 71 o oot Expu)gat o2t
HEHTh= AAstel A Axkeith Al AR 918F
Hehgol 7|2AES AAlste] ALk & oA g R
U A7le] mE e desArAE APgeith

A7]ofl e F AFIS] 7HRI(eNPV)= 715419
7}2]o| A NPVE 7}tk eNPV = NPV + Option
ValueZ 17]|7F 6,91791¢, 37]7F 10,5259, 7717
16,925 0 & o] A}QJ9] 7ol ALY 77HE $17]
TE T ALY 77 s ES U5 Stk o=
Fos Amn] 9 =4l SMPE] WEAol whet
EAE FEE gz A7 F9

2 Q4L 4 e SRl

_ ° - -
B2 2|71 Ho|T) o) A|7to] ATkl o Aty o] AARE S5 FA7HA] AP
whel BepAeh Aol s AL ALl
Table 9 Real Option Value of Deferral Until 1 Year (unit : one hundred million won)
Option Value t=1 =2 =3 =4 =5 t=6 =7 =8
4,418 4,619 6,184 8,130 10,481 13,255 16,526 20,339 24,777
2,483 3,580 5,075 6,988 9,252 11,997 15,205
880 1,451 2,391 3,939 1,458 2,403
Table 10 Real Option Value of Deferral Until 3 Years (unit : one hundred million won)
Option Value =3 =4 =5 =6 =7 =8 =9 =10
8,026 9,172 11,570 14,404 17,720 21,588 26,084 31,302 37,350
6,167 8,114 10,468 13,246 16,516 20,329 24,766
3,565 5,051 6,966 9,243 11,986 15,198
869 1,433 2,361 3,891 5,646 2,403

A25H8 A3 20149 6Y
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Table 11 Real Option Value of Deferral Until 7 Years (unit :

2 o] 8% SNG AFIEALS) A 7 At

one hundred million won)

Option Value =7 t=8 =9 =10 =11 =12 =13 =14
14,426 19,698 23,525 27,954 33,082 39,011 55,015 64,501 75,445
15,553 18,808 22,592 26,981 38,465 45,520 53,677
11,870 14,619 17,834 25,881 31,089 37,127
8,597 10,888 16,313 20,116 24,543
5,707 9,066 11,773 14,975

Table 12 Binominal Option Input Main Variables and Option Parameter

Parameter Value Remarks

Project Current Value(.5))

13,342 hundred million won

Current Value of based Asset(except Investment)

Extended Cost(X) 1,500 hundred million won Business Expansion Cost
Maturity 30 years
Volatility (o) 13.7% Fuel expenses and corsnl\l;[i;ed Cycle power plant
Up Factors(u) 1.1468
Down Factors(d) 0.8720
Risk free Rate of Interest(r) 4.55% 30-Year Treasury Bonds of the United States
Risk Neutral Probability(p) 0.6352

Analysis Cycle(dt)

V¢ =MAX(S

n,]

A

2¥)

n.j

Vo= Vio/ (147)

0,0

Rkl A 7
10% Q%’EPO%

—X(1++)—4,0)

(p Vit (1—p) Viv+1,j+1)67

AL

(16)

(17

7(-]0] 7]./\3):]_ /HH]7H/‘§:]_ _I,E_X]_%_

01:}5_4 zsl-/ﬁﬂ/\/\ﬂ/\yg 7} 43]_55\

t}. Table 129} Zro] 8Fu]1-2-& 7}A%17] AL ghol,
Zke we 9l A7) AR ZAF S sl

SEQFste] oF 1,500 o]t

Hl8=

7h F8 W 8 ol AR
ATF WUEA 13.7%, TRIE 4.55% WA A
A 9 SHPASE g oto] olg4E U] A

o= pal
A2 Table 131} 2t

W g4 S

Table 133} ZHo] Azlo]d 2(rolling forward process)
& B3 S0 BATPIRA 722K 2715
oA wiF AHE AMAE AP = JAEHW.C.
Yun 2001).

FA718]9] F7H1= Volldl V' (=S+max(eS-Xs, 0)
2 AR, YA XA EAL e 5719
o ST, Table 143 EAFZ 10% Befato] 29

TFE7} 20% Z7V8k= 7S SNG AJAH] HAF 7}
54 795 2t ae] 7 of S4Ae
A 2% 147999902 A E I

o= AFH NPV HPHol L 1
| B7Eolu e stet e A gehd Hst



Table 13 Binominal Lattice Model of Expansion Option

FAE 331

(unit : one hundred million won)

Option Value t=1 =2 t=3 =4 =5 =6 =7
13,342 15,300 17,547 20,124 23,078 26,467 30,353 34,810
11,633 13,342 15,300 17,547 20,124 23,078 26,467
10,144 11,633 13,342 15,300 17,547 20,124
8,845 10,144 11,633 13,342 15,300
7,713 8,845 10,144 11,633

6,725 7,713 8,845

5,864 6,725

5,113

Table 14 Expansion Option Value to invest of SNG Project

(unit : one hundred million won)

Option Value t=1 =2 =3 t=4 t=5 t=6 =7
18,980 22,807 27,246 32,533 39,095 47,625 59,585 75,329
14,739 17,994 21,922 26,926 33,669 43,580 56,975
10,959 13,854 17,674 23,059 31,411 43,019
7720 10,639 14,991 22,159 32,408
5,290 8,857 15,124 24,341
4,193 9,775 18,207
5,709 13,543
9,996

c .
Vnyj:Sw.+MA)([(He)s;hj—(lﬂ)Xn,o} (19)
I/;?]; (p I/i+1,j+(17p) V;+1,j+1)eiw - X, —1,
0<i<n—1,0<;<1 (20)

eNPV = NPV + Option Value(EA-3-4714])
=2,4999191+18,9801 = 21,47991¢

>
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Value
(million won)
8,000,000

7,000,000

6,000,000

5,000,000

/ == Real Option Value

7 Total Project Value
3,000,000 ’

4,000,000

2,000,000 7

1,000,000

, Discount Rate(%)
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Value
(million won)
2,000,000

1,500,000 _—
_P./r—‘—.-I-Real Option Value
1,000,000 + Total Project Value

500,000

Fig. 9 Sensitivity Analysis(Option Value vs Volatility)

Value(million won)

2,500,000

2,000,000

1,500,000
8- Real Option Value
Total Project Value
1,000,000

500,000

Income Increase Rate(%)

[

1 105111151212513135141451515516 17175

Fig. 10 Sensitivity Analysis(Option Value vs Income Increa-
sement)
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Fig. 11 Sensitivity Analysis(Option Value vs Discount Rate)
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Fig. 12 Sensitivity Analysis(Option Value vs Volatility)
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