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Abstract

The use ofPublic Private Partnershgp(PPR) for infrastructure projectdias garneredmuch
international attention over the past few decades. The inclusion of private investors and operators
has expanded and improved the quality of public services. When entering a PPP, the most important
decision fogovernmeng is the selection aheprivate @rtner. The selection process should identify

and prequalify those prospective partners that havéottstpotentialfor the successfuievelopnent

and delivey of the proposed PPptoject. A successful partnership should ensure that both partners,
i.e.thepublic sector departmemindthe privatecorporation have an effective business relationship.
While private partner selection e critical factor essential for the successful completionP&tP
projects there is a general lagsf decision making tools availabte assistgovernmentsn the
selection procesg his research aim# assist governments witguch decision®y (1) identifying

and studing the criteria for selecting themostappropriate private partreefor PPP projects(2)
developng a model to select theestprivate partner; and (3) develag model(s) andh framework

thatcanassesss p r oriskgmoftle’fream the financing agencigserspective.

Thisresearctproposes two integrated models. The finstdelis devdopedto selectthe besprivate
partnes for PPPinfrastructureprojects The selection process modeledusing a fuzzy analytic
network processHANP) andthe Technique for Order of Preference by Similarity to Ideal Solution
(TOPSIS)methodto adequately handkep r o ¢ engrscisien, vagueness and uncertaiiiyis
model takes into accoutihe possible dependencies among selection criteria as well as between
alternatives and selection criteria, praugl a more realistic solution thadeterministic modebk

which ignore such interdependenci@$ie €cond model is developed tamprove thecredit



evaluaion procedurefor evaluatingprivate partnersor PPPprojects, wheria their bankabilityis
assesselbleforeaccepting their request tmrrow funds Publicly-available financial information is

utilized to drive a clear understanding and sound interpretati@pof o j ect ' s dnditee cas
forecastdfuturefree cash flowin this model, a&et of criterieare defined from a survey conducted

with credit expertsandthenthe TOPSIS method is used to calculate the weights of the crifenia.

criteria are used to assess private partners' financial ability based on the detailed free sash flow
multiple scearios. The developed framework appliedto six PPP projects in Africa where the

private partners of these projeatsreanalyzed, evaluated, and prioritized based on their bankability

The modéel s  rpeosidesd dreditors with two benefits; it ranks trévate partners accordintp

their overall suitability based on the projéctharacteristics and creditors' requiremeats it

calculats the maximum amount a creditor would be willing to paw kxn to each of thpartners

The developed framewoik expected to contribute to the body of knowledge in four main aspects.

First, it provides a structured tool fgpvernmenrg anddecisionmakers tause toevaluate potential

private partner's ability to achieve their strategic objectivesyall as idetifyingt he partner
strengths and weaknesses. Secamel,decisiormaking tool accounts for influential factors other

than thealreadywidely-considered technical and financial aspects, such as safety, environmental,
political and managerial concerisird, the bankabilityassessment modedmbines risk and credit

analysis, which enables creditors to rank projects according to their overall suitability based on
projects characteristics anthe creditors' requirements. Finally, the developed framework provides

credit analysts with a tool to quantifize risks affecting projects, anw calculae the maximum

amount a creditor would be willing to payakan to each of the projects.
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Chapter 1: INTRODUCTION

1.1 General

Many countries have establishd&lblicPrivate PartnershipgPPP) for large andcomplex
infrastructure projectas avayto reducecostsminimize delaysnd optimizfinancial risks PPB

area collaborative effort keveen public and private sectorganizations to maximézthe quality

of infrastructure project§Ahadzi and Bowles2004). Depending on the operating country, the
PPPterns can cover a array of transactions which the private sector is given the right to
operate, ranging from relatively shdéerm management contracts (with little or no capital
expenditure), through concession contracts (which may encompass the designing, building,
financing, and servicingf the entie construction and operation), to joint ventures where there is
a shared ownership between the private and public settother words PPPsfill a space
between taditionalgovernment projects and full privatisati@@rimseyand Lewis 2005) The

PPP famework is considered an effective instrumfentclosng funding and financing gapss

well asan opportunity toutilizethep r i v a t eexpsrisdotinareasdbe efficiency of project
management and service operasion the infrastructure secto(Grimsey and Lewis2004

Yescombe2011).

PPPs have at least two dimensiortee first ispurelyfinandal wherePPPs enable the public sector

to make use of private finalat capitalin a way that unlocks productivaportunitiesfor the
government and the private sector. The second dimension is organizatienaPPPs are viewed
asofficial cooperatioragreementsxpressed through the establishment of new organizational units
(Hodge et al.2010. According toAkintoye et al.(2001), PP have been used imanycountries

around the worldwhich has ledit to haveto differentdefinitions. Based on an extensive review
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of relevant literatur€Tang et al 2010, in Canada, the Council for PublRrivate Partnerships
(2004) defines PPP as a cooperative collaboratitmsigned to meet clearly defined public needs,
involving public and private sector organizasoandbuilt on the expertise of each party
structured to ensurhe effectiveallocation of resources, risendrewards Along the same line
Zhang(2005) contened that PPB cover a wide spectrum of infrastructure projects and services
involving the resourceand expertiseof the private sector ithe delivery of services and/or
facilities for public useNg and Loosemor&007) emphasizd that PPB should not be confused
with privatization which involveshe outright sale of a government entity to a private organization
so thatgovernment has no further interest in the entity. The ultimate aa®BP ighusto bring

the private sectdr expertise and disdiipe into the management of providisgrvices to the

public, with the investment gbrivate financingand to therebgeliver superiopublic servics.

PPPs are developed with three broad objectives: to deliver significantly improved public services
by improving both thequality andthe amounbf investment; taunlockthe full potential of public
sector assets, including state/ned businessewerebyoffering improvedvalue for the taxpayer
alongsidewider benefitdo the economyandto allow stakeholders to receitteeir fair shae of

the benefitoof PPR. In addition, vitalto any successful PPP initiativihe risk associated with

each component & projectas well aseach risk factoare allocatedo those parties with direct

control overthem

North African countries have a critical needrgprove their infrastructur® address theultiple
demand of a growing populationDue to years of underinvestmertigetquality and quantity of
North African countriesinfrastructure services lags behindbgk of other regions, and it is
estimated thathe region will need $100 billion per year owbe next 20 years to meet their

infrastructure needs. However, fiisdicatdalargeonst r a
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financing gap of approximately $340 billion peryear. Mobilizing additionaprivatefinancing
andinfrastructureexpertise through PPPs can help to improve infrastructure provision by raising

operational standards and efficiency while reducing the load on government budgets.

Nonethelesdn Africa, the volume of private investment in infrastructure and the absolute number
of projects ighelowest in the North African region. The majorityPPprojects are clustered in

the power sector in western North African countries. The International Finamper&tion IFC,
financial institution and the PPIAF, along with other vehicles such as the Arab Financing Facility
for Infrastructure, are encouraging North African countries to create the necessary legal and
regulatory framework for PPPs; as well asaoilftate the networking and sharing of experience
among regulatory agencies and other similar organizations. While the infrastructure needs in the
North African region are large, collaboration between the public and private sectors can help to
provide acess to quality infrastructusehat will in turn contribute tadhe economic growth and

developmenof the region(Auriol and Blang¢ 2007).

1.2 Research Motivation

The kack of capital funding is increasj g o v e r n maivatios for PPP projectdut poor
selection of private partners leatb execution difficulties, failures in project delivery and
dangerous impasbnac ount r y’' A regienoohtloemstgate of the art and current practices
for seleting private partners in PPP projects indisaatrong need for a structured and objective
selection methodologyne thatcan overcome the limitations of previostidiesand current
practices.The presentesearchaims primarilyto study, investigate, develop, and validate a new
methodology for selectinthe private partnerdor PP, while accounting fovagueness and
uncertainty. Sucla methodology will enable government personnel to make irddmhecisions

andtherebyenable sucasful project delivery.



1.3 ResearchObjectives

The main objective of this researistio develop amodel thatservesasa decison-makingaid inthe
private partner selection procesSPPP infrastructure projectsida model that camprioritize
projects based on their bankability aaslimate the maximum level of fupelach project can raise
from financial institutions. T@achieve thigverall objective the following subobjectiveshad to
beachieved
1. Investigate the literature review and therrent practice in private partner selection,
identifying gaps and limitations.
2. Study and identify the criteria for selectitittge most appropriate private partner to work
with a government agency on a PPP project.
3. Develop a model to select theost appropate private partner.
4. Develop a model to quantify risk factors and assess the bankability of private pertners
PPP projects prior to accepting their request to borrow funds.

5. Develop an automated tothlatincorporateshe developed models.

1.4 ResearchMethodology

Figure 1.1 shows the steps followed during this research. The research began by establishing a general
problem statement that formed the main motivation for this research. An extkiesateirereview

was performed, mainly addressitige selecion of private partnesin PPP projectsAfter gapsin the

existing literature were clearly identified, a set of research objectives were establibbed.
developedmodel is designedto select the appropriate private partner for infrastrucRP®

projects. The model incorporates the selection process tisetguzzy Analytic Network Process

(ANP) and Fuzzy Weighted Vierage (FWA) techniques fonction well withthe imprecision,

vagueness and uncertainty thalivays accompaes this process.This model can guide
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governmentofficials, helping themto evaluate theipotential partner's abilityto achiewe their
strategic objectivesnd to pinpoint their partner's strengths and weaknesses in obest txploit
the opportunities presented by todagdsstruction business environmemiile neutralizng the
most likely threats.Real world casestudiesare presentedo illustrate the implementation and

utility of the proposed model.

Research Methodology

Selection of Private Partners and Bankability Assessment of Pubkc
Private Partnerships Infrastructure Projects

Documentation Problem Statement

1 Y

Conclusion and . .
Journals PaperReports Recommendation Literature Review
Conference Proceedings

e i v

Automated Tools Identified Limitations
Development

t v

Framework
Development

Models Testing

T

Models Testing ¢

Figurel-1: Research Methodology Overview
As illustratedin Figure1-1, the research methodology consists of the following:
1. Background knowledgeodificationand problem identificatign
2. Data collection through questiosine surveys and case studi€his researcltollecedthe
required information by analyzing questionnaire surveys faovariety oforganizationsand
institutionsselected for this stucy
3. Developnent of a model usinghe FuzzyANP andthe TOPSIS methodbr private partner

selection



4. Developnent ofaframework tchelpsponsosto evaluatéassesaproject fromthelenders
perspectiveas a wayo guarantea proje¢ ’'bankability

5. Verification and evaluatioof the developeffameworkwith real case stues and

6. Assessing the model in@nclusionsectionand suggestg recommendations for future

research.

1.5 Thesis Overview

This thesis is presented &ight chapters. The second chapter presents a comprehensive literature
review, oriented towards evaluatingexisting tools and techniques for selecting private pastioer
PPPinfrastructure projectsThe identified gaps in the literature are highlightethatend The third
chapter explainshe developed methodology detail. It consists oftwo main parts; the first part
addresses the Private Partner Selection Modedl the second part explains tHgankability
Assessment of the private partner in PPP projdodel. Chapter foupresentghe data collection
methodand the case studies utilizéat the framework evaluatiolTwo questionnaire surveys were
conductedo identify the private partner seléion criteria andhe bankability assessment facsdor

PPP projects Chapter five explains the private partner selection model implementation, along with its
application on four reatase studiesThe components dhe developed model are explained inadet

with step by step calculation$ ane of the case studies completeanalysis of the obtained resutts

all four case studies presented at the end of theapter Chaptersix presentsthe bankability
assessment modeBnplementation, along withis application on six readrojecsin Africa. Chapter
severdescribes thdevelopediutomatedoftwaretool, its input/output interface, ants main features.
Finally, chaptereight presents a summary ofishthesis, highlightig the developments made in the
research, along witlithe research contributions and limitations. It also listsne proposed

opportunities for future work.






Chapter 2:  Literature review

2.1 General

This chaptedescribes théterature relevant to thisesearchpresented ifive main sections. The
first section describes the basics of PPP angtiiatepartnerselection processom a sponsor's
perspective, such as thatcreditors banks, or private equitie§he second sectiatescribeshe
financial analysis of PPP projecfBhe risk factorsof PPP project$ound in the literatureare
presented in the third sectidive fourth sectioroutlinesthe basics of the analytical network
process for Multiple Criteria Decision Making (MCDM). Fllya the fifth sectionhighlightsthe

gaps andimitations identifiedin theliteratureon private partner selection in PPP projects.

2.2 PPP Overview and Partner Selection

According tothe World Bank (2006)there is aseriouslack of infrastructure in mangfrican
countries a factorwhich is one of the most significant limitations #onomic growthand
achievement of th#lillennium Development Goalg\frica is already spending $45 billion a year
on infrastructureThebulk of ths infrastructure spending comes from domestic sources. However,
infrastructure providers waste $8 billion a year on excessive staffing, distribution losses; under
collection of revenus and inadequate maintenance. African utilities are unable to colése to

$2.4 billion a year ofheir billedservicesA moreefficient use of existing resourcesudd release

an additional $17.4 billion in finamyy for infrastructure every year. However, eviérthe full
potential of efficiency gainsould berealized, a substantial funding gap of US$31 billioauld

remain, particularly for water and power infrastrucsurefragile states.

Cl osi ng Af r i c aperyear ih8ebtBidture biundinlg igapnis a critical effort that

individual countries and the inteational investment community can make to address the massive
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shortfalls in infrastructure development. Externalfinagt or Af ri ca’ s 1 nfrastru
in the years leading up to the global financial crisis, swelling from $4 billion in 20@Dtbition

in 2007. Domestic finameg in many countries during the same period benefitted froanket

growth andhe high prices of natural resourcdhe World Bank and the International Monetary
Fund have encouragée developing countries to implement tegstem of public private sector
participationthrough financiahssistancechemesPPPs are being used across Euromp€anada

andin theUS, as well as im number of developing countries as part of a general trend to increase
the involvement of the private sector in the provision of public services, undeulihe of
privatization, deregulation, outsourcing and downsizing of government. The trend $&drd

in developing countries includein particular, investment in infrastructure projects (i.e. energy,
telecommunications, transport and wa@s)wellas inthe port sector.Ranayidest al, 2014)
Table2.1represents the role of PPRoects foreight countriesor regions:Canadathe European

Union, India, JaparSpain Taiwan,the United Kingdom andhe United StatesFor examplein
Canadathe government expesd that a$1.2 billionin PPP Fundwould directly leveragea $5

billion in PPP infastructureinvestmen{Podkul 2010).

However, the current global financial crisis has seriously hindered that growth, reducing the funds
available for infrastructureThis situationfurther underscores the need for a massive effort to
overhaul Africa’s i nfrast r uPcessurete changedhe standaedx a mi
model of public funding arose initially from concerns about the level of public debt, which grew
rapidly during the economic crisis. Governments sought to encourage private investments in
infrastructure regardks of the procurement approache participation of the private sector has
been offered through the public private partnership (PPP) routetheiBgild-OperateTransfer

(BOT) model and its variant#®\ business relationship between a priveg¢etor company and a



government agency for the purpose of completing a project that will serve the public is the
definition of a PPP projectPPPs in infrastriare projects are gowerful tool for achieving
sustainable development thfferent countries(Abdel Aziz, 2007 Dey, 2010 Gunawanet al,

2000).

Table2-1 PPP Pojects in Different Countries

Country (region)| The role of PPPs in infrastructure projects Source
The government expects the $1.2 billion PPP Canada

Canada to directly leverage $5 billion in PPP infrastruct{ Podkul

investment in Canada (2010)

PPP schemes will facilitate economic recovery efforts
European Union| thereforeare promotable at the national and internatio

levels EN (2009)
India PPPs account for 36% (US$186 billion) of infrastruct

projects in 20042012 Roy (2010)

Cabinet

Japan PPP investment doubled to ¥10 trillion between 2010 | Office

2020 (2010)
Spain PRPS .accounted for €17 |Alves

projects during 202011 (2010)
Taiwan PPPs account for one third (NTD 3.99 trillion) | PCC

infrastructurebuilt between 2008 and 2015 (2009a)

Approximately £200 billion worth of investment
planned during 2032015 distributed amongvarious| HM-

United Kingdom economic infrastructure sectors. The majority of { Treasury

investment will be provided by the privagector (2011)
United States California  enacted comprehensive  P&fabling| Gibbons et
legislation in 2009 al. (2010)

2.2.1 PPP concept

The public private partnershif®PB model is being increasingly adapted by many countries
around the worldas a means to providefrastructure services€vidently, rapid social and
economic growth will continue to engender massive demand for investment in many countries
(Jin, 2010. Similarly, increasing pressus@®n governments following thevorld-wide economic
downturn suggests thevall be an increasing demaiar theuse of PPB According toGarvin

(2004) PPP has become the most popular choice for bringing private sector expertise and
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discipline into the management of the delivery of public seryiglesmgside private financing
Gavin (2004)also states that PPPs make it possiblachievegreatervalue forinvegmens, as
theyencourage morkuildable and innovative designs, lowering capital and operating wbge
ensuring higher operational standardlao et al(2011) andZhang(2005 also contend that PBP
cover a wide spectrum of infrastructure projects and services involving privaterssotacesn
the delivery of services and/or facilities for public use. Many PPP projectsedaleup oreven
terminated due tthe wide gap between private and public sector expecttaodthe lack of
mechanisms to attract loagrm finanang from private sources at affordable ra(@siness
1996. There are manyypesof risks associated with a PPP projeathich vary case by case

(Sapte 1997 Zayed and Chan@002.

2.2.2 PPP Models

In the broadest sens®PPscan cover all types of collaboration across the interface between the
public and the private sectars/olved indeliveiing publicinfrastructure. The term PPP red¢o

a wide range ofollaborationsVarious approachdmvebeen usetb classify tlese collaborations

One of tleseis to refer to the wide variety of arrangements based on the involvement of the private
and public sectors in the various phases pfoject $ife cycle (Pakkala 2002. However the

most common way of referring to the differeéppes of collaborations based on thextent to

which the responsibilitieand risls are transferred frorthe public sector.

Figure 2.1 shows the risk transfer continuuand characteristics of various PihodelsThe risk
transfer to the private sector increases as we move from maintenance management to divestiture.
Critical risks such as market risk are completely transferred tprivate sector ithe BOT and

divestiturePPP model$Jin, 2009.
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Figure2-1: PPP Model s’ Ri sk Tr a@harhcenstice&@aptedifronruum and
World Bank 2004b)

All of the aforementioned PPP models can be further grouped into two categories based on whether
private sector participation lseingsought fornew projects ofor existing facilities or services

The prvate partner responsibility varies based on the type of PPP model, as shogurer2.2

For examplethe Design Build Operate Maintain (DBOM)odelrequires higher private partner

responsibility than Design Build Maintain (DBM).

Public responsibility

Private responsibility

Figure2-2: PPP Models for New Projects and for Existing facilities (adapted from Eggers and
Startup, 2006)
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2.2.4 Types of Public Private Partnership:

Many types of PPfare beingused around the world. Most tifem operate in similar waysith

only their namesarying according to thecountryor locality, whereas in some cases there are

major differencesn howthis approachs used Some of thenostcommonlyused typesf PP

arelistedbelow:

Design BuildFinance Operate (DBFQ)similar to BTO,where thegovernment will
retain title of the land and lease it to the private consortwer thelife of the
concession agreemefhtevy, 1996);

Operation and Maintenance (O&M)the private company operates and maintains a
publicly owned assgt

Private Finance Initiative (PFHcommonly used in the United Kgdom,with astrong
emphasis on private financing

Build Operate Transfer (BOB one of the most traditional types of RRBed in the
early days mainly for transpertlatedeconomic infrastructure projects. BOT involves
the construction of the fdity as well asts operation. At the end of the contract period
the facilitywill be transferred back into the hands of the government

Build Own Operate (BOOY} commonly used in Australia at the beginnioigPPP
projects;

Build Own Operate Transfer (BOOF)commonly used in Australim the early days
of PPP projectsSimilarto BOT butwith a larger emphasis on ownership

Build Transfer Operate (BTGQ) a method of relieving the consortium of furnishing
the high cost insurance required hyproject during opetion of the facility(Levy,

1996;
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- Joint Venture (JV)- public and private sector jointly finance, own and opeeate
facility (Grimsey and Lewis2004); and

- Leasing-where all or a substantial part of all risks associated with funding, developing
and operatingfacility are assumed by the private sector, with the public sector entity

taking the facility on lease

2.2.3 PPP projects Gontractual structure

The contractual siicture of PPP projects includesnatwork of contractual agreememnthat
determine thestakeholder spower distribution (Nikolaidis and Roumboutsps2013. PPP
infrastructure projects c ont r a c provads a graper legak stuuctare theinterrelatiors
between the variousroject sakeholders through a complegtwork of contractual agreement
The most important benefit from this legddcumentatioris to definreaproject s stng,uct ur
including financing,to establish the overaliscal environment This includes theregulatory
system and end user charges, controlling the competinhfacilitating the negotiation of
st a k e hoghtsl the @eparation of documestand allocaing the risks and insurance
requirement{Walker and Smith1995. A reliable contractual structuiis one of the critical
factors forthe success d?PPPs in infrastructure developmégdhang 2005. Merna and Dubey
(1998 have establishethata solidcontractual structureill enablethe effective allocation and

managementf risks toa project parties

2.2.4 Concession Agreement

The concession agreement is the contract signed between the public sector eatjtyogect s
company. The sponsods a project grivate partnershigompany include companies that are
owners of the project, contractors, operatarglequipment supplieréresconbe, 2002. If there

is more than one sponsorarproject sompany they need to sigirshareholder agreements. A
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sharehol der s’ agreement i nc | uatpeogect &dmpanytitt e ar t i
directorstheregulationoftss har eh ol der s’ isdwsionpglicyara nestrictofisut i o n
onthedisposal of sharesuntilh e p rcampletiontor repayment of loaflEong, 1997 Walker

and Smith1995. A concession agreement is the key legal document that defines the rights of the
public and private sector patiand that als@stablishes the framework for the allocation of risk

and rewardsamongthem. Concession agreements also provide for regulations in the market,
curbing tendencies toward monopoly behavigiomdge and Greye&007). This agreement is the

core document from which the system of contractual documents emerges and ties all the
participants in the project togethestablising the framework thatrebles the equity and debt

financing of a project and its implementatioZhong and Mal 2008. Fromt he f i nanci e
perspective,a concession agreement sholdd structuredso that it provideslenders witha

satisfactory level of financiaecurity(Clifton and Duffield 2006 Liou and Huang2008 Medda

2007). The complexy in contractual relationships between participacdsnbined withthe long

concession periods makBPPs distinct from the traditional infrastructure development routes in

many way. First of all there is a broad range of uncertainties and risks assbeieh PPF; the
concessionaire assuswmore responsibilities and more risks than traditional contrscod the

financial issuesn PPPprojects are more complicateMoreover the allocation of risks and

rewards among theariousparticipansis a difficult and complicated tagiZhang 2004).

The typical contractual structure of PPP infrastructure pogecindicatedin Figure 2.3, whicls

compris@ of several key contractuageementsconcession agreements, loan agreements,
sharehol der’s agreement, operati ng @uworacsr act s,

(Hamilton, 1996. Six major participants are identified in every PPP projgetshown in Figure
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2.3, the equity providers, the public entities, debt providers, general contractor, suppliers and

operatos.

Principle Interior Public Entitigs
Private Sponsors

Sponsors

* Debt Providers

. c PrOJect
Equity Providers m Company

welopment
Banks

Financial
Investors

' g Operators
General Suppliers Facility
Contractor Customers Managers

Figure2-3: Infrastructure as an asset class (Weber, 2010)

Consultants and advisors arélized to perform the necessary due diligenceto engurepr oj ect '
feasibility. Onceaproject is considered achievable, the objective of the next phase is to provide a
detailed and thorough assessmentsodéconomic sustainability of the project.

It worth mentioning thahonsuccess situatian PPP projects can occonce the facility begins

its operations, i.e., during the concession period. During the regular commercial activity, in fact,

the level of competition of the PPP project may appear to be unsatisfactory with respect to
competing facilities and, irvenworse scenarios either the winning bidders may decide to
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withdraw from the PPP or the Public Institution (i.e. the Port Authority) may decide to cancel the
concessio contract prematurely (OlivieR010) The important role of government engagement

especialy in avolatile economic situatigrshouldnot be ignored.

2.2.5 Critical success factors for PPP projects

Researchers have proposed various lists of critical success factors for PPP, grojatiarized
asrisk identification and allocation, financing strategjithe tendering process;onessionaire
selection methodsndcriteria,andmany moresuch ashegovernment wles and responsibilities.
The most importarfiactor is the decision making process prior to starar®PP projec{Zhang
2005. Many decisions are required the public contracting authority thatill overseea PPP
processincludingthe initial decisionof whetherto carry out a projecas aPPP owia traditional
procuremenproceduresOther major considerationsre what phases to delegate to the private
partner, what riskwill be transferred to the private partner and which partner to chooad>fiP
project.Muchattention has been paid to the first three isswege only a small proportion of the

researcltontributions focus on the selection of the private partner.

In generalaPPP project s p r i v B awardeu Hie contractrthrough a public tendeeyving

t h e p intbréstbyxmeans of theompetitionamong contractorsThe tendering processes of
PPPs are more complicated and costly than those of conventional procurement p(eesses

et al, 2009. Addressing tendering procedures is strategically relewesgecially in PPP
infrastructure projects. Most of these markets are characterized by oligopolistic competition, with
actorstaking full advantage dfheir strategiqgpower. In cases like thigjovernmentontracting
authoritiesmust design the tenderingrpcessso as to maximizeéheir outcome(Meunier and

Quinet 2010. There are three relevant issues regarding tendering irtfiRPfrocedure to follow
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for the tende where the phases can form the PPP tendering progdtardifferent awarding
methods used in PPP projecsdthe evaluation criteria used inode awarding methods.

An understandingf PPP success in infrastructure projects has to take into acconebtthe
appropriate dimensions orderto capture the degree of success in the diverse momeats of
project s o tineelina (Pdnayide014):

1 The degree of private commitmentthre dealthe level of privateeommitment, whichs
agreedto at the time of the financial closureas been expressed a tool capturing the
attractiveness of the PPP proposal and the degree of success from a public perspective
(Vining and Boardman, 2008)

1 Operational performance over timge parameter thaian bemeasurd by absolute output
values like kilometers of construction, lwy relative one such as market share in the field

of operation.

2.2.6 Private partner selection

The essence of publjrivate cooperation is a combination of private capital, private grojec
execution and the delivery of public services or facilities. A PPP is a combinatioetasks and
objectives of the two sectors with differaydals The public sector's goa@ to invest within the
PPPfor social or political welbeing, while the pvate sector cooperates for commercial and
business purposes which can be satisfied through its required rate of fdtaraefore the
relationship between the public and private sectors is crucial to the success of PPP, psajects
poor relationship wdd resultin misunderstandirggand conflict.It is worth mentioning that this
relation should be analyssdparatelyor each country due to the different formal and-fammal

relations.
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When conducting an industwyide survey studyChan et al.(2003)f ound t hat 1 omp
relationshig a mon g st project participants’ and 1 mp
par ti ci p a greagsadvantageeof usidthe PPP concept. Through interviewdonsoli

(2006) found that different stakeholderdemands,contractual arrangements, and various
philosophical standpoints created tension between the involved parties. Apparently, friction is the

major causeof poor relationships.

Onemajor purpose of the PPP arrangement is the transfer and allocation of thekp#otythat

is the most capable of efficiently managing these risks. The purpose of the PPP is to optimize risk
allocation between public and privagectorsto achiewe the best projectalue (Grimsey and

Lewis, 2004). The main objective of partner selection is to redaipeojects risk, maximze its

value and maintain the relatisimpin the long runin many studies, research revealed that a critical
componenbf the success of a PPP project was the selection of a pswetier partnethatcould

provide the bestverall arrangement throughout the PPP developprecesgAbdel Aziz 2007,

Chan 2001). Researchers found that another important sudcdgEstor was the selection dhe
partnerthat offeredboththe best valuandthe capability to deliver the requiredrvicegZhang

2009). Governments and companies use contractors at all levels, ranging from large companies
that manage megaprojects to a single worker carrying out a simple jol jastia few minutes.
Frequently, contract workers carry out much of the work at a facility, and they are often responsible
for carrying out some of the most hazardous activities. Therefore, the management of the
operator/contractor interface is very imfaont, but it is also difficult. Contract companies vary
extremely in size. Some are small organizations with limited responsibiigg, others are not

only large, they are responsible for much of the frigh work that is carried out on mega projects
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like those foroil and gas, anth infrastructure projects. Therefore, there isaabriesizefits-a | | ”

contractor management progr&8utton 2015)

Someprojectowners emphasizihe cost as the moshportantcriteria and therefore choose the
lowest bidders. Turksi&@008 introduced8 criteria for selecting the best contract@stistory of
reasonablebid price submissions; a work history that indicates specialization and quality of

workmanship in a particat construction skilacont ractor’ s degrthee of
decorum, conduct and nalisruptiveness of contractor staff athe subcontractds coordination

of operations that will cause noise, vibrations, dust, odors, safety concerns and tbthiersac
responsiveness to warranty issulexibility and cooperation when resolving delays; dhd
ability to meetthe project schedule. These criteria can be modified according to different
situatiors, but following a technique based sunchcriteriafor choosngthe best contractas likely

to lead to ortime completionandachievingthe estimated qualityithin the projectedhudget.

There are also some nemstudies, which base theselection method oonly therisk profile of
contractorsAssessingherisk management capabilitRiMC) of contractors prior to their selection

for a project would contribute significantly t@ project successful deliverfRasheedand
Abdullah, 2014). The ability of an organizatida effectivelymanage risknanagement is an apt
representativef their risk management maturity level on projects (Adkil et al, 2010) Studies
conducted by Hopkinson (2011) and Mt al. (2013) present techniques, like RBJ to
systematically evaluate the risk management maturity le\eetoitractor. They have shown that
the rik management maturity level ofganisationslepend®n different attributedzor example,

a contractor can have a high matuldyel in risk mangement resources batow maturity level

in risk management process and practice.
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The private partnalsoplays a critical role in the successful development and long term operation

of PPP projectsroper partner selectiadhereforehasevengreater ginificance for governmest

as the duration of partnerships has increased dramatically in recent years. The selection of a
suitable private partner isf crucial interesto a government, especiallgonsidering thathe

ultimate responsibilityfor servicesremairs with the governmentwhich will have toundertake
remedial actiorfor an unacceptabl®r sulstandard performanagelivered by grivate partner.
Otherwise, the government will face serious political, soara financial problers if a PPP
projectis unsuccessful

There are many methofls rankng thecandidate partners for PPP projects. The most viable and
reputable partner is chosen depending on the stage of the procedure and which selection method
is appliedTable2-2 providesa brief description of some of the methdoisndin theliterature for

supplier prequalification selectipma detailed description of these methddgresented irthe
following paragraphs

Table2-2: Supplier Prequalification and Selection Methods

Method Advantages Disadvantages
Bespoke Approach  Incorporats several decision | Reliesheavily on subjective
(BA) techniques simultaneously | interoperations and binary decisiof
NPV Easy comparison Doesnot consider technical aspect
Scoring System Consides several criteria Uses equal weights for the criteria

Uses more criteria
Differentiates between essential ¢
non-essentiatriteria

Kepno-Trego
Technique

Uses simple weighting fothe
criteria

Some methodareapplicable tasupplier prequalification and otlssareused in the final awarding
processZhang (2004 classified four commonlyused prequalification methods: binary, simple
scoring, multiattribute methodsgsndother methods. These methods are us@dsesthetenders

of pre-qualified biddersWanget al.(2010 depicedthe bid evaluation reports with some methods
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from practice and case studiescludingthe lowest price or shorter period@his approach is
similar to the traditional procurement method where the awarded concessicudireitsthe
lowest price for carryingut aproject or requestshe shortest concession period. Thi®cedure,

however, is critized by many scholars for natcounting fonon-price factors.

The KepnoeTregoetechniquehas generallybeenadopted inHong Kong BOT projects. This

technique is based on the distinction betwiercriteria that the private partner must include and

that criteriawhich the government wants them to incly@eang et al.2002. The former is an

“omf f” criterion: al flequredooteria mustibesrejected The ramainiagf y i n g
bids are evaluated on what erfa a committee considers when choosing the sponsor that best
meets the requirements. The withdrawal of this method is at the discretionary power of the

decision makersint@di st i ngui shed “must” and “want” fac

The third method is the LeaBtesenialue of Revenued_PVR), in which the bidder witlthe

lowest pricas awarded the contraahdallowed tooperate the concession until the budgetlue

of the projechas beewbtained Previously, this cubdff time had been a governmesgcideddate
El-Mashalehet al. (2013 developed a model for a private partner selection basedatm
envelopmenanalysis (DEA) DEA is a robust nonparametric linear programming approach that

is widely used for performance measurements and decision m@keadimitationof DEA is that

its discriminatory powerelies on the number 8&MUs comparedo the number of varialdginput

+ output).A rule of thumb indicates that the minimum number of DMUs should be three times the
number of the variable@Charnes et g1.1990. McCowan et al.(2007) proposed a model to
evaluate BOT projects fr omimplanenticgamalatgisuieonai r e

approach.
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Zhang (2002 provided a net present value (NPV) approach and a weighted average scoring
system that was utilized by the state of California in the Unitate§Levy, 1996. The NPV
approach suffers from a major limitation because @nly based ora catulation ofthe lowest

NPV of dtariffs over the concession perjodnd does not consider technical competemcy
financial strengthboth ofwhich are very important.

Other methods mentioned in the classification offeredhmgng(2004) are:

Simple scoring;
NPV;
Two envelope method;

o O O O

Multi-attribute analysisand
o Binary method+ NPV.
Governmentagencieevaluate and rangotential privatepartnes in order to select the best ones

for the next stage of the tendering pro¢diss ranking obviously has an enormous effentthe
final selection and the winner of the project. The governmagancyusually forms an assessment
panel to evaluate the progads submitted by prgualified promoters. Usually, the chairperson and
some members dhe deciding group are from the transportatiorfor utility, as appropriate)
authority andother membersre from relatedgovernmentareas such as financial, legal, and
environmentatepartmentsThis grap of decisiormakers evaluasall aspects of the proposals.
Thenet prsent valugNPV) andthe score systemare the most common evaluation technidques
date (Zhang 2004). Some governments also use differapproachesike the Kepno— Trego
technique or the singleriterion evaluation technique, based on their specific needs or priorities
(Zhang et a].2002. Multi-attribute analysiss most commonly usd in PFI projects in the United
Kingdom andis the moshighly-recommended methq&wak et al, 2009.

The Bespoké\pproach (BA)is oneof the first approaches fatassifying the contractor selection
criteria provided by Hatush and Skitmore (19%f)dfocuses on two basic stages inontractor
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selection: (1) preualification, and (2) bid evaluation. Holt (1998) and Visilee (1995) referred

to this as a tw«stage procedure: (1) popialification, and (2)enderevaluation.Prequalification

is the process that compares the key contramgenizational criteria among a group of
contractorswho wishto tender.This modelcan have various criteri@ith which to assess the
offers, however the decision is a binary one as opposed the other techniques.

The NPV method anda similar evaluation technique, the internal rate of return (IRR),both
based on the discounted cash flow model. This model combines all the cash flow profiles of a
project for the project period adjusted fhe time value of moneyand represents them as a
measure otheir profitability, such agheir NPV or IRR. The NPV miaod shows the difference
between the present value of the revenues and the present value of the expenditures of a project.
This calculation is based on the assumed investors' required rate of Rjjukiie can also think

of the Reas an opportunity costf investment for each investor. The higher the required rate of
return ani n v e glémand fos a particular investment, the lower its NPV will be. This rate is a
benchmark for investors$f a project provides them with positive NPV, they will end uphwait
higher wealth level compai¢o the situatiorwherethey would invest their capital to the amount
equal to that positive NPV numbé8.o me governments evaluate a
financial package by performing an NPV; the lowlee NPV, thelower-pricedthe offer. For
utilities projects, the comparison is straightforward as it is generally bassegoyernmerits off

take agreementt is more complicatedor highway projects,astraffic levels arenot normally
guaranteed. Nevertheless, as l@sythere are adequate traffic studies and conservative traffic
forecasts, governmenwill be able tocompare the NPV of the cash flow based on the toll
revenues, operation and miEnance costs, financing charges, and loan repayriEotsg and

Alum, 1997).The main advantage of using the NPV method is that proposalseeasily be
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comparedasedn numbers. The disadvantage is that it does not consider or evaluate the technical

aspects of proposaf¥ionget al,1997).

The score evaluation systasmcommonly used bgovernmentigenges, which set up selection
criteria and weighthefinancial, technical, and other aspects of proposals. Points are given to each
selection criterion, and the proposal with the highest overall score is considereddgdbst. The
advantage of this method is that several criteria are used in comparing the proposals. The

disadvantage is that it assumes that all criteria are of equal impoftamcget al, 1997).

The KepneTregot echni que first separates the ‘" must’
criteria, and any tmaodget tidrgactedabthemudsettNext,the et a
degree to which the ‘*‘“wants’’' are satisfied i
bid (Kumaraswamy and Zhang001) . The Kepno- Trego technique is preferable to the NPV
because it includesorecriteria tharstrictly financial ones, and it is better than the score system
because it segregatéise essential criteria fro other criteria. However, the KepreTrego

technique does not indicate the relative weight for each criterion or consider how criteria are
interrelated and affect each other, but rather simply weights the effect of each criterion separately.
The result dthis evaluation stage is the selection of a few proposals for the short list, which are
then considered in the next stage of the process.

Despitethe importace of private partner selectiamPPP projects, the available literature has not

given itas mweh attention as thealueon investmenand risk managemenspectsBased on this

literature review, the researaidicates that before awarding a PPP contract to a private sector
bidder, public sector officials need to look into the potential privat@er that coulthestperform

the PPP project and undertdkefinancial and technical responsibiliti€Bhe private partner in a

PPP projecassume more risks than the comictor in traditional projectavhich means thate
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private partnemusthave multiple capabilities in order twe succestl in a PPP projectThis
situation justifies the need for our selectrandel.

In addition toconcluding thathe careful selection @private partneis one of the critical success
factors of PPP projég, it has been argued that the most significant reason for the widespread
adoption of the PPP approach has been its ability to mobilize private capital for infrastructure
development(Dey, 2004). In the Build-OperateTransfer BOT) PPP modethe financing of

projects using private resources is done thro

2.3 Financial Analysis of PPP projects

PPP infrastructure projects have attracted much international attention over the past several
decades. The inclusion of private investors and operators has significantly improved the servicing
quality and the profitability of thesmfrastructure projectsThe pevailing tigher regulatory
environment inthe banking system as the consequence of financial criseshas
contribuedto a widening gap between the amount that is being invested in infrastructure and the
amountthabught t o be. It wi ||l cost $57 trillion t
plants, pipelines and the like between now and 2686¢rding toconsultants at McKinse§

Company That i s more than the val ute indrdstructoed ay’ s
spending currently amounts to $2.7 trillion a year (about 4% of global output), yet $3.7 trillion is

neededMcKinsey Global institute, 2014)

The main concept of PPP is to provide alternative finarfoingublic infrastructure projest The
mostcommon way to develop PPP infrastructure projects usie®OT model isthroughthe
projectfinance (PF) method Project finance is synonymous to laiggale project financing in
which substantiaiunds need to be raised in ordemprovide agreat deal of debt or equity capital

which in turn increases p r ocash ftow.’High cash flows enable sponséo increaseheir

26



leverage with significant debt service obligations and explagidoverall businesgDailami and
Hauswald200Q 2007. In other words, projectfinances “ 1 i mi t ed or no recou
is, the financing is not primarily dependent on the credit support of the sponsors or the value of
the physical assets involved; instead lenders focasgpon o ) ect ' s cash f |l ows.
This situationis achieved and ciified in the contractual arrangements between the project
company and the other participants. The project financing cgcllasts over a yeagr continue

during the life of project as a rolling over budgetary syséemh lending syndicates camclude

over a dozen creditors who examine the transaction. Thus, the level of cosltitetd due
diligence performed by financiers may be much higher and subject to moreveribissition
comparedo other transaction@Crossin and Banfield2006. Achieving the financial closure in

any project is difficult. Financial closure in PPP projects is the point at iméclntireproject s
parties (government, sponsors, investarsd lenders) reach a legal agreement on the project
structure and financing plans.

At the core of the PPP arrangeme®ponsor Compangan establish a Special Purpose Vehicle
(SPV) A corporation can use such a i@ to finance a large project and reducihg risk
associated witlthat, withoutputting the entire firnexpose to thatisk. This can also provide the
project with higher credit rating due to the fact that 8PV is usually a subsidiary company with

an asset/liability structure and legal statiigt makes its obligations secure even if the parent
company goes bankrupt have a problem in paying its obligatiffabbozj 2014)

PPPs are a subset of the PF market. The fundamental difference between PPPs and other PF deals
i's their *“@uTbdtis, thé project ougpuat ;1iPPPs is a function of government policy
(health, transport, education etc.), and a government department or local authority is typically the

client andde factoregulator of the contradin a PPP, project risks are trégrsed to the party best

27



able to manage them. By making the private sector responsible for managing more risk,
governments reduce their own financial burden. There are significant number of studies offer in
incoherent picture of PPP outcomes with regandsstbenefits and disadvantag&a(low et al.,
2013), which are mainly discussing about the balance among Public Responsibility, Private
Responsibility, and the degree of Pulfiector RiskRwelamila, Pantaleo D., Lucy €be, and
Tjiamogale E. Manchid{2008). Therefore risk assessment is an inseparpateé of the credit

analysis.

There are two forms of financing arrangemehktsown asequity and debt finameg. Equity is
injected by the construction investors, Facilities Management investors and dhiydequity
investors, whereas debt finance is provided by debt invedarsy (2001 reportedthat investors

find PPP an attracte form of investment antthiatmany banking institutions in Londavere keen

to provide the necessary project financing for PPP projects. Hibwedancial resources of PFI
projects in the UK could be said to be enormevith thebankng form of financingasthe most
common type. Nowadays, giveretburrent global economic climate, securing financing funds is
more difficult. Finnerty(1996 suggestdthat the promoter needscarefullyconsider all sources

of funds to determine the financing package that provides the loagisal cost. Sassorn(1998)
subsequentlgtatal that the successful financing of projectsaachievedby providing different
classes of investors with instruments that are suitable to rigdectiverisk/return profiles.
According toTiong (1990, each ofthe partiesinvolvedia® pr omot er s | nmustst or s
be connected by the appropriate contracts and agreeméhtdhe SPV acting as the highdsvel
security package. This widncourageooperation among the parties throughout the concession
period. It is critical for the promoteito understand that the ability to retain risks and offer

guarantees does provide a competitive advantage to being aveecdadessionTiong (1995
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examinel the ability of the financing package to awarcbncession when assessing the technical
design during the selection process. The concessionaire needs to formulate and implement
innovative financial instruments and processes to meet #hafisprequirements. These may
include modeling and forecasting financial markets, hedging financial risks, investment
management, asset/liability managemehg structuring of sales/purchase transactions, and
simulation of the impacts of various finanaa product market scenarios on the revenue streams.
Merna (1999 concludedthat the success of any project is detaad by the financing paeke

rather than its engineeringenders must analyze all aspectadiusiness from the planning and
construction phase to the implementation phase and beyond. A complete risk assasstient
conductedio evaluate whethea project is bankable and can generate sufficient cash flows to

service the debt.

2.3.1 Phase Ii Advisory and Developing the Structure

The initial phaséncludesdeveloping the structure of the entire project and examining its potential
feasibility through the use of outside contractors and advisors. Developing the structure forms the
baseupon whichthe financing will depend on. $hould indicatall the potentibrisks anddentify

which party within that structure can best manage and minimize those risks. Determining who the
contractual parties are and what their role is within dlaerall structure helps the lendéo
determine what the risks are, who is resole for these risks and how they can be minimized or
controlled. Action must be taken to ensure that these risks are allapat@egriatelyThe project
structure must be definextcording tahe PPP project concession agreements with the principal
initiator, theshareholder agreements, contractor agreements, operational and service agreements
as wellas thdoan agreements. The structure must also define how much equity and debt will be

used. PPP projectsuallyhave a high debb-equity ratio at 98-10% or 85%15%. As stated
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earlier, this isbecausehe cost of debt is cheaper than the cost of equity. The reason lenders are
willing to contribute with such high leverage is because the risk is partially allocateatdhesd!
involved parties. Howeer, the project company bears the greatisktbecause it is the central
contractual partner in the entire structure. The goal is to mitigate all the risks exposed to the project

company by spreadirtpemto the other contractual partners.

2.3.2 Phase 2 Project Analysis

As mentionedabove the ability to raise financing is based an p r ogbiktyctd geserate
sustainable future cash flows. An analysis of the different project factors is necessary to provide
confirmation to the lender thatproject has theapacity to meet its future debt obligations using
their cash fl ows. Phase 2 involves a detail e
factors for successful project finance. An assessment of the different factors along with their risks

must le defined and thoroughly analyzed.

2.4 Risk Factors in PPP projects

It is financially accepted that a fund lender is concern about the level of the cash available to meet
the borrower's obligation. Analysts need to evaluate this from available finamfohation,

which requires a clear understanding of free cash flows and the ability to interpret and use the
information correctly. Accurate cash flow forecasting is essential at the tendering and construction
stages for all contractors. It provides cawtors with information regarding the amount of capital
required, the amount of interest that needs to be paid to support an overdraft and the evaluation of
different tendering strategi¢&him and Tiong, 2002). As thgrojects'construction progresses,

ard as the varying risk factors changew cash flow will be affected is an importaqptestion to

the project manager. It serves as a cost controbto@venue generatirguring the construction

phase. The need for simple and fast techniques in casloilevasting has been acknowledged in
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previous researdike (KakaandAmmar1996 Malik, 1996 and, as a result, cash flow forecasting
models have been developed. These models tend to follow the same concept and mechanism.

Ideally, cash flow forecasts shid be based on the construction program and a bill of quantities.

Risk analysis consists of a sequence of different measures to identify, assess and allocate project
risks. The aim of this procedural chain is to focus attention at potential factorsilthhave an

impact on project cash flows, to analyaeth qualitatively and quantitatively the possible effects

of an adverse event on project earnings and consequently on its bankabéiwffects of cash

flow volatility have generated much interestthe literature from the perspective of risk analysis

(Botshekaret al.,2012)

Besidesrecognizing the risk factors, managing the risk is an important task as Risil.
management is a process consists of the identification of exposures to riskaliieiesent of
appropriate ranges for exposures (given a cl
constraints), the continuous measurement of these exposures, and the execution of appropriate
adjustments whenever exposure levels fall outside cé@ed range. The process is continuous

and may require alterations in any of these activities to reflect new policies, preferences, and

information.

When it comes to predicting requireate ofreturnsfor the investors or creditors of the project
analftical approaches can be divided into two major categoriesddem and bottorup
approach In topdown forecasting, analysts use macroeconomic projections to produce return
expectations for industry in general. These can then be further refined intoexgbectations for
various market subectors and suimdustry groups within the composites. At thststage, ach

information can, be adjusteato projected returns for individual proje&y contrast, bottorup
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forecasting begins with the microeconamiewpointfor the fundamentals of individual project.
An analyst can use this information to develop predicted investment returns for each project. If
desired, the forecasts for individual project returns can be aggregated into expected returns for

related industrgroupings, market sectors, and for the economy as a whole.

It is recommended that in the more volatile developing coungmes‘onmentanalyst follow the
TOP-Down approachThis step was conducted by reviewing several previous researches on risk
factors in a credit assessment of infrastructure projects. Following are the list of those which have

been used in our model later in the thesis.

2.4.1 Market Risk:

The risk inherent to the entire market or an entire economy. This risk affects the overall market,
not just a particular project or industry. This type of risk is both unpredictable and impossible to
completely avoid. It cannot be mitigated through diversification, only through hedging or by using

the right asset allocation strategy.

2.4.2 Environmental Risk:

Enterprise environmental factors refer to both internal and external factors that surround or
infl uence a [hesejfactards mag cormeuront anysos all of the enterprises involved

in the project. Enterprise environmental factors may enhancerstrain project management
options and may have a positive or negative influence on the outcome. This risk mainly consists
of typical factors such as: organizational culture and structure, existing human resources, personnel

administration policies.
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2.4.3 Political Risks:

If the economy of the country is healthy, with fast growth, rapid policy liberalization, low debt,
and high reserves, then the answer to this question matters less. Poor political leadership is unlikely
to create a crisis. However, if the aomnic indicators and policy are flashing warning signals, the
key issue becomes whether the government will implement the necessary adjustment policies.
Cutting the budget deficit, which usually requires some combination of higher taxes and lower
spendingis always painfully difficult, especially if the economy is weak already. Other key policy
changs are reforms such as privatization and the endinghaiopolies. The risk that an
investment's returns could suffer as a result of political changes obiligtan a country.
Instability affecting investment returns could stem from a change in government, legislative
bodies, other foreign policy makers, or military control. The outcome of a political risk could drag
down investment returns or even go sodarto remove the ability to withdraw capital from a

project’s investment.

2.4.4 Legal Risk:

The risk of uncertainty due to legal actions or uncertainty in the applicability or interpretation of
contracts, laws or regulations. Some of the common examplds aréa are: contract formation,
perfection of an interest in collateral, netting agreeméwsirly every business transaction is
subject to some form of contract law. Any contract has two parties, each responsible for doing
something for the other. If enparty fails to perform or believes that the other has engaged in a
fraudulent practicehe contract can be abrogated, which can leditigation, especially if large
losses occuor expects to happeiihe possibility of such a claim being upheld intcreates a

form of legal/contract risk
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2.4.5 Technical & Operational Risks:

This is therisk of loss from failures in a company's systems and procedures or from external events.
This kind of risk addresses projdetrel concerns. The general risks in trasegory can be defined

as: Technology components aren't fit for purpose due to the low quality, or when technology
components aren't scalable and the components that can't be scaled to meet performance demands
and then they aren't interoperab@mputer &ilure or broke down, and human failure like

manageable unintentional errors are the common example of this type of problem

2.4.6 Completion Risk:
Mainly refers to the probability of loss from cost overrun, failure to pass completion tests or

abandonment of &hproject.

2.4.7 Counterparty Risk:

This is a type (or sublass) of credit risk and is the risk of default by the counterparty in many
forms of derivative contracts. This kind of risk is common in derivatives or financial hedging
contractLoon andZhong 2014). Credit Risk is the risk of loss caused by a counterparty or debt
issuer's failure to make the promised payment. Projects’ bonds in developing coamtaieasset
class, are different in that the manager mostly is borrowing in a foreign currercguiforities
therefore cannot simply inflate its way out of a problem in servicing the debt, and so the risk of

default is correspondingly higheompare to the same projects in developed countries

Assessing this risk, using what is known as risk analysis, involves a large array of economic and
political factors. Much o&nalysis for the developing countries' projexmes down to predicting
policy moves and therefore often hinges on polititisat 5, whether a government has the power

to follow the necessary policies to stabilize the economy. Emerging market bonds are usually
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analyzed by developed market investors in terms of their spread over domestic Treasuries

compared to similarly rated domestiarporate debt.

A minimum requirement an appropriate risk management system must fulfill from a lenders’ point
of view is the principle that the project should be able to cover debt service with its cash flows
even in a worstase scenario. Therefoilenders resort to key figures such as the so called debt
service cover ratio (DSCR), which determines a projects capability to cover debt servicing from
its cash flows, to evaluate a project. From an investor's perspective, the objective of risk
managemeris to assure that the project is able to generate a proper return on equity Htasease

scenario which corresposdo the incorporated risk. (BottcheendBlattner, 2006)

2.5 Analytic Network Process (ANP)

The Analytic Network Process (ANP) is onkthe more recent methodologies in Multiple
Criteria Decision Making (MCDM)It is based on a relatively new theory introduced by Saaty
(1999 that extends the framework of the Analitierarchy Process (AHP) lmpnsidering the
interconnectins among decision factors. UnlikélP, the Analytic Network Process (ANP) does

not assume a ongay hierarchical relationship between decision levels. In other words; ANP
generalizes AHP by replacing hierarchies with networks. ANP is also more versatileHP in

terms of its applicability for both qualitative and quantitative data sets (Yu and, RA8g). In

ANP, judgments are derived from the fundamental scale of AHP by answering twofold questions
that clarify the extent of influence of any givenrpaf elements with respect to a third criterion
(Saaty 2004).

To better understand the nuances of ANP, the difference between a hierarchy and a network are
illustrated inFigure 2.4. A hierarchy is definedshaving a source cluster or a godl available

alternatives are added in the model, the hierarchy will include a cluster or a sink node that
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pronounces the alternatives of the decision making problem. Furthermore, as the name suggests, a
hierarchy has a linear tafown format with zero teraction between highend lower levels.
However,once alternativeareinput to the model, there is a loop at the lowest level confirming that
every alternative in the level depends on itself, therefore the elements are considered to be
independent frorone another. In a network however, an cdigsendence existshere influences

could flow forward from one cluster to anotlasrwell asgravel backeither directly from the second

cluster or through an intermediate cluster via a phtis the naturef the problem and the degree

of dependence within the network motlelt define the configuration of this path

Hierarchy’s Structure Network’sStructure

Goal 1
— —

Criteria (9008 _:>

Component,
/ Cluster
= = Level
subcriteria (:.___“'5_/\ ( )
| Element
Alternatives C_ 00809 _:'_D

The loop indicates that
each alternative depends
only on itself.

Figure2-4: (AHP & ANP) use a system of pair wise comparisons to measure the weights of the
components of the structure (Sa&§05).

Sincethe introduction of ANP bySaaty(1996, it has been adopted lmgany researchers and
institutesto address mukgriteria decision analysis problems in various fields of study. ANP has
been most notablypplied in such fields as strategic decision making (Cheng an2004;
Dagdeviren et g812005), product planning (Karsak et, &003), project selection (Lee and Kim
2000; Meade and Pres|e3002; Cheng and LLP005; Dikmen et gl2007a), optimal saduling

(Momoh and Zhpy2003) and performance prediction (Ozorhon e2807).
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The ANP solution involves four steps: problem structuring and building a model, preparing pair
wise comparison matrices of independent component levels, formation of thersuper and
selection of the most appropriate alternative (Dikmen g2@0D7b). More precisely, in assessing
the suitability of the ANP approach when using qualitative components, it is recommiended
observe the following steps (Cheng and2G05 Séty, 2008):
1) Describe the dedsion problem in detall, including its ohedives, criteria and sub
criteria, and hghlight the posgble autcomes ofthat dedsion. Gve cetail s ofthe various
influencesto detemine howthe dedsion may come od.
2) Determine the control criteria and thesub criteria, and oltain their priorities from
paired comparisonsmatrices.
3) Detemine the most generd network of clugers (or comporents) and their elements
that apply to all thecontrol criteria. Theclugers and their elements shold be numbered
and arranged in aconvenient way.
4) Deteminetheclugers ofthe general feedbadk system with their elements, andconred
them acarding to their outer andinner dependence influences, for each control criterion,
and subcriterion. An arrow is dawn from acluder to any cluger whaose elements it
influences.
5) Determinethe approach to befollowed in the analysis of each cluger or element,
influencing aher clugers and elements with resped to acriterion, orasinfluenced by
other clusers and elements.
6) Condruct the sugmatrix by laying outthe clugersin the ader they are nunbered
and all theelementsin each cluger, both verticdly ontheleft and horizontally at thetop

for eat control criterion. Enter the appropriate postion; the giorities derived from the
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paired comparisonsare enterad as subcolumns of the correspondng column of the

supematrix.

7) Perform pairwise comparisons on the elements within the clusters themselves

according to their outerinnerdependence (influence on each element in another cluster

they are connected to or on elements in their own cluster). In making comparisons, one

must always have a criterion in mind.

8) Perform paired comparisons on the clusters with respect to the givteal criterion.
Thederived weights arased towveight the elementsf the corresponding column blocks
of the supermatrix. A zero is assignedhrcaseof no influence.
9) Obtain the weighted column stochastic supermatrix.

10) Compute the limit priories of the stochastic supermatrix.

11) Synthesize the limiting priorities by weighting each idealized limit vector by the

weight of its control criterion.

2.5.1 Fundamentals of ANP

The Analytic Network Process (ANP) follows a multi criteria theory of measurement that draws

upon individual judgments based on the fundamental scale of absolute nasbleosvn in Table
2.3,to determinghe relative priority scales of absolute numbgaaty 2005. The fundamental
scde for the mir wised comparisonin the ANP lilds upontwo main questions; (1) given a
control criterion, which of two elements is more dominant with resped to that criterion, and (2)
which of two elements influences athird element more with respect to that critenon. The
comparison is condicted to express the quitative judgments between criteria numericdly.
Garuti and Sandov4P009 reported that the ANP povides away to clea all therelationshps

amongvariables, sgnificantly decreasinghe gapbetween model andredity.

38



The use othe pairwise comparisonto formulate the relationsamong variables Blps to dred

attentionto agiven conredion at a time, allowing more predase and inclusve analysis. The

simplificaion level needed to buld hierarchy models requires an unusial effort to identify and

hand e the multi ple interconnedions that a real problem hastlween comporents. In addition,

the ANPrelies onthe accumulated experience and knowedge ofdedsion makers, ingeal of

merdy suppying them with data which may provide little dedsion suppat (Mulebeke and

Zheng 2006.The piorities derived from pairwise comparisonmatrices are entered as parts of

the columns of a supr matrix. The supr matrix represents theinfluence priority of an element

ontheleft of thematrix onan element atthetop ofthematrix, with resped to aparticular control

criterion.

Table2-3Saaty’ s
Explanation (Saaty, 2005)

Fundament al

Scale for Pair

Degree of Importance| Definition and Explanation Remarks

1 Equal importance Two activities contribute equally t
the objective.

3 Moderate importance | Experience and judgment slight
favourone activity over another

5 Strong importance Experience and judgment slight
favourone activity over another

7 Very Strong importance | An activity is favoured very
strongly over another

9 Extreme importance | The evidencéavouringone activity
over another is of the highe
possible order if affirmation

Wi

The Unweightedsuper matrix is condructed from the piorities derived from the dfferent

pairwise comparisons.The columns for a node contain the priorities of all the nogesrwise

comparisonsgcompared with respect to it and influedagith resped to the control criterion.

Theweighted super matrix is themultiplication ofead entry in a Bock of the component at the

top ofthe super matrix by the giority of influence ofthe comporent ontheleft by the cluser
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matrix. Each column in the weighted super matrix has asum of 1, and thus the matrix is

stochastic. The ANPthen ssardesfor sealy state prioritiesfrom alimit super matrix. To oldain

thelimit super matrix, the weighted matrix israised to high powers. Thelimit of thesepowersis

equal to thelimit of the sum ofll the povers ofthe matrix (Saay, 2007).
This use ofthe fuzzy analytic network process amethod to select the private partner in PPP
infrastructure projects. Using this method, the decision to select the private partner is based on
several criteripgwhich includei nf or mat i on afinanaiat, technicq, rsafgtyeaad ' s
environment, managerial and political policy aspects. The analytic network process (ANP) is used
to reach that decisigy settingforth agoaland therdefining the criteria and sutriteriawhich
will helpthe public sector select the private partner that is most suitable to takeanticular
project. The ANP process is usetb solve complex decision problemss it is amethod that
involves multipurpose decision making techniqu&be ANP is thus a veryseful toolto assist
the Public Sector in selecting private pargnir PPPprojects A pair-wise comparison must be
done for the criteria and stdoiteria for choosing the partner in order to prioritize the selection
process policies. &erally, there ialmostalways uncertainty when converting the decision
maker’' s judgement into crisp values. To take

variables are used instead of crisp values.

2.5.2 Triangular Fuzzy ANP

A modelis developd for this researchaccording to Charig extend methodChang 19969. A

fuzzy interval is used steadof crisp values in order to incorpordkeinherent uncertainty ithis

type d decisionmaking. A triangular fuzzy number ugilized for this purpose. A triangular fuzzy
number is the special class of fuzzy number whose membership is defined by three real numbers,

expressed as (I, m, u) as shownFigure 2.5 The mathematical exgssion for the triangular
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membership function is given Equation21 . The i nterval is ob®ained
el ement Wijatnd tihse r'e'pjresedted Theth@&t¢iprepakseh

the preference df h ¢ * * e | e me n"t of Egvaton2.2t h e i

T

X

e
=

| m u
Figure2-5: Triangular Fuzzy for threeealnumbergChang 1995k
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Finally, thecomparison matrix is obtained for every control criterion as shown in Equa8pn

where @’ ' shows the degr ee UYefemeneoparted téhef'elemento r t anc

with respect to the control criterion.
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Since ANP only works with crisp values, the fuzzy priotitysobtained must be converted into

acrisp priority vectorA number ofdifferentmethods have been proposbdtthe FuzzyExtend
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Analysisproposed by’hang(1996 is quite simple and easy to implement. Thestepsr Chang’ s
FuzzyExtend analysisreprovided below.
Step 1 Compute the normalized value of row sums (i.e. fuzzy synthetic extefiyby
arithmeticoperations as shown in Equation 2.4.

Y B “waB B ® 2.4

Step 2 Calculate the degree of possibility'df Y by usingequatios 2.5 and 2.6

O Y {61 aQFYwARYw 2.5
p a a

®°Y Y ————————& 6 dQ pBRNQ 0 2.6
Tl £ VR Q

Where

~ ~

Y o am b OEW ah o

andw Y Y is the ordinate athehighest intersectiongint.

Step 3 Find the degree of possibilifgr “Yto be greater than all the othér ( p) convex
fuzzy numbersyby use ofequation 2.7
Y YsQ pkfBREhRQ Q & Q¢ g Y Y
Where "Q plgr8 g 2.7
Step 4 Obtain the weight or the priority vectar 0 Y B  of the fuzzy comparison

matrix A asgiven by equation 2.8.

s hBhh

W g s RBRR

Where "Q plti8 e 2.8
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Eigenvectors obtained from a panse comparison matrix are entered in an orderlymea to

form a matrix called theuper matrix The column vector represents the impact, with respect to a
control criterion, of a given set of elements of a component on a single element of the edme or
amother component listed at the top. If thaseno relationship between two elements the
corresponding entry in theuper matrixis zero. The structure of theuper matrixis shown in
Equation2.9. In the present case there are three clusters Goal, 0 — Criteria and0 —
Alternatives. The elemés of the clusters af®@ — Goal,Q - Financia] Q —Technica)] Q -
Safety & Environmentak) —ManagerialQ —Political Policy Q — PartnerA, Q —Partner

B,and 'Q - PartnerC.

Cley; e €1ny Cles ez .. eamy, v ENews ewz .. ewny

¢ e1s Wy, W, W,y
€42
€1in4
Cy €21 W, W, Wy,
€22
W= £an,
Cn en L W Wy Wy
enz
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The super matrixhus obtained must first be reduced to a matrix, each of whose columns sums to
unity, resulting in a column stochastic matrix.few columns ray consist of more than one
eigenvectors each summing to one so the total sum is some integer more than @eollinass

are normalized to obtain a different matdxown asa weightedsuper matrix This is done by
determining the influence of the clusters on each cluster with respect to the control criterion. This
process yields an eigenvectortbéinfluence ofall the clusters. The priority of a component of
such aneigenvectoris used to weigh all the elements in the block of shuper matrixthat

corresponds to the elements of both the influencing and the influenced cluster. This automatically
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results in auper matrixwith column sums equal to one.i$lsupematrix is raised to large powers
until it converges forming a limiting priority matrix which represents aif the possible
interactions in the system. The values of this limit matrix are the desired priorities of the elements

of the decision network with respect to the g&alaty 1996.

2.5.1 TOPSIS Model

In the literature, many authors have used muilteria decisiormaking methods to assess the
financial performancef the projects. The method that has in numerous studies been recognized
as a useful and systematic ttdor measuringfinancial performancés the Analytic Hierarchy
ProcessAHP (Saaty 1980. Ta et al. (2000) used the AHP approach to makeselectionof
financial entitiesFrei and Harker (1999pplied the AHP approach as an alternative to the DEA
method in ordecreditperformanceand explore the relationship between financial and operational
performance. Yurdakul and I¢ (2004) applied the AHP method to investigate the credibility of

companies which is necessary in bilateral relationships between production compabgskand

However, the AHP method is often criticized in the literature for failing to take into account risks
and uncertainties during the process of evaluation (Chan 20@8;Dyer et al., 1992). Although

AHP has found wide application for solving mtdtiteria decisioamaking problems in real
situations, this approach fails to provide satisfactory results in situations that can be characterized

as uncertain.

TOPSIS (technique for order preference by similarity to an ideal solution) method is présented
Cheng and Hwang (1992), with reference to Hawng and Yoon (1981). It represents a classical
multi-criteria decisioamaking method. This method ranks alternatives according to their distance

from the positive ideal solution and negative ideal solutiasitRe Ideal Solution represents an
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alternative that maximizes the benefit criteria and minimizes the cost criteria, while Negative Ideal
Solution has the opposite logic, i.e. it maximizes the cost criteria and minimizes the benefit criteria
(Benitez et b, 2007). The TOPSIS method takes into account both positive ideal solution and
negative ideal solution distances, whereby the optimal alternative is the one that is in geometric
terms the closest to positive ideal solution, and the farthest from neiga@asolution (Segcme et

al., 2009).

After forming an initial decision matrix, the procedure starts by normalizing the decision matrix.
This is followed by building the weighted normalized decision matrix in Step 2, determining the
positive and negativieleal solutions in Step 3, and calculating the separation measures for each
alternative in Step 4. The procedure ends by computing the relative closeness coefficient. The set
of alternatives (or candidates) can be ranked according to the descending dheéecloseness

coefficient(lasonet al, 2014).

Triantaphyllou 000)stated hat “ The best (optimal) alternat:.
the preference rank order of Cj*. Therefore, the best alternative is the one that has the shortest
distanceto the ideal solution. The previous definition can also be used to demonstrate that any
alternative which has the shortest distance from the ideal solution is also guaranteed to have the

”

longest distance from the negatived e al s ol ut i on

2.5.2 Cash Flow Analyss Model

On August 1995, an article was published in Individual Investor. In that adwsiatharMoreland

puts up a very brief idea of assessment of the difference among earnings and cash. He states that
at least as crucial as a company's economically yieldingrrabprofit is its liquidity,whether or

not it is taking in adequate money to meetindebtedness. Cash flow information is generally
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more reliable than earnings information because earnings may include noncash income and
expenses items that are arbitrary. Work by Fazzari et al. (1988), Hoshi et al. (1991), Houston et al.
(1997), Lamont1997), Shin and Stulz (1998), Allayannis and Mozumdar (2004), Rauh (2006),

Fee et al. (2009), Attig et al. (2012), and Erel et al. (2015) document a strong correlation between

cash flow and investment.

The literature on analyst cash flow forecasts caniidet! into two streams. The first stream of
literature presents the role that analyst cash flow forecasts play in monitoring managerial behavior.
Both Call (2008) and Mclnnist al.(2011) show that analyst cash flow forecasts help to reduce
earnings maipiulations and improve earnings quality. It also mitigates the problem in comparison

among different capital structure projects.

The second stream of literature argues the usefulness of the information in analyst cash flow
forecasts. Research by Call et @009 andCall et al.(2013 suggests that analyst cash flow

forecasts contain information that is helpful for analysts and investors.

By injecting raised capital to the projects with letegm benefits, the project is producing value.

But how much valueTheanswer depends on the project's expected free cash flow and also on the
cost of the capital. The main approach to the evaluation of PPP contracts decisions by public
managers is the use of benefit/cost ratio (B/C), traditional discounted cash Iy {@hniques

such as the net present value (NPV), land expectation value (LEV in the case of forestry
exploitations), and internal rate of return (IRR). The main deficiency with these approaches is the

failure to evaluate the level of variable risks lenedifferent scenarios (MaipR013).

2.6 Identified Gap and Limitations

The literature review presented above indicated the following limitations:
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Despite of the several research efforts found in literature, there is limited amount of
research work on dew@ing structured methods for the selection of private partners in
PPP projects.

The current practice for selecting those private partners can be influeycedruption

and subjectivity of government officials.

There is an increased demand in PPP projdais to limited funds available for
governments, which requires proper methods for selecting private partners and ensure
successful projects delivery.

Current processes for selecting contractors for construction projects cannot be
implemented on PPP projscbecause it does not consider the effects of all relevant criteria
and variables especially those affecting PPP projects.

The lack of transparent private partner evaluation methods with-sepi evaluation
criteria, might encourage promoters to ediseir proposals cost which in turn impact the
public sector with higher cost and lower benefits.

There is limited researcliork on developing tool$o assisip r 0 ] spansois $0 evaluate
their bankability, which in turn enables objective ranking ofrthmjects.

Sever al financi al assessment models for
were attempted, however they failed to consider risk factors and their relative impact on
the |l ender’s decision of afimenmtceher or not
Most previous research focused on developing models to evaluate PPP projects using
metrics such IRR and NPWowever, in order to have a comprehensive assessotkeet

factor must be considered such as inflation rate, inflationthassgh ra¢, traffic growth

rate, and the average risk factors for each project.
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1 It was also evident that there is a relative shortage in data for PPP case studies due to its
relative novelty in many countries and the level of sensitivity and confidentiality atpubl

sector data.

2.7 Summary

This chapterpresented aomprehensive overview of previous research work in the area of
selecting private partners in PPP infrastructure proj€wacepts of PPP project were described

in details outlining the models and medisodeveloped for the selection of private partners. In
depth investigation of current practice in financial analysis of PPP projects was explained
highlighting common factors and techniques utilized. Several risk concepts were studied to
identify those redted to the PPP project in order to integrate them in the proposed model. The
Fuzzy Analytical Network Process (FANP) was explained in details along with the TOPSIS
method for ranking solutions. Finally, gaps and limitations of current practice anditiéeratiew

were identified and explained in details.
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Chapter 3: Research Methodology

3.1 General

The developed methodology designedo addresshe researctgaps and limitatiomidentified and
described in detail in chapter Phis methodologyconsists otwo models a private partner selection
modelanda bankability assessmemtodel Figure 3.1 depicts the main sections of this chapteich
begins witha detailed description of the research approachtlatethodology developed in this

researchNext, thetwo developed models are explained in defailpwed by ashort summary

Chapter3
I

[

[

[

[

[

31
General

32
Research Approac

h

33
Developed

34
Private Partner

35
Bankability

3.6
Summary

Methodology Selection Model Assessment Mode|

Figure3-1: Chapter 3 Overview

3.2 Research Approach

The motivation forthis researcls based on the identified need for decision support tools for private
partner selectiom PPP projects. The research approach followed in this thesis is outlihedliow
chartof Figure3-2, where the private partner selection criteria are identified thraegmprehensive
literature reviewA questionnairés thendistributed to experts and practitioners in the area of @PP,
examine thapplicability of these criteria for PPP projects, and their desgfamportanceThe survey
results are used to design the models introduced in the tliésignodels are applied to real case

studies, where their performance is evaluatedtlaeidresuls are documented.
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Figure3-2: Research Approach
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3.3 DevelopedMethodology

The aim of this research is to provide decision makers with a structured tool to select and evaluate
private partners for PPP projecithe deelopedmethodologyis illustrated in Figure 3.3, where

the two main modelsare developedthe private partner selection model and the bankability
assessment moddlhe inputs of the developed methodology are the prdgget accounting data,
discounting rate, artthtep ot ent i al partners’ information. The
are the private partnéreanking,the project prioritizing andthe maximum amount of fursio

be borrowedEach of these models ssibsequentlgescribed in detalil.

Project Data Accounting Data
Potential Partners Information Discounting Rate
INPUT
Developed Private Partner Bankability
Framework Selection Model Assessment Model
OUTPUT

Project Prioritizing

Private Partners Ranking Maximum Fund

Figure3-3: DevelopedVethodology

3.4 Private Partner Selection Model

The aim of the developed model is to assist government agencies in selecting private partners in

PPP projectsThe dficient selection of suitable private partners plays an important role in the
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successful delivery of PPP projects. Unsuccessful PPP peajecause significant politicahd
socialproblems to governmentas well as financial losses. The developed model is bastx: on
Fuzzy Analytical Network ProcesBANP) to account for uncertainty and ambiguifjhe model
development process is illugted in Figure 3.4, whet@e selectioncriteria are gathered from a
detailed literature review covering all recent publications on PPP infrastructure projects. A list of
34 criteria where identified (9 main criteria and 25 sub criteaa@petailed descption of these
criteriafollows in section 3.4.1This list was sent to 12 experts in the domain of PPP infrastructure
projects for review. They provided their feedback and recommendations on the most important
criteria. The list was modified accordingttee expert's opinionso thatt included23 criteria (5
maincriteria and 18 sub criteriad questionnaire was designed according to the selected criteria
and sent to 35 practitioners and professionals in the area of PPP infrastructure projects. The 30
responseseceivedwere analyzed using a spread sheet applicatesigned to calculatthe
criteria's weights according to the questionnaire's respofisesjuestionnaire survey is explained

in detail in section 3.4.Zlhe collected datevasutilized to @lculate the criteria priority weights

using the FANP and TOPSIS methods, as explained in detail in sacBohd and 3.4.5

respectively
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Figure3-4: Private Partner Selectidiodel Development Process

3.4.1 Selection Criteria ldentification

The first step in the model development is identifyiimgappropriate selection criteria. An initial

list of mainselection criteria was compiled frattme literatureasfollows:

1 Financial (Askar and GabAllah, 2002; Schaufelberger and Wipadapjs2@03; Tiong
1996; Tiong and Alum1997 Zhang 2005 Rudzianskaite et al201Q Interviews with
experts).

o Equity/ Debt: Equity refers tthe capital invested by sponsor(s) of the PPP project
and others. The main providers of equity are project sponsors, goverament,
third-party private investor®ebt refers to borrowed capitabMm Banks and other
financial institutions.

o Foreign Financingthe branch of economics that studies the dynamics of exchange
rates, foreign investment, and how these affect foreign trade.

o Government Control on tolls: a type of economic system in which argment
controls its country's industries and decides what goods should be produced and in

what amounts.
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0 Schedule of revenuea:schedule of financial instrumerttsatdefines the dates at
which payments are made by one party to another
1 Technical(Askar and GalAllah, 2002 Schaufelberger and Wipadapis@003 Tiong,
1996 Tiong and Alum 1997 Zhang 2005 Sachs et al.2007 Wang and Dai201Q
Interviews with experts).

o DesignStandard: Detailed engineering drawings and/or specifications promulgated
by public or private organizations that leave little choice to design engineers and
technicians.

o Construction technologies and methodsfers to the study of the methods and
equipmet used for building structures. Construction technologkes it possible
to learn about construction management and acquire skills in the engineering of
construction. It can also mean the sum total of processes for product and procedural
improvement inlieconstructionndustry.

o Operation and maintenance policy: To establish and set out the direction that Real
Property Services must follow in order to provide service excellencefadiiges
maintenance.

o Construction programs arlde meanso meet then: A comprehensive schedule of
construction activities indicating timelines and milestones to be achieved. Also
includes which resource person is responsibledachactivity; the competencies
of the activity implementers coupled with the preparaioowards project
execution and the technologtilized should be convincing enough to demonstrate

the ability to meetsaidobjectives or milestones.
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1 Safety and EnvironmeriAskar and GatAllah, 2002 Schaufelberger and Wipadapisut
2003 Tiong, 1996 Tiong and Alum 1997 Wang and Dai201Q Zhang 2005.

o0 A simple and clear policy describing how a company will manage safety and
environmentalmpactsin its operations; therelapforming the company staff and
others about its commitment to safety #mgenvironmentincludes thédramework
of processes angrocedures employed tnsure that the company fulfills dhe
tasks required to achieve its objectives.

o Environmental policy and management plan: A simple and clear policy describing
how a company will managle constructiomnvironment and its operatians

o Conformance to laws and regulatioBgecifies how to@nformto rules such as a
specification, policy, standard or law. Regulatory compliance describes the goal
that corporations or public agencies aspire to in their efforts to ensure that personnel
are aware of and take steps to comply with relevant laws and regulations.

o Qualification/experience of safety and environmental personksetesses the
gualifications and experienoé safetyand environmental personnldicatesach
i ndi vi dleval lof experience and qualifications to handiafety and
environmental issues.

1 Managerial(Askar and GalAllah, 2002 Schaufelberger and WipadapisR003 Tiong,
1996 Tiong and Alum 1997 Wang and Dai201Q Sachs et al.2007% Interviews with
experts.

o Constitution of the management, their qualification @xperienceThe @aliber of
the people that compriskee management team, their qualifications and the level of

experience they have acquired over the years
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o0 Leadership and allocation of responsibilitiddransparent proce$sr establishing
leadershigpositions and structuredanalysis of how responsibilities are allocated
to individual companies in the association.
o Working relationships among participants: Good working relationships and rapport
among participating companiaad agencies
o Contractualrelationships among Participant§he legal relationship between
contractingpartiesas evidenced by an offet, he of f er amnd aavalid e pt an
(legal and valuable) consideratjoend the continuingxéstence of a contractual
relationship.
1 Political situationcountry (Intervievg with experts).
o Political consensusThe existence o& mlitical consensus on the need for the
project.
o Transparency: Transparency in the project selection and concession development
process.
o Business mvironment:There is a pedictable environment for toll rate increase
and/or assured traffic levels.
1 Demand\Wang and Dai 2010

o Users Benefits: The wusers willingness
perceived to be aaged by the users.

o Economic: The resources, finances, income, and expergidgiieecommunitya
government office and tHausiness enterprise.

o Nature of the Facility: The nature of the facility decides the economic viability of

the project and thp r 0 js successfulealization.
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The list was examined by a panel of twelve PPP expgeateto-face interviews with experts and
experienced practitionemsere conducted to identifghe factors that influence the selection of
private partners. To ensure fruitfinterviews, lists of questions and discussion issues stressing
differentaspects of PPRsere sent ahead of the targetetkrview datesso thatthere would be
adequate time¢o prepare and collect relevant information. In addjtioansiderable e-mail
corespondencevas conducted with a number of public clients, consultaresd experts
(Schaufelberger and Wipadapis2®03.As a result of the panel s
were added, deleted; modified. The neetings and discussions witte expertsesulted in a final

list, shown in Table 3.1, wherefive man criteria and eighteen swdriteriaareidentified as the
most important factors for selecting private partners in PPP projéetdive main criteria arthe
financial, technical, safety and environment, managerial and political psipgctsEach of these
criteria has several styiteria. For example, the financial criteria has four -suteria:
equity/debt, government control on tolls, financial capacity and foreign financing.

Table3-1: Identified citeria for selecting private partrein PPP infrastructure projects

Main Sub-Criteria Reference
Criteria
Financials Equity/Debts (Zhang 200% Rudzianskaite
Government Control on tolls / tarifts et al. (2010), Intervieswith
Financial Capacity experts

Foreign Financing
Technicals | Capacity of design firm and its propose
design stanardss
Operation and maintenance policy
Construction program and ability to me
its targeted milestong
Proposed Construction technology an

(Zhang 200% (Sachs et al.
2007, (Wang and Dai
2010, Interview with experts

methods
Safety and Proposedanvironmental policy and
Environment management plah
0 Conformance to laws and regulatians

(Wang and Dai 2010(Zhang

ualification/experiencef safety and
Q p y 2009

environmental personal
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Managerial | Demonstrated experiencetimedelivery
0 of similar projects
Acceptance of risk transfer
Leadership and allocation of
responsibilities in the association

(Wang and Dai 2010
Interview with expert¢Sachs

Working and contractual relationships etal. 200y
amongparticipantss
Political Understanding ofegal requirements Interviews with experts
policy 6 Compliance withpermit requirements Interviews with experts
Compliance with boycott trade laws Interviews with experts

3.4.2 Criteria Priority Weight Calculation
Two methods were used for calculating the criteria weights, FANP and TOPSIS. The fational
using two methods is toe able ta@rosscheck the results and make sure that the calculated weights

are realistic.

3.4.2.1 Weight Calculation usingthe Fuzzy Analytical Network Process(FANP)

A FANP method is proposed to calculate criteria weights while acauyfdr uncertainties based

on Chang extend method (Chand996). A Fuzzy set is used to convdrequ e st i onnai r
linguistic answersinto fuzzy numbers based on a lingtic scale as shown inTable 3-2. The

linguistic scale ranggfrom Equal, Moderate, Strong, Very strong to Absolute. The fuzzy triangle

scale is represented in the format of (low, medium, upper), while the triangular Ecgapcal

scale is represented in the format of (1/low, 1/medium, 1/upper).

Table3-2: Linguistic scale and triangular fuzzy scale for importdegel (Saaty, 1996)

Lingluistic Scale For Triangular Fuzzy scale | Triangular Fuzzy reciprocal scale
mportance
Equal (1,1,1) (1,1,1)
Moderate (1/2,1,3/2) (2/3,1,2)
Strong (1,3/2,2) (2/2,2/3,1)
Very strong (3/2,2,5/2) (2/5,1/2,2/3)
Absolute (2,5/2,3) (1/3,2/5,1/2)
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Each fuzzy numbaeariterionis averagedo calculatats geometric averag@&he geometric average

is calculatd using equatios 3.1- 3.4:

0 cham 3.1
& B a- | plgfo8 Fe 3.2
« b & - | ptlo8 R 3.3
6 B 6~ I plklo8 ke 3.4

Wheren is the number aheexpert'sanswerss the lower scalam is the mean scaland u is the

upper scale.

A pairwise comparison matrix ighenconstructed based on the calculated weights. The fuzzy
triangles for the linguistic ternfer question sets A, B and C are shown in FiguBe Bhis scale

was proposed by Kahraman et 2006) ands widely used for solving fuzzy decisianaking
problems. The decision maker chooses a linguistic term based on the relative importance of the

two alternatives being considered with respethéxriteria.

Figure3-5: Linguistic scales for relate importance and satisfactig@hang 1996
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The developed mo d e | ut i (Chang 1996 @on gamgjornseng thex t e n d
numerical scaléento a fuzzy number scal@igure 3.5) A fuzzy interval is used instead of crisp

values in order to incorporate the inherent uncertainty in this type of decision making. A triangular
fuzzy number is utilized for this purpose. A triangular fuzzy numbersgecial class of fuzzy

number whosenembership is defined by three real numbers, expressed as (I, m, u) as shown in
Figure 36. The mathematical expression for the triangular membership function is given in
Equation 3.5. The interval™i |l emeaitfjad t afntdérre s
represented &'n .t hfehd orré iopgfr @palesemt's’ tjie pref

el ement "™vef Eheation 3.6

T a0

X

=
>

| m u
Figure3-6: Triangular Fuzzy for threeal numbergChang 1996

p——Na @ a
o €T 0 Q
Where @& o ) pjo fpja hpja
Q¢ THQ pltBRE OE @ Q 3.6

Finally, the comparison matrix is obtained for every control criteasrshown in Equation 3.7,
wh e rée’ répresentshe degree of relative imparice of the'f element compared to th® |

element, with respect to the control criterion.
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a f afe B8 pipip

Since ANP only works with crisp values, the fuzzy priority thus obtained must be converted into

a crisp priority vector. A number of different methods have been proposed, but the Fuzzy Extend
Analysis proposed b§Chang1996i s qui te simple and easy to i mj
Fuzzy Extend analysis are provided below.

Step I Compute the normalized value of row sums (i.e. fuzzy synthetic extent) by fuzzy arithmetic

operationsas shown in Equation 3.8.
'Y B ©aB B ® 3.8

Step 2 Calculate the degree of possibilitydf “Yby using equations 3.9 and 3.10,

O Y {61 aQFYwRY® 3.9
p a a
'Y Y —————& 0 90 pBRENQ Q 3.10
Tt £ VA Q
Where

Y o ahd o ©&EWY  ahr b andw Y Y is the ordinate of the highest

intersection point.

Step 3 Find the degree of possibility folYto be greater than all the other ( p) convex fuzzy
numbersyby use of equation 3.11
@Y YsQ pkFBREhRQ Q & Q¢ wr Y Y 3.11

~

Where "Q plti8 e
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Step 4 Obtain the weight or the priority vectar O MR  of the fuzzy comparison

matrix A as given by equation 3.12.

s hRBAA
B s hBAA

W 3.12

Where Q plth8 re
Eigenvectors obtained from a paiise comparison matrix are entered in an orderly manner to
form a matrix called the super matrix. The column vector represents the impact, with respect to a
control criterion, of a given set of elements of a congod on a single element of the same or of
another component listed at the top. If there is no relationship between two elements the
corresponding entry in the super matrix is zero. The structure of the super matrix is shown in
Equation3.13 In the presencase there are three clustads:— Goal, 6 — Criteria andd —
Alternatives. The elements of the clusters@re— Goal,Q - Financial] Q -Technica] Q -
Safety & EnvironmentalQ —ManagerialQ —Political Policy Q — PartrerA, Q —Partner

B, and'Q - PartnerC.

Cleyy ez . €1in, Cles ez .. emmy, v CNews enz . ewny

Cp &1 Wi, Wy, Wiy
€12
£1ny

Cz €21 W, W, Wan
€22

W= €2ng

Cn €N L Wy Wy Wiy
ENz
ENn, 3.13

The super matrix thus obtained must first be reduced to a matrix, each of whose columns sums to
unity, resulting in a column stochastic matrix. A few columns m@ysist of more than one

eigenvectorseach summing to one sbatthe total sum is some integgreaterthan one. These

62



columns are normalized to obtain a different matrix, known as a weighted super matrix. This is
done by determining the influence of thkisters on each cluster with respect to the control
criterion. This process yields an eigenvector of the influence of all the clusters. The priority of a
component of such an eigenvector is used to weigh all the elements in the block of the super matrix
that corresponds to the elements of both the influencing and the influenced cluster. This
automatically results in a super matrix with column sums equal to one. This super matrix is raised
to large powers until it converges, forming a limiting priority mxatvhich represents all of the
possible interactions in the system. The values of this limit matrix are the desired priorities of the

elements of the decision network with respect to the (@zadty 1996.

The model was implemented in Microsoft excel. A spreadsheet was utilized to calculate the weight

of the criteria and perform the paiise comparison. The modebnsists offour main steps:
guestionnae, pairwi se compari son, | ocal priori,tand wei gh
obtainingthefinal priority weight. Themodel flowcharts illustratedin Figure3.7, and startdy

considering several potential private partners for a PPP project. Tdréserp are evaluated based

on a set of criteria and sutiteria, identified fronthe literature androm surveyof experts The

ANP network is generated considering the interdependencies between the criteria and the sub
criteria. C h a nigjuses] toealculaentlie waighad theyfszzyssets based tire

collected datacollectedfrom the survey. Three matrices are generatad unweighted super

matrix, a weighted super matrix, aralimited super matrix. Finally the partners are ranked, and

the best private partner is selected.
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Consider partnersei F1,2,3,6 ,n

-

-

Determine criteria and sub-criteria

-

Generate ANP network

Calculate weights vased on fuzzy set
using Changds ext

Form un -weighted super -matrix

$

Form weighted super -matrix

$

Form limit super -matrix

4

Select best partner

Figure3-7: Flowchart for Fuzzy ANP methodology for Private Partner Selection

3.4.2.2 Weight Calculation usingthe TOPSIS Method

In order to benchmark the performance of teveloped FANP modehnother approach was
developed usinthe Technique for Order of Preference by Similarity to Ideal Solufi@dPSIS)
multi-criteria decision analysimethod. In this context, the joint performance of a private partner

is aggregated for the poefined selection criterja s s umi ng t hat sa s%gonddoeds” pa
bothbe close tahe best scores and far from the warsés andconverselya “ b ad "wouyiddar t ner

have scores that are simultaneouslyfrom the best scoresd close to the worst onddence
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this approach is based on the distance to two reference points: one desirable and the other
undesirable, which aresed for ranking private partners in PPP projects. The process of conducting
the TOPSIS analysis is depictedrigure 3.8andstars by calculating the general criteria weights
based on the country where the project will be execuErdert opiniors are then utilized to

evaluate each partner's ability to fulfill the selection critehisstandard decision matrix arad
weighted decision matrix are formulated based on the calculated general criteris eneigtite

e X per t s ! Thelgstistep isotorkrihe partners and to find tlkmemost favorable.

( Start )

\
General Criteria weight

End

Rank “Select’] the partnervs
A

Experts scores for each partn

Each Partner’'|s distance f{'om
positive and Negative ideal

solution Standard Decision Matrix
A
v
Calculate Positive and Negatiye Weighted Standard Decision
ideal Solution Matrix

Figure3-8: Flowchart forthe TOPSIS Technique for Private Partner Selection

The first step is to define the general criteria weightshe countrywhere the project will be
executedThisapproach enables decision makers to adjust the weight of the selection criteria based
on their preference and their countrgpecific environmeniThe general criteria weighivill thus

be different for each countryhe general format for these weights is presented in Tabl@Bere

WF, WT, WS, WM,andWP are the weights for the financial, technical, safety & environmental,

managerial and politit&riteria, respectivelyFor example, thariancial criterionn case llis the
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most important factoidue to its undeveloped financial markedweverin case llithep ar t ner ' s
technical experience is of more importance thanfithencial due to the avkbility of more
accessiblefinancial resourcesThe gneral criteria weight iscalculated from theset of
guestionnaires distributed &xpertsfrom each countryThe values are averagef the collected

percentage weightsccording to thenanagersreplies to the questionnaire

Table3-3: General Criteria Weight Template

General Criteria Weights

Financial Technical Safety & Environmental Managerial Palitical
We W+ Ws W Wp

After collecting the relative percentageightfor each criteriathe next step is tose theexperts'
opinionregarding each partner's ability to fulfill the criteria. To hasefficient set of data, experts
areasked througlsurveysto scale partnés ability to meet the criteriad brief description of the
terminology used in the survey is distributed as will,an effort to promote a similar

\understandingmongexperts.

E x p eandwers@reaveraged andummarizedasshownin Table 34, where FA, FBandFC are
the financial criteria weights for partners A, B and C respectiveiculated by averaginte

experts responses. FA, for instance, is the averagh®& x per t s opinion regar
financial capability.TA, TB, and TC are the technical criteria weights for partners A, B and C
respectivelySA, SB, SC are the safety criteria weights for partners A, B and C respediyely.

MB, MC are the managerial criteria weights for partners A, B and C respecivel?B, PC are

the political criteria weights for partners A, B and C respectivelgtalis the totafinancial score

for all partnersT totalis the totatechnical scoreS totalis the totakafety & environmental scare

M total is the totaimanagerial scorendP totalis the totalpolitical scorefor all partners.
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Table3-4: General Criteria Weight Template

Decision Matrix
Partner A Partner B Partner C Total
Financial Fa Fs Fc Fiotal
Technical Ta Ts Tc Thotal
Safety & Environmental S S SO Sotal
Managerial Ma Ms Mc Miotal
Political Pa Ps Pc Protal

The valuespresented infable 34 mayhavedifferent scals, which can alter the analysesand
makeevaluationuneven and inaccurat€herefore the standard decision matiis utilized tode-
unitize the numbers and provide the relative vueach partnefThesimple standard matrix is
presented iMable 35, showing thathe weight of each criteyn is divided by the total criteria
weight to sandardize the criteria weigtfor example, the financial criteria weight of partner A,
Fa is divided by the total financial weight for all the F partnerssd WhereFa is the financial
criteria for partner A, X is the technical criteria for partn8r Sa is the safety and environmental
criteria for partner A, M is the managerial criteria for partner A, and$’the political criteria for
partner A. For example the financial criteria weight of partnernAs Bivided by the total financial

weightfor all partners Fotal.

As shown in Table &, the weighted standard decision matrix is calculated by multiplying the
general criteria weight matrix (Table43 by the simple standard decision matrix (Tab®.3For
example, the first cell in Table®is calculated by multiplying the standard score of the financial
criteria of partner A by the general financial criteria weight. The rest of the cells are calculated

following the same formula.
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Table3-5: Simple Standard Decision Matrix

For Each Partner
Standard Decision value of finance criterion for each
partner= WSDF =—— (3.14)

WSDF = Weighted Standard decision for the Finance
Where FA = Financial average score for Partner A
And F Total= Total Finance score for all partners

Table3-6:Weighted Standard Decision Matrix

For Each Partner
This is each of the Standard decision matrix cells time

corresponding general weight. For the partner A

example, we have: WF % (3.15)

The last step is to find the best and the worst partner based on theiy wberessthe scores have

no meaning exceptsa numerical toolvith whichto rank the partnerin the TOPSIS terminology,

the most favorable solution is called thiealsolution, andhe least favorable solution is called
thenegativeidealsolution. Table 37 illustrates the calculation and selection ofitteal solution

and of the negative ideal solution, where the ideal solution for each criteria is calculated as the
maximum value for the criteria weight, and the negative ideal solution is the minimum criteria
weight. Thepartners with the most deviati®from eachc r i t megativaideasolution and the

leastdeviationsfrom those ofthe deal solution will be selected as the best partner
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Table3-7: Positiveand Negative Ideal Solution

For Each Partner
Having calculated for all the partners based on the

criteria, we can find the MAX and Min value of ea

criteria.

To find the besperforming partner with respect to the selection critéhep ar t ner ss di st
from the ideal solutioandfrom the negative ideal solution azalculatedas theshown in Table

3-8 and 39, respectivelyln Table 38, the distance is calculated as the square of the difference

bet ween t he partandtheideal sotutiohe g@aaliisao findeaipayther with the

lowest aggregate distance from the ideal solutlor. example, e first cellin Table 39 is

calculated as thdifference between partner A's weighted standaateand the best score in

finance criteria amontpethree partners.

Table3-8: Part ner ' dhelBgalSolwionce fr om

For Each Partner
+ Separation for partners A weighted standard decisid

S + = (WSD FA- MAX WSD)? (3.16)
Where, WSD is weighted standard decision

S - = Separation for partners A weighted stand

decision= (WSD FA- Min WSD) (3.17)
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The same approachisusedtocalcwaighp ar t ner ' s thkenegdtive maealesolutigme m
shown inTable 39. Similarly, the first cell in Table ® is calculated as thdistance between
partners A's weighted standasdoreand the worst score in finance criteria amdhg three

partners.

Table3-9: Partner’'s Distance from Negative | deal

For Each Partner

You can calculate for each partner relative score
choose the highest one:

o
ST (318

Where: S* is each partneés Relative Value;
S-: is itsDistance from Min; and

S+: is itsDistance from Max.

Finally, eachp a r t n e ilis'cadculaded loased on its calculated distances from the ideal and

negative ideal solutions.

3.5 Bankability Assessment Model

Themethodology addressed here presents the framework by which lenders assess PPP projects to
decide upon the bankability. The fundamental metric used is the cash flow available for debt
service (CFADS), which is also terméekfree cash flow to the firm.ifst, the potential feasibility

of the project must be proven and presented to the lenders with the approval of external advisors
and consultants. An analysis of all the riskghen preparedalong witha description othe
methodsfor mitigating the eféct of those risks. The projeshouldalso detail the allocation of

risk to all the contractual partners involved in the project. The financing phasesoNberein
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the lenders decie on whether or no& project is bankable and will have the abilitygenerate
sustainable future cash flows to service debt obligations. Lenders follow certain procedures and
processes prior to deciding whether or not to provide a project with finafi¢tiage processes are

listed kelow andshownin Figure 39.

1 Determinng thefeasibility ofaproject

1 Project analysiby evaluating the economics abproject

1 Assesmg the risk the factorthataffect the project

1 Determinng theaproject s bankabi lity; and

1 Implementation & monitoring.

f‘d’ i i i i i i i i i i i
Financial Assessment Process

TBHHHHHHHH
A ——————— — L —

=
o
-
-
=
o
-
-
=
o
-
-
=
o
-
-
=
o
-
o
b
o
-
o

Phaseb
Implementation&
Monitoring

Figure3-9: Financial Assessment Process Overview
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The focus of the methodology on Phase 4where the lender determines the bankabilityaof
project by incorporating all the information and data into a model that will help in tiheatec

making processlThe aim of the bankabilityassessment model is to assist lenders in the financial

evaluation and ranking of PPP projects. Furthermore, it provides lenders with the maximum limit

for funding these projects. The bankability assessnsdmised on the accounting factors and the
project risk factors. Six main accounting factors were considered in this model, thatovere
identified through interviews with creditors such different Banks. Eight risk factors were
identified usinga survey questionnaire distributed to experts in PPP financliing TOPSIS
technique is utilized to calculate the weights for each oitietifiedrisk factors. The flowchart
for the developed model is presented in FigurE),3where the general criteria weights are
calculated based on the country where the project will be exedugad,. experts' opinion are
utilized to evaluate each projeét.standard decision matrix adveighted decision matrix are
thenformulated basedrothe calculated general criteriawelgatn d t he expert ' s

step is to rank the projects.

( Start )

vy
General Criteria weight

End

Rank the projects
A

h
Experts scores for each proje

Each project’|s distance f"om
positive and Negative ideal /

solution Standard Decision Matrix
A
A
Calculate Positive and Negative Weighted Standard Decision
ideal Solution Matrix

Figure3-10: Flowchart of the Developed TOPSIS Model
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3.5.1 Accounting Factors

Accounting data iseeded in orddp forecastinyproject's futurdinancialperformance, which is
measured as the project present value. The foregastcuracydepend®n its time horizon The
longerthe length of time beindprecast, the lesaccurate theestimate. Also, the are many
economic and financial factors which influence future accounting estimations, sunflatasn
and interest rate Interviews with creditors were conducted ittentify the most influetal
accounting factors ithe bankability assessment of PPP projeatsithefollowing six accounting

factorswere sadentified

1 Revenue: Total amount of income for the defined accounting year

1 Cost of saleThe total costs required for deliveg the service. This can be exjplad as
the operational expenses like laloosts the cost omaterials etc;

1 DepreciationTheimplicit cost oftheaging of a comparlys as s et s ;

1 Interest Expensefhe anount of interest paid adhat must be paid foeachaccounting
period. This isafunction ofthe outstanding debt in the capital structure of the project and
of the interest rate

1 Required Working CapitalA net increase in working capital represents the net investment
in current assetsess current liabilities. We find themountby examininga company s
forecasted balance sheet. Working capital can be explained as the level of short term fund

required to run the datp-daybusiness.
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1 Required Capital ExpenditureThe amount of nvestment in fixed capitaheededto
support the compgy/'s current and future operation. We can analyse the capital expenditure

by comparingts trendoverthe years.

From the above six factorfie Free Cash Flow available to the Debt Service (FCFADS) can be

calculated as following:

FCFADS= NI+ Dep+ 1 (3T)-A WA CAPEX 3.19

Where:NI is theNet Income,Depis theDepreciation| is thelnterest expensandT is thetax

rate in the country of operation

The FCFADS is alternatelyalledthe FreeCashFlow to theFirm (FCFF) whichis the afteitax

cash flow going to all the suppliers of capitabtproject.

3.5.2 Risk Factors

Two major riskfactorcategories areonsidered in this model, Financial Rsgkhd NonFinancial
Risks. Financial risk are thoseisks derived from any events in the financial markstsch as
exchangein commodity markets, exchange mate interest ratg and norfinancial risks are all
the othertypesof uncertainty A draft list ofthe most important risk factors were identifiednf
the literature as the most important criteria to be considertba@ iRPRcredit assesment process.
A similar list was solicited from creditor§he overlapping criteria were identified and four criger
were thereby selected as the major factofor credit assessmentltilizing questionnaires
distributed to credit experthe dataequiredto identify the risk factors fandividualeachproject
process igllustrated inFigure 3.11, through the quesinnaires distributed to the credit experts
The output of these steps is summarized in a number representing risk of eachTwa@ect.ert

that output into a number wallected credit expertsassessmesf defined risk factorasa
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percentage throlgour questionnaire, aned that percentagetime first two steps of TOPSIS

aggregate the factots find a risk premium number for each project.

Literature | Defecieia | CreditExperts IConfrmeCriteria P
[ ; Questionnaire
Review Review
J \
Respons

Calculate criteria
weight

Each pr1 ' ( Input of the
Risk Rate H TOPSIS

Figure3-11: Risk FactorldentificationProcess

The definitiors of therisk factorsidentifiedin the literature and included in the survey guide are

describd below:

Market Risk: The risk inherent to the entire market@an entire economy. This risk affects the
overall marketnot just a particular project or industry. This type of risk is both unpredictable and
impossible to completely avoid. It cannot be mitigated through diversificationit may be

mitigatedthrough hedging or by using the right asset allocation strategy.

Environmental Risk: Enterprise environmental factors refer to both internal and external factors
that surround or i nfThesedactore mag come fi any dbr'als of theu ¢ c e s
enterprises involved in the project. Enterprise environmeatdbfs may enhance or constrain

project management options and may have a positive or negative influence on the outcome. This
risk mainly consists of typical factors such #ee organizational culture and structure, existing

human resources, personnel agistration policiesand environmental/safety regulations
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Political Risks: The risk that an investment's returns could suffer as a result of political changes
or instability in a country. Instability affecting investment returns could stem from a clrange

government, legislative bodies, other foreign policy makers, or military control. The outcome of a
political risk could drag down investment returns or even go so far as to remove the ability to

withdraw capital from a project’s investment.

Legal Risk: The risk of uncertainty due to legal actions or uncertainty in the applicability or
interpretation of contracts, laws or regulations. Some of the common examples in this area are:

contract formation, perfection of an interest in collateratinetting ageements.

Technical & Operational Risks: This kind of risk addresses projdetel concerns. The general
risks in this category can be defined as: Technology compothentgre not possible to udae

to thar low quality, or when technology components moéscalable anthus cannoimeet
performancelemands.

Completion Risk: Mainly refers to the probability of logsfrom cost overrun, failure to pass

completion tests dheabandonment ad project.

Counterparty Risk: A type (or sukclass) of credit riskthis is the risk of default by the
counterparty in many forms of derivative contracts. Boigof risk is common in derivativeand

financial hedging contracts.

A questionnaire survey was digtnted to credit experts to provide the weig@for each criteria.

The targetdexpertsfor this survey areategorizedisfollows:

1 Credit Analyss: Thar role consists of performing risk anaggson new and existing clients
to minimize credit risk and @osure by validating strict Credit Department adherence to

lenders' Credit Policy and Procedure. Duties include financial analysis, loan modifications,
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reporting, default management and antney laundering reviews and approvals. Regular
interactiors andrelationships are fostered with borrowers, investors and indredtied
professionalsThis categorf experts contains the greatest number of usesar model.

1 Investment Bankers: Investment Bankeare entrusted with the sole responsibility of
growing theirlenders' portfolis by managindghe partners' accounts as well acquiring new
ones. Bankers develop close relationshijith clients and present investment ideas and
new products on an ongoing basis. They are responsible for deternmaimyesment
objectives of partners arlderisk tolerance ofenderslnvesmentbankers will ensure that
thelender hagncorporate the partneér sbjectives imo the portfolig andthey consistently
review portfolics, returns, investment strategies andestment outlook They have the
highestnumber of deal exposurdsut those are combined witH@awer level of analytical
experience compaddo credit analyst

1 Business Analyst Perform financial, business and industry analyses, conduct research,
and prepare supporting documentation for partner credit approval. Fregueject
monitoring and calculan of the regular NAV (Net Asset Value) of eacbhroject isa
common practice for this position.

1 Investment Finance Analystresponsible for ensuringehntegrity of financial data from
accounting data sources by carrying out analyses and reconciliafioese analysts
prepare consolidated investnteelated financial statements andvarious internal

management reports.

3.5.3 Weight Calculation for Risk Factors
The survey results are used to calculate the risk factor weightstbeif@PSIS technique. The

process of calculating the weights can be summarized as $ollow
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1. Calculategeneralattributeweights usingasimple average of alheresponses for eactsk

factorshown in Table 30, where gpertsareasked to provida relative value for each

risk factor.For examplein Table 310, Wnis theaverage of theelative weight experts

assigned for the Market risk factor.

Table3-10: General Criteria Weights

Mk | Environmental Legal | Political | Technical| Operation| Completion| Counter
Risk | Risk Risk | Risk Risk Risk Risk Risk
Wm | We WL Wp W+ Wo Wc Wco

2. Calculateasimple decisiomatrix by summarizinghe creditexperts assessmerior each

risk factor specific for each of the projectss presented in

3. Table3-11, whereXwmz is the additional percentage creexpert# 1 has assigned forah

specific project market risk for example.

Table3-11: Simple Decision Matrix

Expert 1 Expert2 | ... Expert n Average
(from (from (from Attribute
survey) survey) survey) weight = rin
Mkt Risk XM1 Xm2 XMn B @0 Q
£
Environmental | Xg1 Xe2 Xen B w0Q
Risk 3
Legal risk X X2 Xin B ®wbQ
£
Political Risk | Xp1 Xp2 Xpn B wdQ
g
Technical Risk | X11 X712 X1n B &'YQ
£
Operation Risk | Xoz1 Xo2 Xon B &0 Q
£
Completion Xci1 Xc2 Xcn B ®6Q
Risk £
Counter risk Xco1 Xco2 XCon B ®06 ¢
g
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4. Normalize Decision MatrixThe various factorsdimensionsare transformednto non
dimensional factors for the sake of comparisdmef e s p o radsearshirénsrmalized

usingthe followingequation

Xin

I’in:T2
Ja X,

WhereX is theAverage Attribute weight of each projeendR is theNon-dimensional value for

3.20

each attribute
5. Calculate the Weighted Normaliz€ecision Matrix bymultiplying the rormalized value

by the general attributes’ weights.

gv Viz \A Vi@ gwr Wilwz - -+ Wolws - - - chrMnu
é - . 06 - . . U
é . u é u
é u é u
V = g\/il \/|2 \/u \/m 3: gWerEl WL rEZ WorE15 WCorEnl‘J
é . u é . . -
é u é u
é- u é u
é . u é . . . u
é u é u
év m Vme - Vi anl;I AWelFca Wilce - - - Wolcas -+ © Weol conll
3.21

WhereR is the nordimensioml factor weight for eachisk factorof each project.

6. Determinetheideal and negativéleal solutions usinthe following equations:
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A ={(maxy | J),(miinvij‘jl' Ji=12..m
AV VYRR YA

A ={(miny; |11 3),(maxy,[iT )i =12...m)

IS NS - - 3.22
_{Vl’VZ""’Vj""’Vn}
where J:féj:LZ,...,n‘j associated with benefit criteriaE.J
! y
\]':I?j :LZ,...,n‘j associated with cog criteriag
7. Calculate the separation measufi®m the ideal and negative ideal solutions.
1 ideal separation
i=12,...,n
3.23
S é VIJ - VJ | ::L2 ..... n
= 3.24
8. Calculate the relative closeness to the ideal solutsimg the following equation
*:L O0< +< i=12
Ci + ) CI 11 | 11 1"'1m
(s+*+Ss)
c=1 if A=A
=0 if A=A
C A=A 3.25

3.5.4 Project Risk Premium

Risk premiuns compensate investon® encourage theno tolerate projects with extra risk
exposureomparedo thosewith no or less riskThis can befunction ofaproject and the partner
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who is willing toinvest in saigroject.In the developed model, TOPSIS is utilizedjuantify this
premium TOPSIS combines the general risk factonsportance (general weights) with each
specific project position regarding every risk factorhe output carthusbe considereas the

risk premium regarding each risk factor if all the input data had been formatted as pescentage
The risk premium ishenadded to each countryssk free rate of return to provide the discounting
factor, which is utilized to calculate the Present ValutaeFCFF. It is worth mentioning that the

risk free rate for each country is specific and can be obtainedHiexantral bank of each country.

The TOPSIS normalization stejs performed tonormalize eactproject's expertefined risk.
Multiplying this normal valudy thegeneral attribute i sweights provides us withproject s
risk profile. This is the minimumsk premiumabove the country's risk free retuam investomwill
demand for theimvesmmentin the project. Thereforeherequired rate of return,dvhich is the
discounting factor of the projects cash flows, can be calculated as:

Re= Rt +Risk Premium 3.26

Where Reis therequiredrate of return from investors

Rr is thecurrent expected risk free rate of the country wiileegroject isexecuted.

3.5.5 Scenario Analysis

In order to account for different risk factors and financial factssenario analysis is utilized to
assesthe project feasibility against various scenarios. This approaebpeciallyessential when
analysing potential projects in developing countries. The first step in scenario analysis is to
determine the factorsgaired to build each scenario. In gengaalalyss should focusn theone

two or three factorgvhosevariationwill change the value of the project. The secstegis to

determinghe number of scenarios to analyze for each of the fadflan®e scenaos mayprovide
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more realisticresults but collectingthe data in terms of project cash flow is very difficult and
susceptible to mistakes. Therefore, the common pradite apply three scenasdor each
project consising of three probabl@rojectoutcomea: the Bestthe Base anthe Worst scenario.
The following sectionpresents these ¢ e n aparancetersn detail and then explains the
definition of thesethree scenariosour mainparametersire utilized to build the three scenarios

as illustraed inFigure3-12: Scenario Parameters

&>
1 1 ] 1

Inflation o Pass- Traffic Growth Risks
through Rate

Figure3-12 Scenario Parameters

Inflation:

Inflation erodes the purchasing powerofyinvestmentAn unexpected surge theinflation rate
has a negative impact aproject present value calculated usitigg nominal rate of returrand
such surgeare morecommon n developing countriesn those countrieghe political situation
oftenlimitsthe role of central banks to control inflation. Irvine Fisfi€07)proposed the relation

between the nominal and real rate of return as follows:

1+i=(1+r)(1+4p) 3.27
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Wherei is thenominal interest rate dhe nominal rate of returrr is theReal interest rate dhe

real rate of returnandp is the inflationrate
Inflation Pass-through Rate:

Assume a projedtasno real earnings growtlwhich meanghat the earnings growthk onlyfrom
inflation. Based on the Gdon constant growth DDM moddeveloped by Gordon and Sharpiro

(1956), the viue of this project is equal 1o

Vo= —2 3.28
p

WhereEy is the Current irtome or earning of thproject andr is the Average Required rate of
return for the investordn this casewith no earning growth excepthat ofinflation, a partner is

encouraged to pagut allits earning and retairits money.

Now, supposéhat aproject can pass on some or all of th#éation coststo the customers. We
definel as the percentage thfe costsnflation that the project can pass through to its customers.
In this case th&e o mp aeamihgs growth magot be expresseds| p, andEquation3.24 will

become:
Vo= ————— 3.9

Next, a real rate of returcan be introducedlefined as-p and represertlasj . The value of the

project then can be summarizedraghe following formula:

/
Vo-—2 3.30
J I p
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WhereEpisthe current yedr sincome | is the percentage of inflation that can be passed on to

the customer® is theannualizednflation rate andj is thereal rate of return

Revenue (Traffic) Growth Rate

Lenders examine all the factors that may affgmjects longterm cash flow and creditworthiness

by assessingthpr oj ect ' s dgegpedtetprofgabilityetmteg pb nsor ' stheequi ty
risks involved in the project. Through this evaluation the lenders investigtte@ksts including

those of any anticipated riskandevaluate if groject will generate enough revenue to service its

debt.

Each of the above items afféberevenue and cost value of projects. The traffmwth ratdeads

to anincrease in revenyand to support thisicrease, the project expenditure (cogt) also go
up. Inflation isalwaysa major contributing factor to revenues aspecially tocosts.Suppliers
charge more and the cost of business increbsédue tdhe demand characteristics of the market,
thisinflation cannot be fully transferred to customénstead, onla portion can be applied to the
selling price a percentage termed timflation passthrough rate. Foany two projects faced with
equal inflation ratg theonewith ahigher pasghroug ratewill have higherevenue and therefore

morefree cash flowThe Revenue Growth Rate can be expressed as:

RGR= (1+ g)*[1+p*I J*(1+gx) 3.31

WhereRGR is theRevenue Growth Rateg is thegrowth rate p is theinflation rate | is the

inflation passthroughrate andg is thereturn due to the change in the currency value.
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Bestcase scenario:

In this scenaritheparameters are stetvalueghatrealizethemaximumproject valueTherefore,
the revenue growth rate set tats maximumlevel for each countryhe growth rate of coss set
to a minimum, yielding the highest level ofthe marginalong withthe lowestrisk level which

results in loweng thediscounting factorHowever, this scenario might not be realistic.

Worst-casescenario

Worstcase scenargprovide experts with a tool to gauge the effects of potential spilbaves
project eperation which may lead topartnet s d & pagingtheir debt. Therefore, if a firm
is highly in debt, creditorgenerally usthe worst case analysis to makeirjudgemens abouta
potential default scenario. Timeajor limitation of thisscenarias that predictinga low outcome
will deprive many worthwhileprojects of the required capital. Therefore, not onyll partners
have no access to the fumnthey needo run their projects, but investonsll also be deprived of

suitable potential investments.

Basecasescenario

As explainedabove the problem with both extreme cases is that they may megbstic To have
a high revenue growth project manager may have to lovikeir priceand accept lower margins.
Therefore it is rational to take into account the relatgmbetween thevariousfactors which is

the rationale behind these of thébase case.

3.5.6 Project Ranking
Having gatheredand calculated the information from tpeevious steps, we caprioritize the

projectsbased on their bankabilitfzour metrics are utilized to evaluate and rank the projects as
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shown n Table 312, which are calculataeasingthe FCFF andhe discounting rateThe sum of
the accumulated score of each project is used to rank and pritmgizeThe project with the

highest rank will be thene deemed thmost favorable fronthe creditofs perspective.

Table3-12: Project Ranking Metrics

First First
Metric Year PV Stability of PVs Average Year that
VS. DSCR _
DSCR=1
Costs
Formula Yo ¢ I 0D WEFQS £ © Qgsga%iacr’,‘:
00 Q1 &"AAWQA € 0 DSCR
Preference | Higher Lower Higher Sooner

The four metrics are described in debslow

1 First Year PV vs. CosiThe present value of any projectf@recastedtaking into account all
kinds of risks and uncertaintyt is thushighly preerable to have a project witthigh present
value. However, ranking projects basealy on their PV is notappropriate due to their
different scale. A project with highea PV may not be apreferable as a project withlower
PV when the scale dhe businesss taken into accountTo addresghis issue,the PV of a
project isdivided by its initial proposed cost, whigbrovidesa ratiofor comparing different
projectswhile taking into account their different see

1 Stability of PV: To analyztheeligibility of a project to receive furnlg, it is not only important
to have the positive present value, but alsassurdendes of astable stream of cash flow.
To address thisituation,we score projestbased on their free cash flow standard dewmat

Again to eliminate the effect of size differences, we divide the standard dewéteach
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project @verage of free cash flowA lower ratiois linked to a lower level of cash flow
dispersion, and therefore is more preferable.
1 Average DSCR: Lendsrareextremelyconcerned abouhe solvency of th& projects.The

Debt Service Coverage Ratio is a quantified presentation of each pregeency ratio.
DSCR=——- 3.32

WhereD is thetotal projectdebtandEBIT is the operatingncome, equato the
0 Q®t ¢ G0VE 6 QDA VL 0@ £1 0 QOPGANIE QD QMO QE &

1 First Year that DSCR is equal to orieRapid payment of debt is preferreas it lowers the
interest paymestfor the partnes and incurs less counterpdy risk for credit providers.
Thereforea project withthe quickesor the most ability to pagff its debt will reacla DSCR

valueof onemore rapidly which is consideretb be thesolvency breakeven point.

3.6  Summary

The successful delivery of mega infrastructure requires partnerships between the public and private
sectors. Public private partnerships enhance and maximize the utilization of private sector skills,
managerial capabilities and innovatio@hoosingthe best private partners who can deliver the
technical requirements of projects and also meet the finaariatraintglefined by creditors is a
dynamic processThis chapter described in detail theethodologydeveloped tdelp make the

best choice ofpartners which consig of two newlydeveloped models: the private partner
selection model, and the bankability assessment model. The private partner selection model is
developed using Fuzzy Analytic Network Process arttle TOPSIS multi-criteria decision
analysismethod. This methodology overcomes the limitation of utilizing the hierarchal approach
with crisp values for paiwise decisionssuch agshe AHP and Goabrogramming approaches.

The use of fuzzy intervals for priority judgments resolwesst of theproblems related to
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uncertainties, and the ANP handles the various relationships between the goal, the criteria and the
alternativesMonitoring and updatingre required, from data collection to the final decision.step

The selection criterizvasidentified and listed fronthe literature,and then thalist was refined

based on a questionnaire survey distributed to experts in the field of PPP infrastructure projects.
The selection criteria priority weightascalculated usinghe FANP and Chang Fuzzy extension,

which take into account the interdependebetweensuzc r i t er i a and the wuncer

judgement.

The bankability assessment models beendeveloped toassistcreditorsin assessinghe
bankability of PPP projestandto calculate the maximum amount of fusid be lem, thereby
ranking PPP projects according to their financial atterrisk factors.The developed model

i ncorporatesrspéeaetilwendensaspessing a project’
creditworthinessThe available cash flow for debt service (CFADS) is usedhee major metric

for the assessment, while accounting for the time value of monetary and risk fadistref the

most important accounting factors for bankability assessmastdentified through interviews

with experts from major PPP financial itgtions. A questionnaire survey to experts in PPP
financing was utilized to identify the major risk factors to be taken into account while calculating
aproject sisk premium.The weights of these risk factomere thencalculated using TOPSIS
analysis.A scenario analysisvas developed to evaluate projectsorst, best, and base cases

according to their financial and risk factoRrojects are then able b® rankedbased on four

metricsaccordingto thesum of th& accumulated scose
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Chapter 4: Data Collectionand Case Studies

4.1 General

This chapter presents two questionnaires desi
important criteria for selecting private partners for PPP projects and the important risk factors to

be considered assessing the Kadnility of PPP projects. This chapter also provides a detailed
description of the case studies utilized to test the performance of the developed models. Four case
studies are utilized to test the private partner selection model and six case studied trdast

the performance of the bankability assessment model.

4.2 Private Partner Questionnaire Survey

A questionnaire was designed according to the criteria identified in the literature for selecting
private partners in PPP projects. The questionnaire &d4® practitioners and professionals in

the area of PPP infrastruct ucase stydy It8% iedwwituals i n e a
were contacted and 30 responses were received, 8 from public clients, 16 from private companies
and 6 from acadeia. Forcase study lllof the 35 people contacted 26 sent their responses. Of the

20 experts contacted case study Y12 responses were received, dase study 1\25 experts

were contacted and 18 responses received , 20 experts were conteasestudy Vand receved

11 responses were receivédl of the respondents possess a rich practical experience and have
conducted meaningful work in PPP projects. The data were analyzed using a spread sheet

application designed to calculate the criteria'spivis according to the questionnaire's responses.

The questionnaire was designed to determine the degree of importance (weight) of the selection
criteria (as presented in chapter 3) in selecting private partners in PPP projects. A sample of the

datacolleat on and t he quest i onna il Tisexampleigusttatesitte de p i
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or compl et
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of

a single

criteria comparison scale, which is utilized in this questionnaire.ivizs@ comparison table is

provided for each criteria, and the users / experts can click on the preferred importance scale that

best describes thgudgment towards the relative importance of the criteria. Briefly, for exariple:
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were posed in order to achieve those comparig@usstion set A provides comparison data for

five criteria (financial, technical, safety & environment, managerial and political policy

contribution) considered in the private partner selection process. Question B consists of five

guestions that compare dlle alternatives against the others, based on the criteria stated in A.
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Question C includes twelve questions where each individual question compares the five selection

criteria with the three private partners being considered.

Question AT To select an gpopriate partner for public private partnership projects, we have
identified five main criteria: Financial, Technical, Safety & Environmental, Managerial, and
Political Policy. It is essential to understand which of these five criteria is of greatetamgor
(priority) in private partner selection and to what extent.

Question B-1 - Considering the financing criterial: Which of the three partners offers the greatest
financial support and to what extent.

Question B2- Considering the technical criterid/hich of the three partners offers the greatest
technical expertise and to what extent.

Question B3- Considering the safety & environment criteria. Which of the three partners offers
the greatest support these areaand to what extent?

Question B4— Corsidering the managerial criteria. Which of the three partners offers the greatest
managerial experience and to what extent?

Question B5—-Considering political policy. Which of the three partners offers the greatest political
policy support and to what eetit.

Finally a version of Question C is distributed as a means to rank each of the available partners.
Question C1- Consider private partner A. Based on the financial strength of this partner with
regards to their technical, safety & environment, manalgand political policy contributions how

satisfied are you with this partner’s ability
QuestionC2Consi der private partner A. Based on thi
to their safety & environment, manageald political policy contributions, how satisfied are you

with this partner’s ability complete the proj
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QuestonC3-Consi der private partner A. Based on th
with regards to their managerial and political pplontributions, how satisfied are you with this
partner’s ability to carry out the project?
Question C4—Consider private partner A. Based on the managerial attributes of this partner with
regard to the political policy contributions, how satisfied are yowi t h t hi s partne|
complete the project?

To complete the C set of questions, questions similar to those asked about partner A were then
posed for partners B and C, for a total of 12 questions in set C. For questions A and B the experts
were &ked to select an answer from a-gedined list: (Equal, Moderate, Strong, Very strong,
Absolute). For the questions in set C the experts were asked to select an answer from a different
pre-defined list: (Not at all satisfied, Satisfied to some extemtefasatisfied, Satisfied, More than

satisfied, extremely satisfied, absolutely satisfied). The experts were thus able to provide answers
with a qualitative value based on their knowledge and experience to help create the pairwise

comparison matrices remed for our analysis.

4.3 Bankability Assessment Questionnaire survey

This questionnaire consists of two types of questiomailtiple choice and opeended questions.

In the multiple choice questions, five choices of scaled responses are used, corredpahéing
template most generally accepted in the financial literatigure 4.2present&n example of the

multiple choice questions included in the survey. This example represents the capital structure
preferred by credit experts, in which a multipl®icke question is utilized to identify the preference

of a credit analyst regarding a partners' capital structure; a structure designed so as to secure the
optimum capital cost for the private partner. It is worth noting that the results of these questions

are averaged to obtain the final score for each question.
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[ndicate your preferences regarding the method of fund raisdng for the projects: [ Number

3 represents the highest weights of preference)

J  Equity or ovmers financing " Banks Loans

+ 3 |1 5 4 i J2 J1
G i S N
d hlaking a Joint Venture O Govemment Grants of Suppoit
3 | 1 | 3 3 | I 3 | ENN | 1 |
Issuing debe . Crther Method

Figure4-2: FinancialSurvey sample question
The experts were asked to evaluate two types of attribute weights:

1 General Attribute Weights: This regments each attribute's weight (risk factor) in
comparison to the others in the general investment context. It does not take into account
any specific project's profile and is mainly derived by the general level of uncertainty in
the infrastructure busingenvironment. These relative weights are functions of business
cycles, business expectations, and economic trends.

T Attribute’s Weights in each project: This

specific risk pr of ctiveeThd nmoce ceviatibnea specifip atributs pe
has from that general attribute’s weight,
Openended structured questions were also utilized to allow respondents to list any factors not

included in the survey. Alfespondents agreed that the questionnaire included most of the

important factors. A few examples of the open ended questions are presented here, as follows:

1 Considering six predefined risk factors, please rank them from the most to the least
important.

1 Chaose your capital funding preference for each of the following methods.
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4.4

Considering the following political and legal factors, please choose the most relevant level
of alignment in your country.

As a financial institution, do you have anyhouse creditating system?

Have you ever dealt with a default or request for an extension of payment schedules?

Do you use any derivative product to hedge your default risk?

Please choose from the following list the covenant(s) that you impose on a borrower (if
any).

What is the source of your economic and operational forecasts? (Internal analysis or third

party consultant)

What is the normal budgetary system in your investment portfolio?

Private Partner Selection Case Studies

Four projects frondifferent countriesto utilize andtest the private partner selection model as

shown in Table 4.1, which lists the four case studies and four of their parameters: project type,

cost in millions, concession period in years. These projects vary in terms of their location, type,

cost and concession period. This variability is utilized in measuring the developed model

performance and verify its efficiency in selecting the best private partner in each project.

Table4-1: Private PartneBelection Case Studies

. - Concession
Case Study Project Type Cost (Millions) Period (Years)
I Bridge $282 30
Il Highway €2,033 40
11 Highway Extension €58.1 30
\Y Highway + Bridge €64 25
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4.4.1 Case Study I-
Thebridges and infrastructure have besler sevie strain following and t he ci ty’ s
problems hag threatened to hinder recovewhich will have two thredane carriageways and
cuts the journey time between two major districts of one hour to 15 minutes, was designed to put
thepa h to prosperity and ease citizens’ Il i ves.
new 6.7 kilometer road that includes an interchange, two stretches of motorway, dadea 21l
plaza. One hundred thousand vehicles a day will use theebmdgch will cost approximately
$282 million to build. The project details are summarized in Table 4.2. The project consists of the
design, constructiorgand operation of a toll bridgdhe total length of the full road connection
will be around 6.6 kiloraters, with the bridge itself spanning 1.5 kilometers. To the north,
construction will consist of a 2x2 lane dual carriageway that will connect with the junction of the
Boulevard Mitterrand and E€uest roads and on which will be the toll plaza. To th&hso
construction will consist of a 2x3 lane dual carriageway with lateral access roads that will connect
to Boulevard Giscard d’' Estaing, the main road
interchange that will connect the access roadddtidge with the main road that connectthi®
airport. Initial work on the project, started in October 2011.
The project is being funded by a group of Development Finance Institutions. The project is
structured as a pubkgrivate partnership (PPP) amdll be implemented under a 3@ar Build
OperateTransfer (BOT) concession agreement. Four partners (partpartned , partnetd and

partned ) competed for this project.
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Table4-2: Details ofCase Study |

Description of Elements Value
Concession period 30 years BOT
Cost $282 Millions
Construction Start 2011
Construction Completion 16 December 2013
Length 1.5km
Width Two threelane carriageways
B , the bridge cuts the journey tinbetween two major district
enefits .
of one hour to 15 minutes

4.4.2 Case Study II-
This project involves the construction of a highway, which will cover the 1kidOThe project
will be the biggest of its kind in Africalt will consist of two lanes and a relief laire each
direction, with bridges, junctions and crossings as well as safety facilities as summarized in Table
4-3. Construction will be split in three phases, and will be awarded to three separate consortiums.
Three partners (partrier, partned , and @rtned ) have competed for this project.

Table4-3: Details of Case Study Il

Description of Elements Value
Length 1700 KM
Total number of bridges 263
Intersection (unit collection + intersection Reverse 52
Unit Collection 18
Small Service areas and restrooms 13
Large Service areas and restrooms 17
Tunnels in different sizes 1471

4.4.3 Case Study llI
This construction project is part of a renewal of the highway bettvezgities The project will
be developed on a design, build, finance, operation and maintenance basis with an availability
payment structure. Construction is scheduled to start before the end of 2015and the road is

expected to be operational by 2018. The concegmand is to be 30 years. The tender process
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was launched in December 2010.The project will be financed bfyntecial institution Three

partners (partnér, partnerd) and partna¥ ) have competed for this project.

4.4.4 Case Study IV
In July 20D thefinancial institutiona p p r o v erdillioa serot [dan with a 1fyear tenor,
including a 5Byear grace period, to finance the toll. The project includes construction of the 20.4
km section. The motorway will be built as a dual carriageway with three ilmmach direction

The project’s main beneficiaries are the road
vehicle operating expenditures. It will also help stimulate local economic activity and facilitate the
movement of goods and services tigh this regional hub, thereby strengthening intra and-inter
regional trade. The toll road forms part of infrastructure development program, which includes the
extension of the port, a new airport as well as a number of other transportation projectswr his
infrastructure will stimulate economic activity in the manufacturing, industrial and tourism sector,

as well as more generally support trade and mobility. The country will benefit from these projects

in terms of increased competitiveness via the radlaosts of doing business. The project is one

of the first publieprivate partnership (PPP) projects in the roadsedior. Six partners (partmey

partned , partneb , partneb , partner) and partnay ) have competed for this project.

4.5 Bankability Assessment Case Studies

Six projects frondifferentcountries: thg were used to test the bankability assessment model, as
shown in Table 4.4, which lists the project type, cost in millions, concession period in years. These
projects vary in terms of their location, type, cost and concession period. This variabilliyad ut

to assess the developed model s performance a

of a range of projects.

97



Table4-4: Bankability Assessment Case Studies

Case Study Project Type Cost (Millions) P;?g‘;?\s(zgg)
I Airport €561 30
I Highway €2,033 40
1 20 Bridges €508 40
v Highway Extension €58.1 30
\% Highway + Bridge €64 25
Vi Bridge €270 30

4.5.1 Case Study I-
This is a project to build aairport. Airport operationsvere expected to start in 208@d the
expected cost of the project is 561,000,000 Euro. It is now planned to be finished in 27 months.
Local senior debt will be 62.7 percent of its capital structure and local equity holders will hold 23
percent of that. &cal subordinated debt, sponsors, and government grants will contribute of 5.3,
7 and 2 percent of the capital structure, respectively. This project is distinguished by its high level
of debt raised through local senior holders, which is a harbingeyatéatially very heavy burden
of net income due thigh interespayments, as senior debt holders require a high level of interest

or coupon payment as compensation for their investment.

4.5.2 Case Study IlIT
This projectis to build a new 1700 KM highway on a Bui@dperateTransfer (BOT) basisThis
project is under the supervision of the Ministry of Transportati@epartment of Roads and
Bridges.It is expected to be buivithin 36 months and its projected cost is ab®21@33,000,000
Euro, financed through 20 percent local equity, 30 percent local senior debt, 30 percent foreign

senior debt and the remaining 20 percent by subordinate debt.
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4.5.3 Case Study Il -
The project comprises constructing Béldges This project is epected to be completed in 36
months with a projected cosf closeto 508,357,000 Euro, financed through 20 percent local
equity, 30 percent local senior debt, 30 percent foreign senior debt and the remaining 20 percent

through subordinate debt.

4.5.4 Case StudylV -
This is project will expand an ongoing business and therefore the accuracy of its assumptions is
relatively high compared to the other projects. The expected cost of the project is 58,100,000 Euro
which is the smallest amount among all other fiveesaand it was planned to be completed in
eighteen months. Local equity holders will provide 20 percent of the capital and the local senior
debt holders will provide 30 percent. The remaining will be covered by a combination of

subordinated debt and loammim financial institutions.

4.5.5 Case Study V-
The project will build a toll road on a Bu#@wn-Operate (BOT) basis and will be implemented
in two phases. The first one is to build 20.4 KM of road and the second is to construct the 28.8 km
of toll road. Thisproject is expected to be built in 36 months and its forecasted cost is about
64,000,000 Euro. This amount will be financed through 14 percent of local equity, 28 percent local

senior debt and 58 percent via government grants.

4.5.6 Case Study VI-
This projet consists of building a new toll bridge to drastically improve travel times. It is planned

to be built over 36 months with an estimated cost of 270,000,000 Euro. This budget will be
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financed by 11 percent local equity, 46 percent local senior debt aper@nt of government

grant, with the balance covered by local subordinate local debt.

4.6 Summary

This chapter presented a detailed description of the data collection and case studies utilized for the

t wo model s’ i mpl ement at i o wereaprepared, eesittandragalyzedl wo q
one for selecting the criteria for private partner selection, the other for selecting the risk factors for
funding PPP projects. Four case studies were utilized to test the private partner selection model,

and six case stlies were utilized to test the bankability assessment model.
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Chapter 5:  Private Partner Selection Model

Implementation

5.1 General

This chapter presents the implementation of the developed partner selection model on four real
case studies. The developed partmdection model encompasses two techniques: the FANP and

the TOPSIS method. The two techniques are applied to each case study, and the results are
compared. The developed model is applied on four projects difflerent countries. These
projects vary in tens of their location, type, cost and concession period. This variability is

intended to measure the developed model ' s per

best private partner in each project.

5.1 Discussion of Questionnaire Responses

The suvey was mainly targeted to experts in PPP infrastructure projects, but it was also sent to
some experts globally. The experts are mainly from Transportdtarin the Media Center
Training, DocumentatioandStudiesn Communication TechnologigtheGeneral Authority for
partnershipbetweenthe public and privatesector the Ministry of Finance,the Ministry of
infrastructure, andhe Ministry of Communications\Nationalinfrastructure andoad safetyAs

shown in Figure 8., the survey was distribute¢o a hundred experts and eighty six responses were
collected and utilized to develop the model for the private partner selection. The response rate was

86%, an acceptable response rate.
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Eresponses

O No - respones

Figure5-1: Pecentage of responses
The respondents were classified based on their position level, as shown in Rigwiese 33%
of the respondents were construction managers, 16% were director of infrastructure managers,

41% were project managers, and 10% had gtbsitions within the construction industry.

Experts Job Classification
45% - 41%
40% -
35% - 33%
30% -
25% -
20% - 16%
15% -
10%
10% -
5% -
0% — T T T 1
Construction Director of  Project Manager Others
Manager infrastructure
management

Figure5-2Ex perts’ Job Classification
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The respondents were also classified by their years of experience in infrastructure projects as
shown in Figure 8, where 17% had less than 5 years of experience, 32% had 6 to 10 years of
experience, 28% had 11 to 15 years of experience, 14% had 16 to 20 years of experience and 9%

had more than 20 years of experience.

Experts Classification byears of
Experience

35% - 300%

30% - 28%

25% -

20% 4 179

15% - 14%

10% - 9%

5% -

O% T T T T 1
Less Than5  "6-10" "11-15" "16-20"  More than 20
Figure5-3:Ex pert s’ Cl assi fication by Years

5.2 Private Partner Selection Model Implementation using Fuzzy ANP

The developed model is tested on four case studies. The model implementation is performed in
four steps, using FANP: main criteria weiglk ’ calcarateona wwebght s’

priority weights’ cal cul ati on, and partner r
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521 Main Criteria Weightsoé6 Calculation
The first step in the model development is to construct fuzzy comparison matrices. The fuzzy
judgment matrix for thdive criteria with respect to the overall goal is shown in Tabkle She
linguistic terms and corresponding fuzzy intervals given in Tat8en@re used for comparison
ratios. The fuzzy numbers are composed in the form of (I, m, u), as explained irr Ghdfae
example, in Table, the comparison between C1 and C1 is represented by fuzzy number (1, 1,
1), and the comparison between C1 and C2 is represented by the fuzzy number (3/2, 2, 5/2), which
reflects the importance of C1 with respect to C2.

Table5-1: Fuzzy judgment matrix for Case Study |

Goal Cl Cc2 C3 C4 C5
C1 (1,1,1) (3/2,2,5/2) (1/2,1,3/2) (1,3/2,2) (1/2,1,3/2)
C2 (2/5,1/2,2/3) (1,1,1) (1,3/2,2) (1,1,1) (1/2,1,3/2)
C3 (2/3,1,2) (1/2,2/3,1) (1,1,1) (1/2,2/3,1) (1,1,1)
C4 (1/2,2/3,1) (1,1,1) (1,3/2,2) (1,1,1) (3/2,2,5/2)
C5 (2/3,1,2) (2/3,1,2) (1,1,1) (2/5,1/2,213) (1,1,1)
Next, Chang’' s extent analysis is applied to

shown in Table 2, where the fuzzy synthetic extent values are calculated using Equdion 3

The fuzzy synthetic extent value f8r the financial criteria in case study 1 is calculated as:

St = ((1+3/2+1/2+1+1/2); (1+2+1+3/2+1); (1+5/2+3/2+2+3R))
(1/(1+5/2+3/2+2+3/2+2/3+1+2+1+3/2+2+1+1+1+1+1+1+2+1+5/2+2+2+1+2/3+1);
1/(1+2+1+3/2+1+1/2+1+3/2+1+1+1+2/3+1+2/3+1+2/3+1+3/2+1+2+1+14A+1);

1/(1+3/2+1/2+1+1/2+2/5+1+1+1+1/2+2/3+1/2+1+1/2+1+1/2+1+1+1+3/2+2/3+2/3+1+2/5+1) )

Si= (4.5; 6.5; 8.5% (1/34.8;1/26.5;1/20.8) = (0.129; 0.245; 0.409)
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Table5-2: Fuzzy synthetic extent vals®fthec r i t er i a’ s

Criteria Fuzzy synthetic extent value

\?vrel?g;m/s Case Study | Case Study Il Case Study llI Case Study IV
Y (0.129,0.245,0.409) (0.277,0.335,0.421) (0.400,0.298,0.302) (0.300,0.367,0.333)
Y (0.201,0.320,0.587) (0.252,0.326,0.415) (0.222,0.381,0.397)| (0.222,0.381,0.397)
Y (0.066,0.154,0.287) (0.366,0.311,0.323) (0.333,0.367,0.300)| (0.333,0.367,0.300)
Y (0.165,0.254,0.278) (0.233,0.388,0.379) (0.300,0.355,0.345) (0.310,0.375,0.320)
Y (0.095,0.177,0.289) (0.250,0.250,0.500) (0.500,0.500,0.000) (0.320,0.384,0.296)

From the calculated criteria fuzzy synthetic extent values in Tab|dte degree of possibility is
calculated using Equations 3.9 to 3.11, and hence the normalized weights of the five criteria are
calculated usig Equation 3.12 as shown in Tabl& 5w~hich presents the calculated normalized
weights for the five main criteria for the four case studies. For example, for case study | the weight
for the technical criteria (Y is the greatest, while for case studiéand IV the financial criteria

weight (W) is the highest.

Table5-3: Criteria normalized weights

Criteria priority Normalized weights
weights Case Study | | Case Study Il| Case Study Il Case Study IV
W 0.266 0.275 0.365 0.266
W 0.232 0.250 0.209 0.232
W 0.109 0.060 0.191 0.109
W 0.227 0.100 0.210 0.227
W 0.166 0.315 0.025 0.166

522 SubCriteria Weightso6é Calcul ati on
Subcriteria are compared using pairwise comparison, and then the reldgedent matrices are
constructed. Chang’ s met hod f o-ritemaad utilized ot i n g
calculate their weight with respect to the main criteria, calculated as shown in Tables 5.4 and 5.5,

which present the sutriteria priorty weights for the first case study.
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Table5-4: Chang’ s pr i ocriterib ggaingteack dthiergCasefStudy U).b

SubCriteria
0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 o] o] o]

0.000 | 0.000 | 0.000 | 0.000 | 0.488 | 0.225 | 0.250 | 0.125 | 0.395 | 0.310 | 0.295 | 0.184 | 0.313 | 0.177 | 0.354 | 0.325 | 0.328 | 0.290
0.000 | 0.000 | 0.000 | 0.000 | 0.488 | 0.225 | 0.250 | 0.125 | 0.322 | 0.341 | 0.263 | 0.173 | 0.302 | 0.164 | 0.342 | 0.350 | 0.364 | 0.300
0.000 | 0.000 | 0.000 | 0.000 | 0.500 | 0.326 | 0.187 | 0.188 | 0.395 | 0.310 | 0.295 | 0.169 | 0.320 | 0.160 | 0.361 | 0.286 | 0.340 | 0.261
0.000 | 0.000 | 0.000 | 0.000 | 0.551 | 0.411 | 0.177 | 0.079 | 0.322 | 0.341 | 0.263 | 0.174 | 0.300 | 0.188 | 0.344 | 0.245 | 0.317 | 0.288
0.244 | 0.225 | 0.250 | 0.125 | 0.000 | 0.000 | 0.000 | 0.000 | 0.222 | 0.224 | 0.371 | 0.288 | 0.271 | 0.233 | 0.234 | 0.343 | 0.350 | 0.311
0.288 | 0.271 | 0.233 | 0.234 | 0.000 | 0.000 | 0.000 | 0.000 | 0.209 | 0.365 | 0.323 | 0.265 | 0.277 | 0.211 | 0.203 | 0.233 | 0.277 | 0.209
0.288 | 0.271 | 0.233 | 0.234 | 0.000 | 0.000 | 0.000 | 0.000 | 0.217 | 0.332 | 0.315 | 0.228 | 0.244 | 0.209 | 0.236 | 0.255 | 0.226 | 0.213
0.222 | 0.224 | 0.371 | 0.288 | 0.000 | 0.000 | 0.000 | 0.000 | 0.212 | 0.303 | 0.366 | 0.218 | 0.268 | 0.200 | 0.245 | 0.290 | 0.215 | 0.200
0.315 | 0.228 | 0.244 | 0.209 | 0.236 | 0.255 | 0.226 | 0.213 | 0.000 | 0.000 | 0.000 | 0.115 | 0.327 | 0.221 | 0.110 | 0.233 | 0.219 | 0.201
0.209 | 0.365 | 0.323 | 0.265 | 0.322 | 0.341 | 0.263 | 0.174 | 0.000 | 0.000 | 0.000 | 0.210 | 0.387 | 0.235 | 0.116 | 0.241 | 0.212 | 0.210
0.174 | 0.300 | 0.188 | 0.344 | 0.173 | 0.302 | 0.164 | 0.342 | 0.000 | 0.000 | 0.000 | 0.217 | 0.390 | 0.239 | 0.120 | 0.199 | 0.117 | 0.100
0.265 | 0.277 | 0.211 | 0.203 | 0.263 | 0.174 | 0.300 | 0.188 | 0.174 | 0.123 | 0.146 | 0.000 | 0.000 | 0.000 | 0.000 | 0.325 | 0.387 | 0.342
0.500 | 0.326 | 0.187 | 0.188 | 0.395 | 0.310 | 0.295 | 0.188 | 0.395 | 0.310 | 0.295 | 0.000 | 0.000 | 0.000 | 0.000 | 0.370 | 0.344 | 0.355
0.322 | 0.310 | 0.300 | 0.280 | 0.317 | 0.271 | 0.241 | 0.196 | 0.144 | 0.113 | 0.122 | 0.000 | 0.000 | 0.000 | 0.000 | 0.333 | 0.361 | 0.314
0.211 | 0.203 | 0.263 | 0.174 | 0.263 | 0.174 | 0.300 | 0.300 | 0.188 | 0.174 | 0.123 | 0.000 | 0.000 | 0.000 | 0.000 | 0.352 | 0.343 | 0.342
0.157 | 0.144 | 0.131 | 0.136 | 0.118 | 0.147 | 0.101 | 0.128 | 0.138 | 0.116 | 0.241 | 0.212 | 0.210 | 0.124 | 0.116 | 0.000 | 0.000 | 0.000
0.101 | 0.113 | 0.109 | 0.115 | 0.110 | 0.120 | 0.111 | 0.129 | 0.128 | 0.104 | 0.111 | 0.129 | 0.115 | 0.110 | 0.099 | 0.000 | 0.000 | 0.000
0.099 | 0.120 | 0.111 | 0.129 | 0.128 | 0.104 | 0.111 | 0.129 | 0.115 | 0.110 | 0.115 | 0.110 | 0.120 | 0.111 | 0.102 | 0.000 | 0.000 | 0.000

Oz Oz O:| Oz Oz| Oz| Oz Oz| Oz| O:| Oz | Oz Oz| Oz| Oz Oz| Oz| Oz

Table 55 presents the calculated stiiteria weights for case study I, where sutberia W3 (Construction program and ability to
meet its targeted milestone) has the highest weight of 0.5525, ar{éd&eptance of risk transfer) is second with a weight of 0.4210.

It is worth noting that A4 (Foreign Financing) has the lowest weight of 0.0155.

Table5-5: SubCriteria Weights (Case Study ).

Sub-Criteria Weights
C1 C2 C3 C4 C5
Subl 0.3741 0.1455 0.3333 0.2229 0.4000
Sub2 0.3227 0.1520 0.3579 0.4210 0.3882
Sub3 0.2877 0.5525 0.3088 0.2000 0.2118
Sub4 0.0155 0.1500 - 0.1561 -
Total 1 1 1 1 1
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5.2.3 Priority Weights Calculation

The amount of interdependency among-stiteria, or the degreeofsutbr i t er i a’ s | mpac!
other was measured. The priority weights of alternatives watipect to the sutriteria are

calculated as shown in Table65 where partner fhas the highest weight with respect to-sub

criteria G2 (Conformance to laws and regulations) with a weight of 0.375, partieasPthe

highest weight with respect to sehteria Gz (Qualification/experience of safety and
environmental personal) with a weight of 0.362, partnéraB the highest weight with respect to
subcriteria G1 (Equity/Debt) with a weight of 0.387, and partnehBs the highest weight with

respecto subcriteria Gz (Compliance with boycott trade laws) with a weight of 0.32.

Table5-6:Chang’ s priority wei ght s-critefiaCadeStadyat i ves

Q)
O |0 9] 0O 0O 0O 0O 0O 0 9] 0O B < < @ O O @]
B P B = N N N N W W W S S S a1 a1 a1
= N w N = N w IN = N w N w IN P N w

P1 |0.0790.2160.219/0.3620.3020.211/0.2230.361] 0.22|0.375/0.133/0.111]0.222/0.225/ 0.3 |0.2330.299 0.
P2 10.3480.227 0.14 {0.2140.222/0.355 0.2 | 0.09|0.2950.087/0.3620.3250.2710.227/0.2550.205/0.271 0.2

P3|0.387/0.277/0.356| 0.3 |0.2130.322/0.277)0.366/0.2850.261/0.322/0.378 0.3450.223/0.2450.295/0.288 0.175
P4 [0.18&] 0.28|0.2850.1240.2630.112 0.3 |0.183 0.2 |0.277/0.1830.186/0.1620.225 0.2 |0.267/0.142 0.32

w
o
o

5.2.4 Partner Ranking

The priority vectors obtained through paired comparisons are placed in the appropriate columns to
form the supermatrix. Table-B represents the supermatrix for case study I, where the zero
elements in the supermatrshow the independencies among the variables in the rows and
columns. The supermatrix is then transformed into a weighted matrix. The transformation process
involves multiplying the supermatrix by the cluster matrix, so that the priorities of the cluesters

be taken into account in the decision making process. Finally, the weighted supermatrix is
transformed into the limit supermatrix, shown in Tabg, 50 make the distribution of the vector

values meaningful to decision makers
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In the unweighted supmatrix shown in Table-3, the first column and the first row are the cluster of alternatives, the selection criteria

and the goal. The priority weight of each element in the cluster is entered in the corresponding cell, and then thé&gladéd c

Table5-7: (unweighted) super matrix for the private partner selection (Case Study I).

Cluster

Node level

Alternatives

Criteria

(o]

V)

V)

6 6

Goal

QY|

0.000

0.000

0.000

0.000

0.079 | 0.216

0.219

0.362

0.302

0.211

0.223

0.361

0.220

0.375

0.133

0.111

0.222

0.225

0.300

0.233

0.299

0.305

0.0000

0.000

0.000

0.000

0.000

0.348 | 0.227

0.140

0.214

0.222

0.355

0.200

0.090

0.295

0.087

0.362

0.325

0.271

0.227

0.255

0.205

0.271

0.200

0.0000

0.000

0.000

0.000

0.000

0.387 | 0.277

0.356

0.300

0.213

0.322

0.277

0.366

0.285

0.261

0.322

0.378

0.345

0.223

0.245

0.295

0.288

0.175

0.0000

0.000

0.000

0.000

0.000

0.186 | 0.280

0.285

0.124

0.263

0.112

0.300

0.183

0.200

0.277

0.183

0.186

0.162

0.225

0.200

0.267

0.142

0.320

0.0000

Oz Ca C C Cf

0.300

0.222

0.523

0.333

0.000 | 0.000

0.000

0.000

0.488

0.225

0.250

0.125

0.395

0.310

0.295

0.184

0.313

0.177

0.354

0.325

0.328

0.290

0.2000

elLoIID

0.289

0.201

0.213

0.472

0.000 | 0.000

0.000

0.000

0.488

0.225

0.250

0.125

0.322

0.341

0.263

0.173

0.302

0.164

0.342

0.350

0.364

0.300

0.1500

0.270

0.277

0.200

0.181

0.000 | 0.000

0.000

0.000

0.500

0.326

0.187

0.188

0.395

0.310

0.295

0.169

0.320

0.160

0.361

0.286

0.340

0.261

0.0650

O:| O:|O:| Oz

0.140

0.299

0.064

0.013

0.000 | 0.000

0.000

0.000

0.551

0.411

0.177

0.079

0.322

0.341

0.263

0.174

0.300

0.188

0.344

0.325

0.328

0.290

0.0055

0.163

0.142

0.189

0.154

0.244| 0.225

0.250

0.125

0.000

0.000

0.000

0.000

0.222

0.224

0.371

0.288

0.271

0.233

0.234

0.343

0.350

0.311

0.0821

0.311

0.197

0.200

0.487

0.288| 0.271

0.233

0.234

0.000

0.000

0.000

0.000

0.209

0.365

0.323

0.265

0.277

0.211

0.203

0.233

0.277

0.209

0.0063

0.250

0.265

0.388

0.277

0.288 | 0.271

0.233

0.234

0.000

0.000

0.000

0.000

0.217

0.332

0.315

0.228

0.244

0.209

0.236

0.255

0.226

0.213

0.1179

[eHiIeHIeHIeH

0.163

0.394

0.221

0.080

0.222] 0.224

0.371

0.288

0.000

0.000

0.000

0.000

0.212

0.303

0.366

0.218

0.268

0.200

0.245

0.343

0.350

0.311

0.0011

Os

0.100

0.266

0.250

0.387

0.315| 0.228

0.244

0.209

0.236

0.255

0.226

0.213

0.000

0.000

0.000

0.115

0.327

0.221

0.110

0.233

0.219

0.201

0.0033

Os

0.333

0.400

0.500

0.458

0.209 | 0.365

0.323

0.265

0.322

0.341

0.263

0.174

0.000

0.000

0.000

0.210

0.387

0.235

0.116

0.241

0.212

0.210

0.0035

O=

0.566

0.333

0.250

0.154

0.174 | 0.300

0.188

0.344

0.173

0.302

0.164

0.342

0.000

0.000

0.000

0.217

0.390

0.239

0.120

0.199

0.117

0.100

0.0025

0.244

0.181

0.300

0.293

0.265 | 0.277

0.211

0.203

0.263

0.174

0.300

0.188

0.174

0.123

0.146

0.000

0.000

0.000

0.000

0.325

0.387

0.342

0.0315

0.222

0.188

0.333

0.184

0.500 | 0.326

0.187

0.188

0.395

0.310

0.295

0.188

0.395

0.310

0.295

0.000

0.000

0.000

0.000

0.370

0.344

0.355

0.1000

0.222

0.400

0.250

0.245

0.322 | 0.310

0.300

0.280

0.317

0.271

0.241

0.196

0.144

0.113

0.122

0.000

0.000

0.000

0.000

0.333

0.361

0.314

0.0045

Oz Oz Oz| O=

0.310

0.230

0.117

0.277

0.211 | 0.203

0.263

0.174

0.263

0.174

0.300

0.300

0.188

0.174

0.123

0.000

0.000

0.000

0.000

0.352

0.343

0.342

0.0043

O=

0.344

0.333

0.400

0.156

0.157 | 0.144

0.131

0.136

0.118

0.147

0.101

0.118

0.138

0.116

0.241

0.212

0.210

0.124

0.116

0.000

0.000

0.000

0.0800

O=

0.355

0.333

0.400

0.232

0.101| 0.113

0.109

0.115

0.110

0.120

0.111

0.110

0.128

0.104

0.111

0.129

0.115

0.110

0.099

0.000

0.000

0.000

0.0650

0.299

0.334

0.200

0.611

0.099 | 0.120

0.111

0.129

0.128

0.104

0.111

0.128

0.115

0.110

0.115

0.110

0.120

0.111

0.102

0.000

0.000

0.000

0.0838

09

0.000

0.000

0.000

0.000

0.000 | 0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.0000
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The limit supermatrix for case study | is shown in Tab& @here the first column and row are the cluster of alternatives, the

selection criteria and the goal. The limit supermathaws the weight of each element in the cluster after the matrix reaches stability.

Table5-8: Limit super— matrix for the private partner selection (Case Study )

Cluster Node
level

Alternatives

Criteria

Goal

[0)

F3

F3

0

0

F3

3

3

0.068

0.068

0.068

0.068

0.068

0.068

0.068

0.068

0.068

0.068

0.068

0.068

0.068

0.068

0.068

0.068

0.068

0.068

0.068

0.068

0.068

0.068

0.068

[V

0.118

0.118

0.118

0.118

0.118

0.118

0.118

0.118

0.118

0.118

0.118

0.118

0.118

0.118

0.118

0.118

0.118

0.118

0.118

0.118

0.118

0.118

0.118

0.159

0.159

0.159

0.159

0.159

0.159

0.159

0.159

0.159

0.159

0.159

0.159

0.159

0.159

0.159

0.159

0.159

0.159

0.159

0.159

0.159

0.159

0.159

0.096

0.096

0.096

0.096

0.096

0.096

0.096

0.096

0.096

0.096

0.096

0.096

0.096

0.096

0.096

0.096

0.096

0.096

0.096

0.096

0.096

0.096

0.096

0.122

0.122

0.122

0.122

0.122

0.122

0.122

0.122

0.122

0.122

0.122

0.122

0.122

0.122

0.122

0.122

0.122

0.122

0.122

0.122

0.122

0.122

0.122

elIRIID

0.099

0.099

0.099

0.099

0.099

0.099

0.099

0.099

0.099

0.099

0.099

0.099

0.099

0.099

0.099

0.099

0.099

0.099

0.099

0.099

0.099

0.099

0.099

0.021

0.021

0.021

0.021

0.021

0.021

0.021

0.021

0.021

0.021

0.021

0.021

0.021

0.021

0.021

0.021

0.021

0.021

0.021

0.021

0.021

0.021

0.021

O3 O:| Oz O=

0.018

0.018

0.018

0.018

0.018

0.018

0.018

0.018

0.018

0.018

0.018

0.018

0.018

0.018

0.018

0.018

0.018

0.018

0.018

0.018

0.018

0.018

0.018

0.025

0.025

0.025

0.025

0.025

0.025

0.025

0.025

0.025

0.025

0.025

0.025

0.025

0.025

0.025

0.025

0.025

0.025

0.025

0.025

0.025

0.025

0.025

0.019

0.019

0.019

0.019

0.019

0.019

0.019

0.019

0.019

0.019

0.019

0.019

0.019

0.019

0.019

0.019

0.019

0.019

0.019

0.019

0.019

0.019

0.019

0.040

0.040

0.040

0.040

0.040

0.040

0.040

0.040

0.040

0.040

0.040

0.040

0.040

0.040

0.040

0.040

0.040

0.040

0.040

0.040

0.040

0.040

0.040

O:| Oz[ O O=

0.040

0.040

0.040

0.040

0.040

0.040

0.040

0.040

0.040

0.040

0.040

0.040

0.040

0.040

0.040

0.040

0.040

0.040

0.040

0.040

0.040

0.040

0.040

Os

0.009

0.009

0.009

0.009

0.009

0.009

0.009

0.009

0.009

0.009

0.009

0.009

0.009

0.009

0.009

0.009

0.009

0.009

0.009

0.009

0.009

0.009

0.009

Os

0.011

0.011

0.011

0.011

0.011

0.011

0.011

0.011

0.011

0.011

0.011

0.011

0.011

0.011

0.011

0.011

0.011

0.011

0.011

0.011

0.011

0.011

0.011

Os

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.010

0.010

0.010

0.010

0.010

0.010

0.010

0.010

0.010

0.010

0.010

0.010

0.010

0.010

0.010

0.010

0.010

0.010

0.010

0.010

0.010

0.010

0.010

0.034

0.034

0.034

0.034

0.034

0.034

0.034

0.034

0.034

0.034

0.034

0.034

0.034

0.034

0.034

0.034

0.034

0.034

0.034

0.034

0.034

0.034

0.034

0.013

0.013

0.013

0.013

0.013

0.013

0.013

0.013

0.013

0.013

0.013

0.013

0.013

0.013

0.013

0.013

0.013

0.013

0.013

0.013

0.013

0.013

0.013

Oz O:| Oz| O

0.014

0.014

0.014

0.014

0.014

0.014

0.014

0.014

0.014

0.014

0.014

0.014

0.014

0.014

0.014

0.014

0.014

0.014

0.014

0.014

0.014

0.014

0.014

O=

0.042

0.042

0.042

0.042

0.042

0.042

0.042

0.042

0.042

0.042

0.042

0.042

0.042

0.042

0.042

0.042

0.042

0.042

0.042

0.042

0.042

0.042

0.042

O=

0.036

0.036

0.036

0.036

0.036

0.036

0.036

0.036

0.036

0.036

0.036

0.036

0.036

0.036

0.036

0.036

0.036

0.036

0.036

0.036

0.036

0.036

0.036

0.044

0.044

0.044

0.044

0.044

0.044

0.044

0.044

0.044

0.044

0.044

0.044

0.044

0.044

0.044

0.044

0.044

0.044

0.044

0.044

0.044

0.044

0.044

[e09)

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.0000
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The final priority of the four private partner alternatives is represented in Tehlevbere

private partnep T® U i@ chosen as the best private partner to deliver this project. While

the result selected private partn@r 1@ UL as the best private partner, the authorities
(decision makers) selected private partiier = 0.096, with a value rating less than the both
private partner8 AT BA. The decision makers based their selection on unjustifiable and
subjective political factors. On the other hand, the developed model provides flexibility in
expressing the decision makemslsratiperteah mthenc e s
form of single numeric values. Also, the developed model is able to deal with possible
interdependencies among the selection criteria.

Table5-9: The priorities of the four private gaers (Case Study I).

Private Partner Priority of the Alternatives Rank
Private Partner P1 0.068 4
Private Partner P2 0.118 2
Private Partner P3 0.159 1
Private Partner P4 0.096 3

A similar approach is applied for the three other cases, andutienary of the results is
presented in Table- 50, where the private partners are ranked based on their priority weighting.
For case number one, private partner P3 was ranked the highest with a priority weight of 0.159.
For case number two, private partR& was the highesanked with a priority weight of 0.223.

As for case number three, private partner P1 was selected with the highest priority weight of
0.238. Finally for case number four, private partner P3 was the highest ranking partner with a

priority weight of 0.123.
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Table5-10: Partner Ranking Summary of four case studies.
Private Partner Priority of the Alternatives

Private Partner P1 0.068 0.112 0.238 0.058
Private Partner P2 0.118 0.223 0.148 0.045
Private Partner P3 0.159 0.122 0.105 0.123

0.096

Private Partner P4
Private Partner P5
Private Partner P6

5.3 Private Partner Selection Model Implementation using TOPSIS

The developed model is tested on four case studites.model implementation using the
TOPSIS approach is performed in four steps: general criteria weights calculation, decision

matrix calculation, separation calculation, and partner ranking.

5.3.1 General Criteria Weights Calculation
In the TOPSIS technique, thgeneral criteria weights are customized for each project. As
explained in the methodology section, the sum of the weights should add to 100%, wherein each
of the risk factors is assigned a weight by credit exports. For example,daghestudy, Ithe
pdlitical risk is twice as important as the safety and environmental risk, therefore it was assigned
a higher weight as shown in Tablelb. This political risk is largely due to prolonged political
instability and civil war in the country which makes inwesttwice as wared as they would

be in case study IV

Table5-11: General Criteria Weights (Case Study I).
General Criteria Weights

Financial

Technical

Safety & Environmental

Managerial

Political

35.0%

35.0%

7.5%

7.5%

15.0%
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5.3.2 Decision Matrix Calculation
Each partner was assessed by experts on each of the five criteria, as shown inIBable 5
according to their ability to fulfill the best practices of the selection criteria. Each cell in Tables
5-12 to 515 represents the score given by each of ten exfmgreach of the four partners A
D) for case study | . These scores are al so a
each criteria. For example, the average score of the ten experts for partner A's Financial

capability is 2.6.

Table5-12: Experts opinions for partner A (Case Study I).

Experts opinions for partner A
112/3|4/5/6|7[8|9]| 10 Average
Financial 1/2(4|3(1|3|5(3|3| 1 2.60
Technical 3/4(4/1(3|/4|5|3(2| 1 3.00
Safety & Environmental 3(4(3(1(23]1]|5]2] 1 2.50
Managerial 2(3(4(2(4/3|2|3|2]| 4 2.90
Political 3/2|4|3(1(/2|3|4(|2| 5 2.90
Table5-13: Experts opinions for partner B (Case Study ).
Experts opinions for partner B
112/3|4/5/6|7[8|9]| 10 Average
Financial 3(4(3(3(5(43|3|2] 3 3.3
Technical 4(3/4(3/3(2|3(4/4| 3 3.3
Safety & Environmental 213|4|12]1|5|32|4| 5 3.1
Managerial 314/3|3/2|4/3[4|3| 2 3.1
Political 3/4(4(3(2|3[4[2[3| 2 3
Table5-14: Experts opinions for partner C (Case Study ).
Experts opinions for partner C
112/3|4/5/6|7[8|9]| 10 Average
Financial 413|5(4(4|3(4|5|3]| 4 3.9
Technical 3/4|5/4/4|5/3/4|5| 3 4
Safety & Environmental 413|5/5(2|13[4|3|4| 5 3.8
Managerial 41513445443 ] 5 4.1
Political 5/5(3/4(2|3|3|4|5| 4 3.8
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Table5-15: Experts opinions for partner D (Case Study ).

Experts opinions for partner D
112/3/4|5/6]7|8|9| 10 Average
Financial 3/3|3[2|3|5|4/4]3 4 3.4
Technical 2131414133353 4 3.4
Safety & Environmental 312/4|5|/2|3]2|3|3 3 3
Managerial 4134|5424 |2|4 5 3.7
Political 413/4/5/2[3|23]|2 5 3.3

Table51 6 summari zes the expert’s assessment f
valuefor each criteria is calculated as the square root of the sum of squares (for each cell). For

example, the total value for the financial criteria is calculated as:

Nc® o® o8 08 =6.664

Table5-16: Decision Matrix (Case Study ).

Decision Matrix
Partner A | Partner B | Partner C | Partner D Total
Financial 2.60 3.30 3.90 3.40 6.6648330
Technical 3.00 3.30 4.00 3.40 6.8883960
Safety & Environmental 2.50 3.10 3.80 3.00 6.2689712
Managerial 2.90 3.10 4.10 3.70 6.9656299
Political 2.90 3.00 3.80 3.30 6.5375836

The next step is to normalize the scores. This provides a better comparison tool, especially when
partners are very different in scale or in the nature of their business. TOPSIS applies the de
unitization concept to normalize the scores. This step transforms various attribute dimensions
into nondimensional attributes as shown in Tablé & which then allows for comparison
across criteria. Each cell in Tablel3 is calculated by dividing theoresponding value in

Table 516 by the total in its last column. For example, the financial normalized weight for

partner A is calculated ags— = 0.39, the same approach is applied to the rest of the cells.
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Table5-17: Standard Decision Matrix (Case Study I).

Standard Decision Matrix
Partner A Partner B Partner C Partner D
Financial 0.39 0.50 0.59 0.51
Technical 0.44 0.48 0.58 0.49
Safety & Environmental 0.40 0.49 0.61 0.48
Managerial 0.42 0.45 0.59 0.53
Political 0.44 0.46 0.58 0.50

The weighted standard decision matrix takes into account the general weights by multiplying

the standard decision matrix (Tablel®) by the general criterial weights (Table5). The

calculated weighted standard decision matrix for case study | is presented in-I8bigtere

the first column lists the criteria, the next four columns present the weighted standard decision

matrix, and the last two columns represent the ffaaairableand the leastavorable alternative

for each criteria. For example, the financial criteria weighted standard decision is calculated as:

0.39*0.35 = 0.1365.

Table5-18: Weighted Standard Decision Matrix (Casady I).

Weighted Standard Decision Matrix | Positive | Negative
Partner | Partner | Partner| Partner| Ideal Ideal
A B C D
Financial 0.13654| 0.17330| 0.20481| 0.17855| 0.2048 | 0.1365
Technical 0.15243| 0.16767| 0.20324| 0.17275| 0.2032 | 0.1524
Safety &Environmental| 0.02991| 0.03709| 0.04546| 0.03589| 0.0455 | 0.0299
Managerial 0.03122| 0.03338| 0.04415| 0.03984| 0.0441 | 0.0312
Political 0.06654| 0.06883| 0.08719| 0.07572| 0.0872 | 0.0665
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5.3.3 Separation Calculation

The separation of the positive ideal solution andhgative ideal solution is utilized to measure
the distance between the alternative and the extreme solutions. FaBlgresents the
separation from the positive ideal solutions in each of the five criteria for case study I. For
example, the separatiorofn the weighted positive ideal financial criteria rating for partner A

in case study | is calculated from Tabld & as: (0.13654.2048% = 0.0047. The shorter the

di stance a

relative to the others.

partner

s val

ues

ar e

Table5-19: Separation from Positive Ideal Solution (Case Study I).

f that partner h e

Separation from Positive Ideal Solution
Partner A Partner B Partner C Partner D
Financial 0.0047 0.0010 0.0000 0.0007
Technical 0.0026 0.0013 0.0000 0.0009
Safety & Environmental 0.0002 0.0001 0.0000 0.0001
Managerial 0.0002 0.0001 0.0000 0.0000
Political 0.0004 0.0003 0.0000 0.0001
Separation( S+) 0.0899 0.0527 0.0000 0.0431

Similarly, theseparations from the negative ideal solutions are calculated for case study | as

shown in Table 820. For example the financial negative separation for partner B is calculated

from Table 518 as: (0.17330.1365% = 0.0014.

Table5-20: Separation from Negative Ideal Solution (Case Study I).

Separation from Negative Ideal Solution
Partner A Partner B Partner C Partner D
Financial 0.0000 0.0014 0.0047 0.0018
Technical 0.0000 0.0002 0.0026 0.0004
Safety & Environmental 0.0000 0.0001 0.0002 0.0000
Managerial 0.0010 0.0011 0.0019 0.0016
Political 0.0000 0.0000 0.0004 0.0001
Separation(g 0.03122 0.05248 0.09929 0.06233
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5.3.4 Partner Ranking
The final partner ranking is performed based on the separatitmgdated in the previous step.
The calculated positive and negative separations are used to find the relative separation value
as shown in Table-81. For example, for partner A, the relative separation value is calculated
as: 0.03122/ (0.0899+0.03122P-2578. Higher values mean more distance from the negative
solution and less from the ideal positive one. The last row in Takleshows the final partner
ranking based on the calculated relative separatibims.result for case study | shows that
private partner C the best private partner to deliver this project; however, the authorities

(decisions makers) selected private partner D.

Table5-21: Relative Separation and Partner Ranking (Case Study ).

Relative Separation
Partner A Partner B Partner C Partner D
Separation( S+) 0.0899 0.052733272 0 0.043134706
Separation(§ 0.03122 0.05248 0.09929 0.06233
(S+) +(9) 0.12112 0.10522 0.09929 0.10547
S/((S+) + (S)) 0.2578 0.4988 1 0.5910
Rank ofPartners 4 3 1 2

The same approach is applied on all four case studies and the results are summarized in Table
5-22, where partner P3 was the best alternative for case study I, partner P2 was the best
alternative for case study I, partner P1 washiest alternative for case study Ill, and partner

P3 was the best alternative for case study IV.

Table5-22: Partner ranking using a TOPSIS summary of four case studies.

Private Partner Priority of the Alternat ives
Private Partner P1 0.2578 0.0823 0.1246 0.6766
Private Partner P2 0.4988 0.9087 0.0859 0.4044
Private Partner P3 1 0.2340 0.0562 1
Private Partner P4 0.5910

Private Partner P5
Private Partner P6
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5.4 Model Test andComparison

The developed model was applied in four case studies to evaluate its performance for selecting

the best private partners in PPP projects. These case studies vary in terms of location, size, type,
budget, and concession period. This variabiigs reflected in the calculated criteria weights,

which varied from one project to another. The model was applied using two approaches
(developed or modified for this study), the Fuzzy Analytical Network Process (FANP), and the
TOPSIS multicriteria decison making technique. The rationale of using two approaches is to
crosscheck the model output and thereby offer the decision maker additional confidence in the
results. The two approaches complement each other; the FANP accounts for the
interdependenciesaamn g t he sel ection criteria and the u
judgement, and on the other hand, the TOPSIS allows the potential private partners to be ranked
based on the general criteria, and thus how well they fit the project objecthee3 AOPSIS
ranking is based on the separation of the pé:

ideal and from the negative ideal solutions.

To assess the model’'s performance, its outopu
case stugl The results of case study IToll Bridge in thecase study, lare illustrated in Table

5-23, indicating that the FANP and the TOPSIS approaches both selected private partner P3,
while the partner selected for this project by the government was pBAnBoth approaches

(FANP & TOPSIS) provided the same results, however this result is not in line with the actual
case study results, therefore it is important to try to understand why the government committee

chose to select a partner that was the thialae of one method and far from the first choice of

another method.
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Table5-23: Case Study-IToll bridge— Results Comparison.

Private Partner FANP TOPSIS Actual
P1 0.068 0.257
P2 0.118 0.498
P3 0.159 1
P4 0.096 0.591 \%

The general criteria weights using both FANP and TOPSIS are presented in-Pdblettere

the actual governmental evaluation on that project was based only on the financial and technical
criteria. The similarity in theveights for both the financial and technical criteria is illustrated

in Figure 54, while there are large differences in the weights of the managerial and the safety
& environmental criteria. The evaluating authority only considered the financial andcedchn
criteria, which resulted in the wrong selection of their private partner. This illustrates the
importance of considering the whole cluster of criteria in the selection process in order to have

a comprehensive assessment of the competitors.

Table5-24: Case Study-IToll bridge— General Criteria

Criteria FANP TOPSIS Actual
Financial 0.266 0.350 \%
Technical 0.232 0.350 \%
Safety & Environmental 0.109 0.075 U
Managerial 0.227 0.075 U
Political 0.166 0.150 U

It is also noting that, while the TOPSIS analysis provided the same solution for the selection, it
only considered the general criteria. Therefore, it presented a different ranking for the
subsequent partners, where it ranked partner P4 secoitel FRAINP ranked the same partner

third. This difference in the ranking is due to the detailed assessment provided by the FANP, in

which not only the general criteria is considered, but alsecstdyia, while taking into
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consideration the interdependersc@mong them. Moreover, the fuzzy representation of the

he

expert’s judgements also contributes to t
General Criteria Weight

0.4
0.35
0.3
0.25
0.2
0.15
0.1

0.05 I . .
0

Financials Technical Safety & Managerial Political

Environmental

m FANP m TOPSIS

Figure5-4: Case Study-General Criteria Weights Comparison

For case study It Highway, the results of the analysis are presented in Tabe Wwhere the
developed models using the FANP and the TOPSIS method selected private partner P2, while

the authority selected privat e squanmd polgical P 1.

decision from a higtevel governmental authority to select that specific partner. They did not

account for any selection criteria, which resulted in a very subjective selection of their private

partner. Such a selection process highitigine importance and the need for the developed

selection model, which removes subjectivity (potentially greatly reducing favoritism, graft and

unsatisfactory work) and provides a structured method for selecting the private partner.

Table5-25: Case Study HHighway Results Comparison

Private Partner FANP TOPSIS Actual
P1 0.112 0.0823 \%
P2 0.223 0.9087
P3 0.122 0.2340
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The comparison of the general criteria weight presented in Téeshows a largdifference

between the criteria weights for the two techniques. This variance in the criteria weight (made
more visible in Figure %) can be explained by the different approaches for calculating the
weights in each technique. In TOPSIS, criteria weighgscalculated using a simple averaging

of the expert’s scores, while in FANP, a mor

for uncertainty and interdependencies.

Table5-26: Case Study HHighway Rassgdaar— Imsaad- General Criteria

Criteria FANP TOPSIS Actual
Financials 0.275 0.400 U
Technical 0.250 0.300 U
Safety & Environmental 0.060 0.075 U
Managerial 0.100 0.150 U
Political 0.315 0.075 U

General Criteria Weight

0.45
0.4
0.35

0.3

0.25

0.2

0.1

01 I

sl R An

Financials Technical Safety & Managerial Political
Environmental

4]

o

m FANP m TOPSIS

Figure5-5: Case Study Hceneral Criteria Weights Comparison

For case study I} Widening atwo-lane highway to four langshe project was financed by

financial institutions Therefore, the private partner selection process hacttmnt for the five
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main selection criteria introduced in this research. A complete assessment of the competitors
was performed by experts, specifically France. The results obtained from the developed model
are comparedo the actual selection by treuthorities as shown in Table-%7, where the

developed model selected private partner P1, which was also the selection of the authority.
Private partner P1 scored 0.238 and 0.124 using the FANP and TOPSIS techniques,

respectively.

Table5-27. Case Study IHHighway Renwal Results Comparison

Private Partner FANP TOPSIS Actual
P1 0.238 0.124 \Y
P2 0.148 0.085
P3 0.105 0.056

For case study IVthe project was one of the first pubpcivate partnership (PPP) projects in

this countryand was financed by tHaancial institutionBank. The results obtained from the
developed model are compared to the actual selection by theriaeghin Table §8. The
developed FANP and TOPSIS models ranked private partner P3 the highest, with a priority
weight of 0.123, and thauthority was also chose partner P3.

Table5-28: Case Study IVResuts Comparison

Private Partner FANP TOPSIS Actual

P1 0.058 0.764
P2 0.045 0.177
P3 0.123 1

P4 0.060 0.577
P5 0.039 0.273
P6 0.054 0.268

5.5 Summary

The developed private partner selection model was applied to four real case studies, and the
results revealed the effectiveness of the developed framework in selecting the most suitable

private partner for PPP project&e model was applied using the tdeveloped approaches,
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the Fuzzy Analytical Network Process (FANP), and the TOPSISHeritiéria decision making
technique. The rationale of using two approaches is to crosscheck the model output and thereby
provide the decision maker with more confidezgults. The two approaches complement each
other; the FANP accounts for the interdependency between the selection criteria and the
uncertainty and vagueness in the experts’ |
potential private partners baks®n the general criteria, and how well they fit the project
objectives. The TOPSIS ranking is based on the separation of the partner from the positive ideal
and the negative ideal solution.

The developed model was able to take into account all of tlshp@sdependencies among the
selection criteria, as well as those between the alternatives and the selection criteria. Taking into
account these interdependencies among decision elements provides more realistic solutions.
The use of fuzzy intervals for ity judgments allows decision makers to incorporate both

objective and subjective considerations in the evaluation process.
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Chapter 6: Bankability Assessment Model

Implementation

6.1 General

This chapter presents the implementation of the developed bankability assessment model on six
real case studies. These projects were executdifeénent countries These projestvary in

terms of their location, type, cost and concession period. This variability is intended to measure
the developed modelperformance and verify its efficiency in assessing the bankabiflity o

range ofprojecs.

6.2 Discussion of the Questionnaire Respaes

The respondents of the survey were classified based on their position level as shown in Figure
6-1, where 38% were credit analysts, 21% were investment bankers, 24% were business

analysts and 17% were investment finance analysts.

Experts Job Classification

40% -  38%

35% -

30% -

24%

25% 21% ’

20% - 17%

15% -

10% -
5% -
0% T T T 1

Credit Analyst Investment Business Analyst Investment
Banker Finance Analyst

Figure6-1: FinancialExpertsby Job Classification
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The survey respondents were also classified by the#ars of experiengas shown in Figure
6-2, where 20% had less than 5 years of experience, 26% had 6 to 10 years, 29%ohHs!

years18% had 16 to 20 years and 7% had more than 20 years of experience.

Experts Classification byears

of Experience
35% -

29%

30% - 26%

04 -

25% 1 000

20% - 18%

15% -

10% - 7%
m
0% T T T T

Less Than5 "6-10"  "11-15"  "16-20" More than

20

Figure6-2: FinancialExperts Classification by Years of Experience
Thesurveys were collected frodifferent countriessillustrated in Tablé-1: 47 responses for
Project A 25 response®r Project B 36 responsef®r Project G 30 response®r Project D
and 14 responsdsr Project E The average response rate to the questionnaires was 78 % (152
out of 196).

Table6-1: Survey Distribution Results

Distributed 60| 30|41| 40| 25
Filled & Received 47| 25| 36| 30| 14

6.3 Bankability Assessment Model Implementation

The bankability model requires two sets of data. The first set otdatasts othe accounting

numbers for each projeavhich represents their revenue and cost forecast for the first year of
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operation. TIs datais provided bythe project managers wie credit analyst receives their

proposal or fund request. The second set of dataharask factors required fothe risk

assessment of each project. These numvbemsobtained through the questionnaires distributed

to the credit experts.

The first nodel's survey was communicatieRchangewith the projects' managers agquire

their information and data regarding the projeatsich is why theANP model's questionnaire

contains questionabout the managers' expectation for the first ydéa@scial datasuch as

income data and its breakdown, cost data and its break down, capital expenditure forecasts, and

working capital requirement$he data thus gathered are averaged for each set of data and listed

in Table 62. These averages are thestf year's forecast, used as the starting point of the

analysis. A brief description of the data received from each project is presented below. It worth

mentioning that our data has been exposed to accounting risks during the process of gathering

and preenting the accounting information. This kind of risk arises from different methods of

recording transaction, and the potential for accounting rules and regulations to change.

Table6-2: Brief description oftie data received from each project

Case Study I I 11l v \ VI
Delivery BOT BOT BOT BOT BOT BOT
Approach
Construction 60 60 54 18 36 26
Period (months
Period of 20 20 20 20 20 20
Analyse (years)

First Year's net| 197 55.6 192 96.7 27 163
revenue

The capital structure of the six case studies is presented in T&bl& @ompany's capital

structure is a mix of debt and equity that the company uses to finance its business. The goal of

a company's capital structure is to determine the financialdgeeor capital structure that
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maximizes the value of the company by minimizing the weighted average cost of capital. We

have treated the case studies capital struc

It is worth mentioning that:

1 For case study I, its highmount of debt, 86 percent of the project's total capital, means
that it is a highlyleveraged project, which makes it more sensitive to any change in risk
factors. A large and stable free cash flow is required to mitigate this sensitivity.

1 In case studyl] the equity and foreign senior debt share the same proportion in the

project’s capital structure.

1 In case study lll, senior debt, both foreign and local, comprises 60 percent of its capital
structure. Therefore, this is a leveraged project and thue kasp its cash flow positive
and stable.

1 In case study IV sponsors and local equity holders provide 40 percent of the required
capital. These two source of capital share the risk with the project and help to reduce the
WACC of the total project.

1 For cae study V (Toll Road TR), government grants are the main source of the project
capital, which mitigates the total WACC.

1 For case study VI, local senior debt holders are the main capital providers, followed by

the government, and so Cash flow to the fisrthe main concern.
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Table6-3: Capital Structure dbix Case Studies
Capital Structure of Each Project

0.2

0.3
0.1

F 0.3

0,14

025

W Local Equity

| Subordi deb il i
B Local Subordinate debt BNH = Bu”dmga New nghWay

WForeignSubordinate Debt | BRA = Byilding 20 BridgesAcross Highways

M Local Senior Debt SWOTF = Strengthening and/idening of two lanes to fou
M Foreign Senior debt lanes
M Sponsors TR =Toll Road
TB = Toll Bridge
Bank Loan

IA = International Airport

Government Grant

It wasassumed that the capital structure of each prejasbased on the creditors' target capital
structure andhat it will be stablethroughoutthe life of the project. To discount each future
year’'s free cash fl ow numb e rthe profectst weeneed a r r e n |

discounting rate. This rate is the function of each project's risk level or risk pidigse

profiles arebased on theredit experts' opinions regardiega ¢ h  p unoejtagnty.t * s

6.3.1 Case Study I-
The stepatilisedto obtainthe discounting factor fahe newinternatonal Airport projectare

listed below:
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1. Calculate General Attribute Weéits: The first questiom the questionnaire sent to the

credit experts asks fahe relative value of each risk factdihe respondestassigned

each risk factora number ora scale from one to eighThese numbersvere then

averaged for all the responsexl are presented in Tabl&pwhere the market risk has

a weight of 4, the political risk a weight of 5, the environmental risk a weight of 2, the

operation and completion risks a weight of 1.8, and the legal and technical risks have a

weight of 1.6.

Table6-4: General Weightsf theRisk Factors according toredit Experts

General Relative Weights of Risk factorgaveraged)

Risk Factor Weight
Market Risk 4
Environmental Risk 2
Legal Risk 1.6
Political Risk 5
Technical Risk 1.6
Operation Risk 1.8
Completion Risk 1.8
Counter risk 1.9

2. The second step i® assemble thesk profile. T h e

average

of t he

responses, where the project managers were requested to rate the risks on a-Scale of 1

, arepresented in Table-B, where the three highest risks were technical risk with a

value of 3.3, operation risk with a value311, and completion risk, with a value of

3.02.

Table6-5: Experts' Responsés questionnaire

Risk Factor Averageof Response
Market Risk 2.76
Environmental Risk 2.92
Legal risk 2.26
Political Risk 2.48
Technical Risk 3.3
Operation Risk 3.11
Completion Risk 3.02
Counter risk 2.62
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3. To have a meaningful comparison of the responses, the he averaged results are
normalized and presented in Table 6. This normalization is calculated using

Equation 6.1 below:

Xin

rin = Co 5
Ja X,
i=m (6.1)

For example, the market risk normalized value is calculated as:
& o

CX P C®C CB P cBY o0& oPpp 08¢ CHC

T T U

Table6-6: The normalized value for the foregoing project

Risk Factor Normalized Values
Market Risk 0.345
Environmental Risk 0.365
Legal Risk 0.283
Political Risk 0.310
Technical Risk 0.413
Operational Risk 0.389
Completion Risk 0.378
Counterparty Risk 0.328

4. The fourth step is to multiply the normalized value by the geratabutes' weights to
calcul ate the project’s r i-8 Kordxanple the marketwei gh
risk factor weight is calculated as: 4 x 0.345 = 1.38%

Table6-7: Multiplying normalizedvalueby the general attributes' weights

General Normalized Project Specific Risk

Weights Weights Factor
Market Risk 4 0.345 1.38%
Environmental Risk 2 0.365 0.73%
Legal Risk 1.6 0.283 0.4%%
Political Risk 5 0.310 1.5%%
Technical Risk 1.6 0.413 0.668%
Operational Risk 1.8 0.389 0.70%
Completion Risk 1.8 0.378 0.68%
Counterparty Risk 1.9 0.328 0.62%

5. Thefactor premiumsre summedb find the project's risk gmium, whichis 6.77%.
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6. The risk free rate of the country of operatismddedo the risk free rate to obtain the

required rate of return for each specific project. This is the discounting factor which

will be used to calculatéhe present value of the free cash flow.
The portion of the interest payments not met by the CFADSIimiially be made from the
DSRA prefunding reserve account. The unserviceable portion of interest payments may be
deferred to later periods. However, lenders do not accept projects that fall short of servicing
debt payments under worst case scenarios. drendould possibly consider lowering the
amount considered by the sponsors for the loan.
For case study |l,nder the worstase scenario, the PV CFADS is $245.33 million. The-base
case scenario shows minimally different results with the PVCFADS at $3ti8dh. The best
case scenario shows that the minimum amount lenders would be willing to provide is $519.81
million. Under the bestase scenario, the data is very attractive to lenders. However, lenders
will not risk their capital on a bestase scenarid@his concept is best presented by plotting the
cash flow available to service the debt in each year throughout the concession period, as shown
in Figure 63. However, this plot does not account for the time value of money, therefore high

cash flows in fture years may have little value due to future inflation rates.
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In order to account for the time value of money, future cash flows are discamdetheir
present values are calculated and plotted as shown in Figynelttere a declining trend in the

value of future cash flows is observed, which helps to offset the effects of inflation.

CFADS
Million 5

140.00

120.00

100.00

£0.00

€0.00

40.00

20,00 -

0.0

2000 2011 2013 2015 2017 2019 2021 202

W Best
B Base

= Worst

YEARS

Figure6-3: Cash Flow Available Debt Service (Case Study I)
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Figure6-4: Present Value of Cash Flow Available for Debt Service (Case Study )

The other aspect dhe airport project is its high level of uncertainly regarding its risk level.

Ai

rport

traffi

c

S

more sensiti v e wadrldWit

131

count



thepolitical instability in the region, the level of the risk that all lgidlinvestorswill face for
this airport infrastructure investment has surgetich is weltreflected in the fluctuating gap

between Best case and Base d2¥¢e of tre CFADS

Debt Service Coverage Ratio (DSCR) for case study | is calculated and plotted throughout the
concession period as presented in Figube @here different risk levels are assumed in each
scenario, aligned with the effects of high risk levels fis&t result in unstable DSCR.
Furthermore, the high level of debt deprives the project from having more than one DSCR for

the first seven years of operation.

B BEST

DSCR

W BASE

= WORST

2009 2011 2013 2015 2017 2019 2021 2023 2025 2027
YERAS

Figure6-5: Debt Service Coverage Ratio (Casedy |)

Similar to the analysis explained in the first case study, the same steps are applied for the
following five case studies. The final results of the analysis are described in detail in the

following sections.
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6.3.2 Case Study II:
As illustrated in Figuré-6, the annual free cash flow available for debt service for case study
Il begins at a low level and rises slowly, because the initial cash flow is limited due to the lower
level of revenue and the high level of debt, which is gradually amortized ovidetioé the
project. However, the yearly value of the CFADS cannot be used as a measure of analysis

because it does not consider the time value of money.
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Figure6-6: Free Cash Flow to the Firm (Case Stuigly

Thereforeit isthe present value of the CFADS in each ykatshould be consided,as shown

in Figure 67. The risk rate is calculated from the TOPSIS model, where the discounting rate
for this project is 12.3 percent for the base ckature cash flows arhendiscounted to each
year at the aforementioned discount tatealculate the present value of these cash flgiwsn

in Figure 67. These discounted cash flovese positive valugswhich means that after
considering the time vaduof money and the projecésnualrisk level, thee will still be

positive value available tmeett h e p roldigagonst ’ s
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Figure6-7: Present Value of Free Cash Flow to the Firm (Case Study II)

A postive discounted cash flow only indicates teame amount of monegmainsafter paying
all operational cost It does not say anythirgpoutthe relative level of available cashterms

of the project sbligations. In other words, it is not sufficient to haymositive cash flowthere
must be a surplus after meeting both operational costs and debt payfhentoncept can be
analysedising the concept debt Service Coverage Ratio (DSCR).

A DSCR wih a value equab or greater than onmeansthat the current available free cash
flow of aproject is equal to its level of obligatigras illustrated in Figuré-8. In a more amiable
business environment, illustratby thebest case scenario, the @jhas more revenue, which
leads toa higher cash flow and lower interest mtdarged by the debt holdeandtherefore
the project is less riskyhese favorable conditions combine fob8CRthat is much higher

for the best case scenath@n those fothe two other scenariods clearly shown in Figuré-
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8, the first year that the project's cash flow is at least equal to its oblig&ianthe twelfth

year of operatinfor the base case anmdthethird year forthe best case.

W BEST

DSCR

W BASE
WORST

2009 2011 2013 2015 2017 2019 2021 2023 2025 2027
YEARS

Figure6-8: Debt Service Coverage Ratio (Case Study II)
6.3.3 Case Study Il -

The unique revenue schedule of this project made its CFADS pattern different from the other
ones, as shown in Figure% where the Capital Expenditupeaked in the first year of the
project, which is a burden on the free cash flow and caused a lag. The payment mechanism to
transfer funds to suppliers and the government contract for receiving the receivables resulted in
increasing the working capital, vdim had a negative effect on the CFADS for years 2011 to
2013. The trend started to change in 2014, and is expected to continue to be positive thanks to

the stable CAPEX schedule and better earnings.
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Figure6-9: Free Cash Flow to the Firm (Case Study IlI)

The project's risk level can be added to our analysis by discouhémgmbers inFigure 69

at each year of operatiofhe discount factor for this project calculated according to our model

is 12.6 percet. The aforesaid effect of the CAPEX and changing working capital can be seen

in the present value of the cash flow illustrated in Figul® 6where there is a wave pattern

shape instead of the regular convex shape of the cash flow's present valweavEhmattern

shape shows that difference between the worst and the best case is the largest among the six
projects, a difference attributed to the pr

volatile and therefore risky.
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Figure6-10: Present Value of the Free Cash Flow to the Firm (Case Study III)

The last tools of assessment for BBAH project iDibt Service Coveradeatio ODSCR). The
DSCR ratio should be at least greater than one to satisfy the drequirerhers This is
illustrated in Figure 4.1, wherelte first year that the DSCR stays at a leyekaterthan 1.0 in
the base case is 2Q2&hich is 13 years after the initiaticof the projectThese observations
show thathe project volatility in the initial yearsf the BBAH projecis among the highesif

our case studies
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Figure6-11: Debt Service Coverage Ratio (Case Stlify

6.3.4 Case Study IV - Strengthening and widening of two lanes to four lanes
(SWOTF)

The robust normal Cash Flow of this expansion propesented in Figuré-12,is the result
of the low level of debt required for the projeSuch a low level of debt offethe projecta
more stable level of risks during the life of the project. Moreotrer revenue, as the most
important factothat indirectlyaffectsfree cash flow available for detitroughthe net income,
is morestable dung the eighteetyearconstructiorperiod thanamong allthe othercase study
projects Thisstability can be attributed to the nature of the projinet expansion acurrently

operating highway.
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Figure6-12: Free Cash Flow Available for Debt Service (Case Study 1V)

This preference for stability is also reflected in the Present value of the cash flows presented in
Figure 613, where the gap between the worst cases' and thedsess PV of the cash flows
increases whenever the risk is accelerated. These larger gaps are mostly Hi found in the initial
years of projects, and gradually, over the life of the project, the technical and operational risks
are mitigated and this gapasts to follow a declining pattern. It is obvious that this project
reassures its fund providers (both equity and debt holders) with positive cash flows. The nature
of an expansion project is usually associated with two important factors:

1 Low level of debtand

1 Low level of capital expenditure and required working capital.
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Figure6-13: Present Value of Free Cash Flow AvailafdeDebt Service (Case Study 1V)

Both of the above mentioned factors implgeduction in cash flow consumption. Therefore, to

measure whet her

t he

positive

cash fl ow

amo u |

regarding the debt holders and the bank's loan, we have to calculate the DSCR for each year, as

shown in Figure €4, where it is clear that even in the wezate scenario, the DSCR is already

greater than one in the initial years, which pave the wat for the project manager to take on further

expansion or a similar undertaking.
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Figure6-14. Debt Service Coverage Ratio (Case Study V)

6.3.5 Case Study V-
The very large capital expenditure in this project is a burden for the free cash flow, as shown in
Figure 615; during the initial four years the cash flow is utilizedtfar construction, afterwards
the required amounts of investment for capital maintenance and expenditure are stabilized and

then the revenue begins to increase slowly, as indicated in the upward trend from 2015 onwards.
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Figure6-15: Free Cash Flow to the Firm (Case Study V)

The high Present Value of Free Cash Flow to the Firm illustrated in Figlieréflects the
positive elements of this projecthe high level of governmemstupport(58% of the project
funds) makes the government a long term partner isypioject. Theincome statements
predictions for theevenueandtraffic growth rats andfor theinflation path througlthe interest
rate are all favorable tothe free cash flowwhich leavethe TR project with robust liquidity.
The othemunique featur®f this pioject compared to the other filethe risk exposure levef
theinterest rateWith such a low interest rate risthis project requirea much loweamount

of debt raisingon the open maet orthroughfinancial institutionsOpen market or regular
bank loansgespecialy variable floatingloans arevery exposed to interest rate r&skAs the
interest rate goes up the cost of borrowtimghe borrowerlso goes up and therefore the free

cash flow in the company goes down.
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The high level of government funding provides project managers withlatbueleto negotiate
the interest ra(g) and term of the grants, especially in the prevailing financial environment
wheremarketparticipants arexpectinganincrease irthe interest rate from its histoally low

level.
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Figure6-16: Present Value of Free Cash Flow to the Firm (Case Study V)

A sufficient amount of net income,low level of debtand therefore small interest payment
andalower risk profile,all contribute tgoositionthis projectin a solvent situation where it can
support its obligatiomthrough its free cash flow#és depicted in Figure-&7, it is obvious that
these facts puhe project in a situatiowhereit can havea DSCR of more than one from the
third year of initiationn its base casend from the first year at its best casegn thouglit has

alarge amount of capital expenditure and working capital investment.
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6.3.6 Case Study VI-
As illustrated in Figured 8 , in case study VI’'s TR projec

debt service reflects the need farge capital expenditures in two phases, in the first year of

the project andhenin its sixth year.
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Figure6-18. Free Cash Flow to the Firm (Case Study VI)
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However, the second CAPEX burden is expectdaetmitigated in 2015, due to the expected
growing revenue trend. The present value of cash flow illustrated in Figl@dr@licates the
principle difference between this project and the other casesaBeestudy, lat the time of
writing this study, ha the highest political instability among all the other countries where our

case studies are located, and therefore the required rate of return from both equity holders and

debt holders’ is high and subjecttvalueofthert her
project. The average effect of this burden i
value.
250
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Figure6-19: Present Value of Free Cash Flow to the Firm (Case Study VI)

As explainecchaptettwo, the DebtService Coverage Ratioagunction of two factos, thefree
cash flow available in each year and the interest payioethiat yearincreasing the risk profile

of a projectthus affects both sides otthis ratio. Conductinga projed in a political risky

145



environment pupressure on the net incomeaxdompany due to the higher costs, which also

decreases the free casbw available for debt services.

In such instable situations debt holders demand a higher interest rate asnipeingation for

taking on additional risk. Therefore, in this project, we can see in FigR@etitat the average

value of the DSCR is the secoelmvest among all the other projects, and it stays at a breakeven

level for most of the life of the project. Mepver, the difference between the bestd the
worstcase scenarios’ ratios does not follow a p

of error in forecasting the data.

12 -
11 -
10 -
9-
8-
o= ?-
A 6 - W BEST
(]
5 - m BASE
4 7 = WORST
. i
i LILLLLLRE
e B B 0L
20092011 2013 2015 2017 2019 2021 2023 2025 2027
YEARS

Figure6-20: Debt Servie Coverage Ratio (Case Study VI)

146



6.4 Summary

The developed bankability assessment model was applied to six real case studies, and the results
reveal ed the effectiveness of the developed
The developed moddbkes into account two sets of data, accounting and risk sets. The
accounting data help usitatiate our financial statement forecastjramnd the risksets allowus

to more accuratelgiscount each year's free cash flow to the present time. Accountingatata
gatheedfrom the project managerss theyarebest source of information abate everyday
activities, revenugand cosof the company. The risk numbers, however, shouldhgisized

by the individuals who are going to lend capital to the projects. These numbers were gathered
by distributing questionnaires to the credit antdys each project's country.

The model produced three possible scenarios based on factors:nnfitaffec growth inflation

pass througlrate and the riskSince lenders will only consider the worst case scenario to
allocate their risk, sponsors must provide adequate risk mitigation methods, with a realistic risk
management plan, in order to moveward on a project. The application of the developed
model provides private partners with a tool to-sakes their financial bankability for PPP
projects. Such assessments not only reduce the time and effort expended to acquire capital
finance, but alsenables private partners to increase their chasfsecuring the required fuad

by enhancing their identified weak points.

This chapter presented the application of the bankability assessment model on six real case
studies. For each of the six projedis Free Cash flow for Debt Servicds PV of Free Cash

Flow for Debt Services, and Debt service Coverage Ratio were calculated based on three
scenariosthe base theworst and the best. Each scenario changed the value of the accounting

data which changs the income statement and balance sheet numbers for each project.
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Changing these two financial statements directly adfiittep r o | eash flaw’statemesdf
the projects. The calculated reswdtgillustrated using graphs. The projects mostly fwllie
same pattern, however the magnitude of their variatioming the life of the projects is very

important.
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Chapter 7:  Automated Tool

7.1 Introduction

This chapter describes the development of an automated tool to assist decision makers in
selectingprivate partners on PPP projectssimmarizingthe developed models described in
chapter 3. The automated towhs developedusing theMicrosoft Visual Studio 2012 C #
environmentTo start the design processlisting of the system requirementas assenibd,

including all the features and capabilitiggtthis softwareshould offer

Inputs

Project Data
Partners Data
Expert Opinion

PuBLIC
PRIVATE
PARTNERSHIP

Partner Ranking

213"

Ll

Figure7-1: Software Input and Output Overview
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The next step wa$o develop the use caseA. use cases descrilsea softwares y st em’ s
functionality from the point of view of an external usér shows the different possible
interactions between the software and other entities. It also lists the necessary preconditions and
post conditions of each cagéter theuse casearedeveloped they are changed into sequence

diagramswhich documenthe sequence dfieinteractions of the model classes.

An overview of the input and output of the software prototype is illustrated in Figure 7.1, where
the developd t ool has three main inputs: the proj

opinions. The tool ' s dhetdpvaldpedipmcedure eas madellech e r s

using three main classesQuestionnaire clasanAnalysis Class and Result class.

The interaction with the software nducted viaa usetfriendly interfacewith two input

screens and one output scre€he first input screen contains two options as shown in Figure

7.2: new questionnaire and analysis. The new questionnaion aptfor a new questionnaire

entry, which is used to calculate the selection criteria weights. The analysis option performs the
guestionnaire’s analysi s, using the FANP and
the user selects either to erdiemew questionnaire or to conduct the analysis, the second input

screen is launched based on the selection.

amp | T |

P
Questonnare

Analyzin

Figure7-2: Main Windows application.
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7.2 New Questionnaire

Whena new questionnaire is selected, the screen shown in Figui®lbunchedwhereinthe
details of theuestionnair@re enteretly comparingand selecting theain criteria, sulzriteria

and alternatives. The questionnaire contains three parts:

 Generali nf or mati on, as shown i n Figure 7. 3,
information such as their occupation and number of years of experience. This data is

used | ater to generate some of the survey

Pt | "GEMERAL INFORMATION" = -
Part I: "GENERAL INFORMATION"

GENERAL INFORMATION

‘What is your occupslion? Which best deacribes your anorking
experience?
@ Drgenizration Mansger & | g=m than 5 yoers
Consiruction Mansger E-10 woars
Project Mansgor 11-15 yaars
Othar 18-20 ymars

Mars than 20 yesrs

Figure7-3: Questionnaire Part I.

1 The pairwise comparisons between the main criteria and the pairwise comparisons
between suleriteria as shown in Figure 7.4. In this format, the user selects the relative
importance among the main teniia, for example and as shown in Figure 7.4, the user

indicated equal importance between the financial criterion and the safety and

environmental criterion.
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| Fat | GENERAL INFORMATIONT [[P= il Patil
[FARMSECOMPARSON T PAIRWISECOVEARISON 7| PAFTNISECUNPARISON 3| PARWISE [OMPARSON 4 | PARWISE COMPASISIN | FAIRWISE EOMFARSON S |

Pair wise Gomparison Between Main Criteriawith respect to Geal
How imporiant s aritersion. “X° or Y when compared f0 each ather?

Figure7-4: Questionnaire Part Il.

1 The pairwisecomparison between alternatives is shown in Figure 7.5, where the user
compares the partners with respect to the main criteria. For example and as shown in
Figure 7.5, the user indicated that partner A has very strong importance compared to

partner B withrespect to the political policy criteria.

| Pt | GENERAL (RFORMATION® | Patii [P
FASINISE COMPARISON 1 | PARWISE COMPARGON 2 | PAPWESE COMPARSON 1 | FAIRWISE COMPARISON 4 |[PATWIEE CONFRREDN &

Pair wise Comparison Between Alternatives with respect te “Political Policy”
With respectto  “Pofiical Policy”  how preferable is Parmer X" or *¥" when compared to each other?

Figure7-5: Questionnaire Part Il.
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Data is saved in XML format to facilitate data storage and management, as shown in Figure 7.6,

where the user selects whether to continue the analysis or to save the file for later analysis.

e

== et

! s 1 rrtieny sEnausTiar | e o

:-— -—. i PAIRTVESE COMPARISON 5
sy « Documents ¢ Mouvesu dossier - |+ = Je
| Organiser = MNowest dossier = 7] i i
(2 + ectto "Political Policy”
Il ¥ Favors Bibliothéque Documents ) soe pared to each other?
i B Burcau Matrresu dassier
| 5. Emplacements rg M el T Smona(d], | Absoigsd) | FERTNER B
# Taichangements 7
A B CoiTES ETE SmonglT) | shsciee() | PARTNERC
. Bibiotheques [ —
- Douments - a |
=r= oot [ o ] P
a Musique -
8 ideos T
Hom du fickier: RIS =
Type: | [xmi] -
1 !
I} & Cacher ks thnsions Eneegistrer | Annuiler
| S Back

1

B

Figure7-6: Questionnaire Save the data

This file format allows for quick and easy access to stored data, as shown in Figure 7.7, and

makes it simple to modify the data as needed. The comparison matrix elements are labelled in

blue with a format of <PC1_rc>, where rtiee row number and c is the column number; the

user i s t hus

guestionnaires.

abl

e

t

o

change these

v al
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E_J'l| & new 1,_J'l| Erew 260 = epet_13ml ﬂ|

<%xml version="1.0" encoding="uyLf-8"%>
[F<Projets
<type>A</type>
[J <General Information>
<Question 1>Expert 1</Question 1>
<fuestion 2»16-20 years</Question 2>

- </General Information>

L <ocis The Comparison Matrix

TPCT DUSBO/BCL DUS<BCL UISB</ECL DIS<ECT D2o0</ECI DZ><ECL DIS0</BCT D3o<ECl 0ISBe/ECT 0a
<pCl 10»2</Pcl 10»<pCcl 11»5</PCl 11»<pCl_12»5</PC1_12»><PCl 13>5</PCl 13><PCl 14>5</PC1 14>
<PCl_20>8</PCl_20><PC1l_21>b</PC1l_21><PCl 22>5</PCl 22><PCl 23>3</PCLl_23><PCl_24>2</PCLl 24>
<PC1_30»4</PCl 30»<pCl 31»5</PCl 31»<pCl_32>7</PC1l_32»><PCl 33>5</PC1 33><PCl 34>4</PC1 34>
<PC1_40>5</PC1_40><PC1_41>5</PC1_41><PCl 42>8</PC1 42><PCl_43>6</PCL_43><PC1_44>5</PC1 44>

T
')
s}
(%]
iy
A4

<BC10>
<BECll>
~</Projet>

g B o N v A o S B vy S oo S oy o
.l s s i o s o i
#
m
L]
o
b

Figure7-7: The structure of the XML backup file.
7.3 Analysis
After completing the questionnaire input, t h
the FANP. The user selects the type of analysis for one projectroultiple projecs,as shown

in Figure7.8.

ane e

File

| Dheoeeny Propecd.

Figure7-8: Window Analysis
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This window has two options. The first option is Open Proyelich allowsthe useto open a
single survey or an old projecar(incomplete previous record saved for later analysis)
shown in Figur&’.9. The secondption, Open MultiProject allows you to open and analyze a

set of questionnaires as shown in Fignd®.

g- L ¢ Project data w | by || Semreh Syt 2

Ceganizs = Hlesw tolde = i 8

= Progect Lami
Faserti = Propect Jamd
B Decitop
& Oowrioads

& Racent Flaces =
i Libranes

B Computer
"_ Local Disk 1
s Piimrzrvadili Dk {E)
= by eHath [\ifler-uses) (&)
28 metternp [Vifiler-nettemp) (Hi
ig® groups_uri [\ Bles-greapils_groups) 5

* thesis_univ {\filer-thesisw_thesic) [T} - 0 [ v

File mames  Proget Lamed = Ll Files 7 =

Tooks = Cipen :"| Cancel

Figure7-9: Open Project

- ANP =[5 )
File
7 Projectl.xml ~
Project2.xml
Nexd

Figure7-10: Open MulttProject.
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7.4 Results

After the questionnaires and the analyses are completed, the results window is launched,
providing the results of the analysis as shown in Figures 7.11, where the pagnensked

based on their priority weight. For example and as shown in Figure 7.11, partner A2 is ranked
the highest, with a priority weight of 57.06%. A graphical representation of the results is shown

on the right hand side of the form.

=i ANP EI@

File  Analysis

The priority of Alternatives

PARTNER A (A1) :15,30% 0.6
PARTNER B (A2) :57,06%
PARTNER C (A3) :27,61%

0.4

0.2

Figure7-11: The priority of Alternatives

It is important to note that the developed tool can provide reports that present the analysis

results as shown in Figure 7.12,including :

1 The priority of the main criteria;
1 The priority of the sufzriteria;

1 The priority of the sufzriteria for the financial aspects;
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The priority of the sulzriteria of the technical aspects;

The priority of the sulzriteria for safety and the environment concerns;

The priority of the sulzriteria for the managerial perspective;
The priority of the sulzriteria for political policy;

The priority of the alternatives with respect to the financial aspects;

The priority of the alternatives with respect to the technical aspects;

The priority of thealternatives with respect to safety and the environment;

The priority of the alternatives with respect to the managerial perspective; and

The priority of the alternatives with respect to political policy.

The pricrity of Sub-Criteria for Safety and Envirenment

The pricrity of Sub-Criteria for Managerial

The priority of Sub-Criteria for Political country

The pricrity of Alternatives with respect to Financial

The pricrity of Alternatives with respect to Technical

The pricrity of Alternatives with respect to Safety and Environment
The pricrity of Alternatives with respect to Managerial

The priority of Alternatives with respect to Political country

=i ANP EI@
File | Analysis |
The prigrity of Alternatives
The pricrity of Criteria
PA The priority of sub-criteria
PAR The pricrity of Sub-Criteria for Financial
PAR| The pricrity of Sub-Criteria for Technical

Figure7-12: Analyzing the other priorigs
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An example of one of the aboweentioned analysis reports is shown in Figure 7.13, where the
priority of the sukcriteria for the financial aspects are presented. For example, the priority

weight for the equity and debt is 39.70%, and the weight of the foreign financing is 33.11%. A

graphical representation ofthesalr i t eri a’ s weights iIs presente
report’s page.

- ANP [E=% B =

File  Analysis

The priority of Sub-Criteria for Financial

Equity and Deby (A1) :39,70% 0.5
Government Control (A2) :0,00%
Financial Capacity (A3) :27,20% 0.4

Foriegn Financing (Ad) :33,11%
0.3

0.2+

0.1

Al A2 A3 A4 B

Figure7-13: The priority of SubCriteria for Financial.
7.5 Summary
This chapter described the softwéwel developed her® select the best private partrier a
PPP The questionnaire distributed to the project managers provided the model with resdrequi
input data. The software was developed ugiigand based on the developed FANP model.
The output of the software tod to providea ranking of the private partners based on their

individual scores.
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Chapter 8: Conclusions Recommendations and-uture

Work

8.1 Summary and Conclusiors

This researcls set outto study, investigate, and develop a new decisiaking methodology
for selecting the private partner on PPP infrastructure projects, and to prioritize projects based
on their bankability. The developed thedology encompasses two newly developed models

the private partner selection abankability assessment

The private partner selection modehs developed using fuzzy Analytic Network Process
(FANP). This work avoids the hierarchal approach with cvigjues forthe pairwise decisions
used by other methodologissch asAHP andthe Goal programming approach. The use of
fuzzy intervals for priority judgments addresgsbs uncertainties involvedand the FANP

handles the various relationships betwtgwgoal,the criteria andhealternatives.

The developed modekas applied to four actual project case studies. The results clearly
illustrate the benefits of the structured analysis approach proposed in this@tyshred to the
traditional selection appach.The developed model brings three main advancements to the
body of knowledge. Firstly, the utilization of the Fuzzy ANP approach for selecting the private
partners in PPP projects. Secondly, it can account for possible dependencies among time selectio
criteria, as well as between the alternatives and the selection criteria, which in turn provides
more realistic solutions. Finally, the use of fuzzy weights for prioritizing alternatives allows
decision makers to incorporate both objective and subjemivgiderations into the evaluation

process.
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Collecting expert opinion provided an effective approach for identifying the selection criteria
and calculating their weight. The fuzbgsed approach accounted for uncertainties in the

experts judgement s.

To improve the reliability of the partner selection decision, alongside the fuzzy ANP model, the
model incorporate the Technique for Order of Preference by Similarity to Ideal Solution
(TOPSIS)approach The TOPSIS methots an alternative way of selectingrpeersthat is

simple and does ntdike into account the interrelatistetween the criteria. This method rank

each partner based on the normalized experts' opinion regarding a predetsanpiedteria.

The rationale of using two approaches istmsscheck the modelsutpus and hence provide

the decision maker with momeliable results The two approaches complement each other;

where the FANP accounts for the interdependency between the selection criteria and the
uncertainty and vagueness ireth ex pert s’ judgement s, and the
potential private partners based on the some general criteria and by how well they fit the project

objectives.

The developed private partner selection model was applied to four case studidgfémnt

countries These projects vary in terms of their location, type, cost and concession period. This
variability is intended to measure the devel
in selecting the best private partner in each projdut.results of these case studies revealed

that the most important aspects for selecting private partners for PPP projects are the financial

and the technical criteria.

The bankability assessment modelsdeveloped tdelp creditors to assess the bankabibfy

PPP projecandto calculate the maximum amount of fugto be len, andto thenrank PPP
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projects according to their financial and risk factdrse developed model incorporates the

l endespeéctpi ve in assessing asprosectebhebaokal
available cash flow for debt service (CFADS) is used as the major metric for the assessment,
while accounting for the time value of monetary and risk factotst of the most important
accounting factors for bankability assenent was identified through interviews with experts
from major PPP financial institutions in five African countries. A questionisaingto experts

in PPP financing was utilized to identify the major risk factors to be taken into account while
calculatng the project risk premiurThe weights of these risk factasgscalculated usinghe
TOPSIS analysis. A scenario analysias developed to evaluateprojects worst, best, and

base cases according to their financial and risk factors. Fittadlgrojects were ranked based

on four metricsandthe sum of the accumulated saboé each projectvasused for prioritize

them.

The bankability assessment modds applied on six real case studies. For each of the six
projects the Free Cash flow for Debt Seed the PV of Free Cash Flow for Debt Services, and

the Debt service Coverage Ratio were calculated based on three scahatii@se the worst

and the best. Each scenario changed the value of the accountinghdaigingthe income
statement and balance sheet numbers for each project. Changing these two financial statements
directly affects the cash flow statement of the projects. The calculated results have been
illustrated using graphs. The projects mostly follow theespattern, however the magnitude

of their variationoverthe life of the projectsould be very large indeedThe results of these

case studies indicate that the most important risk factors in the bankability assessment of PPP
projects are technical riskperation risk, completion risk, environmental risk, market risk and

counter party risk.
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An automated toolsing the developed models wasveloped to assist decision makers in
selecting private partners on PPP projects. The automatedasalevelopedn a Microsoft
Visual Studio 2012 C # environment. The output of the software tookdautkthe private

partnersThe tool was utilized on four projects and the results showed its effectiveness.

8.2 Research Contributions
The contributions of this researcheagxpected to circumvent a number of limitations and
challenges associated with current practice in selecting private pddn@3P infrastructure
projects. Specifically, the research contributions are:

1 Thedesign and develaopent ofa decisiorsupport tool to assist public sector and
governmental agencies in selecting and evaluatiegrivate partners oxertain
infrastructure PPP projext

1 The cevelopment o& partner selection model utilizirthe Fuzzy ANP technique to
account fo the uncertainties ithee x per t s’ | uadagoeunteforthes and
interdependencies betwetre goal,the criteria andhealternatives.

1 The cvelopment ofa bankability assessment model to assist creditors in the
evaluation and ranking of PPP projettased on their financial and risk factors.

1 The cevelopment ofan automated tool to support decisiorakers in selecting

private partners on PPP projects based on the mdeettopedn this research.

8.3 Research Limitations

The limitations of the researetne itemized below

162



1 The developed models are limited to application&frican countries, wherthesurvey
data were collected from expentsfive countries A new questionnaire survey should
be submitted to collect data based on another project losation

1 The Scenario Analysis was limited to three scenahos/ever more scenarios can be
considerecs a wayo test the sensitivity of the bankability assessment on PPP projects.

1 The capital structure of each project was assumed to remain fixed duringjdet iife,
butthere area number osituations when thimight change and lead to a change in the
FCFADS.

1 The comparison between the different projects did not take into account their sizes,
therefore the comparison betwetre absolute value of Cash Flows of building 20
bridges andhe strengthening and widening of laniesrrational. This limitation can be

solved via deaunitization of the data.

8.4 Recommendations and~uture Work

Based on the research conducted to date, the fiolipis recommended for future work. The
recommendations are presented in two categories, enhancements to the presented methodology

and extensions to it.

8.4.1 Improving Presented Methodology:

1 More data collectioould be collecteth terms ofreal PPP projectsuch as using
the replies t@uestionnairereceived from experts in different countriesncrease

the reliablity of the developed models;
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1 Other data collection methodologies can be applied to enhance the current research
such as holding workshops tdentify the best practicegor selecing private
partners for n PPP projects;

1 The useful utilization and application of the developed methodology can be further
validated using data from additional projects. Data from other real projects can thus
be usedto calibrate the developed models and to incorporate opinions from
additional experts;

1 Expand the scope of the developedthodologyto be applied to other parts of the
worl d by incorpor at iathgr developes randsdévelopipgi ni o n
countries; and

1 Develop a wekbased software tool to make the model available for public
authorities to use andto collect data which would improve the odel s

performance.

8.4.2 Extending the Presented Methodology:

1 Expand the bankability assessment model by testinigathkability of PPP projects
in various scenarios. Random scenarios can be generated Meintg Carlo
simulation and then usedottest the project bankability and tgaugethe risk
associateavith eachscenaio. Monte Carlo simulation tries thousands oésarios
based on input distribution patterns. An analyst can assume different pattern of
distribution for all of our assumed input data and then use Monte Carlo to have a

broad distribution of results instead of just three scenarios' reShlsapproak
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will enable better estimates of project returns, and fit them into distributions from
which creditors can estimate their leeélconfidencan their assessment

1 Improve the bankability assessment model by integrating new features to allow for
better conparison between projects of different sizes; and

1 Add more factors to expand thankability criteria for PPP projects, which can be

defined by financial and economic analysts.
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Appendix A: Fuzzy judgment matrix

Fuzzy judgment matrix fo€ase Study Il

Goal C1l C2 C3 C4 C5
Cl (1,1,1) (2,5/2,3) (3/2,2,5/2) (1/2,1,3/2) (2/5,1/2,2/3)
C2 | (1/3,2/5,1/2) (1,1,1) (1,3/2,2) (1,1,1) (1/2,2/3,1)
C3 | (2/5,1/2,2/3) | (1/2,2/3,1) (1,1,1) (2/5,1/2,2/3) (2/5,1/2,2/3)
C4 (2/3,1,2) (1,1,2) (3/2,2,512) (1,1,1) (2/5,1/2,2/3)
C5 (3/2,2,5/2) (1,3/2,2) (3/2,2,5/2) (3/2,2,5/2) (1,1,1)
Fuzzy judgment matrix for Case Study Il
Goal C1l C2 C3 C4 C5
Cl (1,1,1) (1/2,1,3/2) (1,1,1) (1/3,2/5,1/2)| (3/2,2,5/2)
C2 (1/3,2/5,1/2) (1,1,1) (1,1,2) (1,1,2) (3/2,2,5/2)
C3 (1,1,1) (1,1,1) (1,1,1) (1,3/2,2) (3/12,2,5/2)
C4 (2,5/2,3) (1/2,2/3,1) | (1/2,2/3,1) (1,1,2) (3/2,2,5/2)
C5 (2/5,1/2,213)| (2/5,1/2,2/3)| (2/5,1/2,2/3)| (2/5,1/2,2/3) (1,1,1)
Fuzzy judgment matrix fo€Case Study IV
Goal C1l C2 C3 C4 C5
Cl (1,1,1) (1,1,1) (1/2,1,3/2) (1,1,2) (1/2,1,3/2)
C2 (1,1,1) (1,1,1) (1,1,2) (1,3/2,2) (1,3/2,2)
C3 (2/3,1,2) (1,1,1) (1,1,1) (2/13,1,2) (1,1,1)
C4 (1,1,1) (1/2,2/3,1) | (1/2,1,3/2) (1,1,2) (1,1,1)
C5 (2/13,1,2) (1/2,2/3,1) (1,1,1) (1,1,1) (1,1,1)
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0.291

0.300

0.240

0.197

0.000

0.000

0.000

0.210

0.387

0.235

0.116

0.241

0.212

0.210

0.161

0.213

0.177

0.169

0.150

0.146

0.135

0.139

0.000

0.000

0.000

0.217

0.390

0.239

0.120

0.199

0.117

0.100

0.253

0.269

0.226

0.221

0.209

0.236

0.255

0.226

0.213

0.209

0.236

0.000

0.000

0.000

0.000

0.325

0.387

0.342

0.500

0.500

0.613

0.544

0.265

0.322

0.341

0.263

0.174

0.265

0.322

0.000

0.000

0.000

0.000

0.370

0.344

0.355

0.277

0.269

0.266

0.274

0.209

0.236

0.255

0.226

0.213

0.209

0.236

0.000

0.000

0.000

0.000

0.333

0.361

0.314

0.147

0.132

0.143

0.150

0.265

0.322

0.341

0.263

0.174

0.265

0.322

0.000

0.000

0.000

0.000

0.352

0.343

0.342

0.157

0.144

0.131

0.136

0.118

0.147

0.101

0.128

0.138

0.116

0.241

0.212

0.210

0.124

0.116

0.000

0.000

0.000

0.101

0.113

0.109

0.115

0.110

0.120

0.111

0.129

0.128

0.104

0.111

0.129

0.115

0.110

0.099

0.000

0.000

0.000

Oz Oz Oz| Oz| Oz Oz Oz| Oz| Oz Oz| Oz| Oz| Oz Oz| Oz| Oz| Oz Oz

0.310

0.317

0.299

0.316

0.319

0.300

0.305

0.301

0.334

0.333

0.333

0.316

0.320

0.312

0.301

0.000

0.000

0.000
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Appendix C: Sub-Criteria Weights

SubCriteria Weights Case Study Il)

Sub-Criteria Weights
C1 C2 C3 C4 C5
Subl 0.1937 0.2500 0.3644 0.2500 0.3661
Sub?2 0.3000 0.2500 0.3200 0.3899 0.2139
Sub3 0.2411 0.2500 0.3156 0.2000 0.4200
Sub4 0.2652 0.2500 - 0.1601 -
Total 1 1 1 1 1
SubCriteria Weights Case Study I11)
Sub-Criteria Weights
C1 C2 C3 C4 C5
Sub1l 0.1937 0.2500 0.3644 0.2500 0.3661
Sub?2 0.3000 0.2500 0.3200 0.3899 0.2139
Sub3 0.2411 0.2500 0.3156 0.2000 0.4200
Sub4 0.2652 0.2500 - 0.1601 -
Total 1 1 1 1 1
Sub-Criteria Weights Case Study 1V)
Sub-Criteria Weights
C1 C2 C3 C4 C5
Subl 0.2000 0.2500 0.3000 0.2880 0.5000
Sub?2 0.0560 0.2000 0.3000 0.3000 0.5000
Sub3 0.3770 0.3000 0.4000 0.2000 0.000
Sub4 0.3670 0.2500 - 0.2120 -
Total 1 1 1 1 1
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Appendi x D: Chango6s priority

Chang’ s priority weespgdtbsHriefia CadeStadyihat i ves wit

P1 0.240/0.2310.2990.131{0.191/0.1690.2330.166 0.3410.2550.297/0.160 0.3100.2140.197,0.266/0.244 0.235
P2 10.2330.1980.2410.1520.1830.2030.197/0.1780.2640.2760.271/0.183 0.2370.1790.2290.177/0.161 0.300
P3 (0.1980.2880.2160.1490.2240.2050.1550.1390.2510.261{0.3090.1770.2250.227/0.2100.1890.173 0.465

Chang’ s priority wei ght s-cricefiaCadeStadyiidat i ves wi t

@) @) O @) (@) (@) (@) O O O O O O Q) Q) 0O 0O 0O
E R | BR[NNI NN & ||| ™| B[R] X|Oa|0]|
RN |W || RP | N|O|SN|RP|N||RP|NMN|O®W|D”M[FRP|NM]|®

P1 10.1770.2740.1710.0990.1900.1480.1730.2430.2440.2140.2930.158 0.1620.1740.1460.1780.133 0.150,
P2 10.2500.3450.2810.1240.2330.2160.2400.311/0.3330.246 0.421/0.2470.300 0.202 0.251/0.271{0.251 0.227
P3(0.2190.3280.2000.1030.2140.2000.2120.2800.2890.231{0.356 0.2010.2980.188 0.2100.240{0.221| 0.198

Chmg’' s priority wei ght s ecfiterimaCasesStudydM) i ves wi t h

(@) (@) O (@) (@) (@) (@) O 0O O O O O Q Q 0O 0O
F R R R ININININ| OO X|E|E|IR|IE|0O|O
[l N w SN [l N w IS - N w = N w BN [l N

€60

P110.1830.2370.1790.2290.1770.1610.3000.1830.2990.2760.271/0.1830.2520.1790.2000.177/0.161 -
P2 10.2090.2000.1510.1430.2240.2050.1550.1390.2950.0870.3620.3250.2710.2270.2550.2050.271 -
P3 |0.3780.1970.3450.3120.2000.200 0.3090.2240.3120.3750.2000.2090.3870.1310.3000.2660.221 -
P4 10.224/0.2050.1790.1390.2510.2610.1580.197/0.2200.200 0.1330.201{0.2200.2040.2100.1330.244 -
P5 |0.177|0.2250.2270.2100.2330.198 0.1250.1250.2850.2610.3220.177/0.2770.356 0.1430.2130.322 -
P6 [0.1830.2030.1970.1780.2330.1980.201{0.1520.1830.2030.1970.1860.2800.2850.124/0.2630.112 -
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(unweighted) super matrix for the private partner selection (Case Study II).

Appendix E: (unweighted) superi

matrix

Cluster

Node level

Criteria

Alternatives

3

V)

V)

3

Goal

0.000

0.000

0.000

0.197

0.312

0.200

0.200

0.159

0.161

0.221

0.158

0.220

0.375

0.133

0.201

0.177

0.204

0.210

0.266

0.244

0.500

0.000

0.000

0.000

0.000

0.233

0.198

0.256

0.152

0.183

0.203

0.197

0.178

0.299

0.276

0.271

0.183

0.252

0.179

0.200

0.177

0.161

0.188

0.000

0.000

0.000

0.000

0.220

0.266

0.210

0.155

0.209

0.220

0.151

0.143

0.285

0.261

0.322

0.165

0.200

0.213

0.188

0.134

0.173

0.191

0.000

Oz CY C C

0.224

0.227

0.523

0.000

0.000

0.000

0.000

0.421

0.233

0.241

0.121

0.382

0.311

0.287

0.247

0.250

0.199

0.334

0.236

0.316

0.278

0.140

eLRDIRUIR)Y

0.402

0.222

0.204

0.000

0.000

0.000

0.000

0.500

0.311

0.361

0.402

0.362

0.419

0.388

0.500

0.500

0.201

0.321

0.284

0.261

0.287

0.210

0.150

0.303

0.150

0.000

0.000

0.000

0.000

0.300

0.315

0.152

0.174

0.387

0.323

0.295

0.229

0.336

0.171

0.384

0.286

0.333

0.259

0.065

O:| Oz|O:| O=

0.224

0.248

0.113

0.000

0.000

0.000

0.000

0.188

0.156

0.163

0.217

0.302

0.322

0.264

0.200

0.304

0.213

0.316

0.253

0.224

0.263

0.005

0.195

0.250

0.450

0.218

0.229

0.237

0.103

0.000

0.000

0.000

0.000

0.241

0.226

0.322

0.273

0.266

0.210

0.251

0.356

0.374

0.340

0.063

0.213

0.250

0.177

0.271

0.264

0.245

0.231

0.000

0.000

0.000

0.000

0.323

0.364

0.346

0.251

0.283

0.219

0.217

0.274

0.269

0.245

0.025

0.350

0.250

0.186

0.261

0.256

0.249

0.221

0.000

0.000

0.000

0.000

0.227

0.310

0.298

0.220

0.225

0.202

0.213

0.232

0.211

0.229

0.100

O:| Oz Oz Os=

0.242

0.250

0.187

0.231

0.201

0.213

0.200

0.000

0.000

0.000

0.000

0.226

0.298

0.331

0.227

0.252

0.206

0.239

0.253

0.238

0.207

0.018

Os

0.415

0.433

0.250

0.147

0.132

0.143

0.150

0.219

0.247

0.231

0.214

0.000

0.000

0.000

0.141

0.169

0.147

0.100

0.220

0.249

0.213

0.000

Os

0.169

0.188

0.500

0.241

0.218

0.211

0.231

0.291

0.300

0.240

0.197

0.000

0.000

0.000

0.217

0.264

0.254

0.201

0.233

0.240

0.216

0.000

O=

0.416

0.379

0.250

0.161

0.213

0.177

0.169

0.150

0.146

0.135

0.139

0.000

0.000

0.000

0.223

0.246

0.251

0.132

0.210

0.176

0.133

0.000

0.140

0.181

0.164

0.253

0.269

0.226

0.221

0.251

0.238

0.243

0.169

0.311

0.336

0.345

0.000

0.000

0.000

0.000

0.302

0.366

0.321

0.030

0.200

0.371

0.261

0.500

0.500

0.613

0.544

0.523

0.531

0.571

0.527

0.641

0.615

0.600

0.000

0.000

0.000

0.000

0.319

0.337

0.358

0.109

0.250

0.300

0.125

0.277

0.269

0.266

0.274

0.265

0.291

0.241

0.211

0.134

0.139

0.141

0.000

0.000

0.000

0.000

0.303

0.370

0.336

0.004

O3 Oz| Oz| O=

0.410

0.148

0.450

0.211

0.203

0.263

0.174

0.263

0.174

0.300

0.300

0.200

0.224

0.221

0.000

0.000

0.000

0.000

0.344

0.321

0.339

0.004

Oz

0.200

0.333

0.400

0.332

0.311

0.325

0.309

0.312

0.299

0.316

0.319

0.328

0.331

0.324

0.279

0.289

0.261

0.264

0.000

0.000

0.000

0.075

Oz

0.200

0.333

0.431

0.310

0.317

0.299

0.316

0.319

0.300

0.305

0.301

0.334

0.333

0.333

0.316

0.320

0.312

0.301

0.000

0.000

0.000

0.065

0.600

0.334

0.169

0.431

0.345

0.377

0.361

0.364

0.352

0.386

0.389

0.417

0.421

0.410

0.354

0.500

0.432

0.418

0.000

0.000

0.000

0.088

[e09)

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000
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(unweighted) super matrix for the private partner selection (Case Study III).

Cluster | Criteria Goal
Node level | Alternatives 0 ) o 0 o
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0.000 | 0.000| 0.000| 0.240 | 0.231| 0.299| 0.131| 0.191| 0.169 | 0.233| 0.166 | 0.341 | 0.255| 0.297 | 0.160 | 0.310| 0.214 | 0.197 | 0.266 | 0.244 | 0.235| 0.000

0.000 | 0.000| 0.000| 0.233 | 0.198 | 0.241 | 0.152 | 0.183| 0.203 | 0.197| 0.178 | 0.264 | 0.276| 0.271| 0.183 | 0.237| 0.179 | 0.229 | 0.177| 0.161 | 0.300 | 0.000

0.000 | 0.000| 0.000| 0.198 | 0.288 | 0.216 | 0.149 | 0.224| 0.205| 0.155| 0.139| 0.251 | 0.261| 0.309| 0.177 | 0.225| 0.227 | 0.210 | 0.189| 0.173 | 0.465 | 0.000

Oz C C C4

0.234 | 0.500 | 0.336 | 0.000| 0.000| 0.000| 0.000| 0.421| 0.233] 0.241] 0.121| 0.382| 0.311 | 0.287| 0.247| 0.250| 0.199| 0.334| 0.236| 0.316| 0.278 | 0.153

eLRDIRUIR)Y

0.100| 0.133| 0.391 | 0.000| 0.000| 0.000| 0.000| 0.500| 0.311) 0.361| 0.402| 0.362 | 0.419| 0.388 | 0.500| 0.500| 0.201 | 0.321 | 0.284 | 0.261| 0.287 | 0.198

0.366 | 0.147 | 0.086 | 0.000| 0.000| 0.000| 0.000| 0.300| 0.315] 0.152| 0.174| 0.387 | 0.323 | 0.295| 0.229] 0.336| 0.171| 0.384 | 0.286 | 0.333| 0.259 | 0.036

Oz Oz O:| Oz

0.300| 0.220| 0.187 | 0.000| 0.000| 0.000| 0.000| 0.188| 0.156| 0.163| 0.217| 0.302 | 0.322 | 0.264 | 0.200| 0.304 | 0.213 | 0.316 | 0.253 | 0.224 | 0.263 | 0.008

0.115] 0.346| 0.377| 0.218| 0.229| 0.237| 0.103| 0.000| 0.000| 0.000| 0.000| 0.241| 0.226| 0.322| 0.273| 0.266 | 0.210| 0.251 | 0.356 | 0.374 | 0.340 | 0.043

0.100| 0.239| 0.397| 0.271| 0.264 | 0.245| 0.231| 0.000| 0.000| 0.000| 0.000| 0.323 | 0.364 | 0.346 | 0.251| 0.283 | 0.219| 0.217 | 0.274 | 0.269 | 0.245 | 0.040

0.399| 0.215) 0.126| 0.261| 0.256 | 0.249| 0.221| 0.000| 0.000| 0.000| 0.000| 0.227| 0.310| 0.298 | 0.220| 0.225| 0.202| 0.213 | 0.232| 0.211 | 0.229 | 0.120

O:| Oz O:|O=

0.386 | 0.200| 0.100| 0.231| 0.201| 0.213| 0.200| 0.000| 0.000| 0.000| 0.000| 0.226| 0.298 | 0.331| 0.227| 0.252| 0.206 | 0.239 | 0.253 | 0.238 | 0.207 | 0.026

0.333| 0.235| 0.481| 0.147| 0.132| 0.143| 0.150| 0.219| 0.247| 0.231| 0.214| 0.000| 0.000| 0.000 | 0.141| 0.169| 0.147| 0.100 | 0.220 | 0.249 | 0.213 | 0.000

Os

0.334 | 0.222 | 0.260| 0.241| 0.218| 0.211| 0.231 | 0.291| 0.300 | 0.240| 0.197 | 0.000 | 0.000| 0.000 | 0.217 | 0.264| 0.254 | 0.201 | 0.233 | 0.240 | 0.216 | 0.000

Os

0.333| 0.543] 0.259| 0.161 | 0.213| 0.177| 0.169| 0.150| 0.146 | 0.135| 0.139| 0.000 | 0.000| 0.000 | 0.223 | 0.246| 0.251 | 0.132 | 0.210| 0.176 | 0.133 | 0.000

Os

0.400 | 0.311) 0.236| 0.253 | 0.269| 0.226 | 0.221 | 0.251| 0.238 | 0.243| 0.169| 0.311 | 0.336 | 0.345| 0.000 | 0.000 | 0.000 | 0.000 | 0.302 | 0.366 | 0.321 | 0.041

0.369 | 0.186 | 0.111 | 0.500| 0.500 | 0.613 | 0.544 | 0.523 | 0.531| 0.571| 0.527 | 0.641 | 0.615 | 0.600 | 0.000 | 0.000 | 0.000 | 0.000 | 0.319| 0.337| 0.358 | 0.122

0.131] 0.409| 0.153| 0.277| 0.269| 0.266 | 0.274 | 0.265| 0.291] 0.241] 0.211| 0.134| 0.139| 0.141| 0.000 | 0.000 | 0.000 | 0.000 | 0.303 | 0.370| 0.336 | 0.007

O3 Oz| Oz O=

0.100| 0.094 | 0.500| 0.211| 0.203| 0.263| 0.174| 0.263 | 0.174| 0.300| 0.300| 0.200 | 0.224 | 0.221 | 0.000 | 0.000 | 0.000 | 0.000 | 0.344 | 0.321| 0.339 | 0.006

0.500| 0.401| 0.136| 0.332| 0.311| 0.325| 0.309| 0.312| 0.299| 0.316| 0.319| 0.328 | 0.331 | 0.324 | 0.279| 0.289| 0.261 | 0.264 | 0.000 | 0.000 | 0.000 | 0.060

O=

0.286| 0.198 | 0.120| 0.310| 0.317| 0.299| 0.316 | 0.319| 0.300| 0.305| 0.301 | 0.334| 0.333 | 0.333| 0.316| 0.320| 0.312| 0.301 | 0.000 | 0.000 | 0.000 | 0.040

O=

6 | 0.214] 0.401| 0.744| 0.431| 0.345| 0.377| 0.361 | 0.364 | 0.352 | 0.386 | 0.389| 0.417 | 0.421| 0.410| 0.354| 0.500 | 0.432 | 0.418 | 0.000| 0.000 | 0.000 | 0.100

0.000 | 0.000| 0.000| 0.000| 0.000| 0.000| 0.000| 0.000| 0.000| 0.000| 0.000| 0.000| 0.000| 0.000 | 0.000 | 0.000 | 0.000| 0.000 | 0.000 | 0.000 | 0.000 | 0.000

[e09)
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un weighted) super matrix for the private partner selectif@ase Study V)

Cluster Node
level

Alternatives

Criteria

0

5

V)

V)

3

5

5

Goal

>

0.000

0.000

0.000

0.000

0.000

0.000

0.183

0.237

0.179

0.229

0.177

0.161

0.300

0.183

0.299

0.276

0.271

0.183

0.252

0.179

0.200

0.177

0.161

0.000

0.000

=3
@

0.000

0.000

0.000

0.000

0.000

0.000

0.209

0.200

0.151

0.143

0.224

0.205

0.155

0.139

0.295

0.087

0.362

0.325

0.271

0.227

0.255

0.205

0.271

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.378

0.197

0.345

0.312

0.200

0.200

0.309

0.224

0.312

0.375

0.200

0.209

0.387

0.131

0.300

0.266

0.221

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.224

0.205

0.179

0.139

0.251

0.261

0.158

0.197

0.220

0.200

0.133

0.201

0.220

0.204

0.210

0.133

0.244

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.177

0.225

0.227

0.210

0.233

0.198

0.256

0.125

0.285

0.261

0.322

0.177

0.277

0.356

0.143

0.213

0.322

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.183

0.203

0.197

0.178

0.233

0.198

0.201

0.152

0.183

0.203

0.197

0.186

0.280

0.285

0.124

0.263

0.112

0.000

0.000

O: | C C1 C4 T4 Cf C4

0.533

0.222

0.100

0.333

0.140

0.450

0.000

0.000

0.000

0.000

0.500

0.311

0.361

0.402

0.362

0.419

0.388

0.200

0.304

0.213

0.316

0.253

0.224

0.263

0.051

eLoID

0.203

0.201

0.081

0.472

0.200

0.177

0.000

0.000

0.000

0.000

0.300

0.315

0.152

0.174

0.387

0.323

0.295

0.273

0.266

0.210

0.251

0.356

0.374

0.340

0.037

0.200

0.278

0.399

0.181

0.250

0.186

0.000

0.000

0.000

0.000

0.500

0.500

0.201

0.321

0.284

0.261

0.287

0.247

0.250

0.199

0.334

0.236

0.316

0.278

0.119

Oz 0Oz| 0| O

0.063

0.299

0.420

0.013

0.410

0.187

0.000

0.000

0.000

0.000

0.229

0.336

0.171

0.384

0.286

0.333

0.259

0.174

0.300

0.188

0.344

0.245

0.317

0.288

0.102

0.250

0.154

0.158

0.154

0.164

0.189

0.218

0.229

0.237

0.103

0.000

0.000

0.000

0.000

0.219

0.247

0.231

0.288

0.271

0.233

0.234

0.343

0.350

0.311

0.059

0.311

0.487

0.158

0.487

0.261

0.288

0.218

0.229

0.237

0.103

0.000

0.000

0.000

0.000

0.291

0.300

0.240

0.251

0.283

0.219

0.217

0.274

0.269

0.245

0.046

0.163

0.277

0.316

0.277

0.125

0.281

0.261

0.256

0.249

0.221

0.000

0.000

0.000

0.000

0.150

0.146

0.135

0.220

0.225

0.202

0.213

0.232

0.211

0.229

0.073

O:| Oz Oz O=

0.275

0.080

0.368

0.080

0.450

0.240

0.231

0.201

0.213

0.200

0.000

0.000

0.000

0.000

0.219

0.247

0.231

0.227

0.252

0.206

0.239

0.253

0.238

0.207

0.064

Os

0.166

0.266

0.175

0.387

0.333

0.200

0.147

0.132

0.143

0.150

0.219

0.247

0.231

0.214

0.000

0.000

0.000

0.115

0.327

0.221

0.110

0.233

0.219

0.201

0.015

Os

0.500

0.400

0.325

0.458

0.333

0.200

0.241

0.218

0.211

0.231

0.291

0.300

0.240

0.197

0.000

0.000

0.000

0.210

0.387

0.235

0.116

0.241

0.212

0.210

0.015

O=

0.333

0.333

0.500

0.154

0.334

0.600

0.161

0.213

0.177

0.169

0.150

0.146

0.135

0.139

0.000

0.000

0.000

0.217

0.390

0.239

0.120

0.199

0.117

0.100

0.063

0.257

0.181

0.279

0.293

0.227

0.190

0.253

0.269

0.226

0.221

0.209

0.236

0.255

0.226

0.213

0.209

0.236

0.000

0.000

0.000

0.000

0.325

0.387

0.342

0.061

0.293

0.188

0.347

0.184

0.222

0.179

0.500

0.500

0.613

0.544

0.265

0.322

0.341

0.263

0.174

0.265

0.322

0.000

0.000

0.000

0.000

0.370

0.344

0.355

0.073

0.250

0.400

0.174

0.245

0.303

0.440

0.277

0.269

0.266

0.274

0.209

0.236

0.255

0.226

0.213

0.209

0.236

0.000

0.000

0.000

0.000

0.333

0.361

0.314

0.052

O3 Oz| Oz| O=

0.200

0.230

0.200

0.277

0.248

0.190

0.147

0.132

0.143

0.150

0.265

0.322

0.341

0.263

0.174

0.265

0.322

0.000

0.000

0.000

0.000

0.352

0.343

0.342

0.033

O=

0.500

0.500

0.500

0.500

0.500

0.500

0.157

0.144

0.131

0.136

0.118

0.147

0.101

0.128

0.138

0.116

0.241

0.212

0.210

0.124

0.116

0.000

0.000

0.000

0.073

O=

0.500

0.500

0.500

0.500

0.500

0.500

0.101

0.113

0.109

0.115

0.110

0.120

0.111

0.129

0.128

0.104

0.111

0.129

0.115

0.110

0.099

0.000

0.000

0.000

0.073

0.000

0.000

0.000

0.000

0.000

0.000

0.310

0.317

0.299

0.316

0.319

0.300

0.305

0.301

0.334

0.333

0.333

0.316

0.320

0.312

0.301

0.000

0.000

0.000

0.000

[e09)

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000
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Appendix F: Limit super T matrix

Limit super—matrix for the private partner selection (Case Study ).

Cluster

Node level

Alternatives

Criteria
0

5

5

V)

V)

3

5

5

Goal

0.112

0.112

0.112

0.112

0.112

0.112

0.112

0.112

0.112

0.112

0.112

0.112

0.112

0.112

0.112

0.112

0.112

0.112

0.112

0.112

0.112

0.112

0.223

0.223

0.223

0.223

0.223

0.223

0.223

0.223

0.223

0.223

0.223

0.223

0.223

0.223

0.223

0.223

0.223

0.223

0.223

0.223

0.223

0.223

0.122

0.122

0.122

0.122

0.122

0.122

0.122

0.122

0.122

0.122

0.122

0.122

0.122

0.122

0.122

0.122

0.122

0.122

0.122

0.122

0.122

0.122

Oz C Ca| C4

eLRDIRUIL)Y

0.068

0.068

0.068

0.068

0.068

0.068

0.068

0.068

0.068

0.068

0.068

0.068

0.068

0.068

0.068

0.068

0.068

0.068

0.068

0.068

0.068

0.068

0.100

0.100

0.100

0.100

0.100

0.100

0.100

0.100

0.100

0.100

0.100

0.100

0.100

0.100

0.100

0.100

0.100

0.100

0.100

0.100

0.100

0.100

0.023

0.023

0.023

0.023

0.023

0.023

0.023

0.023

0.023

0.023

0.023

0.023

0.023

0.023

0.023

0.023

0.023

0.023

0.023

0.023

0.023

0.023

Oz Oz O:| Oz

0.015

0.015

0.015

0.015

0.015

0.015

0.015

0.015

0.015

0.015

0.015

0.015

0.015

0.015

0.015

0.015

0.015

0.015

0.015

0.015

0.015

0.015

0.020

0.020

0.020

0.020

0.020

0.020

0.020

0.020

0.020

0.020

0.020

0.020

0.020

0.020

0.020

0.020

0.020

0.020

0.020

0.020

0.020

0.020

0.013

0.013

0.013

0.013

0.013

0.013

0.013

0.013

0.013

0.013

0.013

0.013

0.013

0.013

0.013

0.013

0.013

0.013

0.013

0.013

0.013

0.013

0.047

0.047

0.047

0.047

0.047

0.047

0.047

0.047

0.047

0.047

0.047

0.047

0.047

0.047

0.047

0.047

0.047

0.047

0.047

0.047

0.047

0.047

[eHIeHIeHIeH

0.044

0.044

0.044

0.044

0.044

0.044

0.044

0.044

0.044

0.044

0.044

0.044

0.044

0.044

0.044

0.044

0.044

0.044

0.044

0.044

0.044

0.044

Os

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

Os

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

Os

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.010

0.010

0.010

0.010

0.010

0.010

0.010

0.010

0.010

0.010

0.010

0.010

0.010

0.010

0.010

0.010

0.010

0.010

0.010

0.010

0.010

0.010

0.040

0.040

0.040

0.040

0.040

0.040

0.040

0.040

0.040

0.040

0.040

0.040

0.040

0.040

0.040

0.040

0.040

0.040

0.040

0.040

0.040

0.040

0.010

0.010

0.010

0.010

0.010

0.010

0.010

0.010

0.010

0.010

0.010

0.010

0.010

0.010

0.010

0.010

0.010

0.010

0.010

0.010

0.010

0.010

O3 Oz| Oz O=

0.014

0.014

0.014

0.014

0.014

0.014

0.014

0.014

0.014

0.014

0.014

0.014

0.014

0.014

0.014

0.014

0.014

0.014

0.014

0.014

0.014

0.014

O=

0.020

0.020

0.020

0.020

0.020

0.020

0.020

0.020

0.020

0.020

0.020

0.020

0.020

0.020

0.020

0.020

0.020

0.020

0.020

0.020

0.020

0.020

O=

0.020

0.020

0.020

0.020

0.020

0.020

0.020

0.020

0.020

0.020

0.020

0.020

0.020

0.020

0.020

0.020

0.020

0.020

0.020

0.020

0.020

0.020

0.080

0.080

0.080

0.080

0.080

0.080

0.080

0.080

0.080

0.080

0.080

0.080

0.080

0.080

0.080

0.080

0.080

0.080

0.080

0.080

0.080

0.080

[e09)

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000
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Limit super—matrix for the private partner selection (Case Study III).

Cluster

Node level

Alternatives

Criteria

0

5

5

V)

V)

3

5

5

Goal

0.238

0.238

0.238

0.238

0.238

0.238

0.238

0.238

0.238

0.238

0.238

0.238

0.238

0.238

0.238

0.238

0.238

0.238

0.238

0.238

0.238

0.238

0.148

0.148

0.148

0.148

0.148

0.148

0.148

0.148

0.148

0.148

0.148

0.148

0.148

0.148

0.148

0.148

0.148

0.148

0.148

0.148

0.148

0.148

0.105

0.105

0.105

0.105

0.105

0.105

0.105

0.105

0.105

0.105

0.105

0.105

0.105

0.105

0.105

0.105

0.105

0.105

0.105

0.105

0.105

0.105

Oz C C C4

0.049

0.049

0.049

0.049

0.049

0.049

0.049

0.049

0.049

0.049

0.049

0.049

0.049

0.049

0.049

0.049

0.049

0.049

0.049

0.049

0.049

0.049

eLRDIRUIR)Y

0.105

0.105

0.105

0.105

0.105

0.105

0.105

0.105

0.105

0.105

0.105

0.105

0.105

0.105

0.105

0.105

0.105

0.105

0.105

0.105

0.105

0.105

0.014

0.014

0.014

0.014

0.014

0.014

0.014

0.014

0.014

0.014

0.014

0.014

0.014

0.014

0.014

0.014

0.014

0.014

0.014

0.014

0.014

0.014

Oz:| Oz[ Oz O=

0.004

0.004

0.004

0.004

0.004

0.004

0.004

0.004

0.004

0.004

0.004

0.004

0.004

0.004

0.004

0.004

0.004

0.004

0.004

0.004

0.004

0.004

0.010

0.010

0.010

0.010

0.010

0.010

0.010

0.010

0.010

0.010

0.010

0.010

0.010

0.010

0.010

0.010

0.010

0.010

0.010

0.010

0.010

0.010

0.010

0.010

0.010

0.010

0.010

0.010

0.010

0.010

0.010

0.010

0.010

0.010

0.010

0.010

0.010

0.010

0.010

0.010

0.010

0.010

0.010

0.010

0.030

0.030

0.030

0.030

0.030

0.030

0.030

0.030

0.030

0.030

0.030

0.030

0.030

0.030

0.030

0.030

0.030

0.030

0.030

0.030

0.030

0.030

O:| Oz O:|O=

0.020

0.020

0.020

0.020

0.020

0.020

0.020

0.020

0.020

0.020

0.020

0.020

0.020

0.020

0.020

0.020

0.020

0.020

0.020

0.020

0.020

0.020

Os

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

Os

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

Os

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.019

0.019

0.019

0.019

0.019

0.019

0.019

0.019

0.019

0.019

0.019

0.019

0.019

0.019

0.019

0.019

0.019

0.019

0.019

0.019

0.019

0.019

0.090

0.090

0.090

0.090

0.090

0.090

0.090

0.090

0.090

0.090

0.090

0.090

0.090

0.090

0.090

0.090

0.090

0.090

0.090

0.090

0.090

0.090

0.009

0.009

0.009

0.009

0.009

0.009

0.009

0.009

0.009

0.009

0.009

0.009

0.009

0.009

0.009

0.009

0.009

0.009

0.009

0.009

0.009

0.009

O3 Oz|Oz| O=

0.016

0.016

0.016

0.016

0.016

0.016

0.016

0.016

0.016

0.016

0.016

0.016

0.016

0.016

0.016

0.016

0.016

0.016

0.016

0.016

0.016

0.016

O=

0.018

0.018

0.018

0.018

0.018

0.018

0.018

0.018

0.018

0.018

0.018

0.018

0.018

0.018

0.018

0.018

0.018

0.018

0.018

0.018

0.018

0.018

O=

0.015

0.015

0.015

0.015

0.015

0.015

0.015

0.015

0.015

0.015

0.015

0.015

0.015

0.015

0.015

0.015

0.015

0.015

0.015

0.015

0.015

0.015

0.100

0.100

0.100

0.100

0.100

0.100

0.100

0.100

0.100

0.100

0.100

0.100

0.100

0.100

0.100

0.100

0.100

0.100

0.100

0.100

0.100

0.100

[e09)

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000
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Limit super—matrix for the private partner selectif@ase Study V)

Cluster Node |Alternatives Criteria Goal
level o} o] o} 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 o 0 o 0 o 0 0 o o o

= 0.059 |0.059]0.059 |0.059 |0.059 |0.059 |0.059 |0.059 [0.059 |0.059 |0.059 |0.059 |0.059 |0.059 |0.059 |0.059 |0.059 |0.059 |0.059 |0.059 |0.059 |0.059 |0.059 |0.059 |0.058

© 0.045 |0.045|0.045 |0.045 |0.045|0.045 |0.045 |0.045 [0.045 |0.045 |0.045 |0.045 |0.045 |0.045 |0.045 |0.045 |0.045 |0.045 |0.045 |0.045 |0.045 [0.045 |0.045 |0.045 |0.045

0.123]0.123]0.123|0.123 |0.123]0.123 |0.123 |0.123 |0.123 |0.1230.123 |0.123 |0.123 |0.123 |0.1230.123 |0.123 |0.123 |0.123 |0.123 |0.123 |0.123 |0.123 |0.123 |0.123

0.060 |0.060 |0.060 |0.060 |0.060 |0.060 |0.060 |0.060 |0.060 |0.060 |0.060 |0.060 |0.060 |0.060 |0.060 |0.060 |0.060 |{0.060 |0.060 |0.060 |0.060 [0.060 |0.060 |0.060 |0.060

0.039 |0.039]0.039 |0.039 |0.0390.039 |0.039 |0.039 [0.039 |0.039 |0.039 |0.039 |0.039 |0.039 |0.039 |0.039 |0.039 |0.039 |0.039 |0.039 |0.039 |0.039 |0.039 |0.039 |0.039

0.055 |0.055|0.055 |0.055 |0.055 |0.055 |0.055 |0.055 |0.055 |0.055 |0.055 |0.055 |0.055 |0.055 |0.055 |0.055 |0.055 |0.055 |0.055 |0.055 |0.055 |0.055 |0.055 |0.055 |0.054

O: | C C1 C4 T4 Cf C4

0.040(0.040 |0.040/0.040|0.040 |0.040 |0.0400.040 |0.040 |0.040]0.040 |0.040 |0.040 |0.040 |0.040 |0.040 |0.040 |0.040 |0.040 |0.040 |0.040 |0.040 |0.040 |0.040 |0.040

eLoID

0.028|0.028 |0.028 |0.028 |0.028 |0.028 |0.028 |0.028 |0.028 |0.028 |0.028 |0.028 |0.028 |0.028 |0.028 |0.028 |0.028 |0.028 |0.028 |0.028 |0.028 |0.028 |0.028 |0.028 |0.028

0.068 |0.068 |0.068 |0.068 |0.068 |0.068 |0.068 |0.068 |0.068 |0.068 |0.068 |0.068 |0.068 |0.068 |0.068 |0.068 |0.068 |0.068 |0.068 |0.068 |0.068 |0.068 |0.068 |0.068 |0.068

[eHleHIeH e

0.047(0.047 |0.047 |0.047 |0.047 |0.047 |0.047 |0.047 |0.047 |0.047 ]0.047 |0.047 |0.047 |0.047 |0.047 |0.047 |0.047 |0.047 |0.047 |0.047 |0.047 |0.047 |0.047 |0.047 |0.047

0.0390.039 |0.039 |0.039 |0.039 |0.039 |0.039 |0.039 |0.039 |0.039 |0.039 |0.039 |0.039 |0.039 |0.039 |0.039 |0.039 |0.039 |0.039 |0.039 |0.039 |0.039 |0.039 |0.039 |0.039

0.026 |0.026 |0.026 |0.026 |0.026 |0.026 |0.026 |0.026 |0.026 |0.026 |0.026 |0.026 |0.026 |0.026 |0.026 |0.026 |0.026 |0.026 |0.026 |0.026 |0.026 |0.026 |0.026 |0.026 |0.026

0.051|0.051 |0.051 |0.051 |0.051 |0.051 |0.051 |0.051 |0.051 |0.051 |0.051 |0.051 |0.051 |0.051 |0.051 |0.051 |0.051 |0.051 |0.051 |0.051 |0.051 |0.051 |0.051 |0.051 |0.051

O:| Oz O:|O=

0.0330.033|0.033 |0.033 |0.033 |0.033 |0.033 |0.033 |0.033 |0.033 |0.033 |0.033 |0.033 |0.033 |0.033 |0.033 |0.033 |0.033 |0.033 |0.033 |0.033 |0.033 |0.033 |0.033 |0.033

0.005 |0.005 |0.005 |0.005 |0.005 |0.005 |0.005 |0.005 |0.005 |0.005 |0.005 |0.005 |0.005 |0.005 |0.005 |0.005 |0.005 |0.005 |0.005 |0.005 |0.005 |0.005 |0.005 |0.005 |0.005

Os

0.005 |0.005 |0.005 |0.005 |0.005 |0.005 |0.005 |0.005 |0.005 |0.005 |0.005 |0.005 |0.005 |0.005 |0.005 |0.005 |0.005 |0.005 |0.005 |0.005 |0.005 |0.005 |0.005 |0.005 |0.005

Os

0.029(0.029 |0.029 |0.029 |0.029 |0.029 |0.029 |0.029 |0.029 |0.029 |0.029 |0.029 |0.029 |0.029 |0.029 [0.029 |0.029 |0.029 |0.029 |0.029 [0.029 |0.029 |0.029 |0.029 |0.029

O=

0.061|0.061 |0.061 |0.061 |0.061 |0.061 |0.061 |0.061 |0.061 |0.061 |0.061 |0.061 |0.061 |0.061 |0.061 |0.061 |0.061 |0.061 |0.061 |0.061 |0.061 |0.061 |0.061 |0.061 |0.061

0.051|0.051 |0.051 |0.051 |0.051 |0.051 |0.051 |0.051 |0.051 |0.051 |0.051 |0.051 |0.051 |0.051 |0.051 |0.051 |0.051 |0.051 |0.051 |0.051 |0.051 |0.051 |0.051 |0.051 |0.051

0.022]0.022 |0.022 |10.022 |0.022 |0.022 |0.022 |0.022 |0.022 |0.022 ]0.022 |0.022 |0.022 |0.022 |0.022 |0.022 |0.022 |0.022 |0.022 |0.022 |0.022 |0.022 |0.022 |0.022 |0.022

Oz| 03| Oz O=

0.014|0.014 |0.014/0.014|0.014 |0.014 |0.014 |0.014 |0.014 |0.0140.014 |0.014 |0.014 |0.014 |0.014 |0.014 |10.014 |0.014 |0.014 |10.014 |0.014 |0.014 |0.014 |0.014 |0.014

0.051|0.051 |0.051 |0.051 |0.051 |0.051 |0.051 |0.051 |0.051 |0.051 |0.051 |0.051 |0.051 |0.051 |0.051 |0.051 |0.051 |0.051 |0.051 |0.051 |0.051 |0.051 |0.051 |0.051 |0.051

O=

0.051|0.051 |0.051 |0.051 |0.051 |0.051 |0.051 |0.051 |0.051 |0.051 |0.051 |0.051 |0.051 |0.051 |0.051 |0.051 |0.051 |0.051 |0.051 |0.051 |0.051 |0.051 |0.051 |0.051 |0.051

O=

6 ]0.000 |0.000 |0.000 |0.000 |0.000 |0.000 |0.000 |0.000 |0.000 |0.000 |0.000 |0.000 |0.000 |0.000 |0.000 |0.000 |0.000 |0.000 |0.000 |0.000 |0.000 |0.000 |0.000 [0.000 |0.000

0.000 |0.000 |0.000 |0.000 |0.000 |0.000 |0.000 |0.000 |0.000 |0.000 (0.000 |0.000 |0.000 |0.000 (0.000 (0.000 (0.000 |0.000 0.000 |0.000 (0.000 (0.000 (0.000 (0.000 (0.000

[e09)
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Appendix G: Partners Ranking

The priority of the four private partneiSgse Study 1)

Private Partner Priority of the Alternatives Rank
Private PartneP1 0.112 3
Private Partner P2 0.223 1
Private Partner P3 0.122 2

This result shows the private partrier

project; however the authority (decisions makers) select private partner0.112 which has

less value then the (Private Partder. The decision makers based their selection on

unjustifiable and subjective political factors.

The priority of the four private partnerSdse Study IIl)

T® ¢ is the best private partner to deliver this

Private Partner Priority of the Alternat ives Rank
Private Partner P1 0.238 1
Private Partner P2 0.148 2
Private Partner P3 0.105 3

As shown, the private partn@r is chosen as the best private partner to deliver such a project.
This result shows the private partner T1& o i§ the best private partner to deliver this

project; the authority (decisions makers) select private partner= 0.238 which has same

value.
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The priority of the four private partnerSgse Study V)

Private Partner Priority of the Alternatives Rank
Private Partner P1 0.058 3
Private Partner P2 0.045 5
Private Partner P3 0.123 1
Private Partner P4 0.060 2
Private Partner P5 0.039 6
Private Partner P6 0.054 4

As shown, the private partn@r is chosen as the best private partner to deliver such a project.
This result shows the private partner T ¢ is the best private partner to deliver this
project; theauthority (decisions makers) select private parther= 0.123 which has the same

value the Private Partneb ).
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Appendix H: Private Partner Selection usingT OPSIS

Technique

Case ll:

The General CriterislVeights are customizedhis case study was done before the start of the
unstable political enditions inthe country of operationTherefor at that time the political
weight was assigned a value of 7.5% which is less than the weight assigtieccése study

as shown

General Criteria Weight<ase Study Il)

General Criteria Weights

Financials | Technical Safety & Environmental Managerial Political
40.0% 30.0% 7.5% 15.0% 7.5%
Each partner was assessed by Experts on each of the five criteria as sfahowiing tables.

)

The Experts assessment i falfill the lpeat pradtiae @f the h e

selection criteria.

Experts opinions for partner A (Case Study II).

Experts opinions for partner A
112(3(4|5|6|7|8|9] 10 Average
Financials 2121212141323 |3]| 4 2.70
Technical 2133|453 |2|4]4] 3 3.30
Safety &Environmental 4|1 0|5|4]|2|5|3|1]1]| 3 3.11
Managerial 112 |3|4]2|1]|2]|2|2]| 1 2.00
Political 1/2[(3[4/4/3|/3[3|3]| 4 3.00
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Experts opinions for partner B (Case Study II).

Experts opinions for partner B
112(3/4|5/6|7(8|9]| 10 Average
Financials 1 3/4|5/5|5|5|5] 5 4.3
Technical 2/5(3[|3[3|4|5(1|2] 3 3.1
Safety & Environmental 3/4|5[5(4|2|3/4|5| 3 3.8
Managerial 4(3|4|5|5]4|5|4|3] 1 3.8
Political 5/1(2|3[3|1|2(3|4] 5 2.9
Experts opinions for partner C (Case Study II).
Experts opinions for partner C
11213/4|5|/6|7]8|9]| 10 Average
Financials 1/2|4|5|5[4|2|1|2 3 2.9
Technical 2|12|2|4]|5/4|5]4]|1 3 3.2
Safety & Environmental 3/4|3|3[4|5|/1|2]|3 4 3.2
Managerial 112(3]4|5/3[3]3]|2 3 2.9
Political 4/5]12]3|1[2|3]|]5]5 3 3.3

Similarly to the step explained in castedy I, the decision matrix, standard decision matrix and

weighted standard decision matrix are generated as shown

Decision Matrix (Case Study II).

Decision Matrix

Partner A Partner B Partner C Total
Financial 2.70 4.30 2.90 5.85
Technical 3.30 3.10 3.20 5.54
Safety & Environmental 3.11 3.80 3.20 5.86
Managerial 2.00 3.80 2.90 5.18
Political 3.00 2.90 3.30 5.32

Standard Decision Matrix (Case Study II).

Standard Decision matrix

Partner A Partner B Partner C
Financial 0.46 0.74 0.50
Technical 0.60 0.56 0.58
Safety & Environmental 0.53 0.65 0.55
Managerial 0.39 0.73 0.56
Political 0.56 0.55 0.62
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Weighted Standard Decision Matrix (Case Study II).

Weighted Standard Decision Matrix
Partner A Partner B Partner C
Financial 0.18 0.29 0.20
Technical 0.18 0.17 0.17
Safety & Environmental 0.04 0.05 0.04
Managerial 0.06 0.11 0.08
Political 0.04 0.04 0.05

The standard decision matrix should take into account the general weights value. Therefore we
multiply the first matrix withthe Standard decision Matrix to have the Weighted Standard

decision Matrix as shown

Weighted Standard Decision Matrix, with Ideals (Case Study II).

Weighted Standard Decision Matrix Ideal Negative

Partner A | Partner B | Partner C | Solution Ideal
Financial 0.18 0.29 0.20 0.29 0.18
Technical 0.18 0.17 0.17 0.18 0.17
Safety & Environmental 0.04 0.05 0.04 0.05 0.04
Managerial 0.06 0.11 0.08 0.11 0.06
Political 0.04 0.04 0.05 0.05 0.04

The positive separation and negative separation are calculated as skimsvioilowing tables

The shorter the distance a partner has, the better situation a partner has relative to the other

partners.

Separation from Ideal Solution (Case Study II).

Separation from ldeal Solution
Partner A Partner B Partner C
Financial 0.0120 0.0000 0.0092
Technical 0.0000 0.0001 0.0000
Safety & Environmental 0.0001 0.0000 0.0001
Managerial 0.0027 0.0000 0.0007
Political 0.0000 0.0000 0.0000
Separation( S+) 0.1216 0.0122 0.0997
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Separation from Negative Ideal Solution (Case Study II).

Separation from Negative Ideal Solution

Partner A Partner B Partner C
Financial 0.0000 0.0120 0.0002
Technical 0.0001 0.0000 0.0000
Safety & Environmental 0.0000 0.0001 0.0000
Managerial 0.0000 0.0027 0.0007
Political 0.0000 0.0000 0.0000
Separation(§ 0.01091 0.12154 0.03047

The final partner ranking is the total assessment pertain to positive and negative distance each

partner has from the positive Ideadd Negative Ideal points, as shown

Relative Separation and Partner Ranking (Case Study II).

Relative Separation
Partner A Partner B Partner C
Separation( S+) 0.12161734 0.01220301 0.099695827
Separation(§ 0.01091324 0.12154377 0.030468568
(SH+(S) 0.13253058 0.13374678 0.130164395
S/(S++ S) 0.0823451 0.90876037 0.234077593
Rank of Partners 3 1 2

This result shows the private partner B the best private partner to deliver this project; however
the authority (decisions makers) seleqteigtate partner A.

Case lll:

The General Criteria Wghts are customizedDuring the time of our assessment the political
stability and the sufficient access to the European financial market, especially France, therefor

the political and financial weightgere assigned a value of 8% and 26% respectively, as shown

General Criteria Weight<Case Study 1)
General Criteria Weights

Political
8.0%

Technical
35.0%

Managerial
7.0%

Financials
26.0%

Safety & Environmental
24.0%
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Each partner was assessed by Experts on each of the five criteria as shiogviollowing

tabl es. The

selection criteria.

Experts’

Experts opinions for partner A (Case Stulily

assessment

s regarding

Experts opinions for partner A
1/2|3|4(5/6|7]8|9]10 Average
Financials 3/3|/4/3/4|3[5[3|3] 2 3.30
Technical 314(4/3[3/4|5[3|2]| 2 3.30
Safety & Environmental 3(4(3|4[4|3[2|5|3] 2 3.30
Managerial 21314124323 |2| 4 2.90
Political 3/5|/5/3|5/4(3|4|2]5 3.90
Experts pinions for partner B (Case Study ).
Experts opinions for partner B
1/2(3(4|5[{6|7]|8|9]|10 Average
Financials 3133|213 |5(4,4|3| 4 3.4
Technical 5/3(4(4(3[3[3(3|3]| 4 3.5
Safety & Environmental 3/13/4|5/2|3(2|5|3] 3 3.3
Managerial 413141242412 (4| 5 3.4
Political 4/3|4]5(2|13|2[3|2]|5 3.3
Experts opinions for partner C (Case Study III).
Experts opinions for partner C
1/2(3(4|5[{6|7|8|9]|10 Average
Financials 1{3[3|4|4|3/4|4,3)| 4 3.3
Technical 314(3/4(2|5|3[4|2]| 3 3.3
Safety & Environmental 413|422 |3[4|3[4| 5 3.4
Managerial 414132434 |4(3]|5 3.6
Political 3/3[3|1]2|3[3|4,3| 4 2.9

Similarly to the step explained in case study I, the decision matrix and standard deaision m

are generated as shown:
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Decision Matrix (Cas&tudy Il1).

Decision Matrix
Partner A Partner B Partner C Total
Financial 3.30 3.40 3.30 5.77
Technical 3.30 3.50 3.30 5.83
Safety & Environmental 3.30 3.30 3.40 5.77
Managerial 2.90 3.40 3.60 5.74
Political 3.90 3.30 2.90 5.87

Standardecision Matrix (Case Study IlI).

Standard Decision Matrix
Partner A Partner B Partner C
Financial 0.57 0.59 0.57
Technical 0.57 0.60 0.57
Safety & Environmental 0.57 0.57 0.59
Managerial 0.51 0.59 0.63
Political 0.66 0.56 0.49

The standardecision matrix should take into account the general weights value. Therefore we
multiply the first matrix with the Standard decision Matrix to have the Weighted Standard

decision Matrix as shown

Weighted Standard Decision Matrix, with Ideals (Case Shidy

Weighted Standard Decision matrix | Positive | Negative
Partner A | Partner B | Partner C Ideal Ideal
Financial 0.15 0.15 0.15 0.15 0.15
Technical 0.20 0.21 0.20 0.21 0.20
Safety & Environmental 0.14 0.14 0.14 0.14 0.14
Managerial 0.04 0.04 0.04 0.04 0.04
Political 0.05 0.04 0.04 0.05 0.04

The positive separation and negative separation are calculated as skimsviollowing &bles.
The shorter the distance a partner has, the better situation a partner has relative to the other

partners.
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Separation from Ideal Solution (Case Study Ill).
Separation from Positive Ideal Solution

Partner A Partner B Partner C
Financial 0.0000 0.0000 0.0000
Technical 0.0000 0.0038 0.0024
Safety & Environmental 0.0000 0.0001 0.0001
Managerial 0.0000 0.0115 0.0110
Political 0.0091 0.0107 0.0119
Separation( S+) 0.0956 0.1617 0.1592

Separation from Negative Ideal Solution (Case Study Ill).
Separation from Negative Ideal Solution

Partner A Partner B Partner C
Financial 0.0000 0.0000 0.0000
Technical 0.0000 0.0001 0.0000
Safety & Environmental 0.0000 0.0000 0.0000
Managerial 0.0000 0.0000 0.0001
Political 0.0002 0.0000 0.0000
Separation(S) 0.01362 0.01520 0.00950

The final partner ranking is the total assessment pertain to positiveegative distance each

partner has from the positive Ideal and Negative Ideal points, as shown

Relative Separation and Partner Ranking (Case Study ).

Relative Separation
Partner A Partner B Partner C
Separation( S+) 0.0956 0.1616783 0.1592312
Separation(g 0.01362 0.01520 0.00950
(S+) +( S) 0.10921 0.17688 0.16873
S/(S++S) 0.1246983 0.0859516 0.0562845
Rank of Partners 1 2 3

This result shows the private partner A the best private partner to deliver this project, and the

authority(decisions makers) selected private partner A.
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CaseVl:

The General Criteria Wehts are customized for case studya/shown

General Criteria Weight<ase Study V)

General Criteria Weights

Financials Technical

Safety & Environmental

Managerial

Political

50.0% 20.0%

7.5%

15.0%

7.5%

Each partner was assessed by Experts on each of the five criteria as shiogvfollowing

tables The Experts assessment is regarding
selection criteria.
Experts opinions for partner A (Case Study V).
Experts opinions for partner A
12|34 |5|6 /|7 |8 |9]10|Average
Financials 4 1214|343 |5|3 (3|4 3.50
Technical 314|413 |4|5(3]2]|1 3.00
Safety & Environmental 314 (3 (4|2 |3]|4|5]|2]1 3.10
Managerial 213 (42|14 |5|12|3|2|4 3.10
Political 312 |4|3|4|2|3|4|2]|5 3.20
Experts opinions for partner B (Case Study IV).
Experts opinions for partner B
112,3[4|5/6[7|8|9]10 Average
Financials 3/12|3|2(3|2|4/4|3]|4 3
Technical 2112|4133 |1]3]|1 2.1
Safety & Environmental 3124|5212 |3|3]3 2.8
Managerial 4131454214245 3.7
Political 2134|5232 |3]|2]1 2.7
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Experts opinions for partner C (Case Study IV).

Experts opinions for partner C
112,3(4|5/6(7|8|9]10 Average
Financials 4,13|5/4|4|3/4,5|3|4 3.9
Technical 3/4(5/2(4|5|3|4|5]|3 3.8
Safety & Environmental 4135|5234 |3[4]|5 3.8
Managerial 4151314 |4,5/4,4,3|5 4.1
Political 5/5|3/4/2|3|3(4|5|4 3.8
Experts opinions for partner D (Case Study IV).
Experts opinions for partner D
1(2(3(4|5(6,7,8|9]|10 Average
Financials 3/4|5/3[5[4|3|3[]2]|5 3.7
Technical 4134|5343 |4|4] 3 3.7
Safety & Environmental 21341215324/ 5 3.1
Managerial 3145|1324 |3[4|3]2 3.3
Political 3/4|4|13(2|3|4|4]3]|2 3.2
Experts opinions for partner E (Case Study V).
Experts opinions for partner E
112(3(4(5/6|7,8|9]10 Average
Financials 2131212134 (3]| 2 2.3
Technical 3/4|13|3[3[3[3[2|3]| 3 3
Safety & Environmental 3(4(2|3|1(3[3(4|4)| 2 2.9
Managerial 2134|2221 |4]|2| 3 2.5
Political 1121324212 3 2.1

Similarly to the step explained in case study I, the decision matrix and standard decision matrix

are generated as shown

Decision Matrix (Case Study IV).

Decision Matrix
Partner| Partner| Partner| Partner| Partner| Partner Total
A B C D E F

Financial 3.50 3.00 3.90 3.70 2.3 2.9 7.99
Technical 3.00 2.10 3.80 3.70 3 3.4 7.88
Safety & 310 | 280 | 380 | 310 | 29 29 | 763
Environmental
Managerial 3.10 3.70 4.10 3.30 2.5 2.9 8.10
Political 3.20 2.70 3.80 3.20 2.1 2.6 7.30
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Standard Decision Matrix (CaSgudy V).

Standard Decision Matrix
Partner | Partner | Partner| Partner| Partner| Partner
A B C D E F
Financial 0.44 0.38 0.49 0.46 0.29 0.36
Technical 0.38 0.27 0.48 0.47 0.38 0.43
Safety & Environmental 0.41 0.37 0.50 0.41 0.38 0.38
Managerial 0.38 0.46 0.51 0.41 0.31 0.36
Political 0.44 0.37 0.52 0.44 0.29 0.36

The standard decision matrix should take into account the general weights value. Therefore we

multiply the first matrix with the Standard decision Matrix to have the Weighted Standard

decision Matrix as shown

Weighted Standard Decision Matrix, with Ideals (Case Study V).

Weighted Standard Decision Matrix WVE | -VE
Partner| Partner| Partner| Partner| Partner| Partner ideal | 1deal
A B C D E F

Financial 0.22 0.19 0.24 0.23 0.14 0.18 0.24 | 0.14
Technical 0.08 0.05 0.10 0.09 0.08 0.09 0.10 | 0.05
Eﬁfﬁ:gnﬁ‘nemal 003 | 003 | 004 | 003 | 003 | 003 | 0.04 | 0.03
Managerial 0.06 0.07 0.08 0.06 0.05 0.05 0.08 | 0.05
Political 0.03 0.03 0.04 0.03 0.02 0.03 0.04 | 0.02

The positive separation and negative separation are calculated as skimsvioilowing tables

The shorter the distance a partner has, the better situation a partner has relative to the other

partners.

Separation from Ideal Solution (Case Study IV).

Separation from Positive Ideal Solution

Partner A| Partner B| Partner C| Partner D| Partner E| Partner F
Financial 0.0006 0.0032 0.0000 0.0002 0.0100 0.0039
Technical 0.0004 0.0019 0.0000 0.0000 0.0004 0.0001
Saf‘?ty & 0.0000 0.0001 0.0000 0.0000 0.0001 0.0001
Environmental
Managerial 0.0003 0.0001 0.0000 0.0002 0.0009 0.0005
Political 0.0000 0.0001 0.0000 0.0000 0.0003 0.0002
Separation( S+) 0.0383 0.0729 0.0000 0.0216 0.1081 0.0689
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Separation from Negative Ideal Solution (Case Study V).

Separation from Negative Ideal Solution

Partner A| Partner B| Partner C| Partner D| Partner E| Partner F
Financial 0.0056 0.0019 0.0100 0.0077 0.0000 0.0014
Technical 0.0005 0.0000 0.0019 0.0016 0.0005 0.0011
Safgty & 0.0000 0.0000 0.0001 0.0000 0.0000 0.0000
Environmental
Managerial 0.0001 0.0005 0.0009 0.0002 0.0000 0.0001
Political 0.0001 0.0000 0.0003 0.0001 0.0000 0.0000
Separation(S) 0.08012 | 0.04950 | 0.11473 | 0.09838 | 0.02286 | 0.05080

The final partner ranking is the total assessment pertggoditive and negative distance each

partner has from the positive Ideal and Negative Ideal points, as shown

Relative Separation and Partner Ranking (Case Study V).

Relative Separation
Partner A | Partner B | Partner C| Partner D| Partner E | Partner F
Separation( S+) 0.0383 0.07288 0 0.02162 | 0.10815 | 0.06886
Separation(g 0.08012 | 0.04950 | 0.11473 | 0.09838 | 0.02286 | 0.05080
(S+) +(S) 0.11842 | 0.12238 | 0.11473 | 0.12000 | 0.13101 | 0.11966
S/(S+ + S) 0.6766 0.40446 1 0.81981 | 0.17451 | 0.42452
Rank of Partners 3 5 1 2 6 4

This result shows the private partner C the best private partner to deliver this project, and the

authority (decisions makers) selected private partner C.
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Appendix | : Bankability Questionnaire

\E” Concordia
“nivrsir Department of Building, Civil & Environmental Engineering

Private Partner's Borrowing Eligibility Assessment for PPP Projects

Dear SirfMadam

In the beginning, | would like to thank you for your valuable participation in this questionnaire
survey and sharing your knowledge and expertise. The purpose of this questionnaire is to assess
private partner's eligibility te borrow required funds for Public-Private Partnership projects. This
questionnaire is a part of my on-going PhD research under supervision of Prof. Osama Moselhi
and Prof. Tarek Zayed at the Department of Building, Civil and Environmental Engineering,
Concordia University.

The information gathered in this questionnaire will be strictly confidential and will only be used for

academic research purposas.

Basic information:

T O I AN LI criesvesrisesseseerarres s e s s s ems e s s e s R e 1 818 g e S E s e g g e e e e
What |5 your role In this OFEanIZation: .o eieeesimsmeiisiesrsrssnsions srasnmasssass sesssistentssasssantbusssiressns
How many years you are 0 bhis Do P i i shiiaiiion osms snssissessos bashsisdoiss sbess sasss s brss snnnssias suasin
O A P e o o A P BB T o e T EB T T VY BT s it A Y S

Please choose the industry in which you do business: (you can choose more than one):

Z  Food & Health O IT & Telecommunication

—  Banking & Finance O Machinery & Industrial

—  Material{ Chemical & building O Utilities & Infrastructure
materials)

_  Energy & Oil T Real Estate
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Risks Factors

. Please read the explanation of risk factors which have been used in this research In
the survey guideline and rank them from the most important one assigned number

i8] to the least one number (1)

Legal & | Technical &
Political | Operational
Risk Risk

Market | Environmental
Risk Risk

Completion

Risk Counterparty Risk

Financial Risk

L Indicate your preferences regarding the method of fund raising for the projects: [ Number 5

represents the highest weights of preference)

Z  Equity or owners financing C  Banks Loans
5 4 3 2 1 | 5 4 3 2 4
_  Making a Joint Venture [ Government Grants or Support
5 I 4 E! 2 1 ‘ 5 4 El 2 1
T |ssuing debt Z  Other Method
LT i 4 3 2 1
Legal & Political Risks

The political & legal profile of each project is mainly affected by the sovereign credit analysis which is
available mostly by rating agencies like Standard & Poor. However this can be adjusted by the lenders to
fit to the specific project. The following are the positive sign which leads to lower Legal & Political risk
|levels, Based on your country of operation, please choose the level that you agree with for each
parameter. (5 is completely agree)
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»  Effectiveness, Stability, and predictability of policy making and institutions:

Successful management of past political, economic and
financial crises

Ability and willingness to implement reform to address
fiscal challenges

Absence of changes to the political institutions

Absence of corruptions

Unbiased law enforcement and respect for rule of law and
proparty rights

Independent/unfettered media and source of economic
data

Size of Public sector relative to private sector; a smaller
public sector is more likely to be able to enact necessary
change because It should be less beholden to special interest
groups, including public employee unions.

Completion Risk

The downside risk of the project can be increase by underestimating of the time required for completion
of the project. Therefore lengthening the project beyond its forecasted one can be harbinger of a risk.

. What is the average life of your projects?

less than 5 years _  5-10vyears _ 10-15years ~ more than 15 years
Counterparty Risk

The lenders are concern about the default of the borrowers. A situation when the borrower cannot pay
interest or principal payment of his or her loan. Here is the evaluation of the tools to tackle this risk:

" Do you have any in-house credit rating system?

_ Yes Z Mo, we third party or lenders evaluations

*  Have you ever defaulted or extend the payment time on one of your loan obligations?
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C Yes 0 Nao
If yes, what was the consequence of that according to the concession agreement?

» Do you use any of the following tools to hedge against project default risk?

Z  Buy insurance from C  Make a guarantee contract C  Buy financial derivatives
the bank or other with the government like Options, Future,
financial institutions SWAPS, ...

*  What kinds of covenants you have in_ your Concession Agreements? (The higher value
represents, more covenant on the company which reduce the counterparty risk, The highest value
is (7) and the lowest is (0]

— OnFreeCash _ OnDividends Pay-out _  Onthe | On Capital structure of
Flows Policles Reinvestment the company
Policies
—  Changes of Z LUimitationsonliens & T  Restricted versus _  DOthers, Please name:
Control Puts additianal unrestricted
indebtedness subsidiaries

Please mame:

Operational & Technological Risk

Lenders monitor carefully the level of free cash flow available for servicing the lent debt. The main
factor which defines the CFADS is the net income, which is the result of collacted revenue and expended
cost, Oparational Risk asses the volatility of these two items:;

* at i rce of traffi imatio r the projects?
Z  In-house Analyses ©  Governmental C  Lenders O Third Party
Forecasts Forecasts Forecasts

. How the operational contract define the revenue?
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For Example, Is it fixed, or floating based on the traffic volume, pleaze explain

How you collect the revenue from the projects after completion?

Collects by the ~ Collects by the

Collect by a third party [ Others:
Operating company Government and as an outsourced
then redistribute operating company

Please Explain;

Capital expenditure is of the most important costs during the operation period of infrastructure
projects. There should be a clear definition of these costs in the contracts. The responsibility of funding
required capital for reinvesting for the capital expenditure is important.

«  What is your preferred bud systern when you assessing projects” cash flow? (5
represents the highest weight of preference)

' The lump sum year-snd

—  Rolling Over budgetary- _—  Combination of the hoth
budgetary system system
pleplEE|EpElepE] R [=l]
. Is there any monitoring mechanism during the life of project?
— Yes 0 NO

If yes please choose the method of implementation;
— Government's _  Lender’s

O seif-reporting

—  Other Method
Monitoring Manitaring
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