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ABSTRACT
Public-Private Partnerships (P3) in North America have becomnend in the
past two decades and are gaining attention in the transportatioriryndith
some large scale projects being delivered by this approachisThis to the need
for alternative funding sources for public projects and for impro¥edency of
these projects in order to save time and money. Several research studies have been
done, including mature markets in Europe and Australia, on the costledule
performance of transportation projects but no similar study hascoeelucted in
North America. This study focuses on cost and schedule performarneeloé
P3 transportation projects during their construction phase, costing over $100
million each, consisting of roads and bridges only with no signature sunre
P3 approach applied in this study is the Design-Build-Finance-(@plantain
(DBFOM) model and the results obtained are compared with simatearch
studies on North American Design-Build (DB) and Design-Bid-BYMiBB)
projects. The schedule performance for P3 projects in this stadyfound to be
-0.23 percent versus estimated as compared to the 4.34 percent foBBhe
projects and 11.04 percent for the DB projects in the Shrestha studgtimgliP3
projects are completed in less time than other methods. The cfustr@ece in
this study was 0.81 percent for the P3 projects while in the 8hresidy the
average cost increase for the four DB projects was found to be 1.49pettle
for the DBB projects it was 12.71 percent, again indicating P3 psojeduce
cost compared to other delivery approaches. The limited numberogscisr
available for this study does not allow us to draw an explicit asrat on the
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performance of P3s in North America but paves the way for fugtudies to
explore more data as it becomes available. However, the results in tlistsouad
that P3 projects have good cost and schedule adherence to the contract
requirements. This study gives us an initial comparison of P3 penfmenwith
the more traditional approach and shows us the empirical benefitsraiadions

of the P3 approach in the highway construction industry.
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CHAPTER 1: INTRODUCTION

1.1 OVERVIEW

Highway construction in North America has mainly been developedeby th
traditional delivery methods such as Design-Bid-Build (DBB) Bedign-Build
(DB). These approaches have been successful to an extent buaréhewt
meeting the current rapidly growing requirements with the reduefficiency.
The transportation industry is facing an infrastructure fundapaf $138 billion
for 2008-2035 (National Surface Transportation Infrastructure Himgnc
Commission, 2009). The motor-fuel and road taxes are not able to stipport
present demand for transportation infrastructure and hence transpartatias
are looking for delivery methods that best utilize the exidtingls and become a
source of funds as well.

The taxes in the US compared to the taxes in other countriesgioelds
a picture of the current reduction in available funds through gadabes in US.
Figure 1 shows the vehicle fuel retail prices indicating tHelesale and
distribution price and the taxes added to the gasoline price in thantl8arious
countries. It shows that the taxes on gasoline in the US accouatveny small
percentage of the total retail price per liter of fuel comgao other countries.
The European countries lead the way with taxes being more thavhtiiesale
and distribution cost by about 200 percent for most of them. The graph in Figure 1

is based on 2006 US dollars.
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Figure 1. Vehicle Fuel Retail Prices (International Fuel Prices 2007)
Source: VTPI, Fuel Taxes: Increasing Fuel Taxes and Fees, 2011

The trend for gasoline taxes in the US has been fairly ewethé past
five decades (shown in Figure 2). Taxes are shown in 2004 US dmagallon.
The total fuel costs have been rising significantly since 2003; hoviesktaxes
have been flat. Funds for construction of new transportation infrastrupend
highly on the taxes derived from fuel consumption in the US, and heelcefes
need to be in rationality with the rising need for new faegitand for operation
and maintenance of existing ones. The requirement to increasariftesd and its
advantages are mentioned in the 2011 report by Victoria Transpory Poli
Institute (VTPI) on Fuel Taxes saying “Higher fuel pscencourage more
efficient transportation and fuel conservation. For oil consuming natietsced
fuel consumption reduces the economic costs of importing petroleum. IFor oi
producing countries it leaves more product to export, increasingueseand

income. For all countries, reducing total vehicle mileage redoosts such as



traffic congestion, road and parking facility costs, accident anditfoil costs,
helps maintain a diverse transportation system (walking, cydimd) public

transport), and reduces sprawl.”

Total Fuel Costs

$.2 Fuel Taxes
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Figure2. U.S. Fuel and Fuel Tax Cost Trends
Source: VTPI, Fuel Taxes: Increasing Fuel Taxes and Fees, 2011

Figure 3 shows the Highway Construction Price Index (HOQBjh 1956
to 2007 - llustrating the rising demand for funding of transportation
infrastructure in the US. The data for the graph is published bptineau of
Economic Analysis and shows a considerable growth in the price index from 1956
through 2007, taking the index value for 2009 to be 100. A steep incretmse
HCPI is observed from 2003 to 2007, due to a rise in wages paid to the
construction workers. This increase was also due to the incnegseces of
materials used in highway construction. The price of petroleose by 21
percent, which eventually led to a rise in prices of asphalt ars®ldised in
construction activities. Prices of iron and steel rose 13 percenalgnnBand,

gravel, cement and concrete rose by 7 percent each yehiteergal and
3



structural metal prices rose by 6 percent. The overall cédtgghway and road
construction increased at a pace of 10 percent annually from 2003 to 2007
compared to 2.4 percent increase in the two decades preceding 2003 (CB
2010).

Highway Construction Price Index, 1956 to 2007

(Index value = 100 in 2009)
100

90 -

80 -

70 |-

60

50 -

a |-

30

20

10
0 | | | | | | | | | | | | | | |

1956 1959 1962 1965 1968 1971 1974 1977 1980 1983 1986 1989 1992 1995 1998 2001 2004 2007

Source: Bureau of Economic Analysis.

Figure 3. Highway Construction Price Index, 1956 to 2007
Source: CBO, 2010

According to the report by Robert A. Sunshine, Congressional Budget
Office (CBO, October 2007), the rise in highway construction ftost 2003 to
2007 more than offsets an increase in nominal spending on theseemeilitih
spending in constant dollar falling by an average of 1.6 percent perfas is
illustrated in Figure 4 with the trend of constant dollars and nondobrs
shown from 1956 to 2007 in billions of 2009 dollars. Figure 4 shows total public
spending, comprised of expenditures by the federal, state andytvsanments.

The total spending includes purchase, construction, rehabilitation, or



improvements of physical assets and equipment. The constant dollars show
the graph have been adjusted to reflect the effects of inflatioveee the year
the spending occurred and the base year 2009. Spending expressed in hominal

dollars is the spending without the effect of inflation.
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Figure 4. Total Public Spending for Highway Capital, in Constant and
Nominal Dollars, 1956 to 2007
Source: Congressional Budget Office, 2010

The graph in Figure 5 shows the federal spending on highway projects
from 1985 to 2000 as compared to the spending by the state and local
governments. The federal spending has been fairly constant ovevehepgriod;
meaning the state and local governments have been left to takerthen of
required investment in the highway construction industry. The spendiluglé@sc
the construction of new facilities and also the operation and maintemédribe
existing ones. Both categories need more financial support fronfetiezal

government. With this much unavailable, yet necessary federal funding,



policymakers have reached a point where they are in search of tiwegwaject

delivery methods which are efficient in both cost and time.
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Figure 5. Spending on Highways by Federal and State & L ocal gover nments
in Billions of 1996 Dollars
Source: Government Transportation Financial Statistics 2001. BTS, US
DOT

A project delivery method is a process of designing and construating
facility. “The project delivery method is the process by which a construction
project is comprehensively designed and constructed for an owner—igeludi
project scope definition; organization of designers, constructors, anouwari
consultants; sequencing of design and construction operations; execution of
design and construction; and closeout and start-up. In some cases, tkoe proje
delivery method may encompass operation and maintetiafid@CP Report
131). Another definition that describes project delivery method is1diyelexas

Department of Transportation (DOTA project delivery method equates to a
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procurement approach and defines the relationships, roles and respi@ssitil
project team members and sequences of activities required to temaeoject.

A contracting approach is a specific procedure used under theulatgella of a
procurement method to provide techniques for bidding, managing and spegcifyi
a project” (Walewski, Gibson, and Jasper 2001).

The project delivery approach most talked about by practitionergiitin N
America at present is the Public-Private Partnership (P3/Bifee 1990, several
government projects have been accepted to be delivered through thpréach
by the transportation officials because of the severe economicaiatsst The
key element that differentiates this delivery approach froomtbee traditional
methods like Design-Build (DB) and Design-Bid-Build (DBB) tise Finance
element. In P3s the private entity not only designs and builds thengomet
project but also finances it. The other important differen¢kasthe DB and the
DBB projects have been operated and maintained by government-managed
entities but in the P3 method, the private entity would assume the responsibility of
the operation and maintenance of the project for a certain contrgeitad.
These projects are either tolled (toll - the fees collettted the user of the road
by the public or the private entity that constructed the fagility progressive
payments (progressive payments — periodic payments made to thectawnby
the owner of the facility) are made to the private entity by the govertnme

In the last few decades, the Public-Private Partnership approadieéa
accepted around the globe including mature markets like Europe andliaush
these markets, many research studies have been accomplishethgepimt
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efficiency of P3s in the construction world as compared to #utiwnal delivery
methods. While in North America, comparisons have been made between the
Design-Bid-Build, Design-Build and other traditional delivery methddsdate

no comparisons have been made on the performance of Public-Privatr$tep
delivery method concentrated on the transportation sector with theatbietnal
delivery methods. This could be because of the limited number of codhplete
transportation P3 projects available for study. In the past two eégcachumber

of transportation P3 projects have been completed through the constplasm
that allowed an initial investigation on the construction performance
(concentrated on Cost and Schedule) of the P3 projects. Hence thisappear
the first comprehensive study that compares the cost and schedatenpace of
North American highway P3 projects to the more traditional DB BBB
projects.

The Federal Highway Administration (FHWA) in the US has tasteps
towards trying innovative approaches to project development and rgeisea
way to expedite the delivery of much needed transportation projectshiBpr
FHWA developed a Special Experimental Project (SEP) prognamdich the
federal as well as the state transportation agencies ndsthan evaluate new
methods of delivering the projects. The SEP-14 was establishin lBYHWA in
1990 with the objective of reducing life-cycle costs of projadigde maintaining
product quality and contractor profitability. The projects under ghzgram
included roads, highways, bridges, tunnels, Intelligent Transportatister8y,
etc. that ranged from micro projects (less than $2 million) &manprojects
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(greater than $100 million). Under SEP-14, 282 Design-Build projecte we
proposed to be constructed in different states which included 19 megetsroje
These 19 mega projects representing only 7 percent of the tatadenuof
projects accounted for 73 percent of the total investment in theptrdaton
infrastructure projects which was greater than $10 billion @eBuild
Effectiveness Study, 2006 by FHWA).

To further increase private participation in public projects, FHWA
initiated the SEP-15 program in which the goal was to incrpagect delivery
flexibility, encourage innovation, attract private investment imdpartation
improvements, improve schedule containment of projects, and promote public-
private partnerships. The key motive of the P3 delivery approachrisraase the
life-cycle cost efficiency (Nossaman LLP website, 2012). De8&igild-Finance-
Operate-Maintain (DBFOM) is the approach that undertakes the gherdi the
project over a longer period, and shares and possibly transfers mtieh refks
from the Public side to the Private side. Texas, Virginia, Floaidé Colorado
have procured new transportation infrastructure projects that involvatepr
investment as outlined in the SEP-15 program. Eight P3 projects $&8h
billion are under construction in the above mentioned states (ARTB®} 20lh1)
as shown in Figure 6. These projects include the toll roads assvetbjects on

availability payments from the public entity.



U.S. Transportation Concessions, 1993-2010
MNatice to Project cost
Proceed  Project Name Public Sponsor sk insemingl § mil)  Developer (S capital/design:builder)
TF12/07 1-495 HOT Lanes. VA “irginia DOT DEFOM (toll} 1.998 Transurban/Flucr (51.4bn /Fluor-Lane)
TF 3/08 SH 130 segments 5-6, TX Texas DOT DEFOM (tall} 1.358 Cintra/Zachry ($068m /Ferrovial-Zachry)
TF 2/09 I1-585 Managed Lanes. FL Florida DOT DBFOM (ap} 1.814 ACS Infrast. (S1.2bn /Dragados—EarthTech}
TF 10/09 Port of Miami Tunnel. FL Florida DOT DEFOM (ap) o914 Meridiam (S807m /Bouygues—Jacobs)
TF 12/09 MNaorth Tarrant Express, TX Texas DOT DEFOM (tall} 2,047 Cintra/Meridiam (51.46bn /Ferrowvial)
TF 610 1-635 LBJ Managed Lanes. TX Texas DOT DEFOM Ctoll} 2.800 Cintra/Meridiam ($2.1bn /Ferrowvial Agroman)
810 Denver Eagle PPP Rail, CO Denver RTD DEFOM (ap} 2,100 Fluor/Laing/Uberior (51.27bn /Fluor-BB)
1/11 Jordan Bridge, VA Chesapeake, VA BOO (tall 100 Figa/Amer. Infra. MLP/ Lane ($100m/Lane)

Figure 6. P3 projects under construction in the US
Source: ARTBA, May 2011

In a recent article, published in the China Daily, March 2012; ghénwei
reports that China, after evaluating the crumbling infrastructirthe US is
considering investing into infrastructure projects in the US. Titideastates that
about one third of the roads in the US are in poor or mediocre conditidmnz
fourth of the bridges are said to be either structurally defi@erfunctionally
obsolete. Also, it states that in the annual infrastructure repoAnudrican
Society of Civil Engineers (ASCE), the US transit sysiemated as “D” which is

a major concern for the US. The overall US infrastructure rdtagyfallen from

8" to 16" position in 2011-12 rankings in the past three years according to the
World Economic Forum’s economic competitiveness ranking (FigureTrg.
Yuwei report also states that China’s Ministry of Railwayemds to spend about
$300 billion on building transport systems through 2020; conversely the US
Federal Railroad Administration commits $8 billion in similar pot$ in 2012.
Experts say that US government lacks in funding and hence, Yuan Ning, president
of China Construction America suggests collaborating through publiateri
partnership. The San Francisco-Oakland Bay Bridge is one of theplesaai P3

between a Chinese private entity and the US government. The ¢hst mioject

10



was about $7.2 billion - having the Chinese contractor build it saved &#00t

million, according to the California Department of Transportation.

3. Macroeconomic 4. Health and

BASIC REQUIREMENTS 1. Institutions 2. Infrastructure environment primary education
Cauntry/Econanmy Rank  Scare Rank Scora Rank Score Rank Scare Rank Scora
Turkey b4 461 i t1 il LR 4 476 7 hifi2
Unanda 17 i85 ] k15l 12 749 " 187 177 [ Ri]
Wkraing a8 418 1 9 n 1T 12 LR il 1]
United Arah Frirates " hid " il fi 547 11 fild 41 fi 6
United Kinpdam n B 15 A f ] 5 454 i fid?
linited States ki AN kel LFd 16 G in 449 & fi {5
Uruguay 43 (1] i 4R 49 446 L] 440 4 Ao
Venariela 175 k1 ¥ ¥ 47 1 m 118 185 A L]
Vintriam 7 441 i) il il 459 iR 48 1 AR

Figure 7. Infrastructure Ranking of USin theWorld
Source: The Global Competitive Report 2011-12, World Economic
Forum
The growing implementation of P3 approach in the highway construction
industry makes it necessary to compare the cost and schedule perfivainance
of this method to the more traditional DB and DBB method. The studctdg
is to bridge the gap of missing studies in North American highveagtruction

industry on P3s and serve as a basis to future studies that cohkt fileivelop

the methodology for P3 cost and schedule performance.

1.2DEFINITION OF P3, DBB & DB

Public-Private Partnership (P3) can be a term which has no specifi
definition attached to it. Many definitions are available by fitaners and
policymakers to express the Public-Private Partnership deleygpyoach. Acar
M. et al. define P3 as, “.. an umbrella term referring targety of collaborative
undertakings between public, private, and/or nonprofit organizations, ranging
from simple coordination efforts between two organizations fronerdifit sectors

to more comprehensive initiatives involving a significant number oViddals
11



and organizations representing all three sectors” (Acar M. let.2808).
According to E.S.Savas,“The term public-private partnershig particularly
malleable as a form of privatization. It is defined broadlyaasarrangement in
which a government and a private entity, for-profit or nonpradiptly perform

or undertake a traditionally public activity. It is defined as aplerrelationship

- often involving at least one government unit and a consortium of @rivats”
(Savas, 2010). These are some of the definitions that do not talk about the finance,
operations or maintenance aspect of the delivery approach butboly the
involvement of the private entity in the public sector projects. Indasdper
Zarco-Jassothere are eight different ways in which there could be a oelati
between the public and the private entity. The key elementsiatgsbevith a
project, which are control, funding and ownership could be handled by #ither
Private or the Public partner in the Public Private Partnership giving eigist ofp

P3 (Zacro-Jasso, 2005). Hence, the above mentioned definitions do not lead us t
a precise explanation of the P3 delivery approach.

In 1992, the Private Financing Initiative (PFI) program was intreduc
the United Kingdom with the vision of encouraging public-private parttneia
the UK. PFI was designed to increase private sector involvemeimé iprovision
of public services. The report by Grahame Allen, The PrivatenEeénitiative,
describes the most common form of PFI in which the private sectignde
builds, finances and operates (DBFO) facilities based on outpuifispgans

decided by the public sector (Allen, 2001).

12



The US DOT report on P3s defines them as “a public-privategyahip
is a contractual agreement formed between public and private gectaers,
which allows more private sector participation than is traditioftze agreements
usually involve a government agency contracting with a private comfmny
renovate, construct, operate, maintain, and/or manage a facilitytemsy#&hile
the public sector usually retains ownership in the facilitgystem, the private
party will be given additional decision rights in determining how ghegect or
task will be completed” (USDOT, 2007). A report from the Gen&czounting
Office states that “P3 is a contractual arrangement batywablic and private-
sector entities, typically involving a government agency contrgctvith a
business or non-profit entity in order to renovate, construct, operabetama
and/or manage a facility or system, in whole or in part, that prewadpublic
service” (GAO, 1999). The two definitions above also mention that these
agreements allow the private entity to invest a substantial anrotim¢ project,
helping the public entity to gain a different source of revenue and Valdmout
making a substantial capital investment. This arrangement impasits/ely the
project delivery schedules, especially with the use of improvéuhddagical and
managerial resources.

“Public—Private Partnerships allow private companies to build, own and
operate public projects such as schools and hospitals on behalf of the publ
sector. P3 contracts commonly require the private agent to take responsibilities
the performance of the asset over a long term, at leastsignidicant part of its
useful life, so that efficiencies arising from long- term inremnt and asset

13



management can be realized” (Nisar, 2007). Also, according ti&ieéBlanc-
Brude et al.,public—private partnerships are defined as “infrastructure projects
procured under DBFO/M-type contracts that bundle Design, Buildn&&and
Operation/Maintenance” (Blanc-Brude et. al., 2009). The Nationalf&k in
Australia defines P3 as “a contracting arrangement in whichivat@rparty,
normally a consortium structured around a Special Purpose VeSeW),(takes
responsibility for financing and long term maintenance or operation of aydoili
provide long term service outcomes. This may involve the private d@akiyg
responsibility for the design and construction of a component of new
infrastructure; and/or taking over a long-term lease or concessionerigting
assets; and/or the development of a new long- term contract tatepnd
manage the infrastructure. Typical forms of procurement inclddsign, Build,
Finance and Operate/Maintain (DBFO/M), Build-Own-Operate andsiea
(BOOT) or Build-Own-Operate (BOO)” (National PPP Forum, 2008)ese
definitions of P3 take into account all five aspects of the deligéry project -
Design, Build, Finance, Operation and/or Maintenance - which i®3model

that is considered in this study.

In the Design-Bid-Build method the owner procures the designthend
construction of the project through different entities. The construgihase of
the project is not initiated until the design is completely readyescriptive
definition is given in the TRCP Report 131 characterizing DBB asethod in
which “an owner retains a designer to furnish complete design esraia then

advertises and awards a separate construction contract thasesl on the
14



designer’s completed construction documents. The owner is responsilbhe for

details of design and warrants the quality of the construction désgmments to

the construction contractor” (TCRP 131, 2009). In theory, DBB method has

various advantages compared to other delivery methods (Kay, 2009r& &ea

al., 2001):

It encourages competition amongst bidders and after the design is
complete for the contractors to bid.

The design firm is obligated to protect the long-term interests of the client.
Being an age old delivery method, most of the public entities have
established their rules and guidelines for permits and use and B&R

does not have to deal with many legal or political issues.

The contractors could come up with good cost estimates as they have

access to the complete design of the project.

On the other hand, disadvantages associated to DBB delivery method ar

(Kay, 2009 & Beard et. al., 2001):

The public sector retains all the risks of design defects angndelsanges
and not the contractor.

The restriction of activities to be performed sequentially sm@e the
project duration considerably.

Since the owner is carrying the major risk in the project, edalentify
the inadequacies in the work performed by the contractors asasvétle

subcontractors.

The contractual flowchart for DBB project is as shown in Figure 8.

15



Architect Contractor

Figure 8. Contractual Flowchart for DBB projects

In the Design-Build method, the owner gives the responsibility ofiéseggn and
construction to a single entity in which the project enters thetrcmtion phase
after a certain percentage completion of the project. TRCP REpbdefines DB
method in three major stepsFifst, the owner develops an RFQ/RFP that
describes essential project requirements in performance. t8eusnd, proposals
are evaluated. Finally, with evaluation complete, the owner musgengaome
process that leads to contract award for both design and comsirsetivices”
(TCRP 131, 2009). The key advantages associated with DB delivery appreach
(Kay, 2009 & Beard et. al., 2001):
e The designer and the owner are involved at a very early stagargeat with
almost the same starting point which leaves little room for paten

discrepancies between them.
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e For many projects the construction stage starts sooner, aftes #fter thirty
percent of the design had been completed, which saves time and castruct

inflation costs.

e The designer and contractor working together at an early stage foflet,
have opportunities for innovation and value engineering.

The disadvantages of the DB delivery method are (Kay, 2009 & Beasdl..e

2001):

e The qualification criteria to bid for a DB project do not allow gnéinrms to
participate and hence does not encourage as much competition. Also, the
smaller firms can be left out of the competition as the ladgsign and
construction firms take the lead, having resource departmentdritidy sleal

with DB projects.

e The contract between the public and private entity has to be seedtim-
depth to avoid issues in the future. This is an intense negotiatiad penich
could last for several months, where potential risks are careftulbied by
each entity. Hence, a lot of time is invested before the conmemett of

construction which is not the case in DBBs.

e The contractor in some cases could dominate the contracted desigeantl
influence the design according to its own convenience, while theravmed
not have much of a say once the contract is signed. Hence, thigiglotisk

should be addressed in the contract.
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The contractual flowchart for DB delivery method is shown in Figure 9.

Contractor

Figure9. Contractual Flowchart for DB projects

The key benefit of DB over DBB is the integration of design and nactgin
during the project development lifecycle. In the case of DBB pje¢key are
separated. The DB approach allows parallel processing of astiwitgle DBB
keeps the process sequential. As given in the Design-Build zBeess Study of
FHWA in 2007, the difference in the sequencing of activities involuetie two
delivery methods are shown with a simple figure (Figure 10).0Meglap of the
Final Design and Project Clearancghase with th€onstructionphase saves a
significant amount of time in the DB process, while considertivie is lost in
the selection of a Design firm and later again during the selection of tiraaton
to construct the facility.
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Figure 10. Workflow in DB and DBB projects
Source: USDOT, FHWA, Design-Build Effectiveness Study, 2006

1.3PROBLEM STATEMENT

Policymakers in the North America are in search of a dglireethod for
the transportation infrastructure industry that would make the catistruand
maintenance of these structures more efficient in cost, tit@aality. The issue
is most critical with large highway projects which requirggdaamounts of time
and money yet have to deal with limited availability of resources.

Delivery methods like Design-Build and Design-Bid-Build assitional
delivery methods that have been popular in North America for deeadesany
studies have been conducted comparing the performance of DB tleesD8B
method as mentioned further in this study.

On the other hand, Public-Private Partnership delivery methodrisgai

attention as it serves as an alternative technological, methochlegid funding
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source for a public project from a private source. This long-teiwery method
needs to be assessed for its performance and efficiency inandstime,

compared to the Traditional delivery methods like DB and DBB.

1.4 RESEARCH OBJECTIVE

The objective of this research is to assist practitionersrdgte the level of
performance and efficiency of the Public-Private Partnershipedglapproach.
The P3 model considered in this research includes all five elemked&divery —
Design, Build, Finance, Operation and Maintenance. The parametestsidying
the performance of the delivery approach are chosen as cost aullscbf
Construction portion of selected projects from an exhaustive list ghfwiaiy
DBFOM projects. Inference will be made on the cost and schedtd@mpance
of Public-Private Partnership approach as compared to the [CRsilghand

Design-Bid-Build delivery methods.

1.5RESEARCH LIMITATIONS AND SCOPE

This research has its criteria for selection of completedegiojwhich
allows it to have the sample of Public-Private Partnership psogazomplished
between 1990 and 2010 in the North American continent which are giiezter
$90 million. The sample of projects does not include projects using DBFO
DBOM delivery approach or any project that at any stagefwated by a public
entity. This research is based on DBFOM model of Public-PriRarénership.
This study focuses only on highway projects with roads and bridgesx@nd

projects involving significant tunnels, as tunnels involve a differem¢l l©f
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complications and engineering and can affect the overall cost cdretiide
estimation in a dramatic way.

The study concentrates only on the construction aspect of th©MBF
delivery approach because there are not enough projects avaigtiesent to
analyze the Operation and Maintenance portions of the P3 delivergaappr
Also, the data collected in this research is primarily gathered from Pgbhcias
and other publicly available sources. As with other similar studnes private
sector is reluctant to share information and requested datantht provide

insight into their operations.
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CHAPTER 2: LITERATURE REVIEW

Thorough review was done on the studies accomplished in the US that
compare the cost and schedule performance of completed DB angiogBts
in the US. The studies similar to the criteria for selectioprofects as used in
this research were selected. Various reports are availabtbeinJS giving
definitions of P3s and information on its advantages and disadvantages as
compared to the Traditional delivery approach which are included # thi
literature review giving an insight on the apprehensions and viguuldfc and
private entities about P3s. Also, studies comparing the cost andugzhe
performance of P3s with the DB and DBB methods in other matarkets such

as Europe and Australia were also reviewed.

2.1 PREVIOUSRESEARCH ON DESIGN-BUILD AND DESIGN-BID-
BUILD
Four previous studies were found relevant to this research, comparin
DBB and DB delivery methods in North American highway construction tndus
These are the studies that provide a statistical comparisomsbfand schedule
performance of DB and DBB projects. The Warne study and $haresidy have
the sample of projects that match the criteria outlined for B3sstudy. The
FHWA and the Gransberg study compare that could compare tloenpance of
small scale DB and DBB projects. The FHWA study projectslese than $20
million and Gransberg projects fall under $10 million in final construction cost.
The most extensive performance assessment of DB highway pregsts

completed by Tom Warne and Associates in 2005. However, in this thieylgid
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not compare any completed DBB projects with the DB projects. Tédgwed
21 projects across the US that ranged in size from US$83 mididwS61,300
million and were constructed between 1990 and 2005. The four aspectsrhat we
studied for each of the projects were schedule, cost, quality amgkrow
satisfaction. The study collected data on the 21 projects andshked the project
managers hypothetical questions: for example, “Provide an estohhbw much
time the project would have taken if the DBB project delivery potesl been
followed in place of the DB approach”. The answer was a professshmate,
but no direct comparisons could be made between the DB and DB&tsrofhe
Schedule analysis showed that thirteen out of the twenty one DRBc{woj
indicated that schedule was the principle reason behind selectingsDiBe
project’s delivery method. The results showed that a hundred pestdahe
selected projects were built faster with the DB method thanviloelld have been
with the DBB method, and seventy six percent of the projects wesbdd ahead
of schedule. One of the key findings of the study by Warne waD®Batffers
greater price certainty and reduced cost growth than DB&h, Ahe cost growth
for these projects ranged from zero percent growth to twehoemegrowth with
an average cost growth of less than four percent. Seven out ofethiy tone DB
projects were partially funded using toll revenues because td¢kef financing
available upfront to initiate the project (Warne, 2005).

Shrestha in 2007 compared the performance of four DB and four DBB
highway projects. The DB projects were selected from aches&)8, while the
DBB projects were selected from Texas. The author tried totsbke comparable
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DB projects from Texas. However, only two would match. The shedli&ur
DB and four DBB projects had construction completion dates betweena2@00
2006, and involved construction of roadways with design and construction cost
greater than US$100 million. The two Texas DB projects identifiecevander
construction; hence various out-of state FHWA DB projects appronedr SEP-
14 were selected. The design and construction cost of these prajeged from
US$165 million to US$1,150 million, and the design and construction cost of
DBB projects ranged from US$146 million to US$301 million. The DB ptsjec
chosen were the most similar to the SH 130 in Texas (the tdb@eproject of
Texas) but could not be included in the study because it was undemucbaostr
Sixteen project characteristics were studied for various DR@iopnd a sample
of four DB projects was selected. The sample projects were cabipao the
chosen DBB projects from Texas and were also similar to SHfL¥6xas. The
average percentage cost change for DB and DBB projects waseckps 1.49
percent and 12.71 percent, while the average percentage schedige ol
found to be 11.04 percent and 4.34 percent for DBs and DBBs respectively. D
to unavailability of complete data about the DBB projects, onlgduale growth,
cost growth and change order cost factor were considered fortatistical
analysis in this study. The projects in Srestha’s study amgparable with the
criteria for this study on P3 projects, allowing a comparisonBRB[DB, and P3
project delivery (Shrestha, 2007).

The FHWA completed a study in 2006 on the effectiveness of the Specia
Experimental Projects No. 14 (SEP-14) program, which enabled state
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transportation agencies to test and evaluate a variety ohatltee contracting
methods (DB being a core element of SEP-14). This study obtain@cdall
pairs of DB and DBB projects regarding cost and schedule growtltoait for
all projects were less than US$20 million — much smaller thansthidy’s target
projects. The average percentage change in planned versus AuttlaPiject
Duration for DB projects was found as -4.2 percent while for DBiepts was
4.8 percent. The average percentage change in planned versus actuattcmmst
phase duration for DB project was found as -1.2 percent and for D&Bcfs
was 11.6 percent. The average percentage change from the ghoprct cost to
the Final project cost for DB projects was found as 6.0 percené \VidgnilDBB
projects was found to be 4.3 percent. And, the average change on#teuction
cost for DB projects was found as 8.1 percent while for DBB pt®j@as found
as 4.3 percent. The leading reason for the increase in projectvesstise change
orders which were due to the requests for additions or subtractionshydide
owner, while the second main reason was the changes suggestexl dgsign-
builder or contractor (FHWA, 2006).

Gransberg et al. in 2000 compared the cost and schedule perforofiance
several alternate delivery method projects from Florida D@diaha DOT and
Texas DOT. A total of 280 DBB projects were studied - with arage of 3.93
percent increase in cost from the original contract amount and 28.2&nperc
increase in schedule from the original completion date. Gransbstgdy
included 21 DBB and 11 DB projects, completed by the Florida Depat of
Transportation, with an average cost of $8,829,271 for the 21 DBB projects and
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$2,771,715 for the 11 DB projects. Although all the projects were under US$10
million, much smaller than this study target projects, DB ssilowed
improvement of both cost and schedule growth over DBB. The average
percentage cost growth and time growth for the 21 DBB projgctEOOT was
reported as 10.64 percent and 33.50 percent respectively - greater wiparesh

to the 11 DB projects by the FDOT where the average cost lynwag reported

as -1.99 percent and average schedule growth was -35.70 percent. The time
growth performance for DB and DBB projects are shown polar opposttes
study and the difference is an enormous 69.2 percent in total. Thiss$tads

that the DB performance for projects under $10 million is very goodtaaves
delivery time to a large extent over the traditional delivegthods (Gransberg,
2000).

Table 1. Research Summary of Design-Build versus Design-Bid-Build

Delivery Percent | Percent
Research Study | Research Abstract Method | €Ot | Schedule
Change | Change
21 DB projects across the
US with the individual
Warne project costs greater than DB 4 11
US$83 million
4 pairs of similar DBB and | DB 1.49 11.04
Shrestha DB projects with the
individual projects costs DBB 12.71 4.34
greater than US$100 million
11 pairs of DBB and DB DB 6.0 42
FHWA projects .
Cost of individual projects
under US$20 million DBB 43 4.8
21 DBB projects and 11 DB
G b projects DB -1.99 -35.7
ransberg Cost of individual projects
under US$10 million DBB 10.64 | 33.5
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Of all the studies mentioned above, the Warne study shows thencbst a
schedule performance of DB projects; but only the Shrestha stsdipBaand
DBB projects that match to the size and other criteria optbgects studied in

this research on P3s.

2.2P3 STUDIESIN NORTH AMERICA

A number of P3 studies have been conducted in North America but none
shows the performance (cost and schedule containment) of NorthicAmer
transportation P3 projects.

In 2007 a report that focused on P3 applications to transportation projects
in the US was prepared by AECOM for the Office of PolicyG&vernment
Affairs, FHWA. This report mentions that the comprehensive evaluaifon
completed P3 projects is often restricted or incomplete due tmthmercial and
political nature of P3 arrangements (FHWA, 2007). It also stdiat the
personnel associated with the projects disperse as soon as théimisbles in the
delivery method and limits the amount of information that could have been
derived from these personnel if they were available. It hasyallveen difficult to
reach the private sector for information and even if contacte weccessful,
many were reluctant to answer questions regarding issueartss during the
project and the means and ways to overcome them. On the othetheapdblic
sector was willing to share the information and answeredjusbtions asked.
International transportation P3 projects that were included in tidy stere from
England, Australia, China, Denmark, Sweden, India, Israel, and Argentina. A

majority of the P3 projects which were planned and funded since 1985 &l
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projects which accounted for 37 percent of the total investmentiougasectors
such as rail, road, airport, seaport, water and buildings. P3s havenimgen
widespread overseas highway, with concessions and Build-Own-Tr&usligr/
Transfer-Operate being the forms of P3 approaches that wete Tse report
states that over the last 20 years Europe has the largegtd3Bructure in terms
of cost for road and rail projects; Asia being second and Northriéanbeing
third. This report by FHWA indicates that all the projects tmae a private
entity involved in its delivery approach comes under the umbrelR8pbe it DB
or DBOM or DBFO or concession.

Another study on ‘The Role of Private Investment in Meeting U.S.
Transportation Infrastructure Needs’ was published in May 2011 hy T
American Road and Transportation Builders Association (ARTBAyiVes an
overview of the P3 projects in the US. The definition of P3 in th@B¥R study
includes the DB delivery method as a P3 delivery approach. Acgotdithis
study, in the past 22 years $54.3 billion of transportation P3 projectsbieave
let. Out of this $54.3 billion, 79 projects (accounting for $31.5 billion) weéhrer
Design-Build (DB), Design-Build-Finance (DBF) or Designi-Operate-
Maintain (DBOM) contracts. Eleven transportation P3 projectshwoft$12.4
billion are let by the Design-Build-Finance-Operate-Mami@BFOM) contract
or as concession agreements. The authors were in support of the \R8ydeli
approach and provided recommendations for increasing private investnieat
needed U.S. transportation infrastructure. Suggestions includeel) SBOT to
develop a “National Strategic Transportation Business Plan” fpareston of
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existing facilities and reconstruction of aging infrastruct@jel o support private
investors by asking to enhance the Transportation Infrastructur@cEirend
Innovation Act (TIFIA) and Private Activity Bond (PAB) tools. 3) HEdtract
Pension Funds from insurance companies and others. 4) Education of the Public
side is needed so that appropriate projects are deliveredheifirivate financing
toolbox without hindrance 5) Ease of federal restrictions is needekbrd law

has four pilot programs to allow tolls on interstate mileagespacific purposes.

The restrictions should be relaxed and allow this tolling and prariogram to be
applied in all the states (ARTBA, 2011).

In July 2011 the Office of Inspector General (OIG) report byRHEVA
gave the financial analysis of P3 transportation projects. Thetogie of the
report were to identify the disadvantages of P3 as well asrthrcial value of
the P3s to the public as compared to the traditional delivery methodsto
assess the extent to which P3s can bridge the infrastructure fugapingf $138
billion for 2008-2035 (Figures from the National Surface Transportation
Infrastructure Financing Commission, 2009). The key disadvantagbddP3s
according to the study was the higher cost of capital - bea#dute taxes on
private money for P3s as compared to the public debt which isreax P3s
incorporate equity financing which generally has very high interaggs.
Additionally, the private entity has to pay federal, state and tagas; which is
exempt in the case of public debt. The efficiency in the operatmh a
maintenance portion of the delivery does not contribute much to the ondeyoift
cost disadvantages. The disadvantages with the P3 financing can be overcome
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with the help of innovative, less costly financing programs like A'l&hd PABs,
and with more flexible sources of capital. The report also stated?3s change
the timing of funding by providing the funds for the project upfront but doés
reduce the amount of the funds required. Every project is differemiskn
allocation and expediency of project delivery and hence, decisidmeqgfrbject
delivery method should be made on a case by case basis by idgnspgcific
project requirements and in-depth project analysis (OIG, 2011).

The National Conference of State Legislatures (NCSL) publishegat
on P3s for Transportation in 2010 which would act as a toolkit for theldégyis
considering P3 project delivery. This report indicates that P3 psajiéter based
on mission (the focus of the project) and on method (the project detivaalgl)
and source of financing. The project could be a brownfield project gter
maintenance or improvement of existing infrastructure), or, anfjetd project
(development of new facility), or, it could be a combination of greeh&ad
brownfield project, (an addition of a new toll lane onto an existiagitig. The
NCSCL study provided a number of models for the P3 delivery methud. T
includes Design-Build (DB), Design-Build-Operate-Maintain (D)) Design-
Build-Finance (DBF), Design-Build-Finance-Operate (DBFO)esign-Build-
Finance-Operate-Maintain (DBFOM). The private entity couldimgsany of the
roles in a P3 delivery, be it design, build, operate, maintain or #nanceven
ownership for a limited term. This interpretation of P3 by N@Sdifferent from
the one used in this study which defines DBFOM model as the P3| rioode
study. The other characteristic of a P3 mentioned is the souficewoting which
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unlike this study could be from any private or public or a combinatidooth the
entities rather than being from the private entity only. Afteriggitudied the P3
delivery approach, the NCSL come up with nine principles to be implemented and
decision makers to come up with sound decisions (Figure 11). P3s should be
analyzed in a broader perspective, looking out for long term puitécest and
should be considered as a support to the state’s transportation mmssioot gust

as a source of revenue. A comparison with the traditional approachetonahet

the best option for delivering the project, clarity in financiabues and
transparency in procurement process were principles mentioned iINGB&

report for improving the P3 delivery approach (NCSL, 2010).
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PRINCIPLES FOR STATE LEGISLATORS

Principle 1: Be informed.
State decision makers need access to fact-based information that supports sound decisions.

Principle 2: Separate the debates.
Debates about the PPP approach should be distinct from issues such as tolling, taxes or specific deals.

Principle 3: Consider the public interest for all stakeholders.
State legislators will want to consider how to protect the public interest throughout the PPP process.

Principle 4: Involve and educate stakeholders.
Stakeholder involvement helps protect the public interest, gain support and mitigate political risk.

Principle 5: Take a long-term perspective.
State legislators will want to approach PPP decisions with the long-term impacts in mind.

Principle 6: Let the transportation program drive PPP projects—not the other way around.
PPPs should be pursued to support a state’s transportation strategy, not just to raise revenue.

Principle 7: Support comprehensive project analyses.
Before pursuing a PPR it should be shown to be a better option than traditional project delivery.

Principle 8: Be clear about the financial issues.
States will want to carefully assess financial goals, an asset’s value and how to spend any proceeds.

Principle 9: Set good ground rules for bidding and negotiations.
Legislation should promote fairness, clarity and transparency in the procurement process.

Figure 11. Principles For State L egislatorsfor successful P3
Source: NCSL, 2010

The Congressional Budget Office (CBO) in January 2012 reported that

public-private partnerships have built highways slightly less expenand

slightly faster when compared to the traditional procurement approThis

report explains that most of the financial risks are handlethdyublic entity in

the traditional approach (DBB). The funding for these highway pjec

primarily allocated from taxes on fuel (18.3 percent per gallorg&soline and

24.3 percent per gallon for diesel) by the federal government. Alses feom

truck tires and heavy motor vehicles (>55,000 pounds) are a source ofgfuadi
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the Highway Trust Fund. These funds have not been sufficient to support t
construction of new infrastructure and the maintenance of exisuiliiés. This
federal funding is allocated to the states for construction of f@ghpkojects on a
matching rate as dictated in the Federal-Aid Highway Rarag State revenues for
highway projects are primarily collected from the gasolineegawhich range
from 8 cents per gallon in Alaska to 50 cents per gallon in Cai#onith an
average of 31 cents per gallon for states and localities (AmeRedroleum
Institute, May 2011). Vehicle license fees, highway tolls and othestsuch as
driver's license fees are also collected by certain stadepay for highway
projects. These sources of funds are still not enough to provideefdmancial
needs in the highway construction industry.

The delivery approach that encompasses the broadest set t¢ poies is
the Design-Build-Finance-Operate-Maintain method. Ten such préjacesbeen
let in the US between 1989 and 2011 where the private entity is respofasibl
building, financing and also operating and maintaining the facilityaflong term
as contracted with the public entity. These 10 North American P8gisogost a
total of $12.7 billion (2010 dollars) while P3 has been applied as wedgli
method for projects of approximately $653 billion (excluding projectdS) of
which $327 billion projects were road projects (Public Works Financimg, O
2010). The CBO report states that there is a scarcity of stadiéhe performance
of P3s in North America and it has commented on the performarfé@sobased
on those limited studies. The report concludes that for a succeB8ful
implementation”... the government involved must design, implement, and
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monitor contracts that allocate risk and control between the publigrveate
partners" (CBO, 2012)

The Conference Board of Canada (CB of Canada) in Jan 2010 assessed the
performance of major P3 projects that reached financial edsetween early
1990s and 2004, a period regarded as the first wave of P3s in Canada. The
important lesson learned from the first wave of P3 projectama@a was the off-
balance-sheet treatment of public sector liabilities which rettre@sparency of
public sector accounts. The revenue risk for most of the projectsomagletely
transferred to the private sector which was not really tdokiell by the private
sector as it could not influence the flow of traffic to a geedent. Consequently
this risk was realized and shared before the second wavembfe8ts. In some
of the P3 projects, the financial risks associated with thegowere not fully
transferred to the private consortium for which the public sestaorers incurred
higher costs of private financing without arguably enjoyindutsbenefits. The
key findings on the P3 projects under consideration in this stedy lbased on a
thorough review of the literature and publicly available data on thagects,
number of interviews with P3 practitioners from public as welbrasgate sector
and gathering data on key points in the procurement process. Ninetgarispof
the 55 P3 projects studied had reached substantial completion. Timeltateed
for those 19 projects showed that only two projects out of the 19 atereup to
two months, in delivery. The other 17 projects were delivered eithesd or on
schedule, while all the 19 projects were accomplished within {helated public
sector budget. These benefits of cost and time savings arelatsgowith
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additional costs like the costs of transferring selected reskiset private partner,
higher costs of private financing and higher transaction costs. nfyrojects
have already entered their operational stage and it is, therdtmy early to

comment on the operational performance of P3 projects (CB of Canada, 2010).

2.3P3 STUDIESIN EUROPE AND AUSTRALIA

The Public-Private Partnership delivery method has been adopted by
policymakers around the globe with Europe and Australia amongnttare
markets for P3 projects. Following is an overview of the reseateliant to the
study of cost and schedule comparison of transportation projects redlive
through P3 and the traditional delivery method in these mature markets.

As Flyvbjerg et. al. mentioned in their 2002 report, the differencedsst
geographical areas in terms of cost development is highly isigmif(p<0.001)
and geography matters for cost escalation. They collected fdata?258
transportation projects (rail, fixed-link and road) around the globe adgdtthe
inaccuracies in cost estimates. They reported that the avavagescalation for
the road projects was less when compared to rail or fixed-linkgisoyvorldwide.
They considered 167 road projects, 58 rail projects and 33 fixed-linkcisrofe
this study. Out of the 167 road projects in their study, theyrteghdhe cost
escalation for 143 road projects in Europe to be 22.4 percent aagayand 8.4
percent for twenty four (24) North American road projects. Thisatds that it is
necessary to develop statistics on performance of delivery meiha#termine
their efficiency and their credibility when applying them taufetprojects. It was

found that in nine out of ten transportation infrastructure projects, wast
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underestimated. Also, in this study they explained that the reasocofbr
escalation for these projects was not because of technicakdeies, inadequate
data or lack of expertise, as cost underestimation has not deceasethe past
70 years. They concluded in their research that cost underestimatild be best
explained by strategic misinterpretation, i.e., lying (Flyvbjerg et. al., 2002).

In 2003, the National Audit Office (NAO) of UK did a construction
performance assessment for twenty five hospitals, seven prisonspads and
other departmental office accommodations and training fasililibe parameters
chosen for assessment in this study were price containment)g timoi
construction delivery and quality of design and construction for proyegish
were due to be completed by summer, 2002. According to the NAO study only
22 percent of the thirty seven Private Finance Initiative (PF)ects exceeded
the price agreed in the contract and only 24 percent of those projects
delivered late to the public sector. This is in contrast to a 199%Gbvernment
study on non-PFI projects that indicated only 30 percent of non-Bjects were
delivered on time and only 27 percent were completed within butigemnly
eight percent of the projects, i.e. three projects, there was delapre than 2
months, and six projects were delayed by two months or less. Iaathigle of
projects, all seven of the road projects were reported to beletmd ahead of
schedule. It was also mentioned that the increase in the PEk pras due to
changes that the government made in some of the specificaftenshe bidding

was complete (NAO, 2003).
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A study completed by the European Investment Bank (EIB) in 2009
examined a sample of 66 P3 operational projects in Europe. Most pfdjeets
in this study were from the United Kingdom, Spain and Portugal. The
methodology in this study comprised of three key elements: (1) dyssnaf the
performance of the EIB P3 projects, (2) a literature revigwther entities that
have expressed their experiences with P3s and (3) intervidtvsheir own staff
to describe the lessons they learned from their P3 exposure. ifipde saf 66
operational projects consisted of 41 P3 road projects. Actual andtecpmst
data was gathered for 51 projects and it was reported thatré&npef the 51
projects were delivered within or under budget. Schedule penfmena
information was available for 48 projects from the sample of 66 psogea it
was reported that 63 percent of the P3 projects were delivered @ittiane or
ahead of schedule. Seventeen percent of the 48 projects had slay& af up to
one month (EIB, 2009).

The Allen Consulting Group along with the University of Melbourne did a
study that was one of its kinds in Australia in 2007, comparing tisé and
schedule performance of P3 and traditional projects in that countrntiineree
P3 projects were compared with 34 traditionally built projectstlaadnformation
collected for this study was public information. These projectse wadt
undertaken around the year of 2000 with matching levels of complexityened
either fully completed or largely completed. The 21 P3 projects w&/D$4.9
billion in total and the net cost overrun was reported as AUD$58 million while the
33 traditionally procured projects were AUD$4.5 billion and the net@aestrun

37



amounted to AUD$673 million. The cost overrun for traditional projects was
reported as 14.8 percent while that for the P3s was reported as k@tpéhe
raw data on schedule-overrun for Traditional projects was reptotde 17.6
percent, better than the P3 projects which was 24.3 percent. Howe\eralue-
weighted basis (between the signing of the final contract esjegb completion),
traditional projects were likely to be 23.5 percent behind schedule R88 were
found to be 3.4 percent ahead of schedule. Also, construction timeliness and
contractual cost adherence was studied at three key stagemplietion for the
projects in the sample. This sample of 21 P3s consisted of sBuesmBportation
projects and 16 traditionally constructed transportation projects obu83
traditional procurement projects.

The National PPP forum of Australia in 2008 undertook a study on the
PPP cost and schedule performance for projects greater than 20 mhich
were initiated after January 1, 2000. The total P3 projects snsthdy were 25
and traditional projects were 42 making a total of 67 projects whérle from
different categories including 32 social infrastructure projeZ3stransportation
projects, eight sustainability (water, energy and waste) gisojand four
Information Technology projects. The 23 transportation projects ceds$tfour
P3 and 19 Traditional projects. The average cost overrun for Tradiporjatts
from all categories was found out to be 52 percent, while foP#eprojects the
cost overrun was 23.8 percent. Hence, comparing the estimated dostfitoat
cost of the project, P3s perform 28.3 percent better than theidnadliprojects.
Also, 16.7 percent more P3s were completed per the cost estimate when compared
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to traditional projects. The average time overrun for traditional @sjeas
reported as 15.4 percent and for P3 projects it was 17.4 percent. Thes fogur
schedule performance of P3s and traditional projects in this shalyed that
these projects were delivered with the same confidence in thellotrera
performance. These results of time and cost overruns in this stodph are
completely different from the results on P3 performance in atheties from
other region also support the statement in the 2003 Flyvbjerg shaty t
commented on the geographical conditions playing an important role in
determining the project performance. In addition, the Australian tivadl
projects have better cost performance with 43.3 percent of thoseetedhplithin
five percent of the expected cost compared to a mere 27 perceme afkt
Traditional projects as reported by NAO in 2003 (National PPP Forum, 2008).

The above mentioned studies are the only ones with a portion devoted to
transportation P3 project performance. None of the studies se@tudn cost
and schedule performance of large scale (greater than $100 millginyay
projects. This study paves the way towards increased reseatitis area when
more data is made available for a better indication on cost amedide
performance of P3.

Also, other studies have reported cost and schedule performanceiof P3s
infrastructure projects, though not specifically for the transpontaector, which
demonstrates the general efficiency of the P3 delivery methasdeTlstudies have
been mentioned in brief below. The Her Majesty’s (HM) Treastugy in 2003
took a sample of 37 completed PFI projects with capital values below £20 million.
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The study reported that there was a considerable differenteedre the
construction and operational performance of larger projects when oesnfma
smaller projects. The larger projects had a better perfornthacethe smaller
projects with the reason that the smaller projects would alsotbdear the same
costs of third-party finance, legal and technical advisorshasmuch larger
projects. On the whole, 88 percent of the PFI projects considerdte ikiM
Treasury study were delivered on time or ahead of schedule whiteeagtit
percent of the PFI projects were delayed by more than twohsiomhe track
record of the conventional government infrastructure projects habemot so
impressive with 70 percent of the non-PFI projects deliveredateeported in
the NAO study of Modernising Construction in 2001. The cost performaince
PFI projects was equally good as only one-fifth of the projects ttenHM
Treasury sample experienced changes in the unitary chargh whie due to
changes initiated by the public sector client (HM Treasury, 2003).

The NAO study on PFI projects in October 2009 is an extension to the
report published by NAO in 2003 on the PFI performance. This report conside
projects completed between 2003 and 2008 with a capital cost over £&m mill
that were constructed in England. Questionnaires were prepar&83qrojects
to be surveyed out of which 114 completed the questionnaire. The 114 PFI
projects studied in this research were from various sectors batsiogle project
was a road project. It was reported that out of 114 PFI projeqieré@nt of the
projects were delivered on time which is a reduction of severepefrom the
data obtained in the NAO 2003 study. As mentioned before, this studpda
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road projects in the sample of 114 PFI projects and the signifobeamge of 7
percent is partially due to that. Data on cost performancegathgred for 91 PFI
projects and it was found that 64 percent of the projects were a@eliper the
contracted price. Also, it was reported that 94 percent of theegbsowere
delivered with, or less than, five percent cost overrun and the remaning
percent reported price increases of five percent and more. The aégmw gave
performance data for Non-PFI projects with capital valuetgréhan £20 million
completed within the period 2003 to 2008. A population of 225 Non-PFI projects
was shortlisted for survey but only 22 percent of the total populatiponded to
the questionnaires. The survey report indicates that 63 percergsef Non-PFl
projects were delivered on time and 54 percent of the projects dedwered

within the contracted price.

24 GAPSIN LITERATURE AND SUMMARY

Comparison studies have been accomplished on large-scale DB and DBB
projects in North America such as the Warne (2005) and the Sh(@&ih3a)
study and also on small scale DB and DBB projects like the AHX@06) and
the Gransberg (2000) study. The studies mentioned above do not give a
comparison of the P3 delivery method with the traditional deliverthoas.
Studies have been successfully completed in Europe and Australia giéch
comparison of P3s with the DBs and DBBs and similar studiesegtéred in
North America which could fill in this gap in the North Americaighway

construction industry.
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CHAPTER 3: METHODOLOGY

In this study, the following key steps were followed to comparéthgic Private
Partnership delivery method to the Traditional delivery methods afD&sd-
Build and Design-Build:

1. Literature review of previous studies on DBB and DB highway

projects

2. Development of input and output metrics

3. Criteria for selection of sample projects

4. Data collection for sample projects

5. Data analysis of collected data

6. Comparison of P3 research results with previous studies of DBB

and DB highway projects

3.1LITERATURE REVIEW OF PREVIOUS STUDIES ON DBB AND DB
HIGHWAY PROJECTS

In depth literature review was done to identify previously conductetiest that
were relevant to this study. A couple of studies have been acchetplis the
North American highway construction industry analyzing the perfocaeof
Design-Build and Design-Bid-Build delivery methods. The studies cdrated
on Cost and Schedule performance of the projects accomplished thhmsgh
delivery methods. These studies will act as the benchmark to centipar

traditional delivery methods with the Public-Private Partnership approach.
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3.2DEVELOPMENT OF INPUT AND OUTPUT METRICS

This research is focused on two performance parameters pfdjext delivery
approaches - Cost and Schedule. This will determine the projeotmarfce for
transportation projects regarding cost and schedule adherence, an they
metrics used are cost change and schedule change.

3.2.1 Cost Change

Cost change is the difference between the actual project coshersstimated
project cost. The estimated project cost is the contract va@ughe capital
expenditure specified in the P3 contract at financial close. Tthalgaroject cost

is the cumulative value of all payments made by the sponsor(s) to the developer(s)

to compensate for the construction of the project.

Percent cost change = (Actual project cost — Estimated projetixcb30

Estimated project cost

Percent cost change of:
e zero indicates that the project was delivered at the same cost as estimated,
e less than zero indicates that cost-savings have been made,

e greater than zero indicates a cost-overrun from the estimated cost.

3.2.2 Schedule Change

The estimated construction duration is the time allotted in the amnfior the
construction of the project, and the final construction duration is thaldche of
construction to the point of availability of use of the project.
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Percent schedule change = (Final construction — Estimated camtxido0
duration duration

Estimatedonstruction duration

Percent schedule change of:
e zero indicates that project was delivered per the estimated schedule,
e Less than zero indicates that project was completed earlier thanted{ima
e Greater than zero indicates that project had a schedule-overrun from the

estimated schedule.

3.3CRITERIA FOR SELECTION OF SAMPLE PROJECTS

Sample Public-Private Partnership projects were shortlisted drésmge pool of
available listed projects. A general trend of the highway congtruatidustry in

the past few decades was observed which is mentioned in theeChaghtowing

the requirement for funding of large scale transportation infrasteiprojects in
the US; and accordingly the criteria for the selection of prejr this research
were developed. The research study project list was obtainedPuaotic Works

Financing, September 2010”. From this list, the highway transpmrtatiojects

meeting the following criteria were considered in this study.

3.3.1 Projects Constructed in North America

Public-Private Partnership has been a popular delivery approach inmadnse
markets around the globe, e.g. Europe, Australia. Studies have been edratuct
P3 performance and efficiency for those regions; however, naasistildies have

been accomplished for North America.
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3.3.2 Projects Constructed Between 1990 and 2010

Legislation passed over the past 20 years has allowedaditer project delivery
approaches such as P3 and DB. With these new laws, stataestihagd different
project approaches to seek better cost and schedule control and thiss stud
compare the performance of these delivery methods and also theypB&ach.
Most of the large P3 highway construction projects have been cdastruc

between the time frame of 1990 and 2010.

3.3.3 Projectswith Construction Costs above US$90 Million

Research by the Federal Highway Administration compared 14 phprojects
under US$20 million using the DB and DBB methods (FHWA, 2006). The
percent cost change for DBB (3.6 percent) was lower than ¢thabDB (7.4
percent). However, when Shrestha compared four large (over US$1@@hmill
transportation projects, the cost change was significantly highddBB (12.71
percent) compared to DB (1.49 percent). The difference in the resuite that
any one single delivery method cannot be applied to all rangesjetts. Also, it

is evident from the statistics that cost containment for lactgkeanfrastructure
projects is more difficult in the DBB project delivery approastcompared to the
DB approach. Under SEP-14, in July 2003 the Federal Highway Admimstrat
came up with the following conclusion - only seven per cent, i.e. dl sma
percentage, of the projects approved to be completed by Design Bpirlobah,
were greater than $100 million each in value. However, the investmenese
large scale projects constitutes 73 percent of the total inviestmall approved

projects. Hence, it is important to concentrate on the efficiehg@rojects with
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those scales. This research examines whether or not the P3 appsaitah
controls cost on these large-scale projects with construction atmste $90

million.

3.3.4 Highway and Bridge Projects Without a L arge Signature Tunnel

As noted by Blanc-Brude et. al., “Mixing motorways and other tygasads, in
some cases including significant tunnel or bridge links, are ‘naisthat they
contain observations of very different technical natures and henceesniffeost
structures” (Blanc-Brude et. al.,, 2009) Flyvbjerg et al. also docunteatshe
average cost overruns for these different categories of infraseuate very
different, so that risk pricing would be expected to vary in each case jé&y\di.
al., 2003). To ensure comparable sample projects, transportation prajbcist

large signature tunnels were selected.

3.3.5 Projects Procured Under a DBFOM Procurement M odel

The incentive for private industry to finance a project is to cetepghe work on
time and begin receiving funds for the completed work. The incentive to groduc
a better quality project is due to the private partner accepiiaglong-term
operations and maintenance (O&M) risks when O&M responsibilite$€andled
with the DB work. Hence, this study focuses on projects that ensanpe
Design, Build, Finance, Operation and Maintenance portion of delivery.cBroje
that do not have any of the five elements to be delivered by thatementity
(DBFO, DBOM, DBF) are not included in this research. Although nonthef

studied projects have had enough time to complete the entire cortcycieaof
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the DBFOM procurement model, this study will lay the foundationfditure
research — the construction costs have been studied, to which ther®@&ihd
reward to the outcome can be added. Also, the definition of Public-Private
Partnership that is considered in this study includes all fipecss of the project -

Design, Build, Finance, Operate and Maintain.

3.4 DATA COLLECTION FOR SAMPLE PROJECTS
Data was gathered and the projects were confirmed to be DBR@Mgh a
thorough literature review and a survey with personnel involved witkdleeted

projects.

3.4.1 Literature Review

Initial data on the P3 projects was gathered from various dasafms®d on the
Internet. Afterwards, a comprehensive list of eligible P3 projeats the US and
Canada was prepared. The list of transportation projects fronPti@i¢ Works
Financing, September 2010 edition” was taken and compared withitteg i
project list and each project was studied individually to determhihecould be
shortlisted in the study as per the criteria. Also, the P3 Rrdgeabase from “The
Canadian Council for Public-Private Partnerships” was reviewedefmapz a list
of all North American P3 highway construction projects with contitbn costs
over $90 million and with construction stage completion between 1990 and 2010.
Information gathered from these websites and databases wigestvieyi gathering
more information on individual projects from their respective w@ffigvebsites.

Maximum information about the two study parameters: cost and deheschs
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compiled from official websites of the respective projects and statetohrds of
transportation. To determine the cost change of a project under datdywas
collected on the estimated and the actual project costs. To detdhm schedule
change of the project, data was collected on the estimated ctinstrdigration

per the contract and the final construction duration.

3.4.2 Survey

After collecting the data on the projects available fromitibernet, a set
of questions were prepared to survey public and private agencies ohvoltiee
selected P3 projects. Getting data from the private sectoa wiaallenge, because
of their reluctance to share information. The survey concentrated osizine
location, type, scope, procurement, force majeure and unanticipated risks
associated with the project. The key emphasis was on the inpubwpdt
variables: the estimated & actual construction cost, and, timagstl and actual
construction time of the project that would determine the cost aneldsle
performance of the projects. This questionnaire included cleanita®is of terms
used in this research. The copy of the questionnaire used for ey ss
available in the appendix.
Interviews were conducted with government agencies officials indolvethe
construction and procurement of the projects under consideration. The
interviewed individuals were project directors and/or project manageoshad
intimate knowledge of the project. The in-person interviews includedasi
guestions as the written questionnaire, and the definitions of terms we

thoroughly discussed and precisely put forward to the interviewee, as well.
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3.5 DATAANALYSISOF COLLECTED DATA

Data collected from the literature, written questionnaires arghvieivs was
analyzed for percentage of cost and schedule change per the inpattpot
metrics determined as the criteria of interest. Any chargesuch as scope
changes, owner’s additions or deletions, unanticipated risks, forfunmaas
decided by the public and the private entity — were considered sn#lgsis in

order to determine how the change would affect the percent of chahge. T
average cost change and average schedule change were thenecafoulall P3
projects under study, which provided the performance of the P3 procurement
method for highway construction in North America. The overall cost emedsile

containment for the 12 projects was also analyzed.

3.6 COMPARISON OF P3 RESEARCH RESULTS WITH PREVIOUS
STUDIES ON DBB AND DB HIGHWAY PROJECTS

The literature review of previously published studies containinipqeance data

for traditional DBB and DB project delivery approaches was therpaosd to the

data collected on the above mentioned P3 projects. As stated befere,
comparison between these delivery methods was done on cost/  schedule change

parameters.
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CHAPTER 4: ANALYSIS& RESULTS
41 ANALYSIS
The cost and schedule performance of twelve transportation B8 taale
projects in North America have been studied. These projects ramge$0
million to US$840 million and are from California, Texas and Canabtase P3
projects form an exhaustive list of large scale projectsirggawith an initial list
from the Public Works Financing 2010, (see Appendix B). The projects
categorized as DBFO and DBFOM were taken and a survey dahettitist the
large-scale DBFOM projects in North America. The focus was BR@M for
the reason that this research follows the P3 model that encompdiste five
elements of delivery, namely, Design, Build, Finance, Operation and
Maintenance. The project if delivered through DBFOM model or not was
confirmed through further research from official project websiés well as
various state Department of Transportation websites and survé®jett and
DOT officials. Finally a list of 12 P3 projects was developedctviiollowed the

DBFOM delivery approach (Table 3).
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Table 3. List of P3 Projects Selected for this Study

Project Code Project Name Location
Ok i illi .
A anagan Bridge f William R BC, Canada
Bennett Bridge
B Anthony Henday Drive Alberta, Canada
C Northeast Stoney Trail Alberta, Canada
Ph 2 — Kicking Hor

D ase icking Horse BC, Canada
Canyon

E CPTC 91 Express Lanes CA, US

F South Bay Expressway CA, US

G Sea to Sky Highway BC, Canada

Fredericton Moncton

H e NB, Canada
Highway

I Camino Columbia Bypass TX, US

J Golden Ears Bridge BC, Canada

K Confederation Bridge PEl, Canada

L Highway 104 Cobiqued Pass NS, Canada

Data was collected for these projects per the questionnageA{zendix
A) that focused on cost and schedule information of the projects under
consideration. The construction cost for these projects ranged from US$90 million
(Project 1) to US$840 million (Project K). The details on the gmDj

characteristics, construction cost and construction schedule for afathe

projects have been attached in Appendix G.

This research is using cost and schedule as the two paratoetgeduate
the performance of the P3 project delivery. The average changest and

schedule data for the 12 P3 projects are calculated to eventaaijyace them
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with the results of the DBB and the DB delivery method performaitained

from previous research studies.

4.1.1 COST CONTROL

6
5
1
3
0 ] I 0 0 0 0 0 0 0 0
0
A B C D E F G H

Project

Percent Cost Change
(3% )

[y

Figure 12. Percentage Cost Change for P3s

In this research of 12 P3 projects, ten of the projects exhibiteccaptsinment
and were completed within the contract amount, while Project C andcPE
showed an increase in the construction cost compared to the cont@oitam
(Figure 12). The reason for the increase cost for Project € dua to the
Geotechnical issues that were not envisaged earlier. The atiwstrgost for
Project C was US$396 million and an increase of 3% accounted focraase of
US$12 million in the construction cost which made the final construciost of
the project as US$408 million. While, Project E reported an increb$:68
percent in the construction cost for which the estimated construasinwas

US$125.6 million and the final construction cost was US$134 million.
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The average of the cost performance for the 12 P3 projects umsler t
study showed a cost increase of 0.81 percent. The average ceasenfor DB
projects in the Shrestha study is reported to be 1.49 percent, whi@BiBe
projects were reported to be 12.71 percent. The Warne study indacate/erage
cost increase for DB projects of 4 percent for the 21 projechatrsample. From
this comparison it is evident that cost containment is better iDBhprojects as
compared to the DBB projects but it is even better for the P3 gopuch are
DBFOM than the DB projects. The cost increases mentionedhfese 12
DBFOM projects are only for the construction costs and not tHé Fenance-
Operate-Maintain) portion of the project delivery. The data on thd cos
performance of the projects indicates that more than 80 pestém projects in

the study were completed per the original contract cost.
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4.1.2 SCHEDULE CONTROL
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Figure 13. Per centage Schedule Change for P3s

Unlike the cost performance, the schedule performance was in the
negative (indicating construction finished ahead of schedule) asasethe
positive region of the graph (Figure 13). Seven projects were oaliahead of
schedule but the reason for these projects to be completed eangtdid/olve
incentives to the private entity in terms of early progressiyenpats or early toll
collection from the contract schedule. The incentive of investnatatrr would
not begin until after the project is available for public use andoffezational
portion of the contract begins. Thus, progressive payment or toll coultdenot
collected until the O & M portion of the project started per the contraa, Adar
of the 12 projects were delivered on schedule. Seven of the 12tprojece

completed ahead of schedule. Only Project F exhibited a schedulerowérr
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30.02 percent due to technical issues associated with the proj&tajor
construction challenge was the big bridge of the project - a 1200m({&ylong
eleven span bridge on a double row of columns going to a height of 1%8ft) (
over the Otay River. Curving throughout its length and built of 644aptec
segments up to 70 tons each the post-tensioned structure was Gateintrork

that seems to have proven more difficult and expensive than envisaged.

The average schedule change for the twelve projects was foundbaut to

0.23 percent. The Shrestha study reported the average schedule gmofeilr f
DBB projects to be 4.34 percent and for the four DB projects, 11.04 percent.
When comparing the schedule results of the P3 sample in thisvstiidghe DB

and DBB projects in the Shrestha study, both DBB and DB show gbsésrin
schedule when compared to the P3 project schedule performance, buinthe T
Warne study on the other hand reported a -11.00 percent schedule chahge for
21 DB projects. Although the sample is rather small to allow arente for
future projects, the available data indicates that more than 98npatcthe P3

projects were completed early or on schedule.

4.1.3 COMBINED PERFORMANCE
Taking the cost and schedule performance collectively for thedj@cts,
9 out of 12 projects did not have to any cost change or schedule indregjset
C and E showed an increase in cost of three and 6.68 percent regpective
however Project C was completed ahead of schedule and Projestd®mpleted

as per schedule. And, Project F exhibited a schedule incre&®0& percent
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without affecting the contractual agreement of project consbtruatost. The
public entity was not entitled for any cost changes and therootish cost of the
project was determined per the contract.

None of the 12 P3 projects exhibited an increase in cost as well as
schedule. If we check the cost and schedule containment together poojdts,
this accounts for a success rate of 75 percent for the R&nmyeinethod. The
combined cost and schedule performance for the 12 projects in theesaonful

be better explained as shown in Figure 14.
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Figure 14. Overall Cost & Schedule performance of P3s

The X-axis in the figure shows the average percentage sehetlange for
projects while the Y-axis shows the average percentage basige for the
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projects. The numbers in each of the boxes represents the numbeijeatspr
falling in that performance interval. For example, the numberifi7the green
region represents the number of projects and shows that ea@h ©ptbjects lie
in the interval of (-5, 0] for average percentage cost change dhd interval of
(-5, 0] for average percentage schedule change. The numbergmrggon in
the figure indicate that these projects did not show an increasesi or schedule
during the construction phase while the red region symbolizes sgcieaost as
well as schedule. Similarly, projects in the yellow region show anlincrease in
schedule, but no increase in cost while the grey region shows¢hatgjects had
an increase in cost, but not in schedule.

The above graph more clearly shows that none of the P3 projectsHes
red region indicating that no single project had a cost aretlstdincrease while
9 projects contained well under cost and ahead of schedule. Togesteand
schedule performance of P3 projects also shows a very good perceet¢@bt)
of projects being delivered successfully pertaining to cost adldedule

containment.

42 RESULTS

Table 2. Percent Cost & Schedule Changefor P3 projects

Delivery Per cent Per cent
Resear ch Study Projects Method Cost Schedule
Change | Change
Twelve projects bgt\_/veen US$90 and DBEOM 0.81 0.93
$840million
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The percentage cost increase for the 12 P3 projects in thisdtaded
an average of 0.81 percent while the average percentage schededsenwas
calculated as -0.23 percent. These statistics on cost and scpedarmance of
P3s can now be compared with the cost and schedule performance ah®Bs
DBBs taken from similar research carried out by Shrestha ardé\(Figure 15).
DB and DBB projects in these studies also lie within the sameframe as the
P3 projects in our study and all are large scale projects ppeoxamately more
than US$90 million. Additionally, the projects in the Shrestha anch#/studies

are major road projects as are the projects in this study.

Large Highway Project Construction Cost and Schedule Overun
as a % of Original Budget

15.00%
12.71%

11.04%

10.00%

5.00% 2.00% 4.34%

1.49%
0.81%
0.00%  —

-0.23%

Percent Cost and Schedule Change

-5.00%

-10.00%

-11.00%

-15.00%

ASU - P3 Warne - DB SHRESTHA - DB SHRESTHA - DBB

Cost 0.81% 4.00% 1.49% 12.71%
m Schedule -0.23% -11.00% 11.04% 4.34%

Figure 15. Percent Cost & Schedule Change comparison with previous
studies

The results for the cost and schedule performance of these &2tpraje

compared to similar research studies on DB and DBB projects i Ranerica
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with cost and schedule as the performance parameters. One pfethieus
studies that could be compared to this research is the Shrasilgao§ 2007 in
which 4 North American DB mega projects were compared with 4thNor
American DBB mega projects on cost and schedule parametersoSthef ¢che
projects in the Shrestha study is greater than $100 millionmgrfgbm $165
million to $1150 million for DB projects and from $146 million to $301 iwiil
for DBB projects and they fall in the same time period agptbgcts under this
study.

The other research that was relevant to our present work wa§aine
study of 2005 which is widely accepted by the transportation ageaciés
practitioners all over the US of America. Our research talses into account the
21 DB projects in North America whose budgets exceed $83 million thksgn

them fall in the category of the large scale projects.
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CHAPTER 5: CONCLUSION

5.1 SUMMARY

The research studies on P3s around the world have exhibited results tha

differ from each other quite significantly which highlighted thedé¢o initiate
this study on P3s in North America. The key parameters thatndeterthe

performance of a delivery method are the cost and schedule comidunizg

the construction phase of the project. This research pavesajhd¢owards an
analysis of a P3 performance study in North America for tighway

construction industry using 12 large scale highway P3 projects @amada and
US with focus on cost and schedule performance during their constrpbtse.
The results of this research indicate P3 have good cost and schedalenance
with a success rate of 75 percent.

Although the financing of P3 projects which is taken careydhb private
sector is more expensive than the projects that are funded pylihe due to the
taxes and interest associated with private money (OIG, 2011; CBawéda,
2010), P3s have shown great adherence to the contractual cost araf three
project which has made this delivery approach popular amongst pakeys It
is clear that the combination of faster delivery with very tighhtrol over
construction costs provides a benefit to the public. This study exanuisteone
of the aspects of the P3 method of project delivery. Outsidesdbpe of this
study, a number of other aspects warrant examination that wmeal dditional

savings, efficiencies, and benefits to the public. The averagenpenst increase

of 12.71 percent for DBB as mentioned in the Shrestha study, 1.50 pendent a
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4.00 percent for DBs as found in the Shrestha and Warne studies, and 0.81
percent in this study for the P3s shows the way towards improvement
structuring of innovative delivery approach. The average percent schedule
increase of P3s in this study came out as -0.23 percent whicltas than the

4.34 percent and 11.04 percent for DBBs and DBs, respectively, as depgprte
Shrestha. However, the schedule control figure of -11.00 percent for PBs b
Warne which is a polar opposite to the 11.04 percent for DBs lesthlar shows

the need to analyze a larger sample of projects. Then agair, 1t percent
schedule change by Warne could also be due to the incentives aihdhatahe
contractor could earn by finishing the project early and takit@tle operational
stage. On the other hand, no incentives are given to the private $actor
completing the construction of a P3 project early, and as thereh investment

only begins once the project is open for public use and the opergtmniain of

the contract begins.

52 RECOMMENDATIONS FOR FUTURE RESEARCH

Substantial amounts of money are being invested in large scale
transportation projects in North America, therefore, choosingahect delivery
method that could improve the efficiency of cost control of projeaisid \ help
the economy and would save public money collected through taxes wisjpénits
on these projects. P3s have shown to be cost and time effective iastgsch.
The limitation of this study is that it deals only with tlenstruction phase of the

project delivery with a small sample of projects and not the @perand
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Maintenance portion of the P3 approach. Hence, research can bmiednt this

area on the following:

This research provides the foundation for research which should be
expanded by adding more projects to the list giving strengthened
performance statistics.

Not only the construction phase but also the Operation and Maintenance
portion of the delivery method should be assessed as the projegietmom
their operation and maintenance phase. This would have to be a long term
project as the O&M phase can last for 30-50 years.

This study lays foundation for the cost per lane mile comparisoheof t
P3s with the DBs and DBBs. It would require a list of simi&; DB and

DBB projects (similar project characteristics) for which tost per lane

mile through each delivery approach could be compared.

An insight on the comparison of life-cycle asset managemett rom a

P3 compared to government costs.

Differences between availability of travel lanes between aegtoj
delivered as a P3 and a government-operated road built using traditional
methods.

Net effects on carbon footprints of a roadway built and operatedR3
compared to a government-operated road built using traditional methods.
Economic benefits of wider use of the P3 model on large projextsha

lines of demarcation that separate the sensible decision poingage a

P3, DB, or DBB method of delivery.
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This research points out that significant work is yet to be donemparing the
design build, design-bid-build, and P3 project delivery approaches that ar

currently being utilized by highway agencies.
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Introduction and Purpose

The purpose of our study is to compare the cost and schedule corfoonaace

of Public-Private Partnership (P3) projects to those procured uratétianal
methods such as Design-Bid-Build (DBB) or Design-Build (DB). We argitign

the scope of our study to the construction phases of large-scalpleted
transportation projects in North America. As you were involved in ooggir
under consideration, would you be able to answer a few questions and provide
clarification?

Name

Company

Project Name

Project Description

Estimated (Budget) Cost

At time of Project Financial Close (DBFOM)
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Estimated Schedule (construction)

At time of approval of Project Financial Close (DBFOM)

Final Construction Cost

Reasons for increase? (if any)

Scope Increase? (if so, what)

Unanticipated Risks? (is so, what?)

Construction Time

At Financial Close (Substantial Completion and Final Acceptance Dates)

At completion (Actual Substantial Completion and Final Acceptance

Dates)
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Reasons for increase in construction duration (if any)

Owner’s Delays?

Scope Changes?

Unanticipated Risks?

Force Majeure?

Definitions:

Actual Project Costs. The cumulative value of all payments (each indexed to the
year of Financial Close) made by the Sponsor(s) to the Dear¢dpto
compensate the construction of the project

Capital Expenditure: construction-related costs, does not include operation and
maintenance (O&M)

Change Order: a component of the change management process whereby
changes in the Contract agreed to by the Sponsor(s) and Deveéloper(s
implemented, often involve the change of Contract Value and/or scope of work.
Contract: the legal agreement between the Sponsor(s) and the Developer(s)
related to the procurement and delivery of the project
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Contract Value: the monetary amount the Sponsor(s) is contracted to pay the
Developer(s) to compensate for the Capital Expenditure upon the etmnpbf

the construction project, in local currency (either U.S. dollar or d@tanadollar)
indexed to the present value of the year in which Financial Close takes place
Cost Overrun: Actual Project Costs minus Estimated Project Costs

Cost Overrun Percentage: Cost Overrun expressed as a percentage of Estimated
Project Costs

Developer(s): the private entity that is entering the contract with Sponstw(s)
deliver the project per the specifications and requirements set forth in thea€ontra
Estimated Project Costs. Contract Value of the Capital Expenditure specified in
the Contract at Financial Close

Final Acceptance: the occurrence of all events and satisfaction of all conditions
set forth in the final acceptance clause of the Contract, aglaen confirmed by

the Sponsor’s issuance of a notice. Typically includes thesetiastifollowing
Substantial Completion:

e Completion and acceptance of all construction work

e Completion and acceptance of all design and construction submittals

e Completion and acceptance of all punch-list items

e Acceptance of as-built drawings

Financial Close: the point at which all contracts are signed by all pamesived

in a project, including lenders, equity holders, Sponsor(s), Developétr({s)the
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moment when the Developer(s) has/have successfully raised theirfipaeeded

to build the project

Sponsor (s): the governmental agency or related authority that is awarttieg
Contract to the Developer(s)

Substantial Completion: the occurrence of all events and satisfaction of all
conditions set forth in the substantial completion clause of the €Cgnais and

when confirmed by the Sponsor's issuance of a  notice

73



APPENDIX B

PUBLIC WORKS FINANCING SCORECARD OF PPP
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U.S. & Canadian Transportation Projects Scorecard

Contract
Amount
in nominal $ Private Notice to
(S millions) Project Name Owner Risk Proceed Sponsors (DB component)
3,850  Indiana Toll Road, IN Indiana Finance Authority 75-yr lease 6/06  Cintra Concessions/Macquarie
2,800  |-635 Managed Lanes, TX Texas DOT DBFOM 6/10  Cintra/Meridiam ($2.1 bn Ferrovial Agroman)
2,600 ETR 407, Toronto, Ont. Ontario Ministry of Trans. 99-yr lease 5/99  Cintra Concessions/Macquarie
2,460  Port Mann Bridge, BC BC Ministry of Transportation DB 2/09  Kiewit/Flatiron
2,100  Denver Eagle P3 Rail. CO Denver RTD DBFOM 8/10  Fluor/Laing/Uberior ($1.27bn Fluor/BBRD
2,047 North Tarrant Express, TX Texas DOT DBFOM 12/09 Cintra/Meridiam ($1.46bn Ferrovial)
1,998 1-495 HOT Lanes, VA Virginia DOT DBFOM 7/08 Transurban/Fluor ($1.4bn Fluor/Lane)
1,830  Chicago Skyway, IL City of Chicago 99-yr lease 1/05  Cintra Concessions/Macquarie
1,814  |-595 Managed Lanes, FL Florida DOT DBFOM 2/09  ACS Infrast. ($1.2bn Dragados/EarthTech)
1,674  Hudson-Bergen Lt. Rail , NJ NJ Transit DB/Equip+O&M 10/96  Wash. Group/ltochu ($1.15bn Perini/Slattery)
1,650 Canada Line, Vancouver, BC Gr. Vancouver Transit Auth, DBFOM 8/05 SNC Lavalin/Serco (31.2bn SNC Lavalin)
1,430  A-30. Montreal, Quebec Ministry of Transport DBFOM 9/08  Acciona/lridium (Dragados/SICE/Arup)
1,376 |15 Reconstruction, UT Utah DOT DB 3/97  Kiewit/Granite/Washington Group
1.369 SH 130 Seg. 1-4, TX Texas DOT DB 7/02 Fluor/Balfour Beatty/DMJM + Harris
1,358  SH 130 Segments 5-6, TX Texas DOT DBFOM 3/08  Cintra/Zachry
1,340 Edmonton Orbital (NW), AB Alberta Transportation DBFOM 7/08  Bilfinger Berger (Flatiron/Parsons/Graham)
1,186 |25 T-REX Road/Rail Exp., CO Colo. DOT/RTD DB 5/01 Kiewit/Parsons Trans. Group
1,100 |15 South Utah DOT DB 9/09  Fluor/Ames/Wadsworth + HDR
1,002  DFW Connector Texas DOT DB 10/09  Kiewiit/Zachry
980  Jamaica-JFK Airtrain, NY Port Auth. NY/NJ DB/Equip+O&M 9/99  Skanska/Bombardier (5980m Slattery/Perini)
914  Port of Miami Tunnel, FL Florida DOT DBFOM 10/09  Meridiam ($607m Bouygues/Jacobs)
814  Golden Ears Bridge, BC TransLink/Partnerships BC DBFOM 3/06  Bilfinger BOT ($746m Bilfinger/CH2M HilD
803  Foothill Eastern Toll Road, CA  Trans. Corridor Agencies DB 6/95  Flatiron/Wayss & Freitag/Sukut/Obayashi
790  San Joaquin Hills Toll Rd., CA  Trans. Corridor Agencies DB 9/91 Kiewit/Granite
773 SR 125 So. + Connectors, CA  San Diego Expressway LP.  DBFOM 5/03  Macquarie ($653m Washington/Fluor)
765  Southeast Stoney Trail, AB Province of Alberta DBFOM 5/10  SNC Lavalin/Acciona (same DB)
730  Confederation Bridge, PEI Public Works Canada DBOM 10/93  Vinci/BPC Marine/Ballast Nedam/SCl
712 Alameda Corridor, CA Alameda Corridor Trans. Auth. DB 11/98  Tutor-Saliba/O&G Indus/Pars. Gip + HNTB
705  So. Fraser Perimeter Road, BC BC Ministry of Transportation DBFOM 7/10  ACS/Ledcor ($650m Dragados/Ledcor)
689 JFK Terminal 4, NY Port Auth. NY/NJ DBFOM 5/97 Schiphol/LCOR ($689m Fluor/Morse Diesel)
645 Foothill South Toll Road, CA Trans. Corridor Agencies DB 11/98 Flatiron/HBG/Sukut/Fluor Daniel
615  Tacoma Narrows Bridge, WA Washington State DOT DB 11/02  Bechtel/Kiewit
611 Pocahontas Parkway Lease, VA Virginia DOT 99-yr lease 6/06  Transurban ($45m Fluor/WGD
603  Northwest Parkway Lease, CO Norhwest Parkway Authority  99-yr lease 5/07  BRISA/CCR
600  Eastside Light Rail, CA Los Angeles County MTA DB 7/04  Washington Group/Obayashi/Shimmick
597  Sea-to-Sky Highway, BC BC Ministry of Transportation DBFOM 9/05  Macquarie ($354m Kiewit/Miller/Capilano)
555  Northeast Stoney Trail. AB Province of Alberta DBFOM 2/07  Bilfinger ($345m Flatiron/Graham/Parsons)
541 Cooper River Bridge, SC SC boT DB 7/01 Flatiron/Skanska + Parsons Brinckerhoff
538  A25 Montreal Quebec Ministry of Transport DBFOM 9/07  Macquarie (Kiewit/Parsons $207m)
530  BART SF. Airport Ext., CA Bay Area Rapid Transit Dist. DB 5/98  Tutor-Saliba/Slattery + HNTBE
508  Trenton River Light Rail, NJ NJ Transit DB/Equip+O&M 6/99  Bechtel/Conti/Foster/Bombardier
500  Trans Canada Highway, NB NB Trans Ministry DBOM 11/98  Dragados-FCC/Vinci/Miller Paving
500 Route 1, NB Province of New Brunswick  DBFOM 4/10  Dexter Group (Dexter Construction)
464  Intercounty Connector, MD Maryland DOT DB 6/07  Granite/Corman/GA & FC Waggoner
446  Western Wake Freeway, NC NC Turnpike Authority DB 8/09  Archer Westem/Granite + The LPA Group
431 IROX |-75, FL Florida DOT DBF 6/07  Anderson Columbia/Ajax Paving
420 1-64 St. Louis, MO Missouri DOT DB 12/06 Granite Construction
414 Highway 161, TX No. Texas Tollway Auth. DB 8/09  Fluor/Balfour Beatty + AECOM
395  Edmonton Orbital SE, AB Alberta Min. of Trans. DBOM 1/05  Macquarie/PCL/LaFarge
390 SR 22 Improvements, CA QOrange Cty CA Trans. Auth. DB 9/04  Granite/C.C. Myers/Steve P. Rados Inc.
24 PWFinancing | September 2010
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U.S. & Canadian Transportation Projects Scorecard

Contract
Amount

in nominal $ Private Notice to

($ millions) Project Name Qwner Risk Proceed Sponsor Constructors (DB component)
390 LA Expo Lt. Rail, CA Expo Line 1 Const. Auth. DB 9/06  Flatiron/Fluor/Parsons
386  Conway Bypass Highway, SC ~ SC DOT DB 3/98  Fluer Daniel
385  Route 3 North, MA Mass. Highways DBF/Maint. 8/00  Modern Continental/Roy Jorgenson
350  Dulles Greenway Toll Road, VA TRIP Il DBFOM 9/93  TRIP Il ($150m Brown & Root)
348  John James Audubon Br., LA LA DOTD [n]=} 5/06  Flatiron/Granite/Parsons
343  Las Vegas Monorail, NV L.V. Monorail LLC DB/Ecuip+O&M  10/00  Bombardier/Granite
328 281 North Toll, TX Alamo Reg. Mobility Auth. DB 5/08  Fluor/Balfour Beatty
324  E-470 Beltway, Seg. 283, CO E-470 Public Hway Auth. DB 8/95  Washington Group Intl/Fluor Daniel
300  Ontario Service Centres Ontario Min. of Transportation DEFOM 8/09  HMS Host/Kilmer Van Nostrand (Ellis Don)
295 US 550 (was SR 44), NM New Mex. SHETD D/CM/Warranty 9/98 Koch Materials ($295m CH2M Hill/Flatiron)
20 Hiawatha Light Rail. MN Minn. DOT DB 9/00  Granite/C.S. McCrossan
267  Gold Line Light Rail. CA LA-Pasadena Blue Line Const. DB 4/00 Kiewit/Washington Group
260  Anacostia River Bridges, DC Washington DC DOT bB 9/09  Skanska/Facchina
243 1110 Bridges Escambia Bay, FL  Florida DOT DB 4/05  Tidewater Skanska/Flatiron
238 TH212, MN Minnesota DOT DB 8/05  Fluor/Edward Kraemer/Ames
236 Rt 288, VA Virginia DOT DB/Warranty  12/00  Koch/APAC/CH2M Hill
234  St. Anthony Falls Bridge, MN MinnDOT DB 11/07  Flatiron/Manson + FIGG
233  E-470 Beltway, Seg. 4, CO E-470 Public Hway Auth. DB 1/00 Kiewit/Washington Group
232 Palm Beach-Ft. Laud. Rail, FL Tri-County Commuter Rail Auth DB 8/01 Herzog/Granite/Washington Group
232 US 52 Reconstruction, MN Minnesota DOT DB 2/03  Fluor/Edward Kraemer/Ames
226  Carolina Bays Pkwy, SC SC DOT DB 11/99  Flatiron/Tidewater
323 E-470Seg. 1, CO E-470 Public Hway Auth. DB 7/89  Fluer/Morrison Knudsen
238 |15 Bridge Replacements, UT Utah DOT DB 1/06  Granite/Ralph L. Wadsworth Const.
220  Blue Line Extension, DC WMATA DB 4/02  Lane/Granite/Slattery Skanska
211 1-95 Widening Florida DOT DBF 12/07  Community Ashpalt
200  Kicking Horse Canyon, BC BC Min. of Trans. DBFO 2005 Bilfinger ($114m Flatiron/Parsons)
198 Rt. 28 Corridor, VA VDOT DB 9/02  Clark Const./Shirley Contracting Corp.
195  Disraeli Freeway Bridge, MB City of Winnipeg DBFM 3/10 Plenary Group (PCL Constructors)
192 US 17 Washington Bypass, NC NC DOT DB 2/06  Flatiron/United Contractors
191 Southem Connector, SC Connector 2000 Assn. DB/F 2/98 Interwest (Sna Thrift Bros.)
191 Atl. City-Brigantine Tunnel, NJ NJ DOT DB/F 10/97  Mirage Resorts ($191m Yonkers/Granite)
184  U.S. 60 Upgrade, AZ Arizona DOT DB 5/01 Granite/Sundt
180  Northwest Parkway, CO NWP Public Highway Auth. DB 6/01 Washington Group/Kiewit Westermn
178 US 183, Austin, TX Central Tex. Mobility Auth. DB 12/04 Granite/J.D. Abrams + URS175
175 York, ON BRT Regiional Muni of York DBFOM 6/02  Nine firms (Kiewit/Delcan)
177 Palmetto Exp. Widening FL Florida DOT DBF 8/08  Condotte-De Moya j.v.
17 Reno ReTRAC, NV City of Reno DB 7/02  Granite/Parsons Trans. Group
148  US Route 1, Key West, FL Florida DOT DB 11/04  Granite w/Jacobs
138  Triangle Parkway NC Turnpike Authoriity DB 8/09  S.T. Wooten
136  |-494 Reconstruction, MN Minnesota DOT DB 8/04  Granite/C.S. McCrossan
132 U.S. 64 Knightdale Bypass, NC North Carolina DOT DB 6/02  Flatiron/Lane Const. Corp.
130  CPTC 91 Express Lanes, CA  CalTrans DBFOM 7/93  Level 3/Cofiroute/Granite (sold 1/03)
130 U.s. 20, OR Oregon DOT DB 7/05 Granite/TY Lin International
129 U.S. 70, NM New Mex. SHETD DB 7/02 Granite/Sundt/James Hamilton+URS
125 Portland Airport Max Rail, OR  Tri Met DB 10/98 Bechtel
121 95 Express Lanes, FL Florida DOT DBF 1/08 FCC/MCM
120  Okanagan Bridge, BC BC Dept. of Transport DBFOM 5/07  SNC Lavalin
11 US-1 Improvements, FL Florida DOT DBF 11/07  Community Asphalt
102 |-4 Over St. John's River, FL Florida DOT DB 1/01 Granite/PCL Civil Constructors  Cont. p.26
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U.S. & Canadian Transportation Projects Scorecard

Contract
Amount
in nominal $ Private Notice to
($ millions)  Project Name Owner Risk Proceed Sponsor Constructors (DB compo-
nent)
86  |-17 Thomas to Peoria, AZ Avrizona DOT DB 1/99  Granite/Sundt
85  Camino Colombia Bypass, TX Texas DOT DBFOM 6/99  Granite + Carter & Burgess
83  Highway 104 Cobequid Pass Nova Scotia MOT DBOM 5/96  CHIC: Aecom/AMEC/Dufferin
82  Hathaway Bridge, FL Florida DOT DB/Warranty 6/00  Granite
81  Sawgrass Expwy Widen, FL Fla. Turnpike Enterprise DB 4/05  APAC/Parsons Trans. Group
57  Anton Anderson Tunnel, AK Alaska DOT DB 9/98  Kiewit + Hatch Mott MacDonald
56  Belt Parkway, NY NYC DOT DB 7/02  Granite Halmar + Gannett Fleming
54  Carolina Bays, ph. 2, SC South Carolina DOT DB 5/03  APAC + Wilbur Smith Assoc.
53  New River Bridge, FL Tri-County Commuter Rail DB 2/03  Washington Group
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COST AND SCHEDULE GROWTH RESULTS FROM SHESTHA STUDY IN 2007
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Table 6.1: Total Cost Growth for DB and DEB

Parameters Design-Build Design-Bid-Build Total Sample
Sample Size 4 4 8
Mean 1.49% 12.71% 7.10%
Median -5.73% 23.28% 10.17%
Maximum 30.98% 31.87% 31.87%
Minimum -13.53% -27.60% -27.60%
Standard Deviation 20.88% 27.43% 23.35%

(Page 104)

Table 6.3: Total Schedule Growth for DB and DBB

Parameters Design-Build Design-Bid-Build | Total Sample
Sample Size 4 4 8
Mean 11.04% 4.34% 1.69%
Median 6.70% 2.54% 2.54%
Maximum 34.48% 18.61% 34.48%
Minimum -3.70% -6.32% -6.32%
Standard Deviation 18.06% 10.40% 14.10%

(Page 108)
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Table 4-Cost Comparison
Eggiinieerl's Bid . Bi:i Vs, Final FinBaild EFinial Vs,
rigina ngineer's Vs, ngineer's
Esti?uate Amount E.Etimate Amount Amount E.'?timate

AZ|-17 DB $75 $80 $5 $85 $5 $10
AZ SR 51 $68 876 58 £86 $10 $18
AZ US 60 5224 $187 -$37 $200 $13 524
CA Eastern Toll 3678 $678 $0 $777 $99 $99
CA San Joaquin Note 1 $793 $0 $795 52
CO E470 Segment 4 $230 $233 $3 $250 $17 $20
CO E470 Segment 2 & 3 $321 $321 50 $321 50 30
CO I-25 Road Rail Expansion $1,200 $1,200 50
CO NW Parkway Denver $189 $189 %0 $191 $2 $2
FL Hathaway Bridge $85 82 53 584 52 -$1
MN ROC 52 5238 $232 -36 $238 36 50
SC Carolina Bays $232 $250 $18
SC Conway Bypass $386 $386 50
SC Cooper River Bridge $531 $531 30 $539 58 Note 2
SC Southern Connector for Toll Road $205 $192 -$13 $192 50 513
TX SH130 $1,200 $1,200 50 Note 2
UT I-15 UDOT $1,095 $1.325 $230 $1,207 528 202
VA Dulles Greenway Toll Road $325
VA Rt. 28 Corridor Improvements $198 $198 80 $198 $0 $0
VA RL. 288 5236 $236 £0 $237 31 51
VA Rt. 895 Corridor §318 $318 80 $318 $0 §0
All amounts shown in millions of dollars
Note 1- Initial bid included optional work, final amount included other impacts, Note 2- Project not complete
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Table 3-Schedule Comparison for Design-Build and Design-Bid-Build

Design- | Design-

Project Build Bid-Build Notes
Time Time
AZ-17DB 20 80 5 year under conventional design bid build
AZ SR 51 24" 60 3 projects together - 4 ¥ - 5 years
AZ US 60 24 54 4 Ve years
CA Eastern Toll 40 N/A* nfa
CA San Joaquin 32 56 Add 2 years for design
CO E470 Segment 4 30 N/A* Projected 4 years, finished in 3, no analysis for design-bid-build
CO E470 Segment2 & 3 46 /A nfa
C0O 1-25 Road Rail Expansion 56 N/A Original schedule end of 2008 never analyzed time for Design-Bid-Build
CO NW Parkway Denver 27 N/A* If CO DQT process was used it would have doubled the time if the money
was available.
FL Hathaway Bridge 48 72 Praject would not have started yet. Total time approximately the same as

the Design-Build project plus 24 months for design.

The project would have started construction two years later and the
MN ROC 52 49 construction would have taken a minimum of 5 years vs. the current 3
years schedule..

SC Carolina Bays 84 240

SC Conway Bypass 36 180 15 years for design, right of way and construction in segments

SC Cooper River Bridge 48" 96 8 years

SC Southern Ce ot for Toll Road 40 N/A* Mo comparison would still be in planning stages.

TX SH130 60" INFA No analysis, but would have required 300 additional people to administer.
UT 115 UDOT 51 96 Eight years

VA Dulles Greenway Toll Road 24 N/A* Mo analysis, formed team then approached VDOT

VA Rt. 28 Corridor Improvements 24* 36 If not for design build, the Tl would not have been started .

VA Rt. 288 48 * It would have been broken up into several projects.

VA Rt. 895 Corridor 80 NA It wasn't in the program to be designed until 2012-2015. There is no idea

how long it would actually take to complete construction.

* design bid build not an option due to financial constraints

** not complete

(Page 19)
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COST AND SCHEDULE GROWTH RESULTS FROM FHWA IN 2006
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Exhibit IV.21 Supporting Data for Reported Changes in Project Costs for Similar

Design-Build and Design-Bid-Build Projects

Design-Build Projects

Award Growth Contract Growth Total Growth
Dimension ({(Award-Budget)/ ((Final-Award)/ {(Final-
Budget) Award) Budget)/Budget)
Responses 11 11 11
Average 1.9% 6.0% 7.4%
Median 2.4% 1.6% 2.4%
Mode N/A NIA N/A
Maximum 23% 21% 40%
Minimum -41% -4% -28%
Standard Deviation 17% 9% 17%
Design-Bid-Build Projects
Award Growth Contract Growth Total Growth
Dimension ((Award-Budget)/ {(Final-Award)/ {(Final-
Budget) Award) Budget)/Budget)
Responses g g g9
Average -1.4% 4.3% 3.6%
Median -0.9% 0.4% -3.9%
Mode N/A N/A N/A
Maximum 27% 29% 64%
Minimum -18% -3% -13%
Standard Deviation 15% 10% 24%
Source: sirmilar D-B and D-B-B project surveys: Q16
(Page 1V-20)
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Exhibit IV.16 Average Percent Change in Planned Versus Actual Total Project and

Construction Phase Durations For Similar Design-Build and Design-Bid-Build Projects

Project Phase Average Maximum Minimum gt:::::::l
D-B Constuction Phase -1.2% J0.6% =34 7% 27.3%
O-B-B Construction Phase 11.6% T1.7% =27.2% 28.7%
C-B Total Project -4.2% 23.1% -42.5% 20.8%
D-B-B Total Project 4.8% 30.6% -20.9% 14.9%

Source: similar D-B and D-B-B project surveys: Q13, 11 responses per survey type
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APPENDIX F

COST AND SCHEDULE GROWTH RESULTS FOR GRANSBERG ET AL. IN 2000
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Table 1 =Summary of Study Results

Agency Type Final Const Cost | Award Growth | Cost Growth | Time Growth
T Mass Highway DBB $117 540,219
hvvq $3.176,763 -6.38% 5.57% 91.88%
Total 37 37 37 37
T FDOT Dee $185.414 681
A $8.820.271 -8.83% 10.64% 33.50%
Total 21 21 21 21
Ti INDOT beB $235,221 880
Ave $11,201 041 -T.56% 7.32% -11.94%
Total 21 21 21 2
T TxDOT bDeB $1,048,971 064
A $5,218, 766 2.5T% 16.39%
Total 201 201 201
T DEB $1,587,148,723
Ave Summary $5,668,388 -7.64% 3.93% 28.25%
Total 280
Agency Type Final Const Cost | Award Growth | Coat Growth | Time Growth
T FDOT DB $30 488 B6T
Aua [3] $2,771,715 4.50% -1.99% -35.70%
Total 11 11 11 11
T FDOT A+B $34, 159,000
$6,831,800 6% 5% 14%
Total 7 7 5 5
A+B vs
DBB 4.08% -5.83% -19.10%
T INDOT A+B $80,105,001
A $10,013,125 =10.95% -14.10% -21.44%
Total 8 8 & 8
A+Bvs
DBB -3.39% -21.42% -9.50%
"Tﬁ TxDOT Partnered | $1,025,572,095 :
A Low Bid $5,027.314 MNA 5.23% 6.87%
Total 204 204 204
Fart v& Non-
Part 2.66% -8.53%
T TxDOT A+B $95.482 602
A 8] $31,827,534 NA NA -7.97%
Total 3 5
A+Bvs
DBB -24.36%
$1,265,807,565
$5,147.776 -3.00% 4.20% 3.99%
230

(Page PM.02.4)
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APPENDIX G

INFORMATION ON P3 PROJECTS SELECTED FOR THIS STUDY
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Project Code

A

Project Name

Okanagan Bridge / William R. Bennett Bridge

Location British Columbia, Canada
Estimated construction cost (S million) Us$144.5
Final construction cost (S million) USS$144.5

Estimated construction schedule

June 30, 2005 — July 1st, 2008

Final construction schedule

June 30, 2005 — May 31st, 2008

Reasons for schedule change

The unanticipated events were negotiated
for 73 days addition to the estimated final
construction date. The project was
completed 108 days ahead of the adjusted
schedule. This shows the high efficiency in
schedule control of P3 delivery model.

Project characteristics

The new, 5-lane William R. Bennett Bridge
(WRBB) will replace the existing 3-lane bridge
and form part of Highway #97, crossing
Okanagan Lake (approx. 1 km (0.62 miles)).
Also, upgrading the east and west
approaches to the bridge to improve traffic
flow, with additional lanes and intersection
improvements. 1.1 km (0.68 miles) of
approach roads of 5 lanes.

Lane miles

6.5

Cost per lane mile (USS million/mile)

22.23

&9




Project Code

B

Project Name

Anthony Henday Drive

Location Alberta, Canada
Estimated construction cost (S million) USS$365
Final construction cost (S million) USS$365

Estimated construction schedule

June 25th 2005 — Oct 26th, 2007

Final construction schedule

June 25th, 2005 — Oct 23rd, 2007

Project characteristics

11 kms (6.84 miles) will be constructed.
Including multiple lanes and bridge
structures this represents 50 lane kms (31
lane miles). It includes 22 separate bridge
structures. The major structures are five
interchanges, three overpasses, and three
flyovers: Interchanges (on and off access
and from the ring road) at Gateway
Boulevard/Calgary Trail, 91 Street, 50
Street, 17 Street and Highway 216
Overpasses (same as a fly over except o\
rail road tracks instead of a roadway) at th
CPR tracks/Parsons Road, CNR
tracks/Highway 216 and CNR
track/Highway 14. Flyovers (bridges over
the highway with no on or off ramps) at 66
Street, 34 street and 34 Ave.

to

er

Lane miles

31

Cost per lane mile (USS million/mile)

11.77
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Project Code

C

Project Name

Northeast Stoney Trail

Location Alberta, Canada
Estimated construction cost (S million) USS396
Final construction cost (S million) Us$408

Estimated construction schedule

April 1st, 2007 — Nov 30th, 2009

Final construction schedule

April 1st, 2007 - Nov 2nd, 2009

Reasons for cost change

Change orders of 3%. This was
because of Geotechnical issues.

Project characteristics

The total length is 21km (13.05
miles). Work for the project
includes: Six-lane sections from
Deerfoot Trail to Metis Trail (44
Street NE) and McKnight Boulevard
to 16 Avenue NE (other sections are
four-lane) Interchanges at Deerfoot
Trail, Metis Trail, Country Hills
Boulevard, Airport Trail, McKnight
Boulevard, and 16 Avenue NE
Signalised t-intersection at 17
Avenue SE (an interchange will be
built when Stoney Trail is extended
south of 17 Avenue SE).
Construction of two new railway
bridge structures and rehabilitation
of two existing railway bridge
structures

Lane miles

58.92

Cost per lane mile (USS million/mile)

6.92
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Project Code

D

Project Name

Phase 2 - Kicking Horse Canyon

Location British Columbia, Canada
Estimated construction cost (S million) uss143
Final construction cost (S million) Uss$143

Estimated construction schedule

Oct 28th, 2005 — Nov 15th, 2007

Final construction schedule

Oct 28th, 2005 — Aug 31st, 2007

Project characteristics

Converting existing 2 lane to 4 lan
for 5.8 kms (3.6 miles). Phase 2
improvements involve the design,
construction and financing of a 5.8
km segment of the Kicking Horse
Canyon including the replacement
of the existing Park Bridge.

11%

Lane miles

14.4

Cost per lane mile (USS million/mile)

9.93
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Project Code

E

Project Name

CPTC 91 Express Lanes

Location California, United States
Estimated construction cost (S million) USS$125.6
Final construction cost (S million) Uss134

Estimated construction schedule

July 1st, 1993 — Dec 27th, 1995

Final construction schedule

July 1st, 1993 — Dec 27th, 1995

Project characteristics

10 mile 4 lane expressway. The 91 Express
Lanes are located in the median between the
eastbound and westbound lanes of the SR-91
Freeway between the junction of SR-55 and
the Orange/Riverside County Line. The 91
Express Lanes provide two extra lanes in each
direction for most of the 10 mile length of SR-
91.

Lane miles

40

Cost per lane mile (USS million/mile)

3.35
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Project Code

F

Project Name

South Bay Expressway

Location California, United States
Estimated construction cost (S million) USS$635
Final construction cost (S million) US$635

Estimated construction schedule

May 1st, 2003 - Oct 31st, 2006

Final construction schedule

May 1st, 2003 - Nov 19th, 2007

Reasons for schedule change

The work was complicated by the bracketing of
an untolled 3.5km (2.2 miles) Connector
Interchange (with SR54) and Gap expressway
project at the northern end for Caltrans with
the 15km (9.3 mile) SBE toll road to the south.
Major construction challenge was the big
bridge of the project - a 1200m (3/4 mile) long
eleven span bridge on a double row of columns
going to a height of 55m (180ft) over the Otay
River. (The height was needed to limit highway
grades on the approaches - no ocean-going
ships though they'd fit!) Curving throughout its
length and built of 644 precast segments up to
70 tons each the post-tensioned structure was
an intricate work that seems to have proven
more difficult and expensive than envisaged.
There were complex ‘community development
projects' such as hiking, bicycle and equestrian
trails and an athletics complex worth $18m and
nearly $20m of 'environmental mitigation' as
part of the deals done to overcome opposition
to the project from local groups and federal
regulators (EPA).

Project characteristics

The SR 125 South project will initially be
constructed as a four-lane, 11.5-mile limited
access highway. The project includes a two-
mile non-tolled segment funded by SANDAG,
known as the San Miguel Connector, and a 9.3-
mile privately-financed toll road.

Lane miles

37.20

Cost per lane mile (USS million/mile)

17.07
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Project Code

G

Project Name

Sea to Sky Highway

Location British Columbia, Canada
Estimated construction cost (S million) Uss$450
Final construction cost (S million) Uss$450

Estimated construction schedule

August 1st, 2005 — Nov 30th, 2009

Final construction schedule

August 1st, 2005 — Sept 30th, 2009

Project characteristics

Highway Improvement project -
Total lane length = 296.70 kms
(184.36 lane miles) which includes
Temporary lanes = 155.7 kms (96.74

lane miles)
Lane miles 184.36
Cost per lane mile (USS million/mile) 2.44
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Project Code

H

Project Name

Fredericton Moncton Highway

Location New Brunswick, Canada
Estimated construction cost (S million) USS585
Final construction cost (S million) US$585

Estimated construction schedule

April 1st, 1998 - Nov 30th, 2001

Final construction schedule

April 1st, 1998 - Oct 1st, 2001

Project characteristics

195 kilometres (121.17 miles) of
four-lane highway from Longs
Creek to Magnetic Hill. 21
interchanges (including four high
speed interchanges). Five
structures across rivers. St. John
River bridge - fourth longest in
province - 1,063 metres. Jemseg
River bridge - fifth longest in
province - 977 metres. 37
standard structures - (378
concrete beams). 26 open arch
structures.

Lane miles

484.64

Cost per lane mile (USS million/mile)

1.21
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Project Code

Project Name

Camino Columbia Bypass

Location

Texas, United States

Estimated construction cost (S million)

USS$450

Final construction cost (S million)

Us$450

Estimated construction schedule

Jan 30th, 1997 - Oct 1st, 2000

Final construction schedule

Jan 30th, 1997 - Oct 1st, 2000

Project characteristics

SH 255 begins at the Colombia Solidarity
International Bridge on the United States-
Mexico border northwest of Laredo in Webb
County. It heads northeast from the border as
a 4-lane divided highway to an intersection
with FM 1472. The highway continues to the
northeast as a 4-lane divided highway but
merges down to a 2-lane road just west of the
former toll barrier. SH 255 continues northeast
to an intersection at FM 3338 and a diamond
interchange with US 83. It continues to the
northeast to its eastern terminus at I-35

Lane miles

54

Cost per lane mile (USS million/mile)

8.33

Notes

Decided as a lifetime toll road but project fail
in 6 years. An independent auditor predicted
that the Camino Colombia road would gener
$9 million in revenue within the first year, buf

ed

ate

instead it only received $500,000. By 2004, the

toll road had failed and bondholders foreclos
on the remaining $75 million note. The road
was sold at an auction for $12.1 million to Jog
Hancock Financial Services Inc. TxDOT had

initially bid $11.1 million for the road, but was

unwilling to increase its offer. After purchasir]
the roadway, John Hancock Financial Servic
Inc. immediately closed the road to all traffic
This move forced TxDOT to pay the private
company $20 million to purchase the road,
allowing it to finally reopen the route after fiv
months.

ed

hn

D
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Project Code

J

Project Name

Golden Ears Bridge

Location British Columbia, Canada
Estimated construction cost (S million) UssS808
Final construction cost (S million) US$808

Estimated construction schedule

June 1st, 2006 — June 30th, 2009

Final construction schedule

June 1st, 2006 — June 9th, 2009

Project characteristics

Consisting of approximately 40 lan
km (24.85 lane miles) of grade-
supported roadway and 20 lane-km
(12.42 lane miles) of roadway on
bridge structures

D

Lane miles

37.5

Cost per lane mile (USS million/mile)

21.55
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Project Code K

Project Name Confederation Bridge
Location PEI, Canada
Estimated construction cost (S million) uss840

Final construction cost (S million) US$840*

Estimated construction schedule

Oct 7th, 1993 - May 31st, 1997

Final construction schedule

Oct 7th, 1993 - May 31st, 1997

Project characteristics

Spanning the Northumberland
Strait at a length of 12.9 kms (8
miles) it is the longest bridge of
its kind in the world

Lane miles

16

Cost per lane mile (USS million/mile)

52.50

Notes

*Unsubstantiated information
on cost overrun of USS300
million in construction which
could make the final
construction cost of the project
to be US$1140 million
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Project Code

L

Project Name

Highway 104 Cobiqued Pass

Location Nova Scotia, Canada
Estimated construction cost (S million) USs$112.9
Final construction cost (S million) Us$112.9

Estimated construction schedule

March 1st, 1996 - Nov 15th, 1997

Final construction schedule

March 1st, 1996 - Nov 15th, 1997

Project characteristics

45 kms (27.96 miles) between
Masstown and Thomson - Twinned,
four lanes. Wide median: 22.6
metres. 18 kms (14 miles) of access
roads. Five full interchanges. 21
bridges including river crossings.
Five lateral access tunnels.

Lane miles

111.84

Cost per lane mile (USS million/mile)

1.01
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