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Analysis of Game-based Concession Period for PPP Projects Using Monte Carlo Simulation

and Game Theory
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Abstract

Public Private Partnerships (PPPs) are being employed by
governments around the world as an alternative infrastructure
project delivery. Under PPP arrangements, the private sector is
welcomed to finance and operate the project, usually for a fixed

period, on behalf of a responsible public agency. PPPs can help

lessen the government's strain on fiscal budget and its increasing
public borrowing. In addition, PPPs can help promote the private
competition in providing the public goods and services, as well
as better risk allocation between the public and private sectors.
However, like in those many countries, Thailand’s PPP contracts
have a fixed period, usually 25 to 30 years. Such long-term
contracts certainly carry high operating risks, as a result, private
concessionaires often seek contract renegotiation in case there is
an event that negatively affects their operating revenues.
Moreover, each PPP project has different settings, construction
and O&M costs, benefits, and transferred risks. Thus, fixed period
concession contracts may create opportunistic behavior of the
concessionaire  in  seeking renegotiation when operating
environment reveals not to be as expected, but retain all the
windfall if the opposite happens. Therefore, this paper is to
present a computational framework based on Monte Carlo
simulation and Game Theory for determining concession period
for a PPP project. The proposed method can also be applied,
with trigger parameters such as least present value of revenues
(LPVR), for contract duration readjustment by the government in

the negotiation with the concessionaire.

Keywords: Public Private Partnership (PPP), Concession period,

Monte Carlo simulation, Game theory
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nanauLNuYedlasins PPP nelamauliuuueuddesddnannis
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1.4.1 msasnaunIsi%es (Transfer Equation)
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1.4.2 nsimuneuysgu (Input parameter)
wefis MsimuagULUUNsNIEIeiIve s vzl
uwnualuaunisiden snfognau
®  Uniform distribution #1814 N1LANUIIVBIAIUYS
quilanuirazduveaninindile 4 wievaafinn
aaindule o dawiniu
®  Triangular distribution 31884 NSUANKIVBIAILUS
gulunsdifideyafimnumuiuiuegusnmmsnans
(Most Likely Value) uagzila10g 5811990 ULAR4
(Minimum Value) fuvauuauy (Maximum Value)

®  Normal distribution visngfis N15UINUIVBIFAIMYTHN

v o

lugduuuunagaiidnuugadieiuzusedand wazuan

W39618 Gaussian Function

1.4.3 77593A111597889 (Set up simulation)
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1.4.4 UAT129HAN 1591809
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v Y = o o ol a ¢ A
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3. A5E3IAILUUNANBULNUIATINTG PPP

3.1 msvssdunanauunulazinis PPP (Payoff)

HARDULNUYDUBNYUIINNITAMU (Payoff) Tulasenis PPP fie
HAR19587713 (1) yara1dagiu (Present Value, PV) 209318ld 5%
Aaene1glATINTg uay (2) yarmUagdu (PV) vesluawuuazelding
59una0n01g1ATIN1T 138 YaA1Uaguuans (Net Present Value,
NPV) waanszualiunaanenylasnisduies TnonszuaiiuiiAngy
paentenglasIMsansauandlaglinvnseuwatuan (Cash flow

diagram) 1ﬁﬁdgﬂﬁ 2

Returns

Investment Time
| | 1
Calculate value now

of future cash flow

| | |

5UN 2 n9inszualiuan

drunsusziiiuainelalusuinnnaenvissevianduuniui
annaglasuilailnldlasenis (Revenue) sneldluaunanuseiiiu
ndugliuinisuagasssuieuadevesnislduing duwandlu

aunsi (1)
Y, = AADT, xT, (1)

e Y, fe seldviaainazledu ludn t
AADT, Ao Irumglduinig Tudi t

T, Ao Arsssudlounislduinng Tuld t
uananNMsUsziusliuda difosusuiduanldsned
Aaduriseildiielunisamunoadislasens (nvestment cost)
AlIeaInnIsAiunuLazalditenn1sgentnge (Operating
and Maintenance Cost : O&M) 33ud9Ald31891nn s uaniw
Tasanslitanunsaldaulfogiedeliies (Rehabilitation Cost) udds

[

uduhlsanidmiuidvesweaenyulSuduunu (Equity owner)

Tuliiu 9 Tna@suduaunismanisRulasai
M I, +Y,—OM, —R —Tax, - DS,

I, (¥,,0M,,R,DS;;r. ) = NPV [ECF] =
E(t lR| lE) [ ] Z}: (l+rE)(

2

Wie IT. fie yarwaneuwnuilagluansvedlaseng

IE,I

contribution) T t

Ao amuneainlasinisienizludiuidnves (Equity

Y, o nuldfimainaglesu Tudd t

OM, s arlddrsannisanidunutasaldiiesainnisgou
e ludil t

R, o alddreannsitunaninlassns 1udd t

Tax, Ao a1¥ane ludi t
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DS, Ao yarmiliidesine (Debt service) ludi t

r. fo §nsnanauwnunid1vefiens (Return on Equity)

3.2 msaeTzvinnudagdeeglanisiiassuouinisia (Risk

analysis)

dwfumsdnaesduuglduinislasinismenisiiaesouiang

Ta aun1sideuifléfie Geometric Brownian Equation flaunisiie
1
Sty = Snexp{(u—zaz)dt +(odtxN (0,1))} )

o Sy Ao Suuflduimshuda n+1

S, fe udldunsluld n

4 Ao dasnsasaAulaludnauglduinng

o fis mudumIuvesIugliuINTg

dt fie szezim

N(0,1) Ae n1snszateMLUU standard normal

lun1smsseziaiAunuuedlasns awnsoaunldlaenis

Annentingldvedaninailevnauiusumuluduveniweuay
Alneuds annsadisvuiduiuindosyimunvadasinsld
Faansadeumddlunisdnalaglilusunsy MATLAB Tdfuans
Tugud 4

%107

0 5 10 15 20 25 30

5UR 3 Innugliuinislutisszesaat 30 U annisdasseusiansla

concession = zeros(m,1);
for j=1:m
x = -38000000;
a.=0;
for i=1:n
a=a+PV(j,1);
if a+x>((Paymentl+Payment2)*(1-(1+rd)"~-(32-1))/rd)/(1+rd)"i
break
end
end
concession(j,1) = i;
end

JUN 4 dhegryamddlunismssegiaAunu

3.3 N7 Risk-based bargaining model

dwsumsiinneginisasavesiludya wldinaluguuuuing

n1590594luN159180301543591 189 ndFURUUAITIA AU
a v O oA v oAd& vaa ° a 3

willoufiu tuAefiauilugsitunisasaihnmadennagnsvewuies
oy umslvgiaudndheidennagnslumsliney wu veuiuieuly
Yasd vy (Accept) 3o luwausunasvinnisiausiisuledu
(Reject and Counter Offer) La13IVINNTIUATITVNARDULNUDIUA
A¥NAYNTUUUGBUNGU LI BN IWUININITIE WNUT AuLDalA Ty

HanaULnugeNanfaandlugui 5

Government
P Offer \T
Tnu'.u T max
1
Private
Accept Reject

G: I_I(Tma.\) g lT(Tl)
P:IIT) -TI(T,,.) //

1

min

Counter-offer

70
Government

Accept Reject

G o[, - TI(T})]

Counter-offer

7;nin
Private
Accept Reject
G0 [TI(T,, ) -T1(7,,)] G:0
P:0* [I(Ty) -TIT,)] =0 P:0

3UN 5 wrunwnsiasaluguiuuinuniseeses (Bargaining Model)

31n3UN Masgazndudieiauesseziiarduuniuvedlasinis

sEnINszezaIdaLazsreIangedn (T, T . ) T

min !
AuINlAIINNITTRBINaUAATS LakaT AT IERRARBULNUAIAN TS

JaeAnadgsyezaduunu (T LAFINSATUIIHARNDULNY
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