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On Renewable Energy Technology Valuation Using System
Dynamics and Compound Real Options

Chanwoong Jeon - Juneseuk Shin

Graduate School of Management of Technology, Sungkyunkwan University

The transition from fossil to renewable energy is inevitable due to fossil depletion. So, Renewable energy is very
important for energy security and economic growth although it’s R&D is long-term and high risky project. We
propose new valuation method which combined system dynamics and compound real option method for long-
term and high risk projects such as renewable energy. This method can show dynamic valuation results for the
complex causal interaction and be easy for Monte-Carlo simulation to estimate volatility. And it can reflect the
value of flexible decision for uncertainty. We applied the empirical analysis for Korea’s photovoltaic industry by
using this method. As results by empirical analysis, photovoltaic’s R&D has high valuation using this method

compared by traditional valuation methods such as DCF.

Keywords: Photovoltaic, R&D valuation, System dynamics, Monte-Carlo Simulation, Compound real options
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3. Proposed Approach

3.1 Model Development
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3.2 Model Framework
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Figure 1. The concept of new valuation model
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[2(Commercial Investment)
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Valuation for PV power generation

o (Volatility)

S2(Cash income from commercialization )

Figure 3. The structure of empirical analysis

Table 1. Input data of empirical analysis from government policy

Contents Value

Source

construction of new plants of

T t of it
arget ot capacily 542,072MWh from 2020 to 2030

3" basic plan of technological development, utilization and
deployment of new and renewable energy(2009 ~2030)

R&D Target Module price 0.5$/W by 2020 the strategy roadmap of green energy 2011 : photovoltaics
R&D investment 1,352,500MKRW from 2012 to 2020 & pote & - P
Actual R&D

568,500MKRW

investment (~2011)

New and Renewable Energy White paper 2012

" MKRW : Million Korea Won, MWh : Mega Watt Hour.
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Table 2. Model assumptions
Category Variable Unit Description Reference

Unit price of electricity KRW/KWh  SMP Prices(= 7x107 x5y EPSIS(2001. 1~2013. 4)
Energy Module price $/Wp 0.5 <Table 1>
Module capacity kW 489,876(= 542,072MWh/(3.8243x365)/0.8) <Table 1>
Module efficiency % Initially 80% with annual 2% reduction KERI 2011
Daily Solar radiation ~ kWh/m*/day  3.8243(Jinju region) KIER 1996 ~2010
Operation Period Year 20 KERI, 2011
Indirect cost KRW/year 1% of total investment KERI, 2011
Iavestment Million KRW (Irilverter(O.4)+Shaft(0.3)+Construction(100)+01'1- KERL 2011
grid system(0.3)+Land(0.36))X Module capacity
Economy  Scrap Value KRW 10%xinvestment KERI, 2011
Inflation rate % Annual 3.13 KOSIS databank
Interest rate % 5.71. KOSIS databank
Exchange rate KRW/$ 1100.21 KOSIS databank
Risk-free interest rate % 5.02 KOSIS databank
Cost of equity % 17.02 Lee(2008)
Environment TAX % 27.5% KERI, 2011

Subsidy KRW Initially 0 -

Note) KRW(Korean won), kW(kilo Watt), kWh(kilo Watt hour).

NPV of FCF

2020 2022 2024 2026 2028 2030 2032 2034 2036 2038 2040

Cost + Time(Year)
Enyironment NPV of FCF : curret+—+—+—+—+—+—+—+—+ Won
Economy g
?\\__/
(a) Casual loop diagram (b) Simulation results

Figure 4. System dynamics results
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ARG 7H Egel At old g Fo WS ME oA 7 T8 2l WEAolt e 9 AT
A TGst] AlzRTo g2 Ryl M FQ Wi EH  ZHILSE AEY A AHE o] 88t AAA THA o] &
722 AEH OIS PGt FA 2 F A Mg AR HAE At Ttk ZEILEE AEd ol A%E FA
2ol 7]5ke] G E YA A HEH S o Sk Aol H O] ] &2 MAstaL o] & 7|2 A F B4 HAW
1996 FE 20109 7h4] o] Y2 WEA S KIER Database  &73(0%)°] 75.76% 2 A AT AA WA O A 71&
£ 5 2t d2FS HF 3.8243kwh/mYday, B4 0.880] WA (0)2 2 HEHEWE 16.94% 2 FHH T
o dz2Fe AFEEE gEte 714 st At de9
24 :_?‘SH(kWEl/mZ/yl') 1t 1;\‘—]- Baks :I‘Lﬂj/]" ;ﬂ‘%‘o 75]‘?" i‘i 43 DCF ‘;‘l Compound Real Option 7]_;—(])‘:1_;@
b Az i 1395.859kwh/m/yr, EEHAFE 342.4766, 3
28hE 5694, HUighE 2230.150 k. =& AN A Fo HSF & oAM= AR Tl 28 T3 483 FAg 4E
ol Bg, o)A, BVMESELS ¢S EE(Uniform Distribution) 3 FAZ Q18] R AT 2L MBOZ FAF 71X
€ nEty /AT =3 v A5 ES Ay Hel F I HFAS AT s AT & AN A 2 A2 7
AHEEE TS oA AF T CAPM WS ARES7] Hal /e R el B3 RSP 0.58/WE 2483 < |9
AEEE W F PR Az dS A Ws  AAA JhA ot & oA = R&D Ml &2 E£FE A Value
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Table 3. Monte-Carlo simulation setting
Factors Sources Distribution ~ Avg. Min. Max  Random #
Solar Radiation(kwh/m'/yr) KIER 1996 ~2010 Normal 139586 569.40 2230.15 500
Interest rate(%) KOSIS, Corporate bond(AA, 2000 ~2012) Uniform 5.71 3.77 9.35 500
Inflation(%) KOSIS, 2003 ~2012 Uniform 3.13 2.20 4.70 500
Exchange Rate(KRW/USD) KOSIS, 1995~2012 Uniform 110021 771.04 1398.88 500
Tax refund(%) Uniform 0 0 20 500
Risk Premium(%) Lee(2008) Uniform 12.0 9.7 17.3 500
Risk free rate(%) KOSIS, Government bond(3yr, 2000 ~2012)  Uniform 5.02 3.13 8.3 500
Volatility of SMP(%) EPSIS(2001. 1~2013. 4) Uniform 0 -0.3136  +0.1597 500
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Figure 5. Results of Monte-Carlo simulation
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Table 4. Input of compound real option
Contents Value
tl(Development time, year) 1
12(Investment time, year) 10
r(riskless interest rate) 0.0502
o(value volatility) 0.1694
S2(Cash income, 100MKRW) 45,139
[2(Commercial investment, 100MKRW) 14,256
[1(R&D investment, 100MKRW) 14,884
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Table 5. Comparison between DCF method and system dynamics+real option method

Unit : 100MKRW DCF(A)

System Dynamics+Real option(B)

Expand NPV(A+B)

Valuation of PV’s R&D -4,625

22,357 17,687
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