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ABSTRACT

This study estimates the value of photovoltaic core material technology, which is getting
attention as a clean energy source. The estimation is based on the real option pricing model
(ROPM).

This study has two main contributions, The first is in the methodology. The process of
modeling volatility, which is the most complicated stage in ROPM, is greatly simplified by using
the stock price as a covariate representing the volatility of the real option’s basic asset. The
second contribution is the application of technology. In this study, the economic value of
poly-silicon, a core material in the photovoltaic industry and recently surging in demand, is
evaluated as a manufacturing technology.

In a case study of a company in the photovoltaic industry, the stochastic process of a basic
asset follows geometric Brownian motion (GBM), and the option value of firm A’s poly-silicon
manufacturing technology is estimated at 34 trillion won,

Key Words : Technology valuation, Renewable energy, Photovoltaic, Poly—Silicon, Real
option
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H2 A A7FHeR ol 7P B Wk B vt FEshe F AT2dsll 1
FFol ZHASIEEA 7133t BAE A AAL #r BAIE SRSl ot oo wet Z+
& AR ZAEE Y8 TR 284 V)olx glon, fepelE o3t 7|3t FA)
o A3 dlg3tHA FAlel Al AR Tl 7131z A7) 8 gt 288 AFsial ot
53] SEvehe 247k vige] F83 U919l 3 AR AM-S Fole Tl Al M=
& % gl E 5 JE AAANUR | FHIIAL HZ Jleidel FA4E AT

B =52 A uedog Al waA SuiE ol Bt S 25 %
ZtD eekiRle 348 Al JE kel dubAl A4 weE AR Aulx &
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B =2 bF ddaAle] At 7l&ed ig 75t i S8AH A7 AHE AlAe)
2L gk, FAEQ B gPde A el Adu] Aol 7 A AR B
Az} Fj e At 7ieoltt. o1& 3 H2 9] AN Tle 7RI e Bol A
|53 9= AE847H(Real Option Method)-& o]43ic},

£ =79 7lode F 7HAolt}, shie dhEEAQ ZldEA Ziaapt BE8AE dHse
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o B34S tiE deshzichs Folot thE shis A8/ 8739 71od2A
BlFFare) SRl SeldelEe] At B4 71&] AAA 7HAE Witk ot
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&= B JXWEAFARY, oA EAARY, EH7IER MBI 2Y Fo8
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3}2 & (Generalized Methods of Moments, GMM)& o]-&3}a] 7]zARxtke] B-E3A 0] 7]
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A, B2 2L Wt PAREE FH2] 44 FrAF 2¥oln whA w17
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22421 Aol it A vl Sl B4 AAL /AT gl Tela ¥ e
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dS;
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el (Ito, 1951; o)A 2], 2008),
dF = [Fu+ %FSSGE + F,]dt+ FodW @

A DT QF FFHe= dwd o8 24" et B34 891 dwE AAS
FA% SAPFECL o)Foldl ZEZa)QE F9F Ato] Hnf ol FHIY ol ot I
sl s},

rF S, + F, + iFssaf =rF 3
olFA =& d 24 3% BY-&= HulE w2l slaL o]F o|g38lo =T AIFellA

Max[St— K, 0] Ei Max|K—St, 0] Z2& nEate opiekl 2EHOF 493
E4AP)e] AL 8T 2o,

C=S+«N(d)- Ke "% ¢« N(d,) )
P=Ke "% «N(-dy)— SN(-d,) )
@ d, = [In(S/K)+(r+e?/2{(T-t)l o VTt

dy= [In(S/K)+ o —o?/2)(T—t)] o VT —t

o7, C : BEH 714, P 849 714
S EAN R4 M K B
N() : BERTRERS Rk nEO
o F7h WEA T g4 Wl
LR

2) EEHol Q9 2 factor EEIY

FEARL do F29A EAEE she AA Y9 F4E dAE e r BdYst
7] $18 AAESE, H2olE o8 F4AAIEY AR FEEHA $8EH A
o} SEFAELE AR BEIE Fode Ja AAGAET EAslRe Ae 30 AY
0% 3= S: TXN— RF 2L Froly, BT e FEuIAA Y = Folxig
(HAH3, 2003).
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B AFoME Chan et al.(1992)0] 2703 2 factor BEHA B3| duhalg vk
EHE B3 AT £ delA 2elg 2 factor FEHFL B gt wEs BE
HAAES Merion(1973)0] AAF 28BE 714 FZo Cox, Ingersoll and Ross(1985)7}
A ZFH7EA) F g7kA] B ot

AR B8 dukale srAerE A (Constant elasticity volatility, CEV)Ega4olgtar
Haedg 2og Byl ofel 2}

dS, = (a+ 8S,)S,dt + ¢S, dW, ©)
e dW, ~ N (0, dt)

ol o= FA|, g HTIH, o= HEvolatlity) -2 F4h & 7HAAste] 2105
HEAJo] 7HATEe oEshs ARE Jehle, 4w, & fUagE oviditt. 712 A
< FEnPgcR mEIThE, JhAste 28 i Bato] THAgEel wet A%
AT A (O)oll A Aok FAeHE, TRk el TlzAte] FES
e BEY 0 o B DI E 2 B 23T Il Fo4E Aloke v
ehd Aol

(B 1) 87kX] B7|22] #ENY 289

1, Merton dS, = adt + odW,

2. Vasicek dS, = (a+ 4S,)dt + odW,

3. CIR SR dS, = (a+ 48,)dt + 0S//2dW,
4. Dothan dS, = 0S,dW,

5. GBM dS, = 6S.dt + ¢S,dW,

6. BS dS, = (a+ 8S)dt + ¢S,dW,
7. CIR VR dS, = oS aw,

8. CEV dS, = 3Sdt + oS7dW,

3) 23 1& Menon(1973)¢] AAGF Hehg &5 Z¥oly B8 2% Vasicek(1977)0] AT 2vERRl-LAE BFE7
Aod APFAE An KTt A Bakgale] 09l A-eolu, B 38 Cox, Ingersoll and Ross{1985)
7F AAE dee] AEe FEHALR HA¥USEAS AUa BagEige] 191 Ffeltt. el 2 4, 5, 62
Brennan and Schwartz(1979)2] 28 (05} BS)oll &5}, 28 7, 8& Cox and Ross(1976)7F AAG CEV &5
Hgolct, (FHHEQ003), AL
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23 «a 8 o ¥
1. Merton 0
2. Vasicek
3. CIR SR - - - 05
4. Dothan 0 0 1
5. GBM 0 1
6. BS - - - 1
7. CIR VR 0 0 15
8. CEV 0 - - -

3) Yutst HEH

UL EH(GMM) Hansen(1982)el o3 /(e 202 954 (Maximum
Likelihood Method) ¥|3)-& wf Exkghe 2ol gt 7o) Q. QI3 oY 744 &5
g BFE shie] S #HE 5 e Aol girt. dvtstaEdE &83P] HsiMe
AEAQ FEAARE oA E BHE AAE volHZE ZAMTIE A AIAIEY A
< A8k Aol Fasltt, o] F 7HA 27do] FEHH WNSAEHE 883 2o 4
o] 7k zI}.

AAIGY] AR 5= APIBRAE 53 dlE2ng(ergodicity) o] FF -9 @9l
< AR 53 A A (stationarity) o] $F ofig ks £ o)

AAIGY d2aYie digre] o] Atk )i, AFaTdMe S — S Al
AGe] A7 1dae AHES SN F4AAE A F Qo dvrA o' APl tigk A3
2 TH-%=(Durbin-Watson, D-W)EAlSS F2 AMR3A D-WEADS AJAge] 14}
A7V e ARTe R AAIGe] 21 R T2 ulelA LS ek dHie Fert w
B} wghA] 2 =Redie A3 AP A5E 248 ¢ I Box-Ljung? QFAIF
E AT AAERAARL Sy — S AAIE digE DS AARE B3 AN SFHFE
eI

AETEIA ] oiislHAL 2 dE ZAE BINA olFoiRItt. A AHE CEV FEHA
(A ©)& ZAFIA A (7)0] H=d o AL WS 2 d#] ZAKEuler approximation) 2}

et

Siea— S = u(S)A+ o(S) (Wi s— W,) )
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292 Ak ASTERA 48 TAIA oS IS AL BT YA AsdE
4 )% 2ol ek 4 ek

AR A (9)% Zo] HHE F AL og ok} A7IH
®)

dS, = p(S,,0)dt + o (S, 0)W,
O

""/J‘(Stag)A + (7 Fut+A

%3 ut-v—_d ~ N<Dvl)

ol HESe B4 Gz HHSY A (107 Po] HiL, HELA A = 1 FL
@ AR 2 SR o) Ams] DA A (115} o] T 5 AL GMME

2g317] 13t ozl o] gadrt,

°T”

(10)

€ra= Sipa— So—p(S, 0)A
an

Sioi— S = la+ B8S,)+ 64

FEAEATE itk 1A e 9 1, 23 HEZZ(moment

A ADOIM e, F S 2k A
=& 4 9l

condition)#} S, 942 AwAg o]gs] GMM HEeHAo] ad Auzag

Chan et al.(1992)0] =&%t ¢, 9] 1, 23} AE2AL 2 (123 23

E(Et }»1) = O + E(efAr]) = 02837 (]2)

AA ] gk ARAE Akos HAsE Aol GMME

A (D3} 4 (128 3HE $PA 4
BAol} o,8,0,7F €42 s B WHE 9888l A ADE olg A 3y,
€i1= S0 S, (a+ 8S;) (13)
el £,()S thedt poba shY,
€1
S
S A (14)
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2 factor 28] AuzAL E[f,(6)] = 0 o] T} E[f,(9)] o sidshs 2GS g+ ()
2} 33, BANFE Nojgh sy,
1 N
gr(0)= — 3] £,(6) (15)
n=1

g (0) B E[1,(0)] = 0 (16)

olmj o]xP#7g 4 Fel(quadratic form)E HASsh= B4 Adshd 4 (17)0l4%} 2o
B&H FAHAE A Ed

3T(9) = 8T’ (())WT{Q)gT(B) 17

Wr0)e 93 U3 715 8 E(positive-definite symmetric weighting matrix) 2]
Hansen(1982)2 GMM FAx|9] A3 FF4to] 7P ZolAlE 8& Avfgict 9

2 (17)9) 2 HALshe 48 Tohe AL 4 (1708 14 V)23 §52 002 3= S
T A FYsit

D () W (8) g,(8) = 0 (18)
& D(A) ¥ g4(6)9 Jacobian matrix

4 (18)elli TR Haghe BHo| Folgl= ARTM shollM AHErt Huzde] s
A FRY 250 JNE W Fhell slFshe A’ EES s Boh (Newey and West, 1987;
HW3, 2003). FEHY 2P AukAg A Aok glo] FHF AS, At 0o] HE
2 2] dig HTA Aol BrVsstRIgt 8714 2 factor EF Mg} Zo] B Aol
7WIAE - 28 AP AAE & ok ol kel 2W E¥o] AR AEEHASS

oju)gict,

N o Jp(0) ~x* (r—a) = x*(d.f.) 19

9, re AWEAY Fhp, ak BHY A%

4) Wy (0)= 271(0) where 2(8) = E[f,(8)£(0)]

t 1
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