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Abstract

Because the amount and method of royalty collection has remarkable
influence on the self-liquidating ratio and internal rate of return of a BOT project,
it is a key success factor to determine how and how much royalty should be
collected based on financial characteristics of the BOT project. Although there are
numerous studies related to royalty have been conducted, most of them employ the
method of discounted cash flow (DCF) to compute the annual royalty by assuming
the environment is certain and remaining unchanged. However, it is more likely to
believe that would not be true in practice. Besides, they aso ignore the possibility
of adjustments in operating scale and directions, which is caled managerial
flexibility, of private project companies when facing varying environment. If
government strictly restrains the managerial flexibility, it will strangulate the
original purpose and basic spirit for encouraging private participation in
constructing public infrastructures by introducing their operating flexibility.
Moreover, the concession period of BOT projects is usually over decades, the
investment environment they face must be very variable, it would be discrepant by
using a crisp model to compute the royalty. Based on that, this study considers the
uncertainty of environment by incorporating the concept of real options into the
BOT royalty model from the government’ s perspective.

The concept of real options is to evaluate the value of retained options in an
investment project. The types of options include option to defer, option to expand,
option to abandon, option to switch use, etc. The difference between real options
and traditional DCF method is that real options incorporate managerial flexibility
in avoid to underestimating project value. Because the main purpose of this study
isto develop amodel for calculating the maximum royalty, not to only discuss the
difference of net present value (NPV) and also have to consider the basic
requirements of investors and financers, instead of log-transformed binomial
method, which is commonly used method in the field of real options, a system
simulation method is employed to simulate varying investment environments and
how real options are excised, and then a mathematical programming model is used
to computed the optimal royalty.

An exemplified example is designed to validate the model. The patronage
rate of each year is assumed to follow a normal distribution with N(255) and
three scenarios with increasing, stable and decreasing patronage rate are analyzed.
A total of 30 cases are simulated and sampled for representing the real situations.
The results show that the royalty significant increases with consideration of
expand, contract, defer, and multiple interacting options, especially under the
increasing scenario. It indicates that government can be benefited by providing
managerial flexibility to the private project company. Finally, afield case study of
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aparking lot BOT project is conducted. By also considering the options of expand,
contract, defer, and multiple interacting, the annual royalty is calculated and
compared. Three methods for collecting royalty, annual optimal, signal-part and
two-part, are analyzed. The results show that in the case of single-part collecting
method government will collect largest extra amount of royalty estimated to be
approximately 90,000 NT dollars in comparing to the situation with no options
allowed. But in the cases of annual optimal and two-part collecting methods, there
is no difference in the amount of royalty if these options are provided. The model
proposed by this study can provide a reference to government to determine the
collection of royalty in preparing or negotiating a BOT project.

Key Words BOT projects, royalty model, real options, system simulation
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continuous-time models b finite difference
method c binomial model d trinomial
lattice method e
Brennan and Schwartz’s 1978 )
log-transformed finite difference method Trigeorgis 1991
log-transformed binomial method
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\Y; diffusion process
&~ = adt + odz
\
a
o
dz Wiener
\% X =InV
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K = At X =InV
a=r AX = In(\/w I'V,)=(r-0.502 At + oAz r AX
1.1.D (r-0.502 At oAt
k=o0’At AX
E(AX) = uk Var(AX) =k
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Xo Xe v NPV, NPV ROV,
( )| ( ) S| ( ) | ( ) | ( )
1 72.35 76.79 6 55.62 59.03 3.41
2 70.87 74.35 7 54.48 57.15 2.67
3 71.56 75.85 6 55.01 58.30 3.29
4 62.93 69.69 5 48.35 53.55 5.19
5 71.03 77.24 4 54.60 58.23 3.63
6 73.34 79.60 4 56.39 61.00 4.61
7 72.72 77.65 3 5591 52.70 --
8 67.76 72.89 6 52.08 56.01 3.93
9 71.72 77.84 4 55.14 51.93 --
10 70.61 77.98 4 54.28 58.21 3.93
11 62.01 67.14 6 47.65 51.58 3.93
12 69.22 74.34 6 53.20 57.13 3.93
13 71.71 76.26 3 55.13 57.79 2.67
14 71.15 77.16 5 54.70 5891 4.22
15 71.79 78.10 S 55.19 60.03 4.85
16 55.38 58.50 7 42.53 44.93 2.40
17 66.21 72.70 =) 50.88 55.73 4.85
18 70.09 77.50 4 53.88 59.56 5.69
19 68.61 71.71 6 52.74 49.53 --
20 70.23 78.38 4 53.99 60.25 6.26
21 66.09 69.76 6 50.79 53.26 2.46
22 67.80 69.83 8 52.11 48.90 --
23 70.88 74.04 6 54.49 51.28 --
24 67.62 76.14 3 51.97 58.52 6.54
25 70.67 74.65 3 54.32 55.88 1.56
26 71.74 72.61 9 55.15 51.94 --
27 68.51 75.48 5 52.66 58.01 5.35
28 69.39 72.98 6 53.34 50.13 --
29 72.22 76.52 5 55.52 58.18 2.67
67.35 70.83 7 51.76 54.43 2.67
:| 50
E YE
NPVO NPV NPV NPV ROV,
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58

e-Thesys(92

EI X, X o1 v. | on NPV, | NPV, | ROV,
( ) ( )| ( ) )
1 7235 | 7235 | - | No | 5562 | 55.62 0.00
2 7087 | 7087 | - | No | 5448 | 54.48 0.00
3 7156 | 7156 | - | No | 55.01 55.01 0.00
4 6293 | 63.18 | - | Yes | 4835 | 5244 4.09
5 71.03 | 7103 | - | No | 5460 | 54.60 0.00
6 7334 | 7334 | - | No | 35639 | 5639 0.00
7 7272 | 7272 | - | No | 5591 5591 0.00
8 6776 | 6776 | - | No | 52.08 | 52.08 0.00
9 7172 | 7172 | - | No | 5514 | 55.14 0.00
10 70.61 | 70.61 — | No | 5428 | 5428 0.00
11 62.01 | 62.01 — | No | 4765 | 47.65 0.00
12 6922 | 6922 | — | No | 53.20 53.2 0.00
13 7171 | 71.71 ~ | No'| 55.13 55.13 0.00
14 7115 | 7115 | - | No | 54.70 54.7 0.00
15 7179 | 7179 | — | No | 5519 | 55.19 0.00
16 5538 | 5726 | - | Yes | 4253 | 47.52 4.99
17 6621 | 66.21 — | No | 5088 | 5088 0.00
18 70.09 | 7009 | - | No | 53.8% | 53.88 0.00
19 68.61 | 68.61 ~ | No | 5274 | 5274 0.00
20 7023 | 7023 | - | No | 5399 | 53.99 0.00
21 66.09 | 6609 | - | No | 5079 | 50.79 0.00
22 6780 | 6780 | - | No | s2.11 52.11 0.00
23 7088 | 70.88 | -- | No | 5449 | 54.49 0.00
24 67.62 | 6762 | - | No | 5197 | 51.97 0.00
25 70.67 | 7067 | -- | No | 5432 | 5432 0.00
26 7174 | 7174 | - | No | 55.15 55.15 0.00
27 68.51 | 68.51 — | No | 5266 | 5266 0.00
28 6939 | 6939 | - | No | 5334 | 5334 0.00
29 7222 | 7222 | - No 5552 | 55.52 0.00
6735 | 67.35 51.76 | 51.76 0.00
| e T T e T
XO XRD] R
NPV, NPV, NPV ROV,
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— |
) BN RN R R - N R I N RUCR I )

0.4276| 57.82 6 No | 54.28 3.93

0.4276| 55.41 6 No | 47.65 | 51.58 | 3.93
12 0.4136] 55.55 6 No | 53.20 | 57.13 | 3.93
13 0.4100| 55.00 7 No | 55.13 | 57.79 | 2.66
14 0.4171| 57.38 3 No | 54.70 | 5891 | 4.21
15 0.4355| 59.82 5 No | 55.19 | 60.03 | 4.84
16 0.3861| 45.25 6 |Yes| 42.53 | 50.63 | 8.10
17 0.4370] 59.03 3 No | 50.88 | 55.73 | 4.85
18 0.4370| 60.16 4 No | 53.88 | 59.56 | 5.68
19 0.4434| 54.47 14 | No| 52.74 | 49.53 --
20 0.4233| 58.49 4 No | 53.99 | 60.25 | 6.26
21 0.4213| 54.90 7 No | 50.79 | 53.26 | 2.47
22 0.4434| 54.23 14 | No| 52.11 | 48.90 --
23 0.4434| 55.13 14 | No| 5449 | 51.28 --
24 0.4370] 60.06 3 No | 51.97 | 58.52 | 6.55

N
()}

0.3550

46.80

o2e]

54.32

[\
(@)

0.4434

55.38

[e—
N

55.15

27 0.4370] 59.33 5 No | 52.66 | 58.01 | 5.35
28 0.4434| 54.70 14 | No| 53.34 | 50.13 --
29 0.4213| 56.67 7 No 55.52 | 58.18 | 2.66
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BOT FX

TR P
FX

17 TRl
Max Z = FX +
pX§<1+r)r

st.
DSCR >12 t=5..14

NPV >0
X =0
FX=>0
FX yo,
4.28 4.32 NPV
NPV
NPV I
3064
FX FX
0
1
NPV
NPV --
0.00
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BOT

4.28

FXo | pg | Xo | FXe| , | Xe | y. |NPVy| NPV | ROV,
1| 1.59 [0.2503|29.71 | 1.59 [0.2503|29.71| -- |46.29(46.29| 0.00
2 | 1.43 /0.2650/30.76 | 1.43 [0.2650|31.01 | 13 |43.84(38.18| --
3 ) 1.19 [0.2786/31.67 | 1.19 [0.2786|31.67| -- |43.17(43.17| 0.00
4 | 0.55(0.3024/32.36 [31.07 |0.3024| 63.08 | 12 |38.59(32.31| --
5 ) 1.59 0.2944/35.08 | 1.59 [0.2944|35.15| 13 [47.57|41.43| --
6 | 1.59 [0.2648/30.85 | 0.00 [0.2648/29.26 | 14 |44.97(38.03| --
7 | 0.98 [0.2205/25.46 | 0.98 [0.2205/25.79| 13 [44.59(39.58| --
8 | 1.59(0.1099(13.88 | 1.59 [0.1099 14.10| 13 |45.02]40.57| --
9 1 0.90 [0.1974/22.77 | 0.10 [0.1974|22.07| 12 |44.77(38.59| --
10 | 1.47 [0.3191]38.04 | 1.47 [0.3191{38.60 | 14 |48.36|43.64| --
11| 1.54 [0.1098]13.15| 0.06 {0.1770/18.95| 11 |38.57|32.39| --
12 | 1.55[0.2914(33.93 | 1.55 {0.2914(33.93 | 13 |44.63|3827| --
13 | 1.59 [0.2153/25.62| 0.46 [0.2153{25.01| 12 |45.38(40.87| --
14 | 1.59 [0.2387(28.32 | 1.47 [0.2387/26.81| 14 [46.13/39.95| --
15 | 1.00 [0.2755/32.05| 1.47 |0.2755(31.39| 14 |46.70(41.49| --
16 | 1.41 [0.1171[12.71] 0.38 [0.1171]11.74| 11 [28.35|21.77| --
17 | 0.98 [0.3075/34.81| 0.06 [0.3835(42.70| 12 |43.06(37.38| --
18 | 0.78 [0.3160/35.42| 0.78 [0.3160{35.59| 13 |43.82(38.03| --
19 |1 0.62 [0.1006/ 10.91 | 0.16 [0.2694(27.57| 12 |36.06|28.84| --
20 | 1.30 [0.2230{25.89 | 0.30 {0.2230[25.28 | 11 |44.49(39.00| --
21 | 1.550.2036(23.50 | 0.25 0.3545(38.65| 12 |40.50|33.80| --
22 | 1.59 0.1910{22.17| 0.97 {0.1910[22.01| 8 [40.10(33.91| --
23 | 1.20 [0.1316]14.99] 0.58 [0.1689[17.83 | 11 [38.99|32.42| --
24 | 1.59 [0.3889(45.80 | 1.59 [0.3889(46.33 | 14 [46.79 |41.69| --
25 | 1.59 0.0391] 4.35 | 1.39 {0.1775[20.60| 3 |44.60|37.05| --
26 | 1.59 [0.1288[15.44 | 1.59 (0.1288]15.46| 13 |40.62|34.45| --
27 | 1.59 [0.3141{36.77 | 1.59 [0.3348(39.23 | 13 [45.83(39.57| --
28 | 1.13 10.2720{29.71 | 1.13 {0.2720{30.06 | 13 |38.77|33.28| --
29 1.48 (0.2770/33.00 | 1.59 [0.2770|31.62 14 47.08]40.92| --

1.55 (0.1264/15.13 | 0.73 [0.2215|25.21 40.38|35.16

:I 0.00

PE
FX¢

FXO
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4.29
FXo Oo Xo | FXi O Xk Y, NPV, | NPV, | ROV,
1 1.59 10.2503(29.71 | 1.13 |0.2879|31.55 8 46.29 3943 | --
2 1.43 (0.2650({30.76 | 1.13 |0.3021|32.50 6 43.84|37.05| --
3 1.19 |0.2786|31.67 | 1.13 |0.3168|33.74 5 43.17|36.67| --
4 0.55 10.3024|32.36 | 0.64 |0.3393|35.53 10 38.59 3484 | --
5 1.59 10.2944(35.08 | 1.13 |0.3318|36.57 8 47.57140.16 | --
6 1.59 [0.2648(30.85| 1.13 |0.3037|34.08 11 4497 |41.51 | --
7 0.98 |0.2205(25.46 | 1.07 |0.2617|28.49 7 4459 |38.11 | --
8 1.59 10.1099(13.88 | 1.13 |0.1570(17.02 5 45.02 3438 | --
9 0.90 |0.1974(22.77| 0.99 |0.2398| 26.25 8 4477 |38.64 | --
10 1.47 10.3191(38.04 | 1.13 |0.3551(40.47 11 48.36|43.76 | --
11 1.54 10.1098| 13.15| 1.13 |0.1569|17.00 11 38.57|32.63| --
12 1.55 10.2914(33.93 | 1.13 |0.3289| 34.55 5 44.63 |35.00| --
13 1.59 [0.2153(25.62| 1.13 |0.2549{27.68 6 45.3837.70 | --
14 1.59 0.2387(28.32 | 1.13 |0.2790|30.88 8 46.13140.21| --
15 1.00 [0.2755{32.05| 1.09 |0.3138|34.68 8 46.70140.41 | --
16 1.41 |0.1171{12.71 | 1.13 |0.1638| 15.85 5 28.35(22.34| --
17 0.98 |0.3075/34.81| 0.98 |0.3419|38.07 14 43.06|39.46| --
18 0.78 10.3160/35.42| 0.87 |0.3502|37.84 8 43.82139.69| --
19 0.62 |0.1006/10.91 | 0.62 |0.1453|15.49 14 36.06 |33.77| --
20 1.30 10.2230/25.89 | 1.13 |0.2641|29.03 9 44.49139.09| --
21 1.55 10.2036|23.50 | 1.55 |0.2457|27.63 13 40.50|36.81 | --
22 1.59 10.1910/22.17 | 1.13 |0.2339|24.62 7 40.10 13292 | --
23 1.20 |0.1316(14.99 | 1.13 |0.1776|19.42 11 38.99135.55| --
24 1.59 [0.3889(45.80| 1.59 |0.3889|45.80 -- 46.79 146.79 | 0.00
25 1.59 10.0391| 4.35| 1.59 |0.0391| 4.35 -- 44.60 | 44.60 | 0.00
26 1.59 [0.1288(15.44| 1.13 |0.1749| 18.78 8 40.62 |33.44| --
27 1.59 |0.3141|36.77| 1.13 |0.3504|38.50 9 45.83139.59| --
28 1.13 (0.2720{29.71 | 1.13 |0.3105/32.91 8 38.77135.11 | --
29 1.48 10.2770(33.00 | 1.13 |0.3135|34.21 6 47.0839.19| --
1.55 10.1264| 15.13 | 1.55 |0.1699| 19.54 14 40.38 |37.70
:l 0.00
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FXO FXg
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4.32 II

EI FXo | po | Xo |FXeon| oo | Xer | v, |pn| NPVo | NPV | ROV,

1 1.59 10.2503/29.71 | 1.13 |0.2879|31.55 8 |No| 46.29 | 39.43 --
2 1.43 10.2650/30.76 | 1.13 |0.3021]32.50 6 |No| 43.84 | 37.05 --
3 1.19 10.2786/31.67 | 1.13 |0.3168|33.74 5 |No| 43.17 | 36.67 --
4 0.55 ]0.3024/32.36 | 0.64 |0.3393|35.53| 10 |No| 38.59 | 34.84 --
5 1.59 10.2944/35.08 | 1.13 |0.3318|36.57 8 |No| 47.57 | 40.16 --
6 1.59 10.2648(30.85 | 1.13 |0.3037|34.08| 11 |No| 44.97 | 41.51 --
7 0.98 10.2205/25.46 | 1.07 (0.2617|28.49 7 |No| 44.59 | 38.11 --
8 1.59 10.1099| 13.88 | 1.13 [0.3630| 34.21 7 |Yes| 45.02 | 35.23 --
9 0.90 10.1974/22.77| 0.99 (0.2398]26.25 8 |No| 44.77 | 38.64 --
10 1.47 10.3191(38.04 | 1.13 |0.3551{40.47| 11 |No| 48.36 | 43.76 --
11 1.54 0.1098|13.15| 1.13 [0.1569|17.00| 11 |No| 38.57 | 32.63 --
12 1.5510.2914/33.93 | 1.13 (0.3289| 34.55 5 |No| 44.63 | 35.00 --
13 1.59 10.2153/25.62 | 1.13 [0.2549|27.68 6 |No| 4538 | 37.70 --
14 1.59 10.2387/28.32| 1.13 | 0.279 | 30.88 8 |No| 46.13 | 40.21 --
15 1.00 10.2755/32.05| 1.09 [0.3138]34.68 8 |No| 46.70 | 40.41 --
16 1.41 |0.1171)12.71| 1.13 [0.1932| 17.26 5 |Yes| 28.35 | 27.33 --
17 0.98 0.3075/34.81 | 0.98 [0.3419/38.07| 14 |No| 43.06 | 39.46 --
18 0.78 10.3160)35.42 | 0.87 {0.3502|37.84 8 |No| 43.82 | 39.69 --
19 0.62 |0.1006| 10.91 | 1.57 [0.1931]19.08 | 13 |Yes| 36.06 | 34.20 --
20 1.30 10.2230|25.89 | 1.13 ]0.2641|29.03 9 |[No| 44.49 | 39.09 --
21 1.55 10.2036/23.50 | 0.51 [0.3154]30.02| 12 |Yes| 40.50 | 36.14 --
22 1.59 10.1910)22.17| 1.13 [0.2339|24.62 7 |No| 40.10 | 32.92 --

N
(98]

1.20 {0.1316[14.99 | 1.13 |0.1776/19.42| 11 |No| 38.99 | 35.55 --
1.59 10.3889/45.80 | 1.59 [0.3889/45.80| -- |No| 46.79 | 46.79 | 0.00
1.59 10.0391| 4.35 | 1.59 [0.0992| 9.71| 16 |Yes| 44.60 | 40.03 --
1.59 10.1288| 15.44 | 1.13 |0.1749| 18.78 8 |No| 40.62 | 33.44 --
1.59 10.3141|36.77 | 1.13 |0.3504| 38.50 9 |[No| 45.83 | 39.59 --
1.13 10.272029.71 | 1.13 |0.3105]32.91 8 |No| 38.77 | 35.11 --

6
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\O]
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[\
o0
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1.48 10.277033.00 | 1.13 |0.3135]|34.21 No 47.08 | 39.19 --
1.55 10.1264| 15.13 | 0.55 |0.2164]| 21.18 40.38 | 38.84 --

—- 0.00
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FXO FXroi + 1
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BOT

Po ( P ep1 ( Ye (NPVO)(
1 0.0591| 6.36|13.95|0.1422| 24.62 6 Yes | 30.35| 13.95 --
2 0.0488| 5.01 | 0.55]0.1863| 15.15 12 | Yes|26.03 | 11.51 --
3 0.0468| 4.50 | 1.360.0824| 7.57 -- Yes | 24.76 | 17.68 --
4 0.0383| 3.60| 0.65]0.3557| 30.85 9 No | 19.28 | 9.99 --
5 0.0816| 8.52| 0.16]0.1098| 10.58 12 No | 30.08 | 22.66 --
6 0.1238| 11.36 | 0.40 |0.1529| 14.42 10 No | 27.38 | 18.80 --
7 0.0106] 1.00|12.8710.2157|29.34 6 Yes | 28.66 | 12.87 --
8 0.0058| 1.57| 1.59]0.1616| 14.79 -- Yes | 29.96 | 23.63 --
9 0.0506| 4.67 | 0.35]0.0942| 7.86 7 Yes | 27.50 | 11.95 --
10 0.0018| 0.17 | 24.78 10.2670| 50.79 12 No | 32.11 | 25.08 --
11 0.2117| 18.60 | 12.41 |0.2850| 37.45 10 No | 21.25 | 12.99 --
12 0.1076| 10.54 | 0.23 |0.2948| 23.37 10 |Yes|27.04| 12.44 --
13 0.0960| 39.32 | 30.14 |0.0960{ 39.32 -- No | 30.33 | 30.33 | 0.00
14 0.0192| 3.00|21.48 |0.0856| 29.62 8 No | 30.47 | 21.63 --
15 0.0794| 7.67| 0.5410.0794| 8.11 12 No | 30.77 | 23.26 --
16 0.0148| 1.14| 0.1510.1764| 13.76 5 No | 10.08 | 1.06 --
17 0.2596| 23.87 | 0.5510.2596| 24.34 12 No | 25.51 | 17.79 --
18 0.0674| 6.07 | 12.69 |0.0833| 18.32 8 Yes | 25.76 | 12.69 --
19 0.0225| 1.85| 0.63]0.1178] 10.32 10 No | 16.76 | 8.21 --
20 0.0705| 6.56| 0.10|0.1989| 18.63 9 No | 27.88 | 19.45 --
21 0.2645| 23.37 | 0.24 10.2645| 23.60 12 No | 21.55 | 13.67 --
22 0.0010] 0.93| 1.11]0.0565| 5.44 13 Yes|22.41 | 11.97 --
23 0.0308| 2.60 | 0.09]0.1945| 16.52 7 No | 1947 | 9.43 --
24 0.2444| 25.26 | 1.10|0.2444| 25.26 -- No | 33.10 | 33.10 | 0.00
25 0.0901| 8.43 | 0.4810.0901| 8.91 13 No | 27.83 | 20.62 --
26 0.0116] 1.03| 11.8 |0.0475| 16.04 5 No | 23.03 | 11.89 --
27 0.1308| 12.26 | 0.14 |0.1308| 12.40 12 No | 29.03 | 21.57 --
28 0.0738| 6.36| 0.09 |0.1061| 9.23 5 No | 20.82 | 9.52 --
29 0.0406| 4.45| 0.56|0.2105|17.84 12 Yes 29.67 | 17.02 --
0.1043| 9.52| 0.89|0.1404| 12.18 12 2441 | 14.27
:l - -lm
PEepI
FXO FXeo, + 1
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