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Financial Viability Analysis and Capital Structure
Optimization in Privatized Public Infrastructure Projects
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Abstract: Numerous public infrastructure projects have been privatized worldwide, where responsibilities, risks, and rewards are
substantially reallocated between pubic and private sectors. The financial evaluation of a privatized infrastructure project is complex ant
challenging because of the risks and uncertainties due to the large size, long contract duration, nonrecourse financing, multiple proje
participants with different motives and interest, and the complexity of the contractual arrangements. Improved financial engineering
techniques are required to overcome the limitations of traditional financial analysis techniques in addressing risks and uncertainties. Thi
paper develops a methodology for capital structure optimization and financial viability analysis that reflects the characteristics of project
financing, incorporates simulation and financial engineering techniques, and aims for win—win results for both public and private sectors
This quantitative methodology defines the capital structure of a privatized project in four dimensions, examines different project partici-
pants’ perspectives of the capital structure, optimizes the capital structure, and evaluates the project’s financial viability when it is undel
construction risk, bankruptcy risk and various economic rigksit are dealt with as stochastic variablesnd is subject to other

constraints imposed by different project participants. This methodology also evaluates the impact of governmental guarantees an
supports, and addresses the issue of the equity holders’ commitment to project success by initiating the concepts of equity at project risk
value of governmental loan guarantee, and project bankrupt probability during construction. A framework and a solution algorithm are
provided for this proposed methodology. These research outputs will significantly facilitate both public and private sector in evaluating a
privatized project’s financial viability and collectively determining an optimal capital structure that safeguards their respective interests.
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Introduction 1997; Ye and Tiong 2000; Abdul-Aziz 20D1These problems
give the warning that innovative approaches to infrastructure
Governments worldwide have shown increasing initiatives in pri- privatization should be taken, one of which is a sound financial
vate finance of public infrastructure and services across a wideevaluation methodology.
range of industries and sectors, including power, transportation, The financial evaluation of a privatized infrastructure project
water supply and disposal, telecommunications, oil and gas,is complex and challenging because of the complexity of the non-
mining, schools, hospitals, and military training facilities. Im- recourse financing technique and a variety of risks and uncertain-
proved deliveries of many major public works and services that ties related to project finance, which make the forecasting of cash-
would not have been possible without private finance have beenflows very difficult. The radical reallocation of risks among
widely reported. On the other hand, a number of privatized project participants makes the concessionaire undertake much
projects suffered disastrous consequences because of constructiomore and deeper risks than a mere contractor. Construction and
cost/duration overruns, changing market demand, depreciation ofeconomic risks are two major risks in a privatized infrastructure
local currencies and/or reduction in tolls/tariffs by utilities. Some project (Ho and Liu 2002. Successful development of a priva-
of them had been postponed or abandoned by the sponsors, antized project requires effective management of these risks and the
others had to be bailed out by the host governmédgunlana  use of improved financial engineering techniques to explore fi-
nancial opportunities.

'Dept. of Civil and Environmental Engineering, Univ. of Alberta, The financial evaluation methodology proposed in this paper
3-133 Markin/CNRL Natural Resources Engineering Facility, Edmonton examines the capital structure and financial viability of a priva-
AB, Canada T6G 2W2; formerly, Professional Engineer, Yellow River tized infrastructure project when the project is subject to construc-
Conservancy Committee, The Ministry of Water Resources of China, tion risk, bankruptcy risk, economic risk, and various constraints
11 Jinshui Rd., Zhengzhou 45003, China. _ ~ imposed by multiple project participants. It also assesses the im-

Note. Discussion open until November 1, 2005. Separate discussionsj.ts of governmental guarantees and supports, and addresses the
must be submitted for individual papers. To extend the closing date by issue of equity holders’ commitment to project success. This

one month, a written request must be filed with the ASCE Managing thodol . ¢ hi bii ivat - . it
Editor. The manuscript for this paper was submitted for review and pos- methodology aims 1o achieve a public—private win-win resuft,

sible publication on November 20, 2003; approved on September 2, 2004.1-€., it optimizes the capital structure such that the internal rate of

This paper is part of théournal of Construction Engineering and Man-  feturn to equity (IRRE) is maximized while satisfying other
agement\ol. 131, No. 6, June 1, 2005. ©ASCE, ISSN 0733-9364/2005/ project participants’ interest and requirements, which are estab-
6-656—668/$25.00. lished as constraints. Combining simulation and financial engi-
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neering techniques, this financial evaluation methodology would that is usually granted by a public client to a consortium, the
facilitate both public clients and private developers in formulating concessionaire, who is required to “build” the project with its own
an appropriate financial package for the successful developmentinancial arrangements, “operate” the project during the conces-
of a privatized infrastructure project. sion period to recover its investments and obtain a certain level of
profits, and to “transfer” the facilities of the project in an opera-
tional condition and usually at no cost to the client at the end of
Infrastructure Privatization and Project Finance the concession period. The term BOT has generated a string of
related acronyms that reflect variations of governmental interest,
o ] ) ] preference, and industrial characteristics in procurement ap-
Governmental Initiatives in Private Finance proachegPalaneeswaran et al. 200buy—build—operatéBBO),

Laws and regulations have been enacted in many countries toPuild—lease—transfe(BLT), build—own-operate(BOO), build—
facilitate private finance in public infrastructure development for OWn—operate—maintain (BOOM),  build—own—operate—transfer
improved quality, efficiency, and cost effectiveness. The claim (BOOT), build—transfer (BT), build-transfer—operate(BTO),

that privatization can improve public infrastructure development design—build—finance—operatéDBFO), design-build—operate—

is based on the following argumentd) the private sector is less ~Maintain (DBOM), develop—operate-transfe(DOT), lease—
bureaucratic and more operational efficient than the public sectordevelop—operate(LDO), modernize—operate—transfeiMOT),

and, therefore, can make timely decisions for better allocation andr€habilitate—own—operate(ROO), rehabilitate—operate—transfer
utilization of resources(2) additional funds from the private sec- (ROT), and transfer—own-transf€fOT).

tor overcome governmental budgetary restraiti8; expertise, From its definition, it is seen that BOT generates a special
managerial skills, and innovative technologies from the private Purpose vehicle for project finance: the concessionaire is an inde-
sector are better utilized4) involvement of the private sector ~Pendent legal entity created under the government-granted con-
reduces government monopolies and increases competition incession and registered according to relevant laws of the host
public works and serviceg5) the market mechanism increases country. Central to BOT are the complex contractual arrange-

the incentives toward efﬁciency in publlc Organizations; aﬁh ments that are deSIgned to fit within the overall |egal framework
sensible public-private partnershi@®@PP3$ minimize the competi-  Of the host country: the concessionaire enters into contracts with a
tive inequities between pub“c and private Sectdm”er 1999; Variety of projec’[ participants as shown in the figures in Merna
Miller et al. 2000. and Dubey(1998 and Dias and loanno(l995. These contrac-

tual arrangements define each party’s roles, liabilities, and appor-
) . tionment of risks and rewards. Main contractual items include
Project Finance those dealing with concession period, construction methods, fi-

Project finance refers to the development of a stand-alone project@ncial arrangements, project operation, and implementation pro-
on a nonrecourse or limited recourse financing structure, wherecedures in the event of default, delay or failure of construction
debt and equity used to finance the project are paid back from thecompletion, substandard performance in the operational period,
cashflows generated by the project. Unlike corporate financeand force majeure.
where lenders examine a company’s general credit and use the
cashflows generated by its entire asset portfolio for debt service,
in project finance, lenders look primarily to the revenue stream Capital Structure in Privatized Infrastructure
generated by the project for repayment and to the assets of theProjects
project as collateral for their loans. Lenders have no recourse or
only limited recourse to the general funds or assets of the project
sponsors. The project company is a distinct legal entity; project
assets, project-related contracts, and project cashflows are segredifferent financial instruments may be used in the acquisition of
gated to a substantial degree from the sponsoring entiesna the fixed assets of a privatized infrastructure project. These in-
and Dubey 1998Project finance in developing countrié999. clude equity(permanent capital debt (temporary capita] and
Project finance provides a useful financial engineering tech- mezzanine financ@uasi-equity. Equity includes common stock,
nique for the private sector to finance the project outside their retained earningénoney not paid out as dividends but reinvested
balance sheet, because project sponsors (daye unwilling to in business or used to pay off dgland unappropriated profits.
expose their general funds/assets to liabilities to be incurred in Equity has the lower rank and the last claim on the assets and
connection with the project or be seeking to limit their exposure cashflows of the project. Debt is often structured in the form of
in this regard;(2) try to avoid the conditions or restrictions on  senior debt or subordinated debt. Senior debt has higher priority
incurring debt contained in existing loan documents; and3pr than all other claims on project cashflows and assets. Subordi-
not enjoy sufficient financial standifge., inadequate creditwor-  nated debt ranks behind other unsecured loans in payment obli-
thiness or borrowing capacijtyto borrow funds on the basis of gations. Mezzanine finance refers to a kind of financial instru-
their general asset8enoit 1996; Merna and Dubey 1998 ments that are primarily in the form of debt but also share some
qualities of equity capital. It occupies an intermediate position
between debt and common equity. Mezzanine finance includes
convertible bonds and preferred stock. Convertible bonds can be
A number of methods have been explored in international infra- exchanged for a given number of shares. Preferred stock is clas-
structure privatization, including asset sale, contracting out, de- sified as an equity security but is paid at a fixed dividend. The
regulation, build/operate/transfefBOT), and other types of  project company can choose not to pay the dividend on its pre-
public—private partnerships. As a popular approach, BOT is the ferred stock without being considered in default, whereas a failure
underlying methodology in a variety of privatization scenarios. A to make a promised interest payment on a debt issue will consti-
BOT project can be described as a project based on a concessiotute an event of default. Preferred stock is a perpetual debt apart

Financial Instruments

Build/Operate/Transfer and Private Finance
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from the nonpayment option. Only when the project company tions of different financial instruments, the equity level of a priva-

runs into trouble do the equity-like features of these hybrid claims tized infrastructure project is defined here as the proportion of

kick in. Therefore, preferred stock does not reflect a proportional equity in the total amount of finance in the project, where only the

claim on the project’s net assets. There are also other types ofcommon equity is treated as “equity.” In practice, equity levels

instruments such as leasing, venture capital, andM&ma and  ranging from 0 to 100% have been used in different types of

Dubey 1998, Culp 2002 projects. For example, power projects tend to have an equity level
of 10-30%.

Capital Structure

The capital cost of a privatized infrastructure project is the com- Different Parties’ Perspectives of Equity Level

bined cost of various financial instruments that finance the The equity level is the most relevant variable that concerns both
project. Here, the writer defines the capital structure of a priva- puplic and private sectors. Three major parties are concerned with
tized infrastructure project in four dimensiort$) types of finan- the equity level: equity holder&vho are the shareholders of the
cial instruments(equity, debt, and mezzanine financ€2) the  projecy, lenders(banks and other financial institutions who lend
relative amounts of different financial instrumer(@; the sources  noney to the projest and the governmertho privatized the

of the financial instrumentge.g., international financial institu- project and might provide guarantees or other types of support to
tions, commercial banks, different types of equity participants, e project. These parties have different views as to what is an

and the general public and (4) the corresponding contractual  gnronriate equity level, and their interests are dependent to some
conditions on these financial instrumertésg., grace period and o iant on the equity level.

refpﬁyrr;ent Sgriod of debt, anSf gOVﬁrnmenlt loan guar;arifen;:jh For equity holders, their equity is recovered together with an
of the four dimensions can aliect the total project cost and con- expected level of profit from various project activities, including

sequently the financial viqbility of the project. For example, thg advisory, design, construction, maintenance and operation, and
cost of equity is usual!y higher than that of debt_ beca_use equ_lty development of project-related properties. They will consider the
hplders normally require a rate of return to their eqwty that is 1project “financially viable” if the IRRE is greater than their ex-
higher than the interest rate of debt as debt has a higher level o pected level. Therefore, equity holders will maximize the IRRE.

claim to the assets of the project company. So, a lower level of . .
: . They usually do not want to put a high level of equity for several
equity reduces the total cost of the project. However, a lower S I ) S i
reasons(1) minimizing their risks in the project2) allocating

equity level means higher risks to debt. Banks and other financial their limited money in more and perhaps more profitable projects;

institutions may n willin finan roj h m . . . . !
stitutions may not be g to finance a project that seems (3) increasing the IRRE by decreasing the equity level since the

“unbankable,” or they may increase the risk premiums for a . ) ) .
project with a low equity level. There are also advantages and interest rate of debt is u.sually Iower than the lRR‘E’nOt havmg
‘enough money for a higher equity level; aff) increasing the

disadvantages in the use of bond and commerical debt. The inter . .

est rate of debt and its repayment period can be fixed or roated,amoum of working capital. . . L .

while for bonds these are generally fixed. With flexible repayment | Lenders usually pr_efer a h'gh, equity level to minimize .the|r

period(such as a grace peripdnd floating interest rate bank debt "'SKS @s debt has a higher rank in repayment than equity invest-

allows more financial engineering flexibility. This may be critical ment. For lenders, a banKabIe project should satisfy a minimum
level of annual debt service coverage rat@SCR), of which

for the success of a privatized project that is subject to construc- ) N . i . - )
tion risks and fluctuation of revenue streams in the long-term More discussion is provided in a following section. Lower equity
concession period. But debt is usually more expensive and had€vel means increased risks that the minimum level DSCR may

shorter maturity period than bonds. Long-term financial instru- NOt be satisfied. Lenders may require higher risk premiums for a
ments are important in project finance because the project generloWer equity level. Higher risk premiums increase the cost of the
ates no revenues during the construction phase and tends to buil@roject. Another important reason why lenders require a high eg-
up cashflows slowly in the operation period. Therefore, in the Uity level is that a higher equity level will result in a greater
early years of the operation period, the revenues may be minimal ‘©wnership” of the project by equity holders, and consequently an
and not able to bear high payment of debt. Large payment of debtincreased incentive and commitment of them to ensure the project
may be a heavy burden on the project that can seriously affect the? SUCCESS.

normal operation of the project and even ruin the project. Further- ~ Four main issues concern the government in a privatized in-
more, in countries with weak economies and/or lack of an ad- frastructure project(1) timely completion of construction within
equate legal environment, lenders may require sovereign guaranthe budgeted cos{2) smooth operation and quality performance
tees from the project’s host government and/or the involvement of in the operation period;3) public affordability to the service and
Export Credit Agencies and multilateral agencies such as theproducts of the project; an@) low total project life-cycle cost.
World Bank, Asian Development Bank, and International Finance Successful addressing of these issues requires a suitable capital
Corporation to cover political and economic risks. The involve- structure and the long-term commitment of project participants.
ment of international institutions increases the confidence of com- Failure of the privatized project will impair the interest of the
merical banks in the project, and consequently, they may reducegeneral public and cause significant political cost to the govern-
the interest rate of debt. This reduced cost of debt increases thement. Undoubtedly, the government will require a certain mini-
project’s financial viability. mum equity level for the long-term commitment of equity hold-
ers. However, other conditions being the same, a low total life-
cycle cost means a low equity level, as the IRRE required by
equity holders is usually higher than the interest rate of debt.
The essence of the first two dimensions of the capital structure, Therefore, the government should make sure that a suitable equity
types of financial instruments and their relative amounts, can belevel is used to satisfy the interests of equity holders, lenders, and
characterized by the term “equity level.” According to the defini- the general public.

Equity Level
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Types of Equity Participation

In addition to the equity level, the types of equity participation are
also a concern to lenders and the government as well. Both lend-
ers and the government should examine the incentives of key

(PBPDQ, self-financing ability(SFA), net present valueNPV),
IRRE, DSCR, and loan life coverage ratioLCR). These indica-
tors are discussed in the following sections.

equity holders before committing their own funds or providing Assumptions

sovereign guarantees. For example, an equity holder whose earn-
ings are primarily from equity dividends in the operation period
will have a longer-term view than an equity holder who obtains

substantial returns for consulting and/or construction services, be-""

cause the latter gets their returns at the initial stage of the project
development. Short-term view equity holders may exaggerate the
project’s debt carrying capacity and hence raise its long-term risk.

Furthermore, they may abandon or neglect the project once a™

reasonable return on their risk capital is earned even when they,
apparently have higher equity participation. The continued pres-
ence of equity holders whose equity is at project riskéer to the
following paragraph for the definition of equity at project risks
(EPR] assures more realistic cashflow projections and their real-
ization through continuous commitment and good project man-
agement practices. The lack of long-term financing may reflect
the lack of a long-term commitment by equity holders.

Equity at Project Risks

The writer defines EPR as part or total of the equity in the finance
of a privatized infrastructure project, the recovery of which will
be dependent on the successful management of long-term project
risks and the revenue stream generated over the long-term opera-
tion period. In other words, EPR includes only that part of the
equity that is exposed to long-term project risks, especially mar-
ket risks. For example, it does not comprise that part of the equity
that is provided by an equity holder who is part of the construc-
tion consortium of the project and that is recovered from earnings
on construction activities.

Ratio of Equity at Project Risks 5.

Based on the definition of EPR, the ratio of equity at project risks
(REPR is defined as the ratio of the amount of EPR to the total
amount of equity. According to above discussion, a higher REPR
increases the long-term commitment of equity holders to the suc-

cess of the project. The payback period for EPR may be a signal6.

of the underlying interests of equity holders: the shorter the pay
back period, the less the commitment of equity holders

7.
EPR=E-® X Cr (1)

EPR 8.

REPR == X 100% 2) 9.

where EPR= equity at project risks; REPR: ratio of equity at
project risks;E=amount of total equityy=the profit margin on
the construction activity; an@=total construction cost. Zero or
negative EPR/REPR means that there is no risk equity.

The following are the assumptions in the financial evaluation of a
privatized infrastructure project:

The project is procured through a BOT scheme, with a fixed
concession period dfl, years(including a construction pe-
riod of D, years and an operation period Bf years and a
designed life cycle oN, years.

The project follows the nonrecourse principle of project fi-
nance.

All the financial instruments available in the project are
broadly divided into equity and debt. Equity and debt are
drawn at the beginning of each year of the construction pe-
riod according to their relative percentage in the total con-
struction cost of the project.

There are unlimited sources of debt, and there is no upfront
and commitment fee. Debts from different sources have dif-
ferent interest rates, but have the same grace period and the
same term of annual equal installmerftiat is N years.
Under this assumption, the weighted average interest rate of
all debt sources can be used as the interest rate for the debt in
general

M
2 (rg X g
o= 3)

whererp=weighted average interest rate of derlht,tthe in-
terest rate of debt from sourde qid=the quantity of debt
from sourcei; and M=total number of debt sources.

The lower the equity level, the higher the interest rate, ac-
cording to a predetermined formula

ri=fi(R) 4

whereR=equity level.

The total project development cost is equal to the total con-
struction costCy, assuming that other cost items are minimal
and thus can be ignored.

The total construction co§l; and the construction duration
D. are independent without correlation. The base construc-
tion cost is uniformly distributed in the construction duration.
Only income tax is considered.

The total project development cost is depreciated over the
designed life cycléNy years of the project.

Project Bankrupt Probability During Construction

A wide range of internal and external factors may combine to

impact the construction process and result in construction risks
(cost overruns, duration overruns, and noncompletibhese fac-

Financial Viability Analysis

tors include weather conditions, ground conditions, technical dif-

ficulties, equipment breakdowns, labor issues, inflation of con-

Indicators of Financial Viability

struction materials, financial, and managerial capabilities of the

main and subcontractors. Construction risks are a serious concern
In addition to REPR, other key financial viability indicators can to all major project participants. Construction cost overruns
be used in the evaluation of a privatized infrastructure project. and/or duration overruns affect the profitability and, consequently,
They are project bankruptcy probability during construction the debt repayment ability of the project. For example, the delay
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of construction completion not only increases interest expensesand NF\t=net future value of the construction costs as dis-
and leads to cost overruns but also defers the generation of revcounted to the end of the construction period.
enues. Serious construction cost overruns and/or duration over- A suitable discount rate should be determined in the calcula-
runs could result in a project’s never being completed. This would tion of NPVz and NP\£. The selection of the discount rate is one
be a disaster to all project participants. of the crucial aspects of engineering economic analysis. The dis-
The loan agreement to a privatized project usually includes a count rate is the opportunity cost of money to the party consider-
grace period, which is often the length of the predetermined con- ing some investment. From the equity holders’ point of view, it is
struction duration, as normally there is no revenue generated inthe interest rate earned in a capital market. Therefore, the discount
the construction phase. However, this does not mean that therate is equal to the risk free rate plus the market price of risk,
project will not be subject to bankruptcy before project comple- which is the premium that investors must receive over the risk
tion. Lenders may impose construction-related conditions to trig- free rate to incur the market rigBirge and Zhang 1999; Bakatjan
ger bankruptcy should adverse events occur, especially in a largeet al. 2003
infrastructure project with huge costs and a long construction pe-
riod. Lenders may specify the upper limit of cost overruns or the
milestone upon each loan drawdown during the construction wherer =discount rater;=risk free rate; and,=risk premium.

phase as a bankruptcy conditigHo and Liu 2002 They can Equity holders usually are only responsible for the arrange-
terminate the loan when this condition is satisfied. Under such ment of financeeither through equity or depto the amount at
circumstances, unless equity holders can justify the cost overrunsthe SFA level. The nonself-financing part is paid by the govern-
or schedule delays or have the ability to arrange other funding ment. Here is an example of the private finance initiative projects
sources such as new equity injection or government rescue, then the United Kingdom. For a financially freestanding project
project will be bankrupted. (i.e., SFA=100%, the concessionaire provides full finance
Here, the PBPDC is defined as the probablllty the construction through a DBFO procurement mode|, and recovers investments
cost overruns exceed their upper limit or the probability a mile- and obtains profits entirely through direct charges on end users.
stone upon each loan drawdown exceeds its upper limit during theThe government only provides necessary assistance in statutory
construction phase. procedures without assuming other risks. For projects whose costs
To avoid project bankruptcy before construction completion, cannot be recovered entirely through charges on end (isers
the construction cost and duration should be examined carefully SFA< 1009, the government provides subsidies for social ben-
taking into consideration various risks and uncertainties, and ad-efits not reflected in the project cashflows, e.g., environment im-

equate financing facilities should be arranged to avoid refinancing provement and economic regenerati@ackwell 2000.
risks, and a workable construction schedule made to ensure in-

time project completion. .
Monte Carlo simulation and project evaluation techniques V&t Present Value Profit and Internal Rate of Return
such as the critical path meth6&PM) and the program evalua- 0 Equity
tion and review techniquéPERT) can be combined to establish  From the equity holders’ point of view, the net present value of
the distributions of construction cost and duration. This is dis- their total net profit at a specific equity levBl (hereinafter re-
cussed in a following section entitled “Simulation as a Risk Man- ferred to as NPY as defined in the following equatipand the
agement Tool.” Given these distributions, construction cost and |RRE are the most fundamental financial decision criteria. The
duration at a given confidence level can be determined. The use ofRRE is the value of the discount rate at which the NR¥equal
a high confidence level will greatly reduce the probability and to zero
extent of cost and duration overruns, and thus the bankrupt prob-
ability of the project. Please note that underestimates of construc- NATCI, E;
tion cost and duration may make in-time construction completion NPVp = 2 o E : i-1
: ; ; . o (L) T (1 +r)
impossible, and thus demotivate construction employees. The =1 =
consequences would be reduced construction quality and/or in-

r=re+r, (6)

n

creased probabilities of cost and duration overruns. forj=1,2,..,nii=1,2,...,m @)
where NP\b=net present value of the equity holders’ total net
Self-Financing Ability profit corresponding to a specific equity le\Rlas discounted to
. ] i . the beginning of the first year of the construction period;
Once the construction coéidt a certain confidence leyas deter- n=operation periodm=construction durationE,=equity draw-

mined, the SFA of the project needs to be examined. As defined injnq in theith year of construction; NATGannual net after-tax
the following equation, the SFA indicates what percentage of the c5sh inflow in theith year of operation; and=discount rate.
construction cost can be recovered through the net revenues pEqr the project to be financially viable, NRWnust be greater
earned in the operation period, subject to the financing conditionsnan or equal to zero or the IRRE must be greater than or equal to
of the capital market and the equity holders’ requirements of re- IRRE,;,, where IRRE,,=minimum value of IRRE required by
turn to their investments. A high SFA represents a robust revenue-gquity holders.

the project in the operation perid@hang and Chen 2001 fixed at values corresponding to a certain confidence &g,
95%) as required by the project. The NP6 also dependent on
NPVg a number of other stochastic variables such as market demand,
SFA_NFVC < 100% ®) level of tolls/tariffs (hereinafter generally referred to as sale

price), operation and maintenance cost, inflation rate, and debt
where NP\4=net present value of the net revenues in the opera- interest rate. Assuming that probability distributions of these vari-
tion period as discounted to the end of the construction period; ables are knowiif not, these can be established based on histori-
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cal data and expert opiniopshen Monte Carlo simulation can be N PBIT. + DE. — TAX.
applied to determine the distributions of NP\Consequently, the > ( J ] )

i i i (L+pyket

NPV, at a certain confidence level can be derived. LLCR, = j=k . ©)
_ , , S b
Debt Service Coverage Ratio and Loan Life Coverage S+ r)ikel

Ratio
) ) ] where LLCR=loan life coverage ratio as measured in #th
The NPV, and IRRE corresponding to a certain confidence level year of the loan repayment period Nfyears.

and a specified equity levét are calculated based on the pro-

jected annual cashflows over the concession period. The annual

cashflows depgnd on a variety of fa}ctors, such as constructionVame of Governmental Loan Guarantee
cost and duration, length of concession, annual revenues, opera-

tion and maintenance costs, fluctuations in currency exchange rate

and inflation rate, and the tax structure. There may be high fluc- Governmental Loan Guarantee

tuations in annual cashflows during the concession period. Even| gqdition to investing money for the nonself-financing part of
though NP\,=0 or IRRE= IRRE,,, meaning that the projectis  the construction cost, the government may also provide a loan
financially feasible from an overall and long-term perspective, the guarantee for the project company when the project is too risky to
project may still fail because of low revenues and high financial pe yndertaken by private parties alone. Governmental loan guar-
difficulties encountered in some years of the concession period.antee assures lenders that the debt will be fully or partially repaid
For example, the construction cost overruns and/or constructionpy the government if the project fails. This would reduce lenders’
duration overruns may make it very difficult for the project com-  (isk premiums that are associated with a loan. Usually, under full
pany to get additional finance to complete the project. At times governmental guarantee, lenders will consider the debt risk free
even if under construction cost and/or duration overruns the and the debt interest rate will be the risk free rate. Since the debt
project is still financially feasible in an “overall” view, the project s risk free, lenders may continue to support the project even
company just cannot get the project completed without additional \when adverse events occur. Consequently, there is little construc-
finance! Therefore, the annual financial status of the project jgn completion risk with a governmental loan guaraniee and
should also be examined. Liu 2002).

A robust and stable revenue stream is critical to the project's  pjease note that, on the one hand, the governmental loan guar-
debt carrying capacity because debt is serviced through long-termgntee reduces the cost of debt and the project completion risk.
revenues over the operation period. An important indicator of the Therefore, a project that is financially unviable when there is no
annual financial status is the annual DSCR, which is the ratio of governmental guarantee may become financially viable when
annual cash available to annual total debt service as defined in thgnere is a government loan guarantee. On the other hand, the
following equation. The DSCR reflects the project’s debt carrying government loan guarantee may cause possible problems. When
ability, and thus it is the lender’s main criterion for a project's |oans are guaranteed, project lenders and equity holders may not
financial viability. Higher annual DSCR reflects stronger debt car- gxamine the project rigorously. The lack of due diligence may

rying ability. The more variable the revenue stream during the resylt in the selection and development of a project that is not
operation period, the less debt can be carried by the project. Re<financially feasible.

ducing the variability(for instance, by a take-and-pay contract

with a public utility) can increase the project’s debt carrying abil- .

ity. The minimum DSCRDSCR,;,) required by lenders depends ASSet to Equity Holders and Lenders

on the site country, the industrial sector of the project, the market Governmental loan guarantee is an asset to equity holders and

situation, and the types of lenders involved. Generally, the DSCR |enders as well. Eor equity holders, the governmental loan guar-

should be at least equal to or larger than 1.0 to be acceptable. Aantee enhances their money-borrowing capability and reduces the

project is bankable when DSCR is in the range of 1.10-1.25, cost of their borrowed money. In examining the project’s financial

satisfactory, and comfortable when DSCR is between 1.30 andyiability using the IRRE, equity holders should reflect the value

1.50, and above 1.50 is preferable. The pl’eferl’ed minimum aver-of the governmenta| loan guarantee in the equity value. Other-

age DSCR of international financial institutions is l(K@)h etal. Wise, they would underestimate the value of their equityl For the

1999; Bakatjan et al. 2003; Newnan et al. 2p04 lenders, the governmental loan guarantee ensures the security of
their loans and the corresponding earnings of interest.

PBIT, + DE, - TAX;

DSCR = D forj=1,2,.,N (8 Balanced Governmental Loan Guarantee
]
Loan guarantee is a liability to the government. The government
should determine the value of its loan guarantee. The economic
where DSCR=debt service coverage ratio in thith year of op- value of the loan guarantee is worth at least the risk premiums
eration; PBIT=profit before interest and tax; DEdepreciation; reduced by lenders. The value of governmental loan guarantee

TAX;=tax; Dj=debt installment; antN=debt repayment period.  should be balanced by the efforts and contributions from the pri-

Another indicator to dynamically check the project’s debt car- vate sector. The value of this guarantee should be reflected in the
rying ability is the LLCR (Steiner 1998 The LLCR measures  development of the privatized project such that the public interest
periodically(e.g., annuallythe net present value of future project is protected and improved. The governmental loan guarantee
income over the maturity period of the loan against the remaining should result in a project that is financially feasible in terms of
amount of debt until debt is totally repaid. The LLCR should be at low project life-cycle cost, high service quality, improved effi-
least greater than 1 for the project to be bankable ciency, and cost effectiveness.
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If the value of the guarantee is too large, the government over- i
subsidizes the project. In this case, the government may take one E= RCBH 1+e)
or both of two approachegl) to reduce the level of tolls/tariffs of k=
the project so that the public users of the project enjoy cheaper
services without reduced quality; aif@) to request the share of i
the benefits from the project that are corresponding to the value of D'=(1-RC[]@+e)
the loan guarantee. These shared benefits can be used to better k=1
serve the public in various areas that need funding. .

fori=1,2,..,m
whereE' and D' =equity and debt drawings in théh year of the
Calculation of Financial Variables construction period.

This part discusses how to calculate various financial variables
that are needed to determine the values of key financial viability
indicators, such as SFA, NRVIRRE, DSCR, and LLCR. As Revenues are generated from tariffs/tolls in the operation period,
most of these variables are treated as stochastic ones, the valugs It is the annual NATCI that determines the project’s financial
of these variables and the financial indicators are corresponding toviability. The annual NATCI in current value as of the year in the
certain confidence levels as agreed by project participants. operation period can be calculated(Bakatjan et al. 2003

Annual Net After-Tax Cash Inflow in Operation Period

. ATNCI. =PBIT;+DE, -D;, - TAX. j=1,2,..., 14
Total Construction Cost i i i~ Vi i n (14

The following subsections provide some discussion of the vari-

Ranasingh€1996 has provided a simplified model for decision ables that determine the value of the annual NATCI.

makers to calculate total project cost, which consists of three
parts:(1) the base costconstant dollar value (2) the escalation

during construction that contains the effect of inflation; 48 PBIT]
the interest during construction on the borrowed funds. _ PBIT, = RE - OM, - DE; forj=1,2,..,n (15)
For a privatized infrastructure proje@; can be calculated in ! ! !
the following set of equations: where RE=annual revenue; REP;Q;; P;=price of the product
of the project(e.qg., the unit price of electricity in a power plant or
C;=Cg+Cc+C (10) the ticket price in a transportation projgd®; =annual production

(e.g., annual energy production in a power plant or annual traffic
. throughput in a transportation projgcand OM=annual opera-
i tion and maintenance cost.
Cg= Z Ce (11) Market and currency risks may significantly affect the revenue
=t stream of the project. Changes in demand and price for project
output have been the leading cause of revenue and profitability
mom ! problems. Variation of costs of necessary inputs for the normal
CE:E C'E:E Cy H (1+e)-1 (12 operation of the project is another major market risk. Currency
i=1 i=1 k=1 risks arise whenever foreign currencies, in the form of equity or
debt, are used to finance the project. Such risks are associated in
m part with foreign exchange convertibility and the foreign ex-
C = 2 CiI =(1-R) change .rate. For more details please refePtoject finance in
=1 developing countrie$1999.

x> l iB<1+rD)"”+lH<1+eK>}— T a+ey DE,
i=1 k=1

py Depreciation is the cost of a useful asset over its estimated life. As
a reflection of a sunk cost, it does not represent a cash outflow
13 from the company. Instead, it provides an annual tax advantage

where C;=total project cost as discounted to the end of the by reducing the company’s taxable income that is equal to the
construction periodCg=base construction cost as estimated at Product of depreciation and thenargina) tax rate. A number of

the beginning of the construction perio@z=cost escalation depreciation methods are now in use, including straight line, de-
during constructionC,=interest cost incurred during construc- clining balance, sum of the years’ digits, double-declining bal-
tion; Cy=base cost for construction activities to be undertaken a@nce, and the modified accelerated cost recovery system. The ben-
in the ith year of the construction perio@L=construction cost  fit, in terms of net present worth of choosing one depreciation
escalation; Cl=interest incurred; m=construction period; method rather than another, depends on the taxpayer’s opportu-

e,=construction cost escalation rate for tki@ year of the con- nity cost of capital(Steiner 1998 The simplest method for de-
struction periodie,=0; R=equity level: andrp=interest rate of ~ Preciation is straight-line depreciation, where annual depreciation
debt. equals a constant proportion of the initial investment. Assuming

that Cy is entirely depreciable in the design lifg; (n<ny) of

. . . ) the project, then
Annual Equity and Debt Drawings During Construction

Equity and debt are drawn annually at the beginning of each year DE. = Cr forj=1,2,...n (16)
of the construction period according to the equity leRel T ng P
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D
]
The total accumulated delgtncluding interest at the end of
the construction periodPy can be calculated in the following
equation:
m i
Po=(1-RX | Co(L+rp)™ [ (1 +ey (17
i=1 k=1
Annual debt installmenD; can be calculated using the capital
recovery facto(A/P,rp,n)
rp(L+rp)"
AP,rp,n)=———— 18
(WP = P70 (18
whererp=interest rate of debt; and=operation period.
Therefore

DJ = PD(A/P!rDin)

=(1- R)rD(l—HD)nE, Ci(1+rp)™ [T (1 +ey
k=1

(L+rp)"- 173
i=1,2,..,n (19

TAX;
J
Tax is a cost to the project company. For simplicity, here only

income tax is considered. Business income is the total revenue!

currency exchange rate and interest rate, and inflation risk. Un-
derstanding these stochastic risk variables will result in informed
decision making regarding suitable toll/tariff level and equity
level, better forecasting of cashflows, and consequently sound
financial viability analysis. This necessitates the use of suitable
risk analysis techniques.

Monte Carlo Simulation

Capital structure optimization and financial viability analysis are
based on the values of a set of stochastic variables. This requires
that the project development process be modeled as a stochastic
process that behaves according to predetermined or prespecified
laws of probability. Each privatized infrastructure project is
unique. However, most of the activities are not, because there are
many procurement and management similarif@souRizk and
Halpin 1990; Ahuja et al. 1994Monte Carlo simulationMari-

ano et al. 2000; Binder and Heermann 2p@2a useful tool to
model a stochastic process where the input data are random fol-
lowing certain statistical distributions. In such a simulation, the
computer generates large sets of outputs after running a large
number of iterations with random inputs. These outputs are then
statistically analyzed to measure their uncertainties and risks. The
following sections discuss the applications of Monte Carlo simu-
lation in the analysis of construction and economic risks in a
privatized infrastructure project.

received minus the total cost. Please note that interest and depre-

ciation are tax deductibl¢Steiner 1996; Newnan et al. 2004
Income tax is levied by means of percentages of increments of
income as shown in the following equation:

TAX; =1l (PBIT; = I}) =1l (R —=OM; -DE; - 1)) j=1,2,...,n
(20)

whererl, =income tax rate corresponding to the income leeel
bracket of incomg and |;=debt interest in thgth year of the
operation period.

Assuming that there are equal annual installments of Bept
then the annual interest can be calculated using the following
equation(White et al. 198%

D, 1
— _ — P E— - =
=D~ PR =Dy~ ‘Dj[l (1+rD)(n—J’+1)]

i=1,2,...,n (21)

where DR=payment for the debt principal for thjéh year of the
operation period.

Simulation as Risk Management Tool

Major Risks in Privatized Infrastructure Projects

A privatized infrastructure project is usually characterized by high
capital outlay, long lead time, and long concession period. The
project is subject to a variety of risks and uncertainties in the long
concession period, among which construction risk and economic
risk are two major risk§Ho and Liu 2002. The construction risk

is characterized by cost overrun and schedule delay. For example
the construction cost of the Channel Tunnel Project doubled, al-
though it was expected to be less risky because of its technical
simplicity (Finnerty 1996. The economic risk includes demand
risk (quantity and pricg variation of OM costs, fluctuation in

JOURNAL OF CONSTRUCT

Construction Cost Range Estimating

Range estimating is a tool to measure uncertainties and reason
with risks. It can be performed on the base construction cost of
major construction activities to determing) the probability of
achieving an estimate of the total construction cost that is within
a certain range(2) the reason, probability, and the quantity of a
cost overrun on an estimate; af®) the value of contingencies
needs to be added to be certain to a degseg, 95% of confi-
dence of not having an overruiCurran 1989 The following
steps are necessary for construction cost range estimating.

1. Define the project scope and divide it into manageable work
components. This can be represented by a work breakdown
structure(WBS), which is usually in a chart form incorpo-
rating a number of distinct work packages. Many types of
projects have standard WBSs that can be used as templates
for a project under examination. When there does not exist
such a WBS for the project, then a decomposition method
can be employed to subdivide the major project deliverables
into smaller and more manageable components until the de-
liverables are defined in sufficient detail to support develop-
ment of project activitiegplanning, executing, controlling,
and closing (A guide to the project management body of
knowledge2000.

2. Classify each work package into two groug4) group
one—work packages with high degree of cost certainty and
(2) group two—work packages with uncertain costs.

3. Establish the statistical cost distributions of uncertain work
packages. Meaningful simulation of construction costs re-
quires the establishment of the probability distribution func-
tions (PDFs for uncertain work packages as well as the pa-

,  rameters for such functions such as the mean and standard
deviation for normal distribution. Historic cost data of uncer-
tain work packages of previous similar or comparable
projects can be used as sample data after proper adjustments
according to expert opinions. The cost distributions of the
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Table 1. Distributions and Random VariatéBased on Ahuja et al. 1994; Taylor and Karlin 1998

Probability density
Distribution function (PDP)
type and cumulative distribution
function (CDF) Random variateX

Remarks

X=L+Y(U-L)
— L=x=U

fx)=yU-L

Uniform 0 Otherwise

0 Xx<L
x-L

U-L
1

F(x) = L<x=<U

x>U

Normal f(x) = i o (x- w2202 X=p+0o cos 2rY;V-2logY,

V2mo X=p+o sin 2nY;V-2logY,

& L=<X<M L+VY(M-L)(U-L 0<Y<M
e +\YM-L)U-L) <

. T uU-L
Triangular f(x) = X=

_AUY  ex<uU 5 Mol
U-ML-m) XS U-L-VU-MU-L) o <Y<

r

(x-L)?
(M-DU-L)
(U-x)7?

_—(U—L)(U—M) M=sx<U

Fx)=41

X<L
1 U<x

X=—p In(1-Y)

e 0=sx=ow

) )=
Exponential 0

Otherwise

l-e¥ 0sx=<w
F(x) = .
0 Otherwise

Beta This is somewhat complicated.

L@ +y)x-LHU-x" See Ahuja et al(1994) for details.

f(x) = LI (y)(U-LP T
0 Otherwise

I'(2)= 5t e dt for all z>0

L=sx=sU

Uniform distribution reflects
an equal likelihood of
expected values ranging from
a minimumL to a maximum
U. It can be used whenever
user decides on a lowest and
highest value for a variable,
but is not sure how values
are distributed.

Normal distribution is
described by the mean and
standard deviatiow. It is
suitable for variables where
values are clustered around
., equally likely to be above
or under..

Triangular distribution shows
values ranging from a
minimumL to a maximumuU
with a clustering around an
expected valuéM (mode

that is different from the
mean. The range frorh to

M is often different fromM

to U.

Exponential distribution is
described by the mean. It
is commonly used in
reliability engineering,
because it represents both
phenomenological and
empirical behaviors.

Beta distribution is defined
by the minimum valud.,
maximum valueU, and two
shape parametefsand-y.
The PDF of beta distribution
can attain varied shapes to
represent cases where the
most likely value is close to
the pessimistic or optimistic
value. The beta distribution is
also bounded between two
points, making it more
suitable for finite modeling
of activity times as used in
PERT.

Note: Y,Y,, andY, are random numbers do0, 1].

uncertain work packages can be determined empirically after comparing either the empirical cumulative distribution func-
appropriate statistical analysis. Then, a statistical distribution tion (CDF) with the fitted(theoretical CDF, or the histogram

can be fitted to this collected sample data and relevant pa- of the sample data with that of the theoretical PDF of the
rameters calculated. There are a number of statistical distri- selected statistical distribution; and/@) by taking either the
butions to choose from, some of which are presented in Table chi-square test or the Kolmogorov—Smirnov t@hakravarti
1. Goodness of fit test should be performéb: by visually et al. 1967; Rees 2001; Kelton et al. 200Mowever, if there
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is not enough data to derive the distributions, expert knowl- Simulation of Program Evaluation and Review Technique
edge can be explored to assign subjective distributions to Networks

uncertain work packages. ~ Monte Carlo simulation can eliminate the limitations of the CPM
4. Establish the statistical distribution of the total construction ang PERT in addressing risks and uncertainties. Instead of deter-
cost of the project. This takes the following stefds: simul- mining the path criticality of a construction project as in the CPM

taneously generate uniform random number on the interval ang PERT, Monte Carlo simulation examines activity criticality
[0,1] for each uncertain work packag@) transform the ran-  paged on the statistical distribution of the time of each activity.
dom _number into relevant statistical distribution of _each Un- Once the project schedule network is finalized either by a prece-
certain work package and calculate the corresponding cost of yence diagram or an arrow diagram, and the time distribution of
each work package3) calculate the total construction cost g4y activity in the network established, Monte Carlo simulation

In this iteration by adding the costs of all uncertain and cer- ;o4 pe used to establish the statistical distribution of the con-
Laln v¥qu packages() repeat step(sl)—(|3) Cflor a %rehat nurr:- struction duration using the CPM based on a random set of dura-
er of iterations to generate the sample data of the total con-giontor ol work activities(Ahuja et al, 1994

struction cost;(5) establish the PDF and CDF of the total
construction cost and calculate relevant parameters;@nd _ ' o
conduct the goodness of fit test. Simulation of Economic Risk

. lcul h nstruction t iven confidence level . . . . . .
5. Calculate the construction cost at a given confidence leve As discussed in a previous section, fluctuations in market demand

and predict percent overrun probability. Assume that the PDF ° . . .

and CDF of the base construction cost &@g) andF(Cg), (price and. quaptlt),( OM ¢ osts, interest ra'Fe, currency exchapge

respectively. Then, the base construction cost at a confidence &t and inflation consitute the economic risks fgr th.e project.

level a can be calculated &82= [2f(Cq)d(Cg)=FX(@), and Sample data of OM costs can be generated from historical data of

the percent overrun probability &3 is 1-a. similar projects with appropriate adjustments, while sample data
of other economic variables can be derived by analyzing the eco-

nomic data of the country where the project is located. Statistical

Simulation of Construction Duration o_Iistributic_ms of these econqmic r@sk variables can_then be estab-

lished using Monte Carlo simulation based on their sample data.

Critical Path Method

The most commonly used tools for scheduling are network-

basked, one of which is the CPKWiest and Levy 19717 The Financial Evaluation Methodology

CPM breaks down a construction project into distinct work ac-

tivities, arranges them into a logical sequence, estimates the du-

ration of each activity, and displays the work plan using prece- Public—Private Win-Win Principle

dence diagrams or arrow diagrams. It then determines the

minimum possible duration of the project using forward pass and

backward pass calculations based on the logic and criticality for

the activities. The CPM is a deterministic tool in that it assumes (2) the interests of different parties to the project and conse-

only one value for the duration of each activity and thus it does

not provide a measure of uncertainty associated with the estimateque.mly’ the|r.mot|vat|on.s and cqmmltments to the success of the
of a particular milestone in the project or with the estimate of the project, for different project participants have different views on

project completion time. th.e"capital structure. A privatized project should achigve “Wi.n—
win” results for both public and private sectors. That is, capital

structure optimization should reflect the different interests, con-

Program Evaluation and Review Technique cerns, and requirements of all participants and the project should

In the PERT, activity definition, precedence relations, and net- be financially viable from the perspectives of both public and

work building are similar to the CPM. However, PERT attempts private sectors.

to estimate the uncertainties in project scheduling by taking the

optimistic (Dg), most likely (Dy,) and pessimisti¢Dp) time esti-

mates to approximate the megpm) and variance(c?) of each Capital Structure Optimization and Financial Viability

work activity time (Wiest and Levy 197y Analysis

The capital structure is one of the critical issues to be solved in a
privatized infrastructure project because it affects: the total
life-cycle cost of the project, and hence its financial viability; and

As discussed in previous sections, the capital structure is mea-
w=(Dg+ 4Dy, +Dp)/6 (22) sured in four dimensions, types of financial instruments, their
relative amounts, sources, and contractual conditions, and there
are several key indicators of financial viability, such as SFA,
NPVp, IRRE, DSCR, and LLCR. These dimensions and indica-
tors are all considered in the proposed methodol@gyshown in
The PERT determines the critical path based on the mean time ofFig. 1) for capital structure optimization and financial viability
each activity without considering the variance. The variance is analysis.
used after the path is determined to assign a level of uncertainty As the most active players responsible for various project ac-
with the mean of the determined event. This results in a “merge tivities, equity holders play a key role toward the success of the
event bias” that lead to an optimistic estimation of the mean of project. Therefore, it is suitable to set up the objective as maxi-
the project completion time compared to the true mean time mizing the IRRE for the benefits of equity holders, while subject-
(Ahuja et al. 1994 ing this objective to the requiremen®rmulated as constraints

0'2:[(DP‘ Do)/6]2 (23
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Fig. 1. Methodology for capital structure optimization and financial
viability analysis

Determine construction duration D¢, annual by lender$ are the same, then satisfying DSGRrequire-

base construction cost Cp and escalation cost ment will satisfy the LLCR,, requirement. However, the
Cg at the required confidence level. .
v reverse is not true.
Calculate the net future value of Calculate the net present value of Solution AIgOf ithm
total construction cost Cr (not the net revenues in the operation
including interest) discounted to period discounted to the end of The solution algorithm for the proposed financial evaluation
the end of the construction period the construction period at . . .
at predetermined discount rate. predetermined discount rate. methOdOIOgy IS prowded as follows: .
1. Input data: base construction c@, cost escalation rate,,
v construction duratiod., market deman@;, price P;, opera-
Determine self-financing part (private invest- . . .
ment) and non-self-financing part (government tion and maintenance cost QMnflation rater,, base debt
investment) of the total construction cost interest rate g, self-financing ability SFA, required minimum
sm:i'l:“:‘ equity level R, construction profit margino, required
. minimum ratio of equity at project risks RERR minimum
v allowable debt service coverage ratio DSGRincome tax
Capital structure optimization and rater,,, and debt interesty as a function of base intereg
financial viability analysis model . o
Max IRRE = f(R) and equity leveR:rp=f(rg,R).
st R2R,, 2. Letk=1 andR:=Ryn
IRRE = g(R) 2 IRRE,,, 3. Calculate annual equity drawingef, debt drawing
REPP = h(R) 2 REPP,, K
DSCR. = f(R)2 DSCRo, 1= 1.2, N D; ,REPF{,DSCR(,NPV,‘; ;’md IRRE.
LLCR, = w.(R)2 LLCR, ,i = 1,2, ....N 4, Lgt k=k+1 andR=R+1%. If Rg=1 go to step 5. Other-
Other necessary constraints wise, go to step 3.

5. Draw the following graphs: REPR vers&& DSCR versus
R, NPV, versusR, and IRRE versu&.

6. Select all combinations of(R,,REPR,DSCR), where
REPR=REPR,;, and DSCR=DSCR,;,. If this set is

empty, go to step 7. Otherwise, go to step 8.

of lenders and the government. This proposed methodology guar-7. Indicate that the project is not financially viable. Go to 11.
antees win—win results for both public and private sectors. 8. Indicate that the project is financial viable.

1.

7.

In addition, attention should be paid to the following issues: 9. LetR,=maxR,). R, is the optimal equity level.

Capital structure is optimized based on the self-financing part 10. Output the results corresponding to
of the construction cost. That is, the equity level is the ratio R,:E’,D?,REPR,DSCR,,NPV;, and IRRE,.

of equity to the self-financing part of the construction cost. 11, Stop.

It is important to select an appropriate discount rate, cost

escalation rate, and the required confidence levels for con-

struction cost and duration. This requires a sound market

analysis with the assistance of statistical techniques andFinancial Evaluation Framework

simulation tools.

The values of IRRE, REPR, and DSCR correspond 10 a A framework for capital structure optimization and financial vi-
specified equity levelk and the debt interest ratg, which is ability analysis(as shown in Fig. has been developed based on
dependent oiR Theref_ore, IRRE, REPP, _and DSCR can all the discussions in the previous sections. This framework can be
be expressed as functionsRfThese functions are not linear divided into twp parts(1) simulation-based input data modeling:

and lterative evaluation is necessary in solv_lng this _model. and (2) capital structure optimization and financial viability
Equity holders attempt to minimize their equity contributions analysis

such that maximum IRRE can be achieved, lenders seek a
comfortable equity level to minimize the risks to their loans,

and the government requires a certain level of equity to en-
sure equity holders’ serious commitment to and a vested in- Simulation-Based Input Data Modeling
terest in the project, and a low project life-cycle cost. . . . . .
The REPR is also an important indicator to the level of com- This part has two step$1) simulation of construction risks and

mitment of equity holders. Equity holders’ profits from advi- (2) simulation of economic risks. The s_imulation_techniques_
sory services and construction activities should not be more N€€ded for Steps 1 and 2 have been discussed in the section

than a certain percentage of the total amount of equity to €ntitled *Simulation as a Risk Management Tool.” The main pur-
ensure their long-term commitment to project success. poses of input data modeling arl) to determine the statistical
The debt interest ratg, is risk-free rate if there is a govern-  distributions of various construction and economic risk variables
ment loan guarantee and the host country has a high creditwith the assistance of statistical and simulation techniques, in-
rating. Without a government loan guaranteg,s risk-free cluding base construction co8g, construction duratio®¢, con-

rate plus a risk premium. The lower the equity level is, the struction cost escalation ra& base debt interest ratg, OM
higher the risk premium. Thereforg, can be expressed as a  Cost, currency exchange ratg, inflation rater,, market demand
function of equity levelR and the risk-free rate, or the base Q, and priceP; (2) to determine the values of these risk variables
interest rateg:rp=f(rg,R). at the required confidence levels; a(®l to determine the SFA of

If DSCR,,i, and LLCR,,i, (minimum value of LLCR required  the project.
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Determine the distribution of
base construction cost Cg

Determine the distribution of

construction duration D¢ Calculate construction duration D,

[ Input the required

. — confid level for Calculate base construction cost
Determine the distribution of relevant variables ¢! and cost escalation C'.

escalation rate e L £

/ Determine the distribution of

base debt interest rate r,

Step 1: Simulation of Construction Risks

Simulation-Based Input Data Modeling

Determine the distribution of Input required Calculate annual
annual OM cost confidence OM cost
levels for risk Calculate annual
A Determine  distributions of variables, market demand Q N
currency exchange rate r, discount rate r, and price P Det;;::nne
and inflation rate ry
- — construction Calculate currency
Determine dlsmbutfons of profit exchange rate r,
market demand () price P marging and inflation rate r,
Step 2: Simulation of Economic Risks
Input C}, C;,Dc, Q, P, OM
cost. e, 1, re, r,. SFA, Eqin, Draw graphs: REPR vs R,
REPR gin, IRRE i, DSCRuin, ﬁf:jcl’; vaf VI:-R NPVe vs R,

raxand r) = f(r,,R)

Select all combinations of
(IRRE,, REPR,, DSCR.),
where REPR, > REPR,,,and
Calculate and  store R, 2 DSCR,,

E'k‘l)f' REPR, DSCR, ‘_‘ Ri=R;+0.01 DSCR, mia

NPV! and IRRE, k=kt1
Find R, corresponding to Eo,

No
Yes
where E, = max (E, where
Output Ro, Cr, REPR, 2 REPR_" DSCR, > DSCR..)

E’.pe. REPR, Yes ]
IRRE, > IRRE,,,, ?

DSCR,,
Step 3: Capital Structure Optimization and Financial Viability Analysis

Financially
unviable

No

Financially
viable

NPV S IRRE,

Fig. 2. Framework for capital structure optimization and financial viability analysis

of the project. Long-term commitment of equity holders is a pre-
requisite to effective and efficient project development. Innova-
tive risk management and financial engineering techniques are
In Step 3, optimization and financial viability analysis techniques needed to address the radical reallocation of risks, responsibili-
(as discussed in the previous sectioae deployed to determine  ties, and rewards between pubic and private sectors. The financial
the optimal equity level that maximizes the IRRE and satisfies the evaluation methodology proposed in this paper follows a public—
requirements of the government and lenders. private win—win principle, considering the interests, concerns,
and requirements of different participants. This quantitative meth-
odology reflects the characteristics of project finance and incor-
Conclusions porates simulation and financial engineering techniques. It opti-
mizes the capital structure and evaluates the financial viability of
Many public infrastructure projects across a wide range of indus- a project when the project is under construction risk, bankruptcy
tries have been privatized worldwide for improved quality, effi- risk, and various economic risks, and is subject to other con-
ciency, and effectiveness. Construction and economic risks arestraints imposed by different participants such as minimum equity
two major types of risks in a privatized project, where the capital level, minimum DSCR, and minimum REPR. This methodology
structure affects not only the total life—cycle cost of the project also evaluates the impact of governmental guarantees and sup-
that in turn affects its financial viability, but also affects the mo- ports, and addresses the issue of equity holders’ commitment to
tivation and commitment of different participants to the success project success by initiating the concepts of equity at project

Capital Structure Optimization and Financial Viability
Analysis
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risks, value of governmental loan guarantee, and project bankruptHo, S. P., and Liu, L. Y,(2002. “An option pricing-based model for

probability during construction. These research outputs will sig-
nificantly facilitate both public and private sector in evaluating a
privatized project’s financial viability and collectively determin-

ing an optimal capital structure that safeguards their respective

interests.
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