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Discussion on the Difference of Construction Project

Budget and Settlement in Beitun District of Taichung City

Abstract

The most significant impact of "building costs’ on construction management and the
impact on the interests of the company is so great that it isimportant to effectively control the
cost change, and the cost of control must be set out by the budget. The budget is the
quantification of the behavioral plan, which is an important management tool that helps
managers to coordinate and implement the plan. And the budget for the project is also the
basis for al project works. For the owners and the planning units, the estimated budget cost
data are regarded as the basis for the project cost assessment, content planning and design and
project cost control.

This study will focus on the construction of the project and the design unit, through the
relevant literature collection, project case integration, expert interviews and personal work
experience to explore the way to build the project cost estimation method as the main axis,
Organizational composition, design units and manufacturers of cost estimates and practices of
the differences, do a rational discussion, From the results of Table 2: to determine the cost of
settlement / budget X100%, March O see, September O and May O Lan settlement execution
exceeded the budget, especially in March O see more than 8.71% for the highest profit and
loss. From Table 3 results: the budget correction / approved budget X100% to determine the
amount of other decoration implementation of the maximum profit and loss to 42%, mainly
due to the design changes caused by the increase in costs. From Table 4 results: the budget
revised / approved budget X100% to determine the implementation of the cost of the site
costs exceed the maximum profit and loss to 50%, mainly due to increase the cost of the main
office of the work expenses. From Table 5 results. to estimate the budget / approved budget
X100% to determine the implementation of the flat roof decoration exceeded the maximum
profit and loss to 83%, mainly due to the unit price exceeds the budget unit price. From the
table 6 results. the budget correction / approved budget X100% to determine the
implementation of the floor tiles exceeded the maximum amount of profits and losses to 50%,
mainly due to the unit price exceeds the budget unit price, and the company's product changes
and so on. From Table 7 results: the budget correction / approved budget X100% to determine
the amount of external mud for the implementation of the amount of the maximum profit and
loss to 40%, mainly due to the unit price exceeds the budget unit price. From Table 8, the
result is determined by the budget revision / approval budget X100%. The budget for the June
O wind and the January Spring language is about 0.5% of the budget, indicating that the
budget was originally set to meet expectations.

Understand the operation process and operation contents of planning actions including
planning, design, contracting, construction and so on, so as to make up for the shortcomings
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of this part of research in the field of construction management academic research.
Keywords: Create cost, Budget execution rate, Cost control
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A Study on the Career Advancement of Engineering

Staff in Taipei City Sewage Systems Office

Abstract

Personal performance is closely associated with promotion systems. The authors of this
study drew on their personal experiences concerning promotion to develop a questionnaire.
The questionnaire was administered to 36 anonymous retired recipients. The content of the
questionnaire was based on the Promotion Evaluation Criteria proposed by the Sewage
Systems Office. The evaluation items were listed as the key factors. The questionnaire
consisted of 18 multiple-choice items, 14 with single keys and 4 with multiple keys. The
survey results highlight the crucial factors that affect promotion for both promotees and
promotion decision makers; an understanding of these results can ensure the fairness and

rationality of promotion and the integrity of promotion systems.

Keyword: Promotion System, Questionnaire Survey, Key Factors, Promotion Evaluation
Criteria
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Disaster potential analysis of disaster prevention

hillside community in Changhua County

Abstract
In the process of promoting disaster prevention communities, the residents’ knowledge
and skills in disaster prevention and mitigation can be strengthened through the “public
participation.” Meanwhile, the occurrence of disaster could be reduced by learning about
disaster prevention measures and potential factors of disasters in communities. There are 589
villages in Changhua County, of which 81 villages are located in hillsides (including security
forests), which can be attributed to the hillsde communities. In addition to the original
potential debris flow prevention communities which have been established by the Soil and
Water Conservation Bureau, Changhua County Government also plans to gradually set up
other autonomous disaster prevention communities. The main purpose of this study is to
determine the disaster risk of hillside communities in Changhua County through the overlay
analysis of geographic information system (GIS) for the potential slope disasters (irrespective
of the potential debris flow). The results can provide a reference for the establishment of

autonomous disaster prevention hillside community.
Keywords. disaster prevention community, disaster potentia analysis, disaster risk value,

geographic information system (GIS)
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The history of the disposal of human corpsesin
Taiwan and changesin public perception

Abstract

During the process of a changing population structure, land resources have become
increasingly limited due to the gradual urbanization of rural areas. Among the different
options for the disposal of corpses that have been advocated by past governments, cremation
has been held as the primary policy, promoted through a combination of systems, laws and
regulations, facilities and campaigns, with the aim of increasing the national cremation rate.
To economize land resources, existing cemeteries have been refurbished (the gardenization of
cemeteries) and graves have been allowed to have different lengths of use. However > the
acquisition of land for building mortuary facilities is difficult and the time taken for
environmental assessment is too lengthy, which has resulted in a shortage of public cemetery
facilities. Opposition from local residents and difficulty in acquiring suitable land and
constructing mortuary facilities are reasons behind the lack of new cemeteries and
columbaria.

The disposal of human corpses has transitioned from inhumation in earlier times to the
cremation method, which meets urban development demands. The recent development of
minimalist and simple burials includes tree burials, scatterings, and burials at sea. This study
found that there are three stages in the history of the disposal of human corpses in Taiwan :
the period when land burial was prevalent from 1924 to 1985 ; the popularization of cremation
after 1985 ; and the diversification of burial methods from 2002 to the present day.

Key words: isposal of human corpses, History and public perception, Cremation
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A preliminary study on construction resume

Abstract

The most family accumulated a multi-year surplus to buy a house. However, no matter how
cautious the entire purchasing process is, | believe that the quality of the house still only by
oral promise of the builders or constructors. Throughout the process, the quality of a house
relies on the character of builders or constructors. The building resume in this article offers
another option.

Studying products and marketing resume of agricultural extended to the construction resume
as an example to discuss the construction resume. In addition to the traditional concept of
construction recordings, the current construction resume has been made to further take into
account the safety of construction safety resume. By introducing the concept of construction
safety resume to record the production process of buildings and hoped to further capture the
advantages of other value-added services. However, other problems that arise during the
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process have yet to be overcome.
Key word: construction resume, products and marketing resumes of agricultural, Building
safety resume.
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Abstract

Maioli is a city located on the hill. Unavoidable, most of schools are built right on the
slope of hill. Taiwan is frequently hit by earthquake which may results in the damage of slope
stability. This slope instability could cause the school in dangerous. Surveillance of slope
stability becomes an important issue for schools in Maioli. We adopt survey and slope
analysis to investigate the safety of slope in schools. We find that school is safe in general and
raining cases and unsafe in earthquake and earthquake with raining cases for Chao-wen
elementary school. Soil erosion is also severe in the school. Drainage problem with heavy rain

is the root cause for soil erosion.
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Abstract

In general, the infrastructure projects are with high economic and social benefits, but with low
financial viability. No need to say, the government needs to provide some incentives, such as
subsidy or quarantine to allure the participation of private sectors on the infrastructure
projects. Win-win situation is the best results for both parties. However, there is no attraction
to private sectors if the government propose low subsidy, and it increase the government
financial burden with high government subsidy.

There are three major participants in PPP projects, which are the government (the client), the
Project Company, and bankers with different interests. We may say that it is a tri-party game
in a PPP project. Thus, a cooperative game model is constructed to determine the government
subsidy, tariff, debt ratio, and interest rate, which may lead to a win-win-win results.

A cable car project at Kaohsiung first harbor is used as a case study for constructing the
financial model. The results show that the government subsidy =64%, tariff = 16.69 NT$,
debt ratio = 46%, and interest rate = 8% in the case study. The project value is 1.73 billion
NTS$. The Shapley value is 1.67 billion NT$ for the government, 3.8 million NT§ for the
project company, and 1.74 million for bankers. We may find a solution for this cooperative
game, which implies that all parties meet their benefit requirements.

Keywords: Public private partnership (PPP), Game theory, Cooperative game, Shapley value,
Project negotiation.
Introduction

According to Myerson (1991), game theory is the study of mathematical models of conflict
and cooperation among rational and intelligent decision-makers. Each participant in the
negotiations of PPI contracts tends to maximize his/her benefits, and the agreement can be
reached only when satisfying all other participants’ benefits. This is a Nash equilibrium,
which indicates a player does his/her best, given that his/her rivals also do their best (Narahari,
2007). However, the negotiating parties might not reach agreements (no Nash equilibrium) or
equilibria (multiple Nash equilibria).

In the analysis of games with more than two players, von Neumann (1959) assumed that
players would not simply choose their strategies independently, but they would coordinate
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their strategies in coalitions. Like traditional game theory, the approach advocated here builds
on the notions of individual preferences and individual rationality. Those who participate in
the PPI scheme formulate the project together, realizing that they have the project in common
and that they depend on each other. This rationality of the participants is depicted in two ways.
First, participants prepare a proposal about how they would formulate the project and which
conjectures they would follow regarding each other's behavior. Second, if a proposal were
unambiguously in everyone's interest, then the individual participants would not hesitate to
choose their part in the proposal. What is in a participant's own interest is simply defined by
its own utility function in the PPI project, and participants only consider proposals that are
consistent with individual rationality.

Let NV =1012.3..1} 16 the set of PPI participants and F be the set of feasible payoffs that the

participants can receive if they all work together. Let (Vl’Vz’V”""V”) be the disagreement

payoffs the participants would expect if they did not cooperate. In addition, assume that the

set {(x,,%,,%,,...x, )e F:x, > v, Vie N}

F, (V"Vz’v3""’vn) is n—person bargaining problem (Narahari, 2007). The Nash bargaining

equilibrium can be defined as an efficient allocation vector that maximizes

is non—-empty and bounded. The pair

n

Z(‘xi _Vi)

i

> min .

over all factors * < K such that % =% > vie N .

Next, we incorporate the cooperation among the participants into the above solutions. Assume
that the participants wish to divide the project benefits among themselves. Each participant
can propose a payoff such that no participant’s payoff is lower than its required minimum

min

(" ). Let the social NPV (SNPV) present the total payoffs allocated among n parties:

SNPV = FNPV +|(TAX — SUB)+UB|+ IE

where SNPV denotes social benefits; (TAX — SUB)+UB are public benefits governed by the
government; FNPV are the benefits going to the sponsor; and IE are the earnings of the
financial institutions.

The objective of Equation (5) is to maximize SNPV. The success of the project depends on

the strategy (”S”), which determines the major variables, including tariff (y1) of the services
offered by the project, the interest rate (y2), the debt ratio (y3), and the subsidies (y4). The
strategy sets can be defined as follows:

— — —  — _ 4. Max
S,=8,=8,=..=8, = {(y, ¥, Vs v, )E R* : X, + X, + x, +...+ x, < SNPV
x> XM, = =, > X

2
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where S1, S2,S3,...,and Sn denote the strategy sets for each of the n parties, respectively, and
x1,x2,x3 , ... and xn present the corresponding payoffs.

Assume that the participants will receive 0 payoffs, unless they propose the same solution (i.e.,

the strategy). That is, for! = (1,2,3,..

be

.,n)’ the outcome of the game F(S;,S,, S, ..., 8 ,) will

x, 1fS,=8,=S;=...=8S, =(y,.7,.);,
E(Slaszassa"-’sn): i 179,79, n (yl SERE y4)

0  otherwise
In this model, the participants may achieve a solution in which each of their payoffs is greater
than a minimum value and the total payoffs are maximized. The minimax payoff guaranteed
for each participant is greater than 0. The equation (7) can be described further as n—party

bargaining problem with payoff function (F), with Vi (i=123,..n)

payoffs of n parties, as follows

denoting disagreement

F={(x,,%),X5,.0,x, )€ R" : x, + X, + X, +... + x, < SNPV"™,

min , min min, min
X, 2 XXy 2 Xy Xy Xy e X, 2 X}

V= (v,,vZ,VS,...,vn)z (0,0,0,...,O)

The n—party game is a simultaneous move game; however, not all participants have the same
bargaining powers. The participants with high bargaining power are dominant players while
those with low bargaining power are the followers. A game is similar to a triopoly game,
where three participants in the n—party game are dominant players while a duopoly is a game
that requires only two dominant players. A monopoly game has only one dominant player,
that is, it can be considered a dictator game.

® The core and Shapley value for cooperative game
In cooperative game theory, we abstract from individual players’ strategies and instead focus

on the coalition players may form. We assume each coalition may attain some payoffs, and
then we try to predict which coalitions will form and hence the payoffs agents obtain.
Practically speaking, strategic game theory deals with various equilibrium concepts and is
based on a precise description of the game in question. Coalitional game theory deals with
concept like the core, Shapley value, the Nash-bargaining solution.

Core is a solution concept that assigns to each cooperative game the set of payoffs that no
coalition can improve upon or block. In a context in which there is unfettered coalitional
interaction, the core arises as a good positive answer to the question posed in cooperative
game theory. In other words, if a payoff does not belong to the core, one should not expect to
see it as the prediction of the theory. The core of a game is defined as
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core(v) = {(xl, ...,xn)/z x; < v(N),VS,le- > U(S)}
i=1

€S

The core is an allocation (x1,...,xn), where xi is the payoff for player i, of total surplus v(N),
that satisfies:

It is feasible, 7" ; x; < v(N)

A set of players S obtain at least what they would obtain forming a coalition S, VS, Y;cs X; =
v(S). Otherwise, they will not accept the allocation and would blockade its formation.

Sometimes the core does not give a unique prediction. Sometimes, the core is empty. In a 3-
party game, the core is shown in equation (3.40).

v(A) < X, < v(ABC) — v(N\{BC})
v(B) < Xg < v(ABC) — v(N\{AC})
v(C) < Xc < v(ABC) — v(N\{AB})

Shapley value is a solution that prescribes a single payoff for each player, which is the
average of all marginal contributions of that player to each coalition he or she is a member of.
It is usually viewed as a good normative answer to the question posed in cooperative game
theory. That is, those who contribute more to the groups that include them should be paid
more.

Shapley value is a function '(v) which assigns each player a number/value indicating the
relative power of that player in the game as average marginal power. In general, the Shapley
value of a game with n players is defined as:

n!
iESCEN

Where n is the number of players, and S| is the number of players in set S, v(s) is the payoffs
in set S.

® The bargaining solutions for 2-party game
Assume the set of feasible payoffs is denoted by u, which we will assume to be convex, the

threat points of the two players by ¥ = (VI’V2) , and the Nash bargaining solution by
u = (”l Uy ) This latter is shown to be a function of ¥ and u, and follows from axioms that
Nash regards as ‘fair’ and reasonable conditions to be fulfilled by rational parties. The basic
axioms are individual rationality, strong efficiency, symmetry, scale invariance, and

independence of irrelevant alternatives. Nash showed that there is only one possible solution

http://ww.tsce.org.tw



2017

that satisfies all these conditions, this is the Nash point, N. Assuming both parties have zero

Vi =V, =

threat points (i.e. 0 ) then the Nash bargain solves the problem:

argmax F = uqu,

s.t. u; Eu,u; = v;

More generally, assume that the parties have positive threat points (i.e. V1> V2~ 0) then the
Nash bargain solves the problem:

argmax F = (u; —vy)(uy —v,)

S.t.
u; EU,u; 2v;

The objective function in (3.43), referred to as the Nash-Product, is continuous and strictly
quasi-concave. The feasible set in (3.43) is non-empty, closed, bounded and convex. It
follows then that the solution to the optimization program exists and is unique.

For 2-party game by following the axiomatic model of Nash, we take the pair (u,v)) to define
a bargaining problem, and assume that u is compact and convex. The generalized Nash
solution (Osborne and Rubinstein, 1990) is given by

e (F,v) = arg max(u; — v1)*(up — v,)P for G = 1,2
UEF,u=v
Where a and 3 denotes the bargaining power of each participants in project negotiation. And,
B+o=1. The strategy can be determined by the first order condition.

alu, ()= v, lu, () + Blu, () = v, Juy () =0

Empirical Study

To simplify the computation, we assumed a build—own—operate (BOO) project. This means
that a private sponsor builds the facility and then owns and operates it infinitely. We collected
the data from the pre—feasibility study (Bureau of Metropolitan Development of Kaoshung
City Government, 2004) of the Kaohsiung International Intelligence Free Port Project
(hereinafter we call “the Project”) in Taiwan and applied it to the cooperative game model.
This project has been proposed to ease the heavy traffic flow on the cross—harbor tunnel,
linking Cijin and Kaohsiung City. Cijin, located southwest of Kaohsiung City across the sea,
is a tourism destination in southern Taiwan known particularly for its seafood. Currently, the
only way to move between Cijin and Kaohsiung City is by sea—faring vessels through the
cross—harbor tunnel where the traffic is very heavy, especially on the weekends. The Project
aimed to build an inter—port tramway, utilizing sightseeing cable cars between Cijin and
Kaohsiung City to help offset the congestion on the seafaring vessels.
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The solutions for the tropoly game model are presented in Tables 2 and 3. Table 2 shows the
payoffs of the three parties at different levels of government subsidies while Table 3 gives the
solutions for the decision variables. Figure 2 shows that SW of the project increased together
with the government subsidy before it reached a maximum value when SUB ratio is 66.55%.
It decreased thereafter. In addition, tariff of the ridership in the project decreased as the
government subsidy increased. At the optimal solution, the project capacity was fully used,
the tariff was NT$76.27, debt ratio was 30.84%, and interest rate was 6.35%. The total social
benefits under optimal government subsidies were 8.5 times greater compared to those of the
no—subsidy case. These results imply that optimal government subsidy of the project exists.
This is because the capacity of the project was used fully at the optimal solution. No
passenger benefits can be created by additional government subsidies.

Table 1: Benefits of three parties with various government subsidy for the three-party game model

SUB SB TAX FNPV TB INT
0 744.83 1305.27 0 2161.10 111.00
0.1 4171.73 1164.72 0 5335.72 100.47
0.2 7053.97 1024.23 0 7965.37 89.57
0.3 9693.72 883.75 0 10352.40 78.53
0.4 12187.44 743.29 0 12593.34 67.41
0.5 14580.77 602.83 0 14733.84 56.24
0.6 16899.60 462.37 0 16799.80 45.03
0.7 17472.20 422.09 46.72 17304.30 71.69
0.8 17472.20 407.75 154.02 17254.37 33.04
0.9 17472.20 432.02 245.26 17251.98 13.30
1.0 17472.20 434.28 335.93 17230.41 0.00

The solutions for the duopoly game model are presented in Tables 4 and 5. At the optimal
solution, the tariff was NT$76.26, debt ratio was 30.40%, and interest rate is 6.30%. The
results showed that solutions for these two models are almost the same (Table 6). The results
demonstrated that when negotiating PPI contracts, financial institutions have smaller
bargaining power compared to the government and private investors. In conclusion, duopoly
game can be used to find the optimal solutions for PPIs.

The total benefit equals to 17,265 Million NT$ in optimization case and 2,051 Million NTS$ in
base case of the two—party model. The total benefit increased about 8.5 times in value,
proving that game models are useful in discovering the optimal value of the PPI projects.
Similar results were found for three—party game model. An interesting finding is that debt
ratio turned out to be 27.87% in two—party game model and 46.63% in three—party game
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model, which is almost 2—fold. The interest rate also increased from 6.03% in two—party game
model to 8.04% in three—party model.

Discussions and Conclusion

While game model can be used to find the optimal solutions for negotiating PPI contracts, the
type of the game is subject to the bargaining power among the participants. For the cable car
project, we found that the public benefit has a dominant influence on the solutions of the
game model whereas tariff plays an important role in determining the maximum public
benefits. With the assumption of negative price elasticity of the demand for cable car, the
number of passengers increases with lower tariff. When the capacity of the cable car facilities
is fully utilized, the marginal benefits driven by government subsidies drop to zero and the
total social welfare diminishes thereafter. Thus, total benefit of the PPI project reaches a
maximum value.

We proposed a game model that includes the benefits of the three major PPI parties. The cable
car project shows that total social benefits are greater under optimal government subsidies
compared to those without subsidy. This is because government subsidies lower the tariff and
increase ridership. The model focuses on the financial factors, including the government
subsidy, tariff, debt ratio, and interest rate for PPI infrastructure projects.

Our model provides an effective approach to find optimal solutions and determine the major
financial variables. Our research had certain limitations. We dropped financial institutes from
the game model because their stakes in the total social benefit are small. In the duopoly game
model, we did not give weights to the bargaining power of the two sides of the game. In
addition, we did not consider political issues that may affect concession variables, such as
tariff, the ceilings of which are more politically sensitive compared to general financial
variables. Finally, we did not incorporate project risk into the model. Releasing these
constraints would result in a more complicated game model and complex calculation.
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Abstract

The ministry of education urgent the authority of colleges adopting the BOT
(Build-Operate-Transfer) approaches for campus development, especially for new college
dormitories. In generd, it is very difficult to meet the financial need of BOT investors for sole
rent income of college dormitories. Hence, there is a need to find a new solution in stead of
the BOT. OT (Operate-Transfer) is a possible option to substitute the BOT.

We establish a financial model to simulate the investment of an OT project of a new college
dormitory. Three cases are considered in an empirical study of a new college dormitory of the
National United University. The first case is assumed that total fund is from the college
foundation. The second case is 50% of the funds from college foundation and 50% of the
funds from bank loan. The third case is 100% of fund from the bank loan. All of the funds are
recovered as aloyalty paid by the project company. The results demonstrate that OT is quite a
possible solution which all the financial results seem promising. Only the payback period is
20 years which looks too long for common investors.

Keyword: BOT, OT, Financial Model

Introduction
Tam [1] and McCowan, et a [2] show that BOT is very popular in last decade. Many
governmentsin Asialike to adopt the BOT scheme for infrastructure constructions. The world
bank [3] issues a handbook to provide a guideline for the investors to follow in doing their
financial analysis of BOT projects. To calculate the financia feasibility, there are many works
to do in advance, such as capital structure [4] and cost estimate [5] of the BOT projects. After
the cost and revenue estimate, an analysis of financial feasibility indices become very
important in order to demonstrate the feasibility of the BOT projectg6,7,8]. However, thereis
not that all projects are good for BOT scheme. Especially for those projects which
profitability indices values are to hurdle rates. In those cases, some measures must be taken to
enhance the financial indices. The projects are like railway projects, college dormitory
projects, etc. An OT scheme is used in this study. OT means that building work is not
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including in the contract. Less funding is required for investors in OT cases. The results could
provide some insights for those who are interesting on BOT projects.

Theoretical Framework
In order to analyze the financial feasibility of privatized projects, a sound financial model is
very important. We establish a financial model to calculate the financial index of the projects.
A cash flow is established by considering the cash outflow during construction stage and cash
inflow during operation stage.
(1). Construction stage
Thetotal construction cost, TPC, is shown in the equation below.

TPC=BC+EDC+IDC

Where TPC =Total project cost, BC=Base cost, EDC=the cost escalation during construction,
and IDC=Interest during construction.

The base cost is calculated by the following equation.

BC, =P xBC
Where BCi=the outlay of BC in the ith year of construction duration, and P,=the percentage of
construction progress in the ith year of construction duration.

Cy
BC=ZBCi i=1C,
i-1
Where C4=the construction duration.

EDC, =0. Because that the construction period is short, in general 1~2 years, the cost
escalation is not considered in this study.

Interest during construction phase is shown as
j
IDC, =(1-2)xBCxi x> P i=1,]
i=1
Where a isthe rate of financial contribution of equity in BOT model, and the rate of financial

contribution of fund of National United University in OT model. IDCj=the outlay of IDC in
the jth year of construction duration. And, i,=the interest rate.

Thetotal interest during construction phase is as follows:
Sy
IDC=)IDC; j=1C,
j=1
In summary, the total project cost is shown below.
TPC =BC + EDC +IDC =BC +IDC
Where TPCi=the outlay of TPC in the ith year of construction duration.
A is the financia contribution of equity in BOT model and the rate of financial contribution

of fund of National United University in OT model.
A =axBC +I1DC
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(2). Operation period

The annual cash incomeis shown asfollows:

PB, = PBIT, = PBRT, = RI, —OMC,

Where PBy=the profit before interest or royalty and tax in the kth year of operation period,
PBIT=the profit before interest and tax in the kth year of operation period, PBRT=the profit
before royalty and tax in the kth year of operation period, Rly=the rental income in the kth
year of operation period, OMCi=the operation and maintenance cost in the kth year of
operation period, and PBIT stands for profit before interest and tax in BOT model and PBRT
is profit before royalty and tax in OT model.

The debt is calculated in the following equation.

i x(L+i )P

(L+i )P -1

Where Dy=the debt service to be paid in the kth year of operation period, and DRP=the debt
repayment period.

D, =(1-a)xBCx

The annul interest is
INT, = D, x (1+i, ) (PR
Where INT=the interest to be paid in the kth year of operation period.

The deprecation is calculated by assuming straight line deprecation.
pep, - BC-SAL

p
Thetaxesfor BOT casesisthen calculated by the following

TAX, gor = (PB, —INT, — DER, ) xt,

Where TAXkgor=tax in BOT model in the kth year of operation period, and tj=the rate of
income tax in the kth year of operation period.

The taxes for OT casesis then calculated by the following
TAX, or = (PB, = RYT,) xt,

Where TAX or=tax in OT model in the kth year of operation period, and RY T=the royalty to
be paid in the kth year of operation period.

The debt service to be paid for college is shown in the following equation.
RYT, = RYT1, +RYT2,
where RYT1, =D,, RYT1L=the debt service to be paid for school sector in the kth year of
operation period.
OD CD .
b x@+b)™ (1+Obr) x> BC x(1+b,)*"
(1+b)™" -1 =
Where RY T2=the royalty to be paid in the kth year of operation period, and b,=B bond rate.

RYT2, =(1-a)x

The annual net income for BOT casesis
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NIC, gor = PB,— D, —TAX,
Where NICy gor=net income in BOT model in the kth year of operation period.

The annual net incomefor OT casesis

NIC, or = PB, — RYT, —TAX,
NICy or=net income in OT model in the kth year of operation period.

(3). Financia feasibility indices

There are NPV, IRR, PI, PB, DPB, DSCR, and ROE to serve as the financial fesibilty indices
for the BOT or OT projects.
The NPV is shown as

& TPC, @ NIC, gor
NPV, '
o =2 gy rd )
Where NPV gor=Net present value for BOT model.
& NIC
NPV, = we
o ; (1+d,)"
Where NPV or=Net present value for OT model.
ThelRR iscaculated by the following equation.

f(IRR) =Cz” TPC _+% NIC eor  _
TS A+ IRR,,) S A+ IRR,, )<

Where IRRgor=Internal rate of return for BOT mode!.

&% NIC

fIRR),, =Y — <O —
( )OT ; (1+ |RR)k+Cd

Where IRRot= Internal rate of return for OT model.

The profitability index is shown as

% Nle,BOT
k+Cy
Pl ot = k=1 (1+ dr)

i TPC
i=1 (1+ dr )i
Where Plgor=profitability index for BOT model.

NIC,, _ Wor

(1+ d )k+EIP

%3: NICk,OT

k=0 (1+ dr )I

Where Plor=profitability index for OT model, and EIP represents the end of the investment
period; it isthe period (year) before the project beginnings to generate positive cash flow.

The pay back period isfound in the equation

ZTPC +z NIC, gor =0 K =PBy,;

i=1

Mﬁo

Plor =
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Where PBy gor=payback for BOT model.

K
Y NIC,o; =0 K=PBy,
k=1
Where PBy or=payback for OT model.

The discount pay back period isfound in the equation

% KT NIC
2 L i +z k,icﬂ: =0 K’'=DPBg;
(1+d,) (1+d,)"™

i=1 k=1

Where DPBy gor=discounted payback for BOT model.

i NIC, o
1 (1+ dr)k

Where DPBy or=discounted payback for OT model.
The debt service coverageratio is

PBIT,
DSCRK,BOT = D :
k

Where DSCRy gor=debt service coverage ratio for BOT model.
DSCR . = PBRT,

‘ RYT1,
Where DSCRy or=debt service coverage ratio for OT model.
The return on equity is shown as follows:

NIC

ROE, gor =~ 2"
2A
i=1

Where ROEy gor=return on equity for BOT model.
NIC
ROE, o = —_ kOT

EIP

:E: I\”(:k,OT
k=0

Where ROE or=return on equity for OT model, and The k in the numerator is always greater
than EIP

K’=DPBy;

Empirical study- stage 1: the financial feasibility study of BOT scheme

We adopt the college dormitory of National United university as a case study. The
fundamental assumption are shown as follows

[tem Details Remark
Concession period 40
Construction duration 2
Operation period 38
Inflation rate 2%
Income tax 25%
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Business tax 5%
Rate of equity 30%
Rate of debt 70%
Interest rate 5%
Grace period of debt 2 Repay interest during construction.
Debt repayment period 15 Repay debt service.
Discount rate 10% Capital cost of equity.
The data for Project Cost
Item Cost (NTD) Remark
A. Direct cost
Unit price: NTD 47,000
Building structure 323,125,000
Tota area6,875 L}
Unit price: NTD 5,000
Upholstery 34,375,000
Tota area: 6,875 L
Electromechanical Unit price : NTD 8,000
devices >>000,000 Tota area: 6,875 £
Unit price: NTD 1,000
Landscape 6,875,000
Tota area: 6,875 £
subtotal 419,375,000
B. Indirect cost
Project management fee 6,290,625|Direct costx1.5%
Boring test and survey fee 1,500,000
Planning fee 6,290,625|Direct costx1.5%
Construction management fee 4,193,750|Direct costx1.0%
subtotal 18,275,000
Base cost 437,650,000
C. Insurance 3,355,000|Direct costx0.4%
D. Establishment charge 2,188,250|Base costx0.5%
E. Royalty of development 1,000,000
F. Rent of land 27,458
Total 444,220,708
The data for debt
Construction period 1% year 2" year Total
Percentage of progress 60% 40% 100%
Cost (NTD) 266,594,179 177,626,529 444,220,708
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Debt (NTD) 186,615,925 124,338,570 310,954,496

Interest (NTD) 9,330,796 15,547,725 24,878,521

The datafor Rental income

[tem Rent (NTD) Remark

A.Student dormitory

Rent : 4,500(NTD/per bed per month) ; Num of bed : 140(bed) ;

Single room 6,209,910
Rate of rent : 98.57% ; Num of month : 10(month per year)

Rent : 3,000(NTD/ per bed per month) ; Num of bed : 600(bed) ;

Double bedroom 17,760,600
Rate of rent : 98.67% ; Num of month : 10(month per year)

Rent : 1,600(NTD/ per bed per month) ; Num of bed : 680(bed) ;

Quad room 10,724,416
Rate of rent : 98.57% ; Num of month : 10(month per year)

subtotal 34,694,926

B.Student convenient facilities

Rent : 650(NTD/EE-F) ; Total area : 450(3F) ;

Canteen 3,510,000
Rate of rent : 100% ; Num of month : 12(month per year) -

Rent : 650(NTD/t-H) 5 Tota area : 375(LF) ;

Convenience 2,925,000
Rate of rent : 100% ; Num of month : 12(month per year) -
subtotal 6,435,000
Total 41,129,926|Inflate per year under the rate of 2%

The data for Operation and maintenance cost at the 1% of the concession period:

[tem Cost (NTD per yr) Remark
Salary : 20,000(NTD/per person per month) ;
Payload 2,160,000|Inflate rate2% ; Num of people : 8 ;
Num of month : 13.5(month per year)
Utility fee 411,299|Annual operation incomex1%
Building maintenance fee 629,063|Direct costx0.15%
Other fee 308,474|Annual operation incomex0.75%
House Tax 1523353 House valuex3%x50%(former 5 yrs of concession)
House valuex3%(after the 5" year of concession)
Land Value Tax 0-|Tax free
Land rent 41,188|Land worth : 1,372,920 ;
1. property insurance
Insurance 1,682,750| 2. Public accident insurance
3. Personnel insurance
Operation royalty 411,299|Annual operation incomex1%(fixed rate)
Business Tax 2,056,496|Annual operation incomex5%
Tota 9,223,921 Increase irregularly
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The data for replacement.

[tem Cost of refitting (NTD) The year of refitting
8,984,406 14" of concession
Room finishing
N 11,129,168 26™ of concession
(Rate of refitting 20%)
13,785,929 38" of concession
Electromechanical devices 18,956,698 17" of concession
(Rate of refitting 25%) 24,773,044 32" of concession
The data for depreciation
Item Amount Remark
Construction cost : 323,125,000 ; Lifelength : 50 ;
Building structure 6,462,500 4 ah )
Salvage : 77,550,000. (3" ~40" of concession)
Construction cost : 34,375,000 ; Lifelength : 12 ;
Room finishing 2,864,583 4 ah ]
Salvage : 0. (3" ~14" of concession)
Construction cost : 55,000,000 ; Lifelength : 15 ;
Electromechanical devices 3,666,667 I .
Salvage : 0. (3" ~17" of concession)
1,312,950 Establishment* 60%. (3 of concession)
Establishment charge - . -
875,300 Establishment* 40%. (4" of concession)

The equity’s cash flow
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2[4 6 8 10121416182022242528303234353840
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http://ww.tsce.org.tw



2017

20000000 =

-20000000 -

-40000000 -

Cash flow (NTD)

-60000000 -

-80000000 -

-100000000 ~

ot e

2|4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40
e

Cash flow (NTD)

-40000000 —

-80000000 —

-120000000 =

-160000000 ~

LN N N N N B O N B R B B BN B BN B B |
4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40

BOT

DCCF

BOT-Discounted Annual Cash Flow

BOT-Discounted Cumulate Cash Flow

The financial feasibility indices

Index NPV

IRR

PI PB

DPB

ADSCR AROCE EIP*

BOT -57,210,989

7.34%

0.59 22

115 16% 2

BOT model is not feasible because NPV is less than zero, IRR doesn’t match the capital cost
of equity, Pl islessthan one and DPB is over the concession period.

Empirical study- stage 2: the financial feasibility study of OT scheme

Project cost in OT model

Item Cost (NTD) Remark
D. Direct cost
Unit price: NTD 47,000
Building structure 323,125,000 ,
Total area:6,875 ping(¥F)
Unit price: NTD 5,000
Upholstery 34,375,000 )
Total area : 6,875 ping(HF)
; Unit price: NTD 8,000
Ele(;tromechanlcal 55,000,000 .
devices Total area : 6,875 ping(Xf)
Unit price: NTD 1,000
Landscape 6,875,000 ]
Total area : 6,875 ping(XF)
subtotal 419,375,000
E. Indirect cost
Project management fee 6,290,625|Direct costx1.5%
Boring test and survey fee 1,500,000
Planning and design fee 6,290,625|Direct costx1.5%
Construction management fee 4,193, 750|Direct costx1.0%
subtotal 18,275,000
Base cost 437,650,000
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F. Insurance 3,355,000|Direct costx0.4%
G. Establishment charge 2,188,250|Base costx0.5%
Total 443,193,250

There are two items of project cost include in BOT model but not in OT model, the Royalty
of development and Rent of land. The financia funding are from the fund of National United
University & the bank. We study five scenarios.

Rate of financia contribution

Rate of subsidy from the

Rate of Financial contribution

Source from the fund of NUU fund of NUU from the bank
Scenario 1 100% 0% 0%
Scenario 2 50% 0% 50%
Scenario 3 0% 0% 100%
Scenario 4 10% 0% 90%
Scenario 5 0% 10% 90%

Annual financial contribution from the fund
construction

of National United University during

Construction period 1st year (NTD) 2nd year (NTD) Total (NTD)
Percentage of progress 60% 40% 100%
Scenario 1 265,580,450 177,612,800 443,193,250
Scenario 2 132,790,225 88,806,400 221,596,625
Scenario 3 0 0 0
Scenario 4 26,558,045 17,761,280 44,319,325
Scenario 5 0 0 0
Annual financia contribution from the bank during construction
Construction period 1st year (NTD) 2nd year (NTD) Total (NTD)
Percentage of progress 60% 40% 100%
Scenario 1 0 0 0
Scenario 2 132,790,225 88,806,400 221,596,625
Scenario 3 265,580,450 177,612,800 443,193,250
Scenario 4 239,022,405 159,851,520 398,873,925
Scenario 5 239,022,405 159,851,520 398,873,925
Annual interest contribution from the fund of National United University during construction
Construction period 1st year (NTD) 2nd year (NTD) Total (NTD)
Scenario 1 0 0 0
Scenario 2 7,967,414 13,295,798 21,263,212
Scenario 3 15,934,827 26,591,595 42,526,422
Scenario 4 14,341,344 23,932,436 38,273,780
Scenario 5 14,341,344 23,932,436 38,273,780

Annual royalty payment for the concessionaire during concession period.

Royaltyl (NTD per year) Royalty2 (NTD per year) Total (NTD per year)
Scenario 1 0 20,876,306 20,876,306
Scenario 2 22,816,201 11,432,572 34,248,773
Scenario 3 45,632,402 1,988,838 47,621,240
Scenario 4 41,069,162 3,877,585 44,946,747
Scenario 5 41,069,162 1,789,954 42,859,116
Remark Royaltyl: Payment for debt service.

Royalty2: Payment for the fund of NUU.
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At operation stage, the profit before royalty and tax at the 1% of the concession period:

Item Amount at the 1¥ year (NTD) Remark
Rental income 41,129,926 Inflate per year under the rate of 2%
Operation & maintenance cost 9,223,921 Increase irregularly

Scenario 1: Full of the financial contribution from the fund of NUU.

Equity’ s cash flow

40000000 =

CASE1
30000000 +

ACF

20000000 —

Cash flow (NTD)

10000000

0

700000000 —

600000000 —

500000000 —

400000000 —

Cash flow (NTD)

300000000 —

200000000 —

100000000 —

LUNLINL IS I N B o o
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38

CASE1

CCF

0

T I T I T I T ]
10 20 30 40
year

Scenario 1-Annual Cash Flow

Scenario 1-Cumulate Cash Flow

8000000 =

7000000 -

6000000 —

5000000 -

4000000 -

Cash flow (NTD)

3000000 -

2000000 —

1000000 -

0

CASE1

120000000 =

110000000 -

100000000 =

90000000 —|

DACF

80000000 -

70000000 -

60000000 -

Cash flow (NTD)

50000000 -

40000000 -

30000000 -

20000000 -

10000000 —

LIBLJNL L
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38

0

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38

CASE1

DCCF

year

Scenario 1-Discounted Annual Cash Flow

Scenario 1-Discounted Cumulate Cash Flow

Thefinancial feasibility indices

Index NPV IRR Pl PB DPB DSCR ROE EIP*
Numerical | 19 598 394 - - - - - - -
vaue

1. Cash flow is positive every year in the concession period.

2. Rental income at the end of each period (year) can totally cover all the operation cost
invested at the beginning of the period.

Scenario2: Half of the financial contribution from the fund of NUU and the other half from

the bank.
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Equity’ s cash flow
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The financial feasibility indices

Index NPV IRR Pl PB DPB DSCR ROE EIP
N“V”;Iel:;caj 55,870,787 | 2651% | 1371 10 16 1.00 394% 4
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Scenario3: Full of the financial contribution from the bank.

Equity’ s cash flow
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Scenariod: 10% of the financial contribution from the fund of NUU and 90% from the bank

Equity’ s cash flow
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] ]
8 4]
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2 4 6 8 10 12 16 18 20 22 24 26 28 30 32 34 36 38 100000000
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0
246 8 10 12 14 16 18/20 22 24 26 28 30 32 34 36 38
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~20000000 -100000000
-30000000 - -200000000 -
10000000 - OFTTTTTT T T I T I T I I T I T I T I I T I T I I I T I T ITITTTT1
2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38
CASE4
DACF
5000000
-30000000
0
2 4 6 8 10 12 4y [16 18 20 22 24 26 28 30 32 34 36 38
year
-5000000 |
-60000000
~10000000
-15000000 -

-90000000 -

Scenario4-Discounted Annua Cash Flow

Scenario4-Discounted Cumulate Cash Flow

Thefinancial feasibility indices

Index NPV IRR Pl

PB

DPB DSCR ROE EIP*

Numerica 0
value -11,501,075 9.08% 0.86

21

NA 0.74 23% 15
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Scenario5:10% subsidy from the fund of NUU and 90% of the financial contribution from the
bank.

50000000 — 800000000 —
700000000
40000000 |
CASES
600000000 = CCF
CASE5
30000000 ACF
500000000
20000000
5 & 400000000
E E
B <
& 10000000 & 300000000
= =
8 ]
© o © 200000000
2 4 6 8 10 12(10 [16 18 20 22 24 26 28 30 32 34 36 38
year 100000000 |
~10000000
0 =1
2 7~6_8 10 12 14 16 A8 20 22 24 26 28 30 32 34 36 38
-20000000 year
-100000000
-30000000 - -200000000 -
Scenario5-Annual Cash Flow Scenario5-Cumulate Cash Flow
8000000 — 70000000

0 -

2 4 6 8 10 12 14 16 18 20 22 24 26 28 30/32 34 36 38
4000000 —

-10000000 -

-20000000 -

% - % -30000000 —
- Scenario5-Discounted Annua Cash Flow ScenarioS—Discounted Cumulate Cash Flow
Thefinancia feasibility indices
Index NPV IRR Pl PB DPB DSCR ROE ElP*
Numerical | 2207035 | 1068% | 1.12 20 33 0.79 29% 15
vaue
We summarize the final results as bel ow.

Index NPV IRR Pl PB | DPB ADSCR AROE EIP*
Scenariol 119,298,394 - - - - - - -
Scenario? 55,870,787 26.51% 13.71 10 16 1 394% 4
Scenario3 -28,831,068 8.00% 0.72 22 - 0.71 19% 15
Scenario4 -11,501,075 9.08% 0.86 21 - 0.74 23% 15
Scenario5 7,707,232 10.68% 112 20 33 0.79 29% 15

BOT -57,210,989 7.34% 0.59 22 - 1.15 16% 2
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Conclusions

By the financial analysis of college dormitory of NUU seems financial infeasible for BOT
scheme. Hence, some measures are required for improving the financial status of the project.
One of the improvement measure is to adopt the OT scheme instead of BOT scheme. The
results are quit well. Five scenarios are considered to investigate the financial feasibility of
OT projects. The scenarios 1, 2 and 5 are financial feasible to investors. In case to consider
the pay back year, the scenario 5 is very likely to eliminate for PY =22 years. Scenario 1 and
Scenario 2 show that al of financial indices are very attractive for investors. We believe if a
careful arrangement of financial plan can further improve the financial status of the projects.
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Abstract

Transportation construction and land devel opment affect each other, resulting in Taiwan's
railway construction land development and public financial expenditure has not been effective
link. Led the central government's subsidies funded transportation construction implied by the
"cost", and accompanied by the development of local land development have obtained
"Revenue”, the formation of "central expenditure, local benefit" and "landowners benefit, full
pay" of injustice.

In this study, according to the American experience in the implementation of tax
increment financing, the establishment of railway construction tax increment financing of the
financial mechanism. The mechanism for the railway construction land development land tax
benefits into tax increment and inject to track construction funds, so that the program can
achieve sdlf-liquidating. The future implementation of the mechanism should focus dedicated
agency to establish, implement legal and tax distribution management, financial variables
system and policy design, financial mechanisms does the use of other-oriented executive, so
that the mechanism can be in domestic smoothly push to resolve the construction of financial
resources issues and expect to relieve local governments.
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Beneficial Analysis of Project Portfolio on
| nfrastructure Projects

Abstract

Due to contract context and market change, operation risk of revenue shortage becomes
possible. It will cause disfavor for project financial feasibility and to increase investor’s
unwanted project risk This study is aimed to apply real option on BOT projects to investigate
the under estimate value which may increase the project intrinsic values.

There is no consideration of interaction between different projects among project
portfolio. That is no interaction effect in the model. This might underestimate or overestimate

the project value.
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We introduce covariance of main project and annexed projects in this study. In which,
hopefully, we could enhance the accuracy of estimation of project values.
Keywords: Monte Carlo simulation, Real option, Covariance.

2

— N gy

w}

11 m3HBEp a5

#FSBOTH 31T L P ¥ A BT LB FWIE NPV blde 28~
247 FDBOTHL£% ¥7 BB aFEA33hE > a R MEGET ¥
&_Eﬁlam#&tﬁ;l’ B FUAEA RS b Gl N kER S S - BEI - R

% GEBGRP R B RO AT H M E R G 0 R e Gk IR FR 0
BREGE AR IMEGETEARL S U R a il B AR LM WRT £ g
HEHE -

MBS AT REFAFEBOTH R 52 4R iMEE vt - FERRG
A pEE o - J%;’irn';;%t)“ﬁ’iv'ii e BT o AT EREH S BT ETE
HAchdeE ?E—?—!#Bﬁ“#ﬁ%“ L FHIMEERCCE HBEES B E 0 okg
RPTRGARHIEF 0 TE %ﬁ:i ERCIEM BT EF Bl kE @
S I SRS

12 Pi ﬁh ln‘-

R
&
%
*
£
: d

l IAFERE
WM AER

HAMK T X REEAR

Bl 1 3 EE A2 H

- SR

21 R FEH BT
C=SxN(d)) - K x ™ x N(dy)
He S AV &2&02p nenZRE KR AV 2502 FaZiiE »

http://ww.tsce.org.tw



2017

In (Kg) + <y + 22) T

d, =
1 0_\/7

L))
-

oVT

2 AT EE AT LR SRk
AT BV R ERATRER O LR R

ﬂ&iﬁ@,¢¢§#%m%%ﬂ&éﬁaﬁgawv%m&ﬁ’g

Bleokika, F i gRHiD B s

EREEF BRI

(D

7 (2)

S Rl RE s T AT pE R

L {7 NPV, % 2 88 ¥ NPV, %

(3

(4

& A3 4e % Fdkcovy;

3 (5)

7 (6)

(7

%o
LTS ’#%v TEEHETEE REF
WAAEE E S NPV & & & AlH50 -
NPV = NPV, + NPV,
NPV NPV
= (Seve) s (e
NPV, NPV,
Ao AT TR 0 e £ A HES NPYp
NPV, = NPV, + NPV,
0% = 02W? + 05W2 + W; W, 2covy,
_ NPV
17 NPV, + NPV,
_ NPV,
27 NPV, + NPV,
#d
0,11 % Eg Al e
BT R R R > br X

7 (8)

FETREBRTURTANTIEIFEMFIRE Ko FEEE IR R
@ ﬂwi%gﬁ%omgbﬂmgmi%gﬁﬁ %Qiﬂéfﬁ %
Sdkcovy, » 4 A K7 o

http://ww.tsce.org.tw



2017

- B2 54
1 258 AMER K
~ T H i3 o
P ' 5 e KN
T M (/)
| Bl A | 47385 | 15637.05 52,000 246,402,000
= BTKHB 47385 | 15637.05 12,000 56,862,000
Y —
N iR 4738.5 | 15637.05 6,000 28,431,000
. T 610 40,000 24,400,000
§ i 47385 | 15637.05 4,000 18,954,000
)3t 375,049,000
TpmEE A A 79,149(z/ =)
-~ RR
# 2 BBk & B S
Wik A A
58 i (R M (1) 13 (%)
B FiE S A 70,000 3,000 210,000,000
it A A 2t 210,000,000
¥
- H S Zp CECRS |3t
Yl e () (%) (%)
389~ | 2,000 4 50 329 131,600,000
- 131,600,000
FaEL
sa | X0 i Zp 3k §i8 3 B 3t
(=) (+) () (%) (=)
S 44| 1,000 4 50 329 65,800,000
3 65,800,000
32 ¥+ BHE

f kA g e+ BACRA 37 € * @RISK $Mlie (70 M-S AR R A 7 15 17 7] ehit
BFF3r 80 77§05+ RGR BERN Y BAE F1F 1 NPV @
2R -

B R+ AR T I NPV, A RNV £ B loge ™ 5 i n # sk 5 o

13 FEAFHEF RER

http://ww.tsce.org.tw



2017

LOG

2.5%

1.8
1.6
1.4
1.2
1.0
0.8
0.6
0.4
0.2
0.0

-3.5
-3.0

2.5
-2.0

B
Manirnuanm
Maxinmum
Mean
5td Dew

Emors

Values 4377 t 50000

34100

323

Minimum: -3.4100
Maximum: 0.8308
Mean: -0.0489

Std Dev: 0.2954
Values: 49677/50000
Error: 323

S3EHERE
#r T L 4Lw
% 7 31 E(NPVn) ‘¥

T ¥V b AR A P X RHGE TS 0 kAT HIppF

»?55? 4 %:ik N 45,5@

1] |% T ji?_l—-]" )

FEAr ms e BRI TERESE 0 X

AR BRI TR RERATEE kA

YR AR E AR 100 E Fofro F L i9E > A & PR L 38 & KB {FIER o
4 EFEHEEA AT S E

R ERCEIRPF(Y)

FLE2 kR B g3
NPV(S) 20,101,236 | 469,664,486 | 489,765,721 489,765,721
NPV,(K) 20,101,236 | 469,664,486 | 489,765,721 489,765,721
P FH R H(0) | 5045% 25.74% 29.54% 24.675%
AR ETF(Y) 2% 2% 2% 2%
#1(T) 38 38 38 38
ERETGRE T LS B G AOEREN Eho] 5 AT5 W 18484924 & > &
FLEAH B L AT S %373,426,009 Lom EHEES LRI e S A71.05%5 B o
B4 e 91.96%%5% Bt o
25 L EGIEREY ERE
FiH4 2R K& A o &3
EEEY E(C) | 18,484,924 | 339,211,932 | 373,426,009 347,974,916
= £ 15 & (C/S) 91.96% 72.22% 76.25% 71.05%
d, 1.7993506 | 1.2723355 1.3278444 1.2601831
d, -1.3105963 | -0.3143846 -0.4931235 -0.2608860
N(d,) 0.9640184 | 0.8983730 0.9078852 0.8961983
N(d,) 0.0949971 | 0.3766145 0.3109627 0.3970902

http://ww.tsce

.org.tw



2017

100.00%

¢ 80.00% — =

60.00% / ......... %
40.00% ¥

o 20.00% /

W

)
..
Woay
o

R
b

0.00%
1 4 7 1013 16 19 22 25 28 31 34 37

PERF(E)
B2 EHEELHR
T~ BB

1 %%

. G+ T 2o 72 5 FRMIINPV el ¥ B3NP AR5 AL NPV B0 &7 &

%ﬁ}%P—g‘—Jﬂ_ *‘*E‘er” = %ﬂﬁi’ﬁ;}gg‘—\ AT AP HERGRS > AHAE

A HEARBEBARE DY o R ERR B L AT U SRR KR TG N (T o
2. 2T Y z«ﬁﬁﬁﬁ“%ﬂﬁ’d\« CEHE mfééus °

3. HEAIRHHAAE Y BL2 A RA FLEHEFA T B4

e AR R 4 R BT R

1’%%4 E@ AL A &R Rapfhw o

F&‘a \ -
% 5
\‘»ﬁi
=
IR
Eir
(\x
&
o =

$F22&+'WE$*W% W %’% GiHE B AR R RN
POt R ER R EREE R A3

L oA 2003 T g B FL 53750849 FEBRBE S P H2BE
Bl AEp L1mg tmlste

2. MR FISE ‘fl%% 2013 R ERBEURAF L G EEAT AL Mirx
EA417 0 2 AKFIFE A > Vol. 25 > No. 2, » pp. 137~148 -

3. Borliang Chen, Fen-May L10u, Chih-Pin Huang, 2012, “Optimal Financing Mix of
Financially Non-Viable Private-Participation Investment Project with Initial Subsidy”,
Engineering Economics, 23(5), 452-461.

4. ¥ R S HRIZF IR B H o FEa Y > 2008 “E P4 ke £ 4 5 £ BOT
AR FAFEMBT FH T IR HE R L L0 AR 65
p. 101~124 > 2008 & 9 * o

http://ww.tsce.org.tw



2017

A-12
Optimal Capital Sructure and the Debt Capacity of
BOT Projects

Chen-Hung Tang Borliang Chen
Master, Department of Civil Engineering, Associate professor, Department of Civil
National United University Engineering, National United University
ABSTRACT

It is world widely trend for governmental agencies to promote private sectors to participate in
the development of infrastructures, such as BOT projects. However, BOT projects are
inherently risky due to too many uncertainties during the project period. For the
overoptimistic in revenue and lack of risk analysis in BOT projects that might usually lead the
concessionaire to misestimate the project feasibility. This may result in high probability of
defaults (PD) and cause financial disaster toward concessionaire. In the worst situation, it
could make the projects become unbankable. However, it is rarely to discuss the probability
of defaults and bankruptcy cost in the conventional BOT financial model. In general, capital
structure of BOT projects is assumed 30% of equity and 70% of debt, and debt repayment is
arranged in repaying equivalent uniform annul cost debt in repayment periods. This kind of
repayment arrangement does not consider the erratic nature of revenue. It is risky to repay the
debt obligation with inflexible repayment term. And, it may lead to high PD of the projects.
The objective of this study was to alleviate the risk of project defaults due to the volatility of
revenue. A student dormitory project of the national United University at Taiwan is served as
an empirical study to demonstrate the analysis. The repayment arrangement proposed in this
paper could make the 35% PD of the project reduce to less than 1% PD.

Keywords: BOT projects, Financial measures, Risk of income, Probability of defaults.

INTRODUCTION
For mitigating the fiscal burden of government, improving the quality of infrastructure, and
increasing the investment opportunities, it becomes world widely trend for governmental
agencies to promote private sectors to participate in the development of infrastructure projects,
such as BOT projects. However, many BOT projects are long term investments, which are
inherently risky. Mostly, the concessionaires of BOT projects are too optimistic in revenue
projections and are short of project risk analysis of BOT projects, which both overestimate the
project value. Conventional financial evaluation models of BOT projects set the capital

structure as D/E=7/3, in common, and repay the debt obligation as the equivalent uniform
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annual cost. In this financial arrangement, concessionaires are likely to encounter financial
difficulty during the project period with shortage of cash flows. For example, the fixed
equivalent uniform annual payment for debt may cause great probability of defaults of the
project when low revenue or high operating and maintenance cost occur in certain operation
periods.

Net operating income is the difference between revenue and operating and maintenance cost.
And, the project income is considered as the source of project value. Therefore, the net
operating income is a critical managerial factor. The future net operating income is uncertain
in every year of operating period, while the debt obligation is uniform annual cost; the
probability of defaults is fluctuant. And if high probability of defaults would debase the debt
value and make concessionaires find difficulty in financing the projects. In fact, the
replacement cost of project facility is a considerable expenditure in operating period. The
huge expenditure will outstandingly enlarge the operating and maintenance cost of the years
compare to others. If facility replacement took place in the debt repayment periods, the great
replacement cost would diminish the ability of repaying the outstanding debt of the
concessionaire, and the probability of defaults would increase or even really cause the
concessionaire defaults.

If the project company became bankrupt, debt holders would have to pay bankruptcy cost
before they could take over the company. Bankruptcy cost will vary the debt value because of
the existence of the probability of defaults. The objective of this paper was to evaluate the
probability of defaults under different debt repayment arrangement. With the knowledge of
the distribution of net operating income, which is defined as a random variable, the
probability of defaults, debt and equity value can be calculated. The probability of defaults
and promised debt repayment would be determined under three criteria: maximizing project
value, debt capacity and value at risk with a confidence level of 99%. The model in this study
is named as Probability of Defaults Measures Model (PDMM).

MODELING
The basic theory of the PDMM in this paper is based on the Capital Asset Pricing Model
(CAPM). Dais (1995) incorporated the CAPM with capital cost into an evaluation model of
project value, in monetary units. A modification of Dais’s formulation for the debt holders’
perspectives is proposed with considering the cost of bankruptcy, the probability of defaults,
and the systematic risks. The probability of bankruptcy is the likelihood that a firm’s cash

flows will be insufficient to meet its promised debt obligation, either interest or principal.

Bankruptcy cost
Because it is likelihood that the project concessionaire becomes bankrupt and falls into
defaults, there is a cost of financing the debt: the bankruptcy cost, B. The equation is assumed

as follow
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B=b, +b,X (1)

Where b, is the fixed cost, b, is the coefficient of X. And, X is the net operating income.

Probability of defaults

Suppose that in a specific year of repayment periods of the project, the net operating income
was unable to meet the debt obligation. Then the concessionaire would fall into defaults. The
probability of defaults is the probability of the state that the net operating income was less
than the loan.

The net operating income, X, is assumed to be a normal random variable. As the period of
debt repayment, R;, expected value of the net operating income, E[X;], standard deviation, ox,
and the ith year promised debt repayment, d;, are given, the probability of defaults, F(d;),
could be determined. The equation is as follow:

(X\_E[X| ])

2% dX = j X)dX =F(d,) i=LR, (2)

P(X, <d,) LO \/_O'x
Project value

Frequently, the project value is regarded as one of the most important criteria in the project
financial feasibility evaluation. The greater the project value is, the higher the feasibility of
the project. But the project would be feasible only if the project value was greater than the
project cost. Project value is considered the sum of debt value and equity value, in this study,
both debt and equity depend on the net operating income. In a project evaluation, the risk
usually reflects in the cost of debt and equity. Base on the foundation theory of CAPM, Dais
(1995) derived a model with considering the systemic risk, risk of revenue and the risk of
default. The model provides a scheme to evaluate the value of debt and equity individually.
The project value, V , can be calculated by summing the debt, D, and equity, E.

V=D+E 3)

The following is the equation in Dais Model for debt value

Dzl{dl-[l—Fx(dl)] +(-0 )< EXTF (d)- F (0)]+ o3[ 1 (0) - 1 (d) )] }
Ry |-b; [Fe(d,)-Fx (b))~ 4-Cov(X, Rm)X[(l b,)-[F (@)= Fy 0]+ b, +b, -d,)- £, (@)]] )
iR,
And, the equity value is derived as
1 {[(1—T><E[x1—dl>+T<A—D)]><[1—F<d1>]+<1—T>ai } . s
x £ (d,) = ACov(X, R )x{(1 - T)1 - F(d, )]+ T(A-D)f, (d, )} T
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Criteria
Three criteria were adopted in the study: (1) maximizing the project value that generates the
optimal capital structure; (2) maximizing the debt value for obtaining the debt capacity; and

(3) value at risk with 99% confidence level.

Optimal capital structure

Optimal capital structure (OCS) is the proportion of debt and equity that maximizes the
project value. OCS depends on the promised repayment of debt. The value of debt increases
when the concessionaire raises the promised debt repayment. On the contrary, the value of
equity decreases. As the optimal capital structure was obtained, the probability of default

could be determined simultaneously for the given promised repayment.
Y/
(Ej — _ max _1 (6)
E optimal E

Since the net operating income is risky, the expected debt repayment doesn’t continually

Debt capacity

increase while the promised debt repayment increases. If the promised debt repayment was
very near to the net operating income, the expected debt repayment would decreases because
of the increasing of the probability of defaults. The present value of the maximum of debt
value is the debt capacity, one of the debt holders’ main concerns. Intuitionally, debt holders

will not gain their debt when the promised repayment is greater than this critical value.

3_2:%{1—Fx (d)- (b, +b,d )1, (d,)- ACov(X.R, )T, (d )[1—(0'1;—';”(@ +bodi)}} Q)

Valueat risk-99%
Suppose the debt holders were taking the default risk for the probability of default equals to

1%, the corresponding promised debt repayment would be d; in the ith year.

P(X; <d)=F(d,)=1% i=1LR, (8)

EMPIRICAL STUDY
The case of university dormitory of National United University (NUU) at Taiwan is to
illustrate the PDMM as an empirical study of this paper. It is a BOT project of dormitory in

National United University. The input parameters and results are shown as follow.

Input parameters
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Input parameters of the National United University dormitory BOT project are shown as
Table 1. These parameters are useful only when loan relationship exist between the
concessionaire and the debt holders.

Tablel. NUU input parameters

Item Variable Value Remarks
Eeer\i]zgue In operation E[X] 31,906,005 | Expected revenue in first period
— 5 -
Standard deviation of o, 3,190,601 10 A) of expected revenue in first
revenue period
Covariance P 0.7 Covariance of revenue and market
return
Market risk O 0.25
Risk-free interest rate It 2.44%
5 -
Fixed bankruptcy cost b 9,571,801 30 A) of expected revenue in first
period
Coefficient of variable
bankruptcy cost % 0.15
Results

Figure 1 displays the probability of defaults (PD) under the calculation of conventional
repayment arrangement model.
Conventional Model(D/E=7/3)

Conventional Model

120% - ——— ox=10% - E [X)

o — — —oy=15% - E (X)
100% 4 ox=20% - E [ X]
80% - - - = oy=25% - E [X)
6o | e ox=30% - E [ X)

40%
20% A

Probability of Bankruptcy
(=]
E{_\l

Repayment Period

Figure 1: Repayment periods vs. PD in conventional model with various risk.

The loan was assume 70% of total asset in conventional model and the debt principal and
interest were repay in equivalent uniform annual cost during 15years of debt repayment
periods. The PD is large especially in the 12" and 15" years that the years of replacement
expenditure payout. The average PD of 6,=20% - E[Xj] is equals to 29.4%. The high PD

suggests the difficulty of debt finance.

The PDs with two criteria of optimal capital structure and debt capacity in every repayment

period of PDMM are shown in Figure 2 and Figure 3, respectively.
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Figure 2 Repayment periods vs. PD for optimal capital structure

Maximizing the project value can benefit to keep PD low, even in case of 6,=30% - E[Xj]. The

PD remains less than 0.8%.

Debt capacity
Dmax
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Figure 3 Repayment periods vs. PD in debt capacity

To evaluate PD with debt capacity, PD are large in the early periods and remain steady in the

late periods.

Figure 4 shows the debt ratio (=D/V) with different standard deviation value under the three
criteria. The results show less debt finance with PDMM (see Fig.4).

Capital structure
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Figure 4 Debt Ratio

Figure 4 illustrate the debt ratio with different standard deviation value under the three criteria.
Great value of standard deviation cause less available debt finance. And maximizing the debt
value can raise more debt than maximizing the project value. Taking 1% risk of PD can raise

more debt than maximizing project value but less than maximizing debt value.

CONCLUSIONS

Debt repayment arrangement in conventional model will result in high probability of default.
It is very risky for concessionaire to go bankruptcy. Likewise for debt holders are unable to
receive the payback. Therefore, it is suggest that the debt repayment is necessary to rearrange
with considering the characteristic of net operating income every year.

Maximizing the project value leads to safe debt finance for the low probability of default.
However, the disadvantage is that the concessionaire would find it difficult to finance more
debt compare to the case of maximizing the debt value. Consequently, making the decision of
whether to raise more debt or to improve the project value is essential for concessionaire.

No matter which criteria you select, maximizing the debt value and maximizing the project
value, the probability of default reduces dramatically to 1% from original more than 30%. The

BOT project becomes very promising and attractive for loan providers.
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