Real Option
An Introduction and an
Application to R&D
Valuation
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1 THE OPTION TO EXPAND

2

3 |Year 0 1 2 3 4 5
4 |CF of single machine -1000 220 300 400 200 150
5

6 |Discount rate for machine cash flows 12%

7 |Riskless discount rate 6%

8 [NPV of single machine -67.48

9

10 |Number of machines bought nex! year PR oML

11 |Option value of single machine purchased in one more year 14398 <-- =B24

12 NPV of total project © 652,39 < =BB+B10'B11

13

14 |Black-Scholes Option Pricing Formula

15 |S 932.52 |PV of machine CFs

16 |X 1000.00 |Exercise price = Machine cost

17 Ir 6.00% |Risk-free rale ol interest |

18T 1]|Time to maturity of option (in years)

19 |Sigma 40% |<-- Volatility |
20 |dy 0.1753|<-- (LN(S/X)+(r+0.5"sigma*2)*T)/(sigma*SQRT(T))
21 |d; -0.2247 | <~ d, - sigma*SQRT(T)

22 |N(dy) 0.5696 |<-- Uses formula NormSDist(d,)

23 [N(d,) 0.4111 |«-- Uses formula NormSDist(d;)

24 |Option value = BS call price - 143.98 <-- S"N(d;)-X"exp(-r'T)*N(d,)
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27 Data Table
a 652.39|<-- Table header: =B12
1%|  -63.48 : :
10%|  97.16 1400 1 Project Value as Function of Sigma
31 20%| 283.09 1200 -
30%| 468.40
1000 -
40%| 652.39
50%! 83459 800
35 60%| 1014.54 600 -
36 70%| 1191.81 400 -
| 37 200 -
| 39 i ' i : ' :
200 10% 20% 30% -lﬂ% 50% 60% 70% 80%
41 Sigma
42 |
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3 |Market data [Etate prices T

4 |Expected market return 12% | B 0.3087]-

5 |Sigma of market retum 30% i 0.6347] - it 1+ r—down - up—1-—r

, - : e

E Risk-free rate 6% N (14 1) *(up — down) (1+r)*(up—down)
8 |One-period "up” and "down" of market =1

g |Up 1.5621962) <-- =EXP(B4+B5), note that a valid & nawa is "up® = EKF‘[BE-}

10 1Down 0.83527] <-- =EXP(B4-B5), note that a valid altlernawe is "down” = EXP(-B5)

11 e o

12 I

13 |Project cash flows B Stﬁnndnm present value factors

14 J—

15 150 4 0.0953 |<- =E4"2
96 - 100 aﬁ‘?‘!ﬂ# _~ 03087 = e
17 e e o ] 0.1959 [<- =E4°E5
18 -50 e

19 e Fes _— 0.1958 |<--=E4°E5
20 = 50 e ~ 06347

21 E M T 7 g ~— 0.4028 |<-=E5'0
22 [=c16°716 | %

23 |State-by-state present value e

24 r 14.2981 (k- =E15"K15

35 1 30,8740 </ ;

26 . e ——~— 15.6755 |- =E17°K17

27 -50 Q\ |
28 —_— 15.6755 |f- =E19°K19

29 % ~ -31.7328 —_ |

30 = ———] -24.1673 |- =E21*K21

ai B 05

32 |Net present value (_-29.38]2)- =SUM(A24:E30)
133 1
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35 |Cash flows with abandonment Present value with abandonment

36

a7 150 | 14.29808

A 30.87402 <
39 s i W B3 15.67551
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2.2(1) Binomial models- vs non-ROV
- e A
A B C D E_ E . H
_28 IMethod 2: Matching state prices to the cost of capital
30 |Project cost of capital ( 22%)x-- This is the discount rate for the project if it has no options
31 |Risk-free rate 6%
33 {Project cash flows
4 350
1 100 F<
e 80
-50
EQ 4
et
41
_~{=AVERAG E(C35:C39)
| 43 |Project expected cash flows: Assumes equal state pr ities
44 |Year 0 1 2
45 lExpect E .50 25| 6&__5.‘____=AVEHAGE{E34:E40}
ject NPV @ < =NPW?_@.915_:MF}+A§?
47 t
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nomial moae|s- NPV vs
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49 | gt_a_té prices |
5 I '\ C} I
51 |Qd —>| (0.5193|<-- Determined by Solver |
| 92 '
<|=C35*B50
|54 |Project statd-by-state discounting = /
A _—1 26.9797 |<-- =E34"B50"2
| 56 _A a24105 =
7 e ——~1 17.6187 |<-- =E36'B50"B51
50K
\_M _—1 17.6187 |<-- =E38*'B50'B51
T
1 E -16.1798 |<-- =E40"B51"2
=C39*B51
Sta -state NPV 12.48 r-- =SUM(D54:H60)
1 Target cell _(0.00) }<-- =B66-B46
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23(1) Binomial
ROV -

Bio-Phama

Phasel | Phase2 | Phase3(market)

Year 1st 2nd 3rd 4th 5th 6th 7th
Cost -1000 |[-2000 |-3000 |-3000 |-3000 |[-3000 |[-3000
Earn 7000 =20% , o=80%
Pro. 50% 30%

Cost of capital = 16%

A g & D F | a | H |
3B Note: The expected relum and variance of retum
30 |Initial revenue 7,000 is given by: |
40 100% '

41 F]N'n ﬁD“f Expectad 20%)| <~ =AVERAGE(B40:B41)
42 o 80%| <— =STDEVP(B40:B41)
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53 Revenues | ___—1{112,000

; = _——=122400

56 14 11 00—

57 7,000 B ___—={4.480

58 Pl W P

50 Lt i  —=IB96

61 o - 170

62 /

63 /

64 7

& 7

% 7

67 ]

68 —

60

70 s
71 Stale prices (to start ol market phase ~___—0.02 <

72 fost=—"_

73 _,.m&j 0.11 <= =4'qu'3'gd
;: P 0.26

= /7 : 027

77

g /al(\‘\_ ————]0.10 <— =g
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)- =SUMPRODUCT (153: 161,17 1:179+SUMPRODUCT(G54:G60,G72:GT8 ODUCT (F55:F59 F73:F7
7000 B400) 10080  12086] 145152]
48 Jat t cost of capital. r, 32 326 |<— =NPVUp CA7-GAT
49 | Value of project, yr 3 19,164|<-- =B46-PV(,C5,-B6,.1)
50 [Expected projedt NPV -55|<— =B46/ 144py{ C4+C5) ' D4'D5-B17 ||
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112 Present value of marketing when managers always continue
113|
114 =G$54+(qu*1114+qd*I116)-Marketing_costs 109,000]=I$53-Marketing_costs
115'1 [0 Y4 WaAY, WV i< Wads VA ang/ 12000 10_%919{/
11 T LOF (LT 1L0 70)) \:_)-U 70 =1Z2000 Mr‘:f 19,400 =I$55-Markeling_costs
117 41,878~ %522 .
118 19,164/ T.O%—__ ——>{1,480 _ |=I$57-Marketing_costs
119 et o e -1,
120l ) g THE AL -5, -2,104 |=I$59-Marketing _costs
121 2,956 T 988
122 Fle o —~J2,821 |[=I$61-Marketing_costs
[ F S
124 ¥ 7/
125| U7
126) F
127
128] (274
129
130|Discovery Clinical Market
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132 Present value of mhatingﬁthaptim
133
134
135) ,..-- 109,000 [=MAX(1$53-Marketing costs,0)
1? 103,970<_
1 19,400 |=MAX(1$55-Marketing_costs,0)
139 %ﬂﬁiﬁ?q’f
139 21,175<" >11480  |=MAX(1$57-Marketing_costs,0)
140) e i el s il
141 e Py \g{'}- MAX(1$59-Marketing_oosts,0)
142| 3,47
143 FFEsC s =MAX(1$61-Marketing_costs,0)
144 / s cF L~
145 / 7z
146] V =MAX(G$60+{qul 141+0d*1143)-Marketing_costs,0)
147] /
3
14 4
150 s
151|Discovery Clinical Market
NQR-ROV: 274 (224) | :
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= ROTER1TH{ERY {5 A R

= BS-model vs Binomial model (states?)

_ C=SN(d)—k(1+r) " N(d2)
= 6-fold compound option (2003)

ln%-l— (r+0.56°)T
U

dl=

= BS-model oT
 NIVEH >+ (+0.562)T
: \ d2=—k =dl-o\T
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= Other issue & suggestion
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