
Japan Advanced Institute of Science and Technology

JAIST Repository
https://dspace.jaist.ac.jp/

Title

Game-options approach on Infrastructure

Investment in Vietnam : based on Smart City

Project

Author(s) Nguyen, Thu Ha; Fujiwara, Takao

Citation 年次学術大会講演要旨集, 28: 852-857

Issue Date 2013-11-02

Type Conference Paper

Text version publisher

URL http://hdl.handle.net/10119/11842

Rights

本著作物は研究・技術計画学会の許可のもとに掲載す

るものです。This material is posted here with

permission of the Japan Society for Science

Policy and Research Management.

Description 一般講演要旨



― 852―

2F16
Gam

Smart C
 

Abstrac

Over the las

GDP which

electricity sh

confront to 

forward agg

growth and 

improving th

“Smart City

investment 

uncertainties

Therefore, th

analyzing th

under Smart

cost-effectiv

behaviors. 

 

I. Introd

In recen

GDP for inf

has not kept

urbanization 

been causin

system and t

ability to sus

Transportatio

essential inf

infrastructure

congestion, g

Moreover, ch

especially th

and global 

infrastructure

6  
me-options

ity Projec

○Ng

ct: Successfu

st decade, the

h has resulted

hortage, natu

sustain high 

gressively to 

designed to 

he QOL (Qu

y” project in 

amounts and

s. Simultaneo

his paper sho

he trade-off b

t City project

ve way for n

duction 

nt years, Viet

frastructure in

t pace with p

and GDP gro

g pressure o

this has a neg

stain high econ

on and elec

frastructure, p

e in Vietnam w

greenhouse ga

hanges in the

he process of 

integration 

e services in 

s approac
ct. 

guyen Thu H

ul countries p

e governmen

d in a rapid 

ural disasters 

economic gro

become a m

encourage he

uality of Life)

Japan for co

d long term 

ously, it is im

ows the comb

between strate

t. Then the r

national devel

tnam has spe

nvestment (Fi

population gr

owth (at 7-8%

on the existin

gative impact

nomic growth

ctricity, two 

proved to be

when the pow

as emissions, o

e Vietnam ec

f urbanization

require hig

key areas su

ch on Infr

a & Takao F

provide econo

t of Vietnam

expansion of

and the emis

owth in the l

major global p

ealthy econom

) of their res

onsidering th

to profitabi

mportant to bri

bination of re

egic adaptabi

esult is propo

lopment and 

ent about 10%

ig.1), howeve

owth, the rat

%/ year). This

ng infrastruct

t on the coun

h in the long t

activities m

e two areas p

wer outages, tr

occurs more o

onomic struc

, industrializa

gh demand 

uch as electri

rastructu

Fujiwara (To

 

omy and soci

m was able to

f infrastructu

ssion of gree

long term. Jap

player in sma

mic activities

idents. For th

he investment

ility under h

ing stakehold

eal options an

ility and com

osed to value

the strategic

% of 

er, it 

te of 

s has 

tural 

ntry's 

term. 

most 

poor 

raffic 

often. 

cture, 

ation 

for 

icity, 

tran

In 

imp

econ

pote

dev

elec

tele

1

ure Invest

oyohashi Uni

iety with infr

o sustain infra

ure stocks an

enhouse gass

pan, one of t

art cities-a ne

s that reduce 

his reason, w

t in Vietnam.

high-risk perc

ders together 

nd game theo

mmitment of 

e the flexibil

c choices of 

nsportation, te

this conditi

portant for the

nomic progre

ential proje

velopment is S

 

 

 

 

 

Figure1: I

ctricity, ga

communicatio

10

9

8

7

6

5

4

3

2

1

0
1995       1997  

ment in V

iversity of Te

rastructure ne

astructure inv

nd improved 

es are challen

he most deve

ew style of c

the burden o

we are going 

. However, th

ception for i

in agreement

ory to provid

investing in 

ity of investm

stakeholders

elecommunica

ion, technolo

e industrial d

ss of Vietnam

ect which 

mart City in J

Source: Ge

Investment in

as, water, 

ons. 

Electricity, gas & w
Transport & comm
Infrastructure inve

    1999       2001 

Vietnam: 

echnology) 

eeded to main

vestment at 1

access. Desp

enges that Vi

eloped nation

city providing

on the enviro

to focus on t

this project r

innovative s

t of the Smar

de a useful fr

infrastructure

ment decision

s compatible 

ations, housin

ogy investm

development a

m. Besides, on

concerns 

Japan.  

eneral Statistics O

n infrastructu

transport

water supply 
munications 
estment GDP 

      2003      2005 

based on

ntain growth.

10 percent of

pite that, the

etnam has to

ns, is moving

g sustainable

onment while

this potential

equires large

olutions and

t City vision.

ramework for

e in Vietnam

n in terms of

with others’

g, and so on.

ment is also

as a result of

ne of the most

infrastructure

Office of Vietnam

ure, including

tation and

14%

12%

10%

8%

6%

4%

2%

0%
      2007

n 

. 

f 

e 

o 

g 

e 

e 

l 

e 

d 

. 

r 

m 

f 

’ 

. 

o 

f 

t 

e 

 

m  

g 

d 



― 853―

Howeve

investment 

stakeholders,

other domest

making deci

uncertainties

This means 

on big-budg

competitive 

options at the

 2. Pro

developmen

A smart

way for eve

“smart” solu

utilizing inf

(ICT) while 

energies and

optimized c

including ele

and lifestyle

help to creat

between env

lifestyles w

components, 

offices, plant

Neverthe

and long term

for innovativ

financial bur

invest in 

Partnership (

government 

solve the 

infrastructure

for private in

In the a

tsunami in 2

on building 

er, this project 

that require

, not only the

tic or foreign

ision should 

s over demand

that investors

get investmen

pressure an

e same time. 

omise of Sm

nt 

t community 

ery Governm

utions for the

formation and

promoting t

d achieving th

control of a

ectric power, 

e information

te smart com

vironmental c

with solution

 from energy 

ts and househo

eless, because

m to profitabi

ve solutions a

rden on the p

this project

(PPP) model w

reduce the b

problem o

e and also pro

nvestors. 

aftermath of 

2011, Japan h

smart, sustain

is a large-sca

s cooperatio

e Vietnamese

n investors. O

be carefully 

d, market, poli

s must alway

nts in consid

nd flexibility

 

mart City in

(Fig 2&3) is

ment can be 

e community

d communica

the introducti

he integrated 

all manner o

heat, water, 

n. Moreover, 

mmunities that

considerations 

ns that co

and water to t

olds. 

e of huge cap

ility under hig

and uncertaint

public if only

. Nowadays

will be a goo

burden of ca

f attracting 

ovide an inves

f the massive

has placed hei

nable cities, b

ale and big-bu

n among m

 government,

On the other h

considered u

icy and other r

ys make decis

deration of 

y of investm

n Infrastruc

s defined that

used to dev

y as a whole

ations techno

ion of renew

management 

of infrastruc

traffic, health

this project 

t strike a bal

and comfort

mprise mul

traffic, healthc

pital requirem

gh risk percep

ties can make

y the Governm

s, Public–Pri

d solution to 

apital guaran

investment

tment opportu

e earthquake 

ightened urge

but it was mo

udget 

many 

, but 

hand, 

under 

risks. 

sions 

both 

ment 

cture 

t the 

velop 

e by 

ology 

wable 

and 

cture, 

hcare 

will 

ance 

table 

ltiple 

care, 

ments 

ption 

e the 

ment 

ivate 

help 

ntees, 

in 

unity 

and 

ency 

oving 

in t

acti

201

Sys

man

Sma

(DC

bec

com

fina

futu

con

proj

mak

inve

opp

the 

ana

hat direction 

ively supportin

0 as part of 

tems Verifica

 

 
 
 
 
 

Figure 2: Sm

 

Figure 3:

nagement, In

art city.  

3. Methodolo

It can be cl

CF) method i

ause it can

mpetition in th

Therefore, R

ancial approa

ure uncertaint

nsider when i

ject. On the 

kers to accura

estment by r

portunities (Su

Game theory

effect of co

lyzes the mult

even before t

ng smart city p

its Next-Gen

ation Experime

(Sour

mart Commun

 Combina

frastructure a

ogy 

learly seen th

s not suitable

nnot accoun

e real market.

Real Options

ch that value

ties. The ROA

it is suitable 

other hand, 

ately estimate

educing nega

uttinon and Na

y an economic

ompetitor dec

ti-decision ma

then. The cou

projects in fo

neration Energ

ent. 

rce: TOSHIBA-Sm

nity  

(Source: IBM

ation of Pl

and Human 

hat discounte

e to give a r

nt for unce

.  

s Analysis 

es a flexible

A enables sta

to initiate o

ROA can al

e the expected

ative risks an

asu 2010). 

c approach co

cisions. The 

aking process 

untry has been

ur cities since

gy and Social

mart Community)

M - Smart Cities)

lanning and

solutions for

ed cash flow

right decision

ertainty and

(ROA) is a

e response to

akeholders to

or continue a

llow decision

d value of an

nd increasing

oncerned with

game theory

when there is

n 

e 

l 

) 

) 

d 

r 

w 

n 

d 

a 

o 

o 

a 

n 

n 

g 

h 

y 

s 



― 854―

more than one decision maker. Each player’s payoff 

depends on the actions taken by other players.  

As a methodology here, the procedure is consisted of 

basically comparing both the value of flexibility by real 

options and the commitment value by game theory in a 

game tree, and then of utilizing it for the optimal 

strategic decision through the backward induction. In 

other words, option-games is a combined method by 

integrating a real-option binomial tree with a payoff 

matrix under strategy scenarios.  

4. Application of NPV, Option to Project 

Investment 

4.1. NPV and ROA approaches 

NPV and ROA approaches consider all cash flows 

over the life of a project, both discount cash flows back 

to the present, and both use market opportunity costs of 

capital. They are fundamentally different and the NPV 

approach is a special case of the real options approach. 

We could say that NPV is a real options approach that 

assumes no flexibility in decision making.  

The net present value of a project is written as 

��� � �� ���������
�� � ���

�

���
 

Where, E (FCF): expected free cash inflow 

k: risk-adjusted rate; t: time point  

Note that the uncertainty of cash flows is not 

explicitly modeled in the NPV approach.  

For the real options method, the binomial model is 

formulated as follows:  

�� �
���� � �� � �����

� � ��  

Where, C0: current option value  

p: risk-neutral probabilities  

Cu, Cd: call value in up state, down state 

rf: risk-free interest rate 

Where, u: up movement, d: down movement. 

In addition, if a firm’s investment decisions are 

contingent upon and sensitive to competitor’s moves, a 

more involved game-theoretic treatment might be 

necessary.  

4.2. Assumption of Model 

We assume the investment I=$450 (in Million), 

volatility parameter � � ���, up or down with binomial 

parameter u= ��√�� � 1.35 and d = �����√�� � 0.74, 

risk-free rate rf=0.08, actual probability q=0.5 and 

original project value V0=$500. If so, risk-neutral 

probability will be given:  

� � �� � ����� � ����
���� � ���� � ������ � � � � ���� 

0 1 2 3 4 5 

2240.84

1660.06

1229.80 1229.80

911.06 911.06 

674.93 674.93 674.93 

500 500 500 

370.41 370.41 370.41 

274.41 274.41 

203.28 203.28 

150.60 

111.57 

Figure 4: Present value event tree of project without 

managerial flexibility. 

If invest now, commitment value: NPV= -450+500 

=50 > 0 

With managerial flexibility to its original plans 

This project may seek to envision infrastructure 

development in more than ten years' time. As a results, 

we simply assume that there are two decisions: both 

players will invest now (year 0) or invest after 5 years for 

preparation time, so if the investors do not invest now, 

they have to wait until 5 years later, so we chose 

European model for doing exercise at the expired day.  

According to ROA rule, at time T= 5, the value of 

project with flexibility: Max (VTi–X, 0) (where VTi is the 

value of project at point i in year 5 and X= $450 is 

exercise value). 

From the option perspective, a project is undertaken, 

at the future time, if and only if VTi >X. In the figure 

below, the project will be invested at the upper three 
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points (with payoff =VTi –X) and will be ejected at the 

three remaining points (with no payoff). For the 

remaining year from year 4 to year 0, we used 

risk-neutral probability approach to calculate the value of 

project with flexibility all nodes in every year.  

0 1 2 3 4 5 
          1790.84 

1243.39
844.00 779.80 

559.33 494.39 
362.49 302.52 224.93 

230.31 180.54 115.99 
105.75 59.81 0 

30.84 0 
0 0 

0 
0 

Figure 5: Call option valuation: Decision tree with 

project value. 

From the figures above, the option value at time 0, 

C0=$230.31> NPV=$50. This shows the managerial 

flexibility to defer investment for 5 years and invest if 

developments are favorable (upward movement) or back 

out with limited loss (0) under unfavorable developments. 

Many investment opportunities with high barriers of 

entry for competitors are such kinds of proprietary real 

options. And the option to wait is valuable in the 

industries of high uncertainties, long investment horizons 

and limited competitive erosion.  

Moreover, when the type of investment invites a 

rival’s cooperation in huge capital investment that in turn 

affects players’ investment decisions, this issued will be 

discussed in next sections.  

5. Strategic Games between the Government and 

Private firms. 

In the long term, the Government cannot provide 

funds from the State budget for Infrastructure 

development because the current Vietnam's public debt 

is high while the loans are more and more difficult. As 

mentioned above, the PPP model will be the vital key for 

economic development. Therefore, the Government 

should improve the policy on PPP model which focuses 

more on creating more favorable conditions for outside 

investors. In this paper, assume that the Government 

gives some incentives about low dividends for private 

investors, particularly, 25% on the payoff of project that 

they will get if they cooperate with the Government to 

share half investment capital for each party.  

The following step is calculation of both investors’ 

payoffs for each case in the four scenarios. 

5.1. Both Government and Private firms invest 

now 

Based on the first our assumption, the project value 

if invest now V0=$500, so the cash flow of the 

Government is included by half of total pay-off and 

dividend 25% from private firms, and private firms’ cash 

flow is equal half-payoff minus dividend submitted to 

the Government.  

0 1 2 3 4 5 
1400.53

1037.54
768.63 768.63 

569.41 569.41 
421.83 421.83 421.83 

312.50 312.50 312.50 
231.51 231.51 231.51 

171.50 171.50 
127.05 127.05 

94.12 
69.73 

Figure 6: Annual cash flows for the Vietnamese 

Government 

0 1 2 3 4 5 
840.32 

622.52 
461.18 461.18 

341.65 341.65 
253.10 253.10 253.10 

187.50 187.50 187.50 
138.90 138.90 138.90 

102.90 102.90 
76.23 76.23 

56.47 
41.84 

Figure 7: Annual cash flows for Private firms 
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Cash flow of Government =1/2 V0 + 25%(1/2 V0) = 

250 + 25%.250 = 312.5 

Cash flow of Private = 500 – 312.50 = 187.5 

Following that results, the payoff of both players are 

calculated if they invest now: 

Payoff of Government=312.5 – 225= 87.5 

Payoff of private=187.5 – 225= –37.5 (Loss) 

5.2. When one firm (Government or Private 

firms) invests first while the other waits and it 

pre-empts its competitor, appropriating the full NPV (50) 

for itself. However, if the private invests now, it must 

pay 25% dividend on its payoff or 25%x50=$12.5 and 

resulting in a payoff of (50,0) or (12.5,37.5); 

respectively. 

5.3. Both Government and Private firms wait  

In the current analysis, this scenario is the most 

complicated. Similarly, we calculate the option value 

from year 5 for each competitor by using formula:  

At time T=5, Payoff = Max (V’Ti–X’, 0) 

Where V’Ti: the payoff of project after dividends that 

each player receives; X’=1/2X= $225. 

And then going backward for the remaining years. 

Similarly to Fig.5, at the maturity day, the project must 

be invested at the upper three points (with payoff =V’Ti–

X’) and must be ejected at the three remaining points 

(with no payoff) by both players.  

0 1 2 3 4 5 
     1175.53
    829.20 
   575.72 543.63
  390.35 361.08 

258.30 227.83   196.83
167.13 138.96   101.50 

 82.73 52.34 0 
  26.99 0 
   0 0 
    0 
    0 

Figure 8: Option valuation: Project value of the 

Vietnamese Government 

However, in Fig.6, at point 4 from above at T=5, the 

project value is V’54=$231.51>$225, then the 

Government should invest as a partner. In contrast, at the 

same point in Fig.7, the option value will be equal 0 and 

the Private will not invest. Hence, if the Government 

decides to invest, while Private wants to abandon this 

project, the Government cannot get dividend.  

Based on strategy above, the Government must also 

give up this project and the option value is equal 0.  

0 1 2 3 4 5 
          615.32 
        414.19   
      268.27   236.18 
    168.98   133.31   
  104.19   74.69   28.10 
63.17   41.58   14.49   
  23.02   7.47   0 
    3.85   0   
      0   0 
        0   
          0 

Figure 9: Option valuation: Project value of Private 

firms.  

Results: 

The final payoffs for each player and strategic 

scenario are entered in the real option games matrix. 

Each value is calculated from four scenarios above. 

  Private 
  Invest Wait 

Government 
Invest (87.5, -37.5) (50, 0) 
Wait (12.5, 37.5) (167.13, 63.17)

Table 1: Simultaneous Investment Timing Game 

Payoff under dividend condition. 

What would we expect the Government and Private 

to do in the game illustrate by Table 1? Consider 

Private’s strategy first. Suppose that the Government has 

chosen “Invest”, then Private would get loss $–37.5 by 

choosing “Invest” and no payoff by “Wait”. Thus, 

conditional on the Government’s choosing “Invest”, 

Private’s payoff is maximized by choosing “Wait”. If the 

Government chose “Wait”, then Private would choose 

“Wait” for a payoff of $63.17 rather than “Invest” for a 

payoff of $37.5. Hence, no matter what the 
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Government’s strategy is, one best strategic response for 

Private is to decide “Wait”. This strategy is known as a 

dominant strategy.  

We look now for the Government’s strategy. The 

Government does better by choosing “Invest” if Private 

has chosen “Invest”, but it does better choosing “Wait” if 

Private has chosen “Wait”. The Government does not 

have a dominat strategy. Hence, it can consider the 

dominant strategy of the opponent and so can choose its 

equilibrium action accordingly. In this situation, the 

Government will choose “Wait” strategy with the 

expectation that Private will decide “Wait”. And the 

Nash equilibrium of the game occurs in the bottom right 

of the table.   

In reality, Smart City is a large-scale investment on 

infrastructure for the developing country as Vietnam. 

And the Government and Private have to make futuristic 

decisions under various uncertainties and in the face of 

competition. These decisions are normally based on 

incomplete information. However, they can gain more 

time for the gathering of additional practical data if they 

decide to defer project.  

6. Conclusion and Implication 

Under the standard real options approach to 

investment under uncertainty, agents formulate optimal 

exercise strategies in isolation and ignore competitive 

interactions. However, in many real-world asset markets, 

exercise strategies cannot be determined separately, but 

must be formed as part of a strategic equilibrium. 

Option-games can be used by both public and private 

sectors to quantify payoff options before making 

decisions on large-scale investments as Smart city. Real 

options allow decision makers to accurately estimate the 

expected value of an investment by making the project 

sufficiently flexible regarding productive opportunity 

versus abandon in light of future risks. On the other hand, 

game theory can quantify competitive pressure under 

different strategies. The option-games approach 

addresses an existing need in infrastructure management, 

which is characterized by big budgets, uncertainties, and 

competition.  

These results provide convincing evidence that the 

option-games valuation of infrastructure investment is 

more effective than the other methods for use in both 

Government and the Private sector. Future research 

should focus on the effects of other infrastructure service 

supply and demand countermeasures on decision 

making.  
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