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Abstract

Under conditions of multiple uncertainties, investment decisions for overseas photovoltaic projects
are influenced by a combination of factors, including electricity price fluctuations, variations in so-
lar irradiance, module degradation, and exchange rate fluctuations. Traditional Net Present Value
(NPV) methods based on certain cash flows struggle to support companies in formulating effective
dynamic investment decision-making rules. To characterize the flexibility and managerial value of
investment decisions under uncertainty, this paper constructs a multidimensional stochastic model
framework that integrates PV irradiance, electricity price stochastic processes, module degradation,
and exchange rate fluctuations. By introducing a three-stage real options approach, the study con-
ducts a systematic analysis of investment, deferral, and abandonment decisions for overseas PV
projects. The results indicate that under high-uncertainty scenarios, the real option value is signif-
icantly higher than the results of traditional NPV assessments, and that electricity price volatility,
exchange rate fluctuations, and module degradation rates have a significant impact on the optimal
investment timing and decision thresholds. Further analysis reveals that increased uncertainty en-
hances the managerial value of “wait-and-see” decisions, shifting the investment threshold upward
relative to the NPV criterion, thereby avoiding decision biases resulting from premature entry or
overinvestment. This study provides a practical quantitative analytical framework for enterprises
to identify and manage uncertainty in overseas photovoltaic investments. It assists managers in for-
mulating more robust investment decision-making rules under complex conditions and offers prac-
tical reference value for investment decision-making and uncertainty management in new energy
projects.

Keywords

Overseas Photovoltaic Project, Investment Decision, Uncertainty Management, Real Option,
Decision Threshold

Copyright © 2026 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0

1. 518

FERFRABEIRF R, KPR e AT B AR . ORI SR AL S, v
R H R PR RIS M eV . DR, P ED RN DS Ry, AN HORE SR NUA R R R K
. IR, HESMETIMRE R Z A, WACHHBMBOR. BuafeE . Ll IEFRWE). et
A RS2 RN . AEAETERAT T, R REEA AL S PR FRE, (et Tie il e
T HA ¥ LA 77V M A2 i $ 9% RAE PE[1]-[3], PRI AE i AR w] A2 REUR I DAy rh A7 2 W 2 SR PR

MBEFEIRT , I SCHR AR P A

1) RAINABE RS, SR R AME R R (MRS BEERY B M st MID B, Ay w] fARE
V5 AT R LA AT A S B T

2) JARBEIEIPAL . WEFCHGE L, RN A W Ak J SRS e 75 S5l L sl B 2 i ot
PR FE 0 S B e PR

3) WEAPIH K AT CAWFFCABGA . VLA BT SEOR KU S8 7 T AT A C R i B A
e MR, (HERZ Zh AR AR

DOI: 10.12677/mse.2026.153061 627 BRI TR


https://doi.org/10.12677/mse.2026.153061
http://creativecommons.org/licenses/by/4.0/

et A

4) SEOIIREREIESBCR F N o JEEEOR, SEIIBU AT . KSR B RS AR 21
R, ABARXE “URANeRTH 7 0 ARG SRR SO e o T S SYIR  i2 0 3 e 2 e 5 5
IR TR FF R FAT I, AUOAATRE NIRRT T R o Hrie ft S 2 TR [4] [5].

OV HIF 7T 22 SR S4B (o] SASE R el k3™ OO ARt WLt AN S PR EAT 2, 6 L 2 ] A e
BRI HT[6]-[9]. A CA B FUM R A E 1« SCARTEIRITAli AL SED A T3 5 85 77 T T REIR L B2 )
RRHEAT T BONE & I, (BAEIRESMDEARIE B8RSR T A E LU R A AL

F—, DA Z R — B A E RN I H A E AT 2o b, AR JETRIR. TR
ARG D 3R 0 B, k= — AN BERE S W 22 BN 2 PRV R B G — ARSI ATAESE, 3 DASZHE
B AR RN T AT R GV A B DA

S, BB SCHR AR SISV IR T 008 B RE VR T H AT f A, (B U EL R 2 S T IR B R 2K
AL, XBEBE . AR STAFE A B R SRAT T LI S AN AL, 1 ORI I 2 1 AN 2 AR A e %
I AL R e S8 R L PO S MR

55 = DU TTAE N JZ 1 2545 B 1 000 F (VP T2 0 R 2 T il S B tR SRR R IO RN A 45
R LK AR AR 25 R AL O TR AR BB B RS, ITTT PR 1) 1 S IIIRUT5 A A S RE DRI B2 7 B A 5
B N2 FH A AL

BEXS_EIRAN AR, ARSCM AL BE R SRR At A, 5P ORI T I B LA 8l e BEIRANE RE 1
AT FEI LA SR RS R R R G I BV R RS, IR SN =R BeSEIIBU 7%, XA FEAS
FEPERE S T IIBEBE . S5 5TOT RFGEAT RGE 0T, B AR ANHE VR TSN IRITH #5058 e
(RITE AL B HL B B 3L

AT F QR mARELE LR =51

1) BB REETT I R AT BENLI AN SRR REAAL . AT S AR A S — I ) — B AL A
A, B LR R B0 T 5T R SR A ARTI A 1 2 BN E PERS A AE R

2) NS EITHE: FRERRFAMC ORI H XS R AR T KU BRI RS: 5 75 F) <pe l XURS: (9 % 52
X, E5E T SEYAUIT FULE IS BB REVR IR BT P S0

3) JiESRAS L T A = BB BT RESE, AU SR SR EL, 0 HAR AR
JEIR | 5K SR I AF R, R RS Ry R A K B
2. 5k

AT “OBBHE - A - FEI - IEER - B - SEHIRL NE IR SR AT A R, BAA RS
DRIV it
21 BMHMEES - BEERY BUHRE(MID)

FERT AT, 25 SIS LN A AE T I S OB R, ASCRAIME IR - BEERY RO R %)
EIE A HL AT T 7R AE [6]

dp, =k (u— p,)dt+odW, + J,dN,
Hr:

ko BE IR

we KT AN

o PENFE,

Jp: BEERIEAE, Wit J ~ N(,uJ,O'JZ);

DOI: 10.12677/mse.2026.153061 628 BRI TR


https://doi.org/10.12677/mse.2026.153061

N, : HRERE, ZHO0N A BEERAE).

AR REHER SN RE IR T “ ZRFE I RE . DR KIREE) " Bk s
22. AREREFHHERE

PRI R A RE T, AT A

G(t):a+bsin(%(t+¢)j+g

S L
a: FEUE(E;
b: RME;
@ HOLWFZ;

& : Beta A (B RS RH).

WAAEALEE S HR e T TEAARERE A, RBE. 8E. PRASFEEEER.
2.3, REGREER

ZHAE YRR FH 548 BB T

P(t)=P(1-a)

Horr:

o =0.8% ({TIIMHE); HERFEWHKI IRR. NPV X HBUME .
AR ] AR R RIS, SR K

E(t)=G(t)n-P(t)

2.4. JCERBERIEHER(Ornstein-Uhlenbeck)

FBENFA N SURNNEZ 2PN 0, ASCRA OU 1AL

dFX, = ‘9(/‘Fx - FXt)dt+anth

T 5248 5 AR fEEE o M4 mE .
25. MEMERER

T RE DL -

CF, = E(t)'F{ -0M, -C,

o
P HA:
OM, =OM, (1+9)' : BHERAGEIK 2%);
C.: Bigh. &%,

2.6. ZMr B SEIAM A (EHREY

N EMGIE AN ARTT H I SEBRBEBHRAE, A SO I H AL R R 72 o = MESB B, IR B
AR 8 B A L AR PRSI . =i B ) (IR

DOI: 10.12677/mse.2026.153061 629 BRI TR


https://doi.org/10.12677/mse.2026.153061

et A

BrEx 1. BEMEZHE.

ZBTBO R E R R . BRI . S IR AR AT A TERT B 1K, R
& T e P R L TN -

1) SERPEEANE BB, SUHIRIE A I N T — BB

2) MERUREE, DREIRL S8 —HIIRBCE 2 iinfE B

3) MFHIH, bRt 5.

BrEe 2: BRSTREBEVIHBrE.

BT BON NI F R BGE A L BT 1R BB WIE AN E M MR e RN . FERTBL 2 R,
BEE ARG LAY L TR AN BRI SR DL e 3 -

1) rak#est, RIFETTH RIVL T U I8 0 7 B stk ja 221 & ;

2) ZERFBUIR, DREFREA BTG SEIZ s

3) AR BER R, A E SR B A P R 2R R

4) WEEWH, FENSmAFIEIE T & 1L1EE F R WO E .

BB 3: BE BB E.

ZBTBON R H N BAR BB AT X (8], B2 B AT T AR AT A PR I SR . TR B
3K, EHFH EE DN RS E SR 2 A R, T

1) dkERizts, ETTH R AT fr U N HERFELA SR 5

2) FEHURH, ETH I at T B mld U &2 325 FEOR N 28 1T H 5

3) PR BT, SR Fo VI LA ST BOR P A I A5 A

St BRI BRI 7y, ASCRM =X 0T H A EREAT B A . AEREN T AL, IUH HHEA U
RT BRI, EHR T8 B A2 S A B B HA. titt, WA MME R ROy “ B ST
6”7 5 “QREFFA BN E" ZEF R E-.

3. Rt

AEIETRNRBENUEY 5 SCYIBHE S, B A R RS SR it fE, X
AR BH e A LI H AIBEB AN EREAT SISl - N PRIE D BT B @ 1, s 258 R AT W B
I SR RIS = O RS AR P it 1T 2 R ia 5T

RIS, ARSOITRR “ =W Be” JFARTR SR (a2 B TR AN R B RR A ok S B B
B 1 omif R BEAERT , BB 2 R YTk, dERFEGRIE T, BB 3 MR “ARSRIZE . BORTEHEA
1E” o P, =BrBCEY IR ERIE, ADOR AAFIETEA S, HOR BB A RBBUA 12
SR B B

3.1. EMBEHEREENER

1) HOTIEE E R AL 2
NPRERAU T AT T R ANE S AT, ASCHERA BT R SRR IR S B it A S5 0o
B 22 AT e UE AT WoE , HRASHORE R 1 R,

¥

Table 1. Simulation parameter settings for overseas PV projects
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Figure 1. Results of the simulation of random electricity price paths
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Figure 2. Seasonal variation curve of solar irradiance
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Figure 3. Degradation trends of photovoltaic modules
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Figure 4. NPV sensitivity analysis
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