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A Real Option Model for the
Valuation of PPP Projects

Ravi Lonkani,
Chiang Mai University, Chiang Mai
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oe1lduiuitese (Real Option)

* aa1lTuLUAUNTNENLAA59 (Real Asset)

* Real Option auflumatiannsiiAnzitlasensnuiturinismazi
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Timvesnamen (Option Premium)

Black-Scholes Option

sAeaUdun1Ea ¢ 1AaaUdunisa1Y P

C — Se_qTN(dl) - XB_TTN(dZ)
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Binomial Option
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Timmataen (Option Premium)

Binomial Option 8: Traffic Tree

P Bu? Bu?s
Bu? - Oudd
T
- .
Bu .f“ff B T 2
- - . = Bu‘d
o '“"H-h_hq_q_% ________--"'
© {ixum --"’F::d;h “HEF,
.. - T
e —
< = Bud’
Bd ~ -
. e
042 MH Bud??
Od3 S 0425
t=0 t=1 t=2 t=3 t=25

Cox, Ross and Rubinstein Binomial Tree
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simuesmaen (Option Premium)

Binomial Option Price: aunfiilu apaaaatldi N = anuausevzesluludaa, K Ae path aasmAenatldy

» Let uu
» g (k) be the risk-neutral probability of u *d N=2 k=2
n—ks_
kA n—k C,
» Let C (k) be the call payoff at u *d " —*S.
(k) = —"d1-a)
N = o 9 C Cus = Cuy
N =2, K=1
C(k) = max{u*d"™*s — K.o}.
Cq
The initial value of the call is
1 o
C = ﬁ ; Q(k)c(k) N=2,K=0
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Type of Real Option

Option to Wait
Option to Abandon
Option to Expand
Option to Switch

Maturity Adjustments

Stop/Restart

To wait to determine if a ‘good’ state-of-nature obtains
Shutting down the project if it proves non-viable down the road

Increasing project scale should it be profitable

After commencement of the project, there may be opportunities to
switch to other technologies should they become value-enhancing.

Structure of some projects may be completed over flexible time
frames.

Investment of some projects may be affected by market cycles. It may

be valuable if the projects can be shutdown in the low-performance
period,
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neaanildu Ananauunu Pay-off = max(P, - 30,0)

aaddunianisiu: Stock Option
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Nnnawmvuvved Black-Scholes

Inut

S 40

K 30

r 3%

q 1%

v 30%

T 1

Find d1 and d2

a1 1.17561
42 0.87561

Find N(d1) and N(d2)

N(dD) 0.88012
N(d2) 0.80938
NGAL) 0.11988
NGd2) 0.19062

P 0.914

faagilna
Fununin lin1siaaniiu (5)

Q/

AunuyaAtaan1manitang (11.29)

AYFFRAUIAAINUINEYALANZ NN
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BRIAR

Tasannsasranesiaulngld AAA syadn 1,000 A anelasenis 50 1 m@q'ﬁmmmﬂivmﬁmq
Anatinazammuiialian 200 fuflasassumsrnenuuienafisiuielifeiulugn 107 faene
Hun1azsiaalfRuamuan 500 4w

ANDIN ATA9Y1 200 A1utivizaly



N@QTﬂﬁ‘ﬂﬂ’]ﬁ‘LLﬁJH@ﬂﬂ‘fﬁJﬁ LL‘i;l/’Q%Q

AU 1,200 ANuiNasasiunsuenasianatalviee Wt 10............ P exp
N19LAAN
AIVULNER 1,000 811 1IN 10 THRTONIAULINE. oo, P . ormai

- Real Option Valuation:

At t,: Pay 200 and project manager has option to expand in T,,: Pay 500 and enjoy the Positive Cash Flow
or ignore the expansion




Traditional Valuation

* I E(P ) > 1,200) or Positive NPV.......c.ccooevvvvecneenne. Expand
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Payoff Option at year 10 = Max(P;, — 500,0), and

INVEST: 200 only when € = C(Pyq,500, 62, T,r) > 200
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Black-Scholes Pricing

Inut

S 600

K 200

r 3%

q 0%

vV 30%

T 10
Find d1 and d2

d1 0.85774

d2 0.55774

Find N(d1) and N(d2)
N(d1)  0.80448
N(d2) 071149
N(-d1) 019552
N(-d2) 028851

c 137.459
p 26.945
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NPV

Initial estimation | Fluctuation | Variations Period

Concession period 30 years
Construction period 5 years
Investment cost 260.000.000 €
Discount factor 15 %

Traffic volume 50.000 vehicle/day | Increase 10% 7-11 years

" 5% 12-30 years

Toll 2€ | Decrease 3.1% 7-10 years

(vear 6) " 3.0% 11-14 years

2.9% 15-18 years

2.8% 19-22 vears

2.7% 23-26 years

2,6% 27-30 years

Operating expenses 65% of the income Increase 5% 7-11 years

(vear 6) " 7% 12-16 years

9% 17-21 years

10 22-26 years

12 27-30 years
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‘?r‘:%ie Toll G_I'DSS Operating | Operating | Invesiment | Discount | Discounted :];ice::lnl::qt;[:
Volume Eevenues Expenses Income Cost Factor Income Cost
1 0 0.00 0 52.000.000 | 08696 45.217.391
2 0 0.00 0 52.000.000 | 0,581 30.310.471
3 ] 0,00 0 52.000.000 | 06575 34.190 844
4 0 0,00 0 52.000.000 | 05718 20.731.169
5 0 0,00 0 52.000.000 | 04972 25.853.190
(1] 18.250.000 | 2,00 | 36.500.000 | 23.725.000 | 12775000 0,4323 5522985
7 20.075.000 | 206 | 41.394650 | 240911.250 | 16483400 03750 6.196.721
8 22082500 | 213 | 46945673 | 26.156.813 | 20.788.860 0,3260 6.795015
9 24200750 | 219 | 53241087 | 27464653 | 25776434 0,2843 71327271
10 | 26719825 | 226 | 60380717 | 28837886 | 31542831 0,2472 7.796.905
11 | 20391808 | 233 | 68411.352 | 30279780 | 38131572 02149 8.196.123
12 | 30861398 | 240 | 73086878 | 32300365 | 41587513 0,1869 7.773.004
13 [ 32404468 | 247 | 80016808 | 34667320 | 45340488 0,1625 7.370.560
14 | 34024691 | 254 | B6.538.178 | 37.0094.033 | 49444145 0,1413 6.087 875
15 | 35725026 | 2,62 | 93.500.174 | 30.4600.615 | 53.800.560 0,1220 6.612 808
16 | 37512222 |1 269 | 101.022264 | 42468058 | 583533308 0,1062 6.257 286
17 | 39387833 | 277 | 109149505 | 46291.164 | 62858340 0,0020 5.841.167
18 | 41357225 | 285 | 117930582 | 50457360 | 67473213 0,0808 5452181
10 | 43425086 | 293 | 127204270 | 54908532 | 72205738 0,0703 5.079.883
20 | 45596340 | 301 | 137401436 | 59048400 | 77453036 0,0611 4.732.402
21 | 47876157 | 3,10 | 148311.110 | 65343.756 | 82967354 0,0531 4.408.112
22 | 50269065 | 318 | 160.087.012 | 71.878.132 | 88208880 00462 4.075302
23 | 52783463 | 327 | 172620820 | 79065945 | 93563.884 0,0402 3.758 873
24 | 55422637 | 336 | 186.155376 | 86.972.539 | 90182 837 0,0349 3.464 881
25 | 38193768 | 3.45 | 200.740.650 | 95.669.793 | 105.070.857 0,0304 3.191.304
26 | 61.103.457 | 354 | 216.468.680 | 105.236.773 | 111.231.907 0,0264 2038228
27 | 64.158.630 | 363 | 233.201.709 | 117.865.185 | 115.336.523 0,0230 2.649 264
28 | 67.366.561 | 3,73 | 251.228.201 | 132.000.007 | 119.219.193 0,0200 2.381.250
20 | 70734 880 | 383 | 270.648.141 | 147 850088 | 122 798 032 00174 2132820
30 | 74271634 | 393 | 201 569242 | 165592009 | 125.977.143 0,0151 1.902.640
Total 128.846.361 | 174.312.065
NPV 5.465.705
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Black-Scholes Model

Present Value Of Turnover (Sg) 249 824 287
Present Value Of Total Cost (X) 295289991
Riskless rate 0.03
Volatility (o) 0.25
Time (T) 1
Option Price 12.201.435.83

1 =) 1

HAaIUAsHnIsEfiadas RuAtaatlduaniiniu 12,201,435.83 Anu



Conclusion/Concerns

» Real Option Aa MATANTEaTLALLNTARRWIANANIWIIzA NN TINANITIUNA TRTa
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A A A 1
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* AounrdutlyiungsauituuaReulalidnindnuiugldsasindindszunnigls winiu 90%
Fqunaavanme liianay 60% 18949151451AN
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Number of equivalent vehicles

400 000
350.000
300.000
250.000
200.000
150.000
100.000

50.000

Expected Traffic with one floor and one ceiling

Ceiling

(Max Level)

If traffic lies above the traffic ceiling,
the concessionaire gives the revenue
in excess to the government

EXPECTED
TRAFFIC

Floor

(Min Level)

If traffic lies below the traffic floor. the

concessionaire receives additional revenue
cuaranteed by the government

Year

01 2 3 45 6 7 8 9101112131415 1617 18 19 20 21 22 23 24 25
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Real Option

Monte Carlo Simulation

Black-Scholes

Binomial
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nus 0 Wusudamaguaesduousn avanns Wiasuilasdsuiuizandn GBM

do .

— = adt + odz a -drift

0 o- volatility

ae _ (a — Ao)dt + odz* dz- Wiener Process dz = eVdt

6 e~N(0,1)

0o m A-Market price of Traffic Risk

A= o (Um=T) pg m-correlation between traffic

m changes and market index returns

= v
UNEIUR- TUNITUIBAU

45 i _Tdt + od
S—(H 2) odz
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Monte Carlo Simulation Method

WanaudntBunounislgaulundasthidaguntasasnelsga unsn 1495013 Monte Carlo Simulation

v
Y oo A

UszunouaniBunousnlunsaztl Lasan

2
o (a—ﬂ,criz)ﬁt-l—cr.wﬁ
B¢ 1ar = O

Tuusaztlyarlassnisanunsnauniyarilassnisanuilnandoyon idnisanaanaalnas NPV

Feulansgnmalneduaniann Monte Carlo Simulation sinls#lédn NPV, ootion 8

NPV

yarnealdu = NPV

with option ~ normal

o 1 dl % =
normal LL@wﬂunMH@ﬂWIﬂ?QﬂW?LNﬂ EUEUNH

1 o XK o v
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Black-Scholes

yar1 Put Option

GR;(t = 0) = 365.(1 — 7).p.y1|a,8,e 7" N(—d;) — e “**EN(—d,)]

2 2
En(e':'—)—l—(a—ﬂcr—l—g—)t En(eﬂ—)+(a—la—g—)t
49, ° and d, = @6, °
gt B oVt

r 1s the risk free rate

0;is the daily average traffic level in year i
Bp1s the nitial expected daily average traffic level

-

where d, =

fadunn Arves d, d, liwiiew Black-Scholes dnsmsiznisnsies adjusted for risk
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RR.(t = 0) = —365.(1 — 1).p.y1[6oe 4 N(d,) — by 6, N(d,)]

%)+ (a0 +%) () + («—20-%)
In(blgi +la ,lcr+2 t In b‘lg_i +la— Ao 5 t

and d, = 7
o

where d; =
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yaneelsuaim Black-Scholes

AznLdyaAduNiinanealdulunasINtasaA AR ALA AR 28I4TTYN PABATIATAINIS

Value Added — Z GR,(t = 0) + RR,(t = 0)

i=1
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Binomials

* asaununnaes Cash Flow Tree nauasiiu Traffic Tree
* Auanuyaf1redlasanIstinundsann wangadina T

* luusiay Node



—— ——

14% Direct taxes

-

0, 100,000 Initial expected daily average traffic level

o 10% pa Traffic volatility

Loan RS 700 MM Loan principal (50% in year 0 and 50% in year 1) with

2-years of delayed payment
i 8% p.a. Loan rate
Annual operating costs in year |

Annual maintenance costs from year 2 to year 9

MC, Annual maintenance costs from year 19 to year 25

—_—

Income Tax

expected [Bovespa retum

market price of risk of traffic

traffic increase factor (binomial tree)

[
;
|

risk-neutral probability (binomial tree)
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Model the Tree of Traffic

Traffic

100,000

110,517.09

90,483.74

122,140.28

100,000.00

81,873.08

134,985.588

110,517.09

90,483.74

74,081.82

149,182.47

122,140.28

100,000.00

81,873.08

67,032.00

164,872.13

134,985.88

110,517.09

90,483.74

74,081.82

60,653.07

182,211.88

149,182.47

122,140.28

100,000.00

81,873.08

67,032.00

54,881.16

201,375.27

164,872.13

134,985.88

110,517.09

90,483.74

74,081.82

60,653.07

49,658.53

222,554.09

182,211.88

149,182.47

122,140.28

100,000.00

81,873.08

67,032.00

54,881.16

44,932.90

245,960.31

201,375.27

164,872.13

134,985.588

110,517.09

90,483.74

74,081.82

60,653.07

49,658.53

271,828.18

222,554.09

182,211.88

149,182.47

122,140.28

100,000.00

81,873.08

67,032.00

54,881.16

44,932.90

300,416.60

245,960.31

201,375.27

164,872.13

134,985.88

110,517.09

90,483.74

74,081.82

60,653.07

49,658.53

332,011.09

271,828.18

222,554.09

182,211.88

149,182.47

122,140.28

100,000.00

81,873.08

67,032.00

54,881.16

44,932.90
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Compute the Revenue for each node

512.85
482.71
454.89 STALTE
420.16 445.54
405.37 421.25 438.14
383.32 398.73 404.26
362.88 365.79 365.79 365.79
330.98 330.98 330.98 330.98
299.48 299.48 299.48 299.48 299.48
270.98 270.98 270.98 270.98 270.98
245.20 245.20 245.20 245.20 245.20 245.20
221.86 221.86 221.86 221.86 221.86 221.86
Revenue 200.75 200.75 200.75 200.75 200.75 200.75 200.75
181.65 181.65 181.65 181.65 181.65 181.65
164.36 164.36 164.36 164.36 164.36 164.36
148.72 148.72 148.72 148.72 148.72
134.57 134.57 134.57 135.54 141.16
121.76 123.36 128.49 133.95
116.96 121.95 127.24 132.87
115.85 120.99 126.45
115.16 120.45 126.08




Binomials

Node values
s S 1 u d ) 1
Vw = CF. N4 1-qg)V. 0
i max[ ; +(1+r)[q i t(1—q) m]a e -
1 — \ /7 \:ﬁ - ,,,,,’/ﬁ“, ~ < R Discounted |
it = Max(0, et +5.7 ) Ve
(I-9)
d

-

+1

traffic increase factor (binomial tree) 1.1052

U= e"‘"‘m
u
d traffic decrease factor |hinomiai tree]  0.9048

i
E{u-id:nr —d
q=—————"F"
u—d

risk-neutral probability (binomial tree) g 69.740%



Solution for Binomials

2788.76
2667.11 2537.20
2577.74 2420.97
2471.81 2284.54 2166.00
2347.84 2174.68 2014.90
2206.92 2038.36 1838.91 1712.96
2044.06 1881.38 1694.21 1534.69
1866.27 1712.27 1539.15 1349.43 1247.23
1681.11 1537.21 1378.48 1207.54 1075.38
1494.08 1360.89 1215.92 1061.81 901.96 837.64
1309.01 1186.84 1054.94 915.34 771.19 677.99
NPV 1178.65 1017.09 898.18 772.16 640.50 506.54 489.34
851.01 745.85 634.39 516.50 391.08 329.19
593.06 498.55 398.81 291.11 166.78 196.93
365.31 284.26 199.18 105.92 53.81
178.60 116.11 55.65 0.00 0.00
48.89 14.60 0.00 0.00
0.00 0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00
0.00 0.00
0.00
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