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Abstract
Purpose – Public private partnership contracts tend to have longer contract durations compared to other
conventional procurement methods. A contract renegotiation becomes inevitable in most of the cases. The
renegotiation process usually develops a number of scenarios in order to regain the contract equilibrium.
The purpose of this paper is to facilitate the renegotiation process by offering an automated system to select
the optimum renegotiation scenario that preserves the rights and the interests of the project stakeholders.
Design/methodology/approach – The common renegotiation scenarios used are: increasing the service
charges, increasing the concession period or paying a lump sum amount to the party of concern in order to
maintain a fixed rate of return and keep the return on equity constant. In this paper, a method of selecting the
optimum scenario among the different scenarios is proposed. This is done using a weighted sum model to
calculate the weights and ranks of a number of factors influencing the stakeholders’ decisions. A DSS is developed
with the aid of Microsoft Excel, VBA programming language, and the Precision Tree 5.5 for Excel add-in.
Findings – The renegotiation process has been facilitated by using an automated system that maximizes the
benefits of both the public sector and the private sector. The optimum renegotiation scenario has been
selected for the case of the model.
Originality/value – The developed framework is of great benefit to project stakeholders, including the
private sector, the public sector and the users of the service. It saves time and money invested in lengthy
negotiations, and it enforces transparency and mutual trust between the different parties by providing a tool
that significantly minimizes conflicts during the renegotiation process and defines clear steps to be followed
in order to reach an agreement that will maximize the benefits for both the private and the public sectors.
Keywords Contract, Public private partnership (PPP), Management, Case study, Project management,
Decision support systems, DSS, Spreadsheet, Renegotiation, Financial model, Re-equilibrium
Paper type Research paper

Introduction
Public private partnership (PPP) is a delivery method which depends on co-operation
between the public sector and the private sector in order to be able to finance mega
infrastructure projects. PPP contracts include one or more of the following components:
design, build, finance, operate, maintain, own, transfer, lease, develop, buy or refurbish.
The combinations of those trades usually vary depending on the level of involvement of the
private sector, the ownership status of an asset and the source of financing (Davies and
Eustice, 2005). The choice between the PPP delivery method and other conventional delivery
methods depends on many factors that should be looked at thoroughly. One of the main
factors is the value for money (VFM). The VFM is the difference between the project value
that is incurred by the private sector in case of choosing the PPP option and the project
value if executed by the public sector. Although the cost of borrowing for the private sector
is usually much higher than the cost of borrowing for the public sector, the PPP option, in
many cases, may have a higher VFM for several reasons, such as the ability of the private
sector to provide better and more efficient services than the public sector (The Construction
Management Association of America, 2012). Private sector know-how is another reason for
choosing a PPP approach. A VFM study should be conducted to determine whether the PPP
option is more efficient in the long run than other procurement methods. In other words, the
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public sector should only choose the PPP option over conventional procurement methods
when the private sector is providing a better service with more efficiency, or when the
private sector is providing a higher VFM.

Despite the above benefits, PPP projects are very challenging in terms of attracting
investors to enter the bidding process. This is due to several factors; one of which is the
private sector’s fear of the long-term nature of PPP projects, which makes it extremely
difficult to anticipate contingencies along the projects’ lifecycles. Due to the lengthy contract
durations, the principles and bases upon which the original PPP contract was made may no
longer apply; they may be simply altered or totally changed as the project evolves.
A different set of conditions and situations may appear later in the project, making the need
for a contract re-equilibrium inevitable and with re-equilibrium comes renegotiation. During
the renegotiation stage, conflicts may arise between the different stakeholders of the project.
These lengthy renegotiations become full of conflicts that, in some cases, may lead to
contract terminations and major losses for several parties. However, those conflicts can be
avoided through a pre-agreed renegotiation mechanism. Tools are needed to ease the
lengthy renegotiation process. This research provides a tool that facilitates a renegotiation
process in which the interests of all parties are considered in the final decision. This tool will
help in attracting the private sector to enter PPP contracts and ensure project continuity and
stability of transactions.

Literature review
Almost all PPP advantages lead to the same conclusion: a better VFM. According to
Skanska,” the net present value of a public project consists of the whole life cost of procuring
services, the cost of finance, and the cost of risks retained by the public sector, as shown in
Figure 1 (Skanska, 2004). When going for the PPP option, the public sector reduces the
whole life cost of procuring services and the cost of risks retained by the public sector;
however, it increases the cost of finance.

According to Guan-Weiin order to make a PPP more beneficial, a balance should be
obtained to ensure that the summation of all the benefits and drawbacks achieves, in the
end, a positive value for the public sector: the VFM (Guan-Wei, 2010).

Herpen states that the VFM is achieved due to several factors. First, instead of the public
sector bearing all the risks, the PPP approach allows the public sector to transfer many risks
to the private sector; moreover, PPP contracts are output-based contracts, meaning that the
private sector shall only be paid when providing the service as per the specifications required.
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In addition, the private sector is obliged to provide the public sector with the whole life cost of
the project in advance, despite the long-term nature of the PPP project. Due to all of the above,
PPPs promote cost efficiencies and provide improved service (Herpen, 2002).

Archer and Cameron published results of a survey conducted by the National Audit
Office of the UK. The survey included 37 PPP projects. Cost overruns and time delays were
estimated. The results indicated that almost 75 percent of conventional procured projects
suffer from cost overruns while less than 25 percent of PPP projects suffer from cost
overruns. The study also found that almost 24 percent of PPP projects suffer from time
delays. The conclusion showed that PPPs are more efficient in terms of time and cost than
conventional procurement methods (Archer and Cameron, 2003).

Connolly and Wall explains another advantage of PPP which is value capture. They
state that the existence of PPP projects which involves enhancing the infrastructure
network, transit facilities and other services of a certain area, shall increase the value
of properties and land. This shall lead to flourishment and economic growth of a country.
The value capture allocates some of the financial value of those benefits to users which
helps in removing some of the burden from the public sector (Connolly and Wall, 2016).

The Construction Management Association of America states that one of the main
advantages of PPPs are that they delay the need of the public sector to use the funds in the
public treasury. In other words, they allow the public sector to use the capital in the public
treasury for other projects and minimize the need for raising taxes to meet the demands of
infrastructure projects. However, the government should be very careful when planning for
future spending, considering the operation costs of PPP projects after they are transferred to
the government (The Construction Management Association of America, 2012).

Sarmento and Renneboog have explained another aspect similar to the above which is
called “off-balance sheet” approach. The concept was explained as an advantage to the
governments using PPP delivery method. PPP value is not part of the government
expenditures listings; in other words, it is off their balance sheet. Hence, theoretically, it will
not affect the public debt (Sarmento and Renneboog, 2016).

Another advantage of PPPs are their quick responses to customers’ needs, which are
usually more efficient in the case of the user-fees payment method. PPPs also provide an
incentive and high potential for early delivery of the service, as the private sector wants to
maximize the operation period in order to obtain higher profits. Many governments nowadays
encourage the PPP option, creating an atmosphere of mutual cooperation and a better work
environment for the private sector investors, which is another main advantage. The PPP
option provides a non-depleting source of resources to meet the public demand for new services
and infrastructure projects (The Construction Management Association of America, 2012).

The VFM can be a great advantage of PPPs, as shown above; however, if not studied
thoroughly, it can be also a major disadvantage if the conventional procurement methods
become more efficient. PPPs have many additional costs that the public sector must bear,
such as tendering, administration and transaction costs. Moreover, poor drafting of contract
terms can lead to renegotiation, resulting in the private sector being overpaid for the service.
Again, the cost of borrowing for the private sector is much higher than for the public sector,
which also should be weighed against the other gains of PPPs.

Katzstates that due to the length of PPP contracts, such contracts are usually prone to
renegotiation as a result of various unexpected contingencies that might occur along the
project lifecycle. In addition, it is very difficult to control the performance of the private
sector and its quick response to growing demand, especially when the private sector is paid
by the government rather than the user fees method. This may lead to political issues due
to the dissatisfaction of the service users. A PPP contract may lose efficiency with time due
to the fact that the project cannot be re-tendered, which diminishes competition and the
incentive to provide a better service (Katz, 2006).
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Li et al. have investigated the different factors that affects the attractiveness of PPP
contracts. They state that PPP provides a better technology and economy to the project.
In addition, it eliminates regulatory and financial constraints enforced by the public
sector strategy. Also, they have mentioned the benefit of reducing the transaction costs
(Li et al., 2005).

Cruz and Marques has investigated the reasons of contract renegotiation in
infrastructure projects. They claim that contract renegotiation is usually a result of
contract incompleteness. Cruz and Marques states that in order to have a complete contract,
this will result in a very high transaction costs. Hence, instead of working on a complete
contract, some rules and conditions are to be agreed in case of renegotiation (Cruz and
Marques, 2013).

Cruz et al. has stated that the main reasons of renegotiation vary between changes
initiated by the government and changes in the expected return of the project. The event
which occurs after the award of the project leads to a completely new risk matrix with
different allocation of the risks and risk allocation (Cruz et al., 2015).

Guasch states that the aim of PPPs is to encourage better private sector quality and
performance for the benefit of users. In the long run, the private sector records efficiency
gains that should be passed to the users in the form of lower tariffs. However, it has been
shown in different studies that these efficiency gains have a weak correlation with tariffs
and usually reflect on a minor portion of them. According to Guasch, the efficiency gains are
reflected only in 1 percent or less of the tariff value. In some cases, the government chooses
to obtain those efficiency gains indirectly by increasing the taxes (Guasch, 2004).

In summary, the idea of a PPP is to combine the expertise and resources of the public and
the private sectors in order to reach efficiency and VFM, yet PPP if not carefully managed, it
can increase the cost of procurement services more than any other traditional procurement
method (Carbonara et al., 2016). The above disadvantages along with insufficient feasibility
studies and poor decisions can turn a PPP from an advantageous method of delivering
services to the public sector into leading to undesired results.

Renegotiation can have many triggers which has been studied by many researchers.
According to Garvin, one of the most important factors in the renegotiation process is the
mutual trust between the different parties, which leads eventually to sustainability. The key
aspect of this approach is sharing benefits and risks among the different parties of the PPP
through the contract agreement; however, some problems and unforeseen risks may occur
during the construction and the operation that have not been included within the contract
clauses. Garvin has studied different incentives mechanisms through some contract clauses
in order to make those clauses flexible to absorb any risks arising after the commencement
of the project and minimize the need for renegotiation (Garvin, 2009).

Roach also recommends establishing an “independent auditor” within the public sector
to be responsible for all the PPP projects in the state or government. Roach suggests that the
independent auditor be formed by five members who have knowledge and experience in the
PPP field. The advantage of such an institution is to avoid conflicts between the different
governmental institutions involved in the PPP process that may lead to the failure of PPP
projects. Roach states that the auditor will prevent any initiations of conflicts of interest and
will help in the process of renegotiation in general (Roach, 2011).

Other than the above recommendations, the contract designer of a PPP project should
apply some adjustments in order to ensure a well-defined path for the renegotiation process
to avoid unfavorable solutions, such as termination. Dewatripont and Legros recommend
that PPP contracts have a clear method of output indicators. They also suggest a clear
procedure to revise the different cost items and evaluate the investments and assets of the
project. Moreover, PPP contracts should include a clear method of conflict resolution and
early termination (Dewatripont and Legros, 2009).
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The methodology
This framework is a fragment of a comprehensive research which aimed to developing
the re-equilibrium scenarios of PPP, and selecting the optimum scenario which fits both the
public and the private sector. The framework consisted of eight modules: a User-Interface
Module, a Risk Allocation Module, a PPP Valuation Module, a Financial Model
Re-equilibrium Module, a Scenarios Development Module, a Scenarios Selection Module, a
Reports Module and a Sensitivity Analysis Module. However, for the purpose of this paper,
the research shall focus on the scenario selection process.

The aim of this paper is to demonstrate the part of the project which is concerned with the
facilitation of the PPP renegotiation process by choosing the optimum scenario to satisfy all
parties. Stakeholders have different interests and concerns in the renegotiation process; hence,
the proposed model will work on finding common ground between all parties in order to reach
an optimum renegotiation outcome. This will ensure a fair approach and enhance mutual trust
between the stakeholders, which will benefit the project’s overall progress. The following
framework is to be of great benefit to decision makers in the public and the private sectors, yet
the objective of the proposed framework is not to be a substitute for decision makers.

The Framework has been developed using the aid of Microsoft Excel 2013, Visual Basic
for Applications (VBA) programming language, and the Precision Tree 5.5 for Excel add-in.
The data used for the purpose of this paper belong to a wastewater treatment plant that is
located in New Cairo, Egypt. The results obtained from the model has been validated and
published in the Ninth International Structural Engineering and Construction Conference
(Shalaby and Hassanein, 2017).

The scenarios selection module
In PPP projects, events occur that disturb the re-equilibrium of the financial model; in other
words, it affects the cash flow of the project which may lead to changing the agreed rate of
return of the private sector. In order to fulfill the purpose of PPP projects and return the
equilibrium to the PPP financial model, there are commonly used four re-equilibrium
scenarios which are: paying a lump sum amount to the private sector, increasing the service
charges, increasing the concession period, or a combination of one or more of the above.
The scenarios selection module is the module in which the choice between the four
re-equilibrium scenarios is made. Figure 2 shows the relationship between the scenarios
selection module and the other modules. The inputs of the scenarios selection module are
from the user-interface module. The outputs of the module go to the reports module and
the sensitivity analysis module. The goal of the scenarios selection module is to account for
the interests of the stakeholders of the PPP project, mainly the public sector and the private
sector, when selecting the renegotiation outcome scenario.

Scenarios
Selection
Module

User-
Interface
Module

Sensitivity
Analysis
Module

Reports
Module

Figure 2.
The scenarios
selection module
interrelation with the
other modules
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The user interface module provides the scenarios selection module with the final four
re-equilibrium scenarios. The user-interface module also supplies this module with the
criteria and their corresponding sub-criteria, based on which the selection is to be made.
For the purpose of this paper, suggested criteria have been collected from several
professionals in the field in order to act as a defaults setting in the model. However, the user
has an option to edit the different criteria and sub-criteria that is important to the public and
private sector. The criteria can be agreed upon in brainstorming meetings and added to the
model later on. In order to evaluate each scenario, a score shall be given to each scenario.
The scenario score is calculated using the weighted sum model. This weighted sum model
works by allocating different criteria to each scenario. The criteria will have relative
importance to each other. The scenario score shall equal the summation of the weight of
importance for each criterion multiplied by its value as shown in the following equation:

Scenario Score ðSSxÞ ¼
Xm

j¼1

WCi
WSj

WSj

x ¼ 1; 2; 3; 4f g
i ¼ 1; 2; 3; . . .; n

j ¼ 1; 2; 3; . . .;m
; (1)

where x is the number of alternatives of scenarios; i the number of main criteria; j the
number of sub-criteria of a certain main criterion; W the weights; R the rankings.

After inputting the criteria, the user-interface provides the scenarios selection module
with the importance of each criteria with respect to the rest of the criteria for each of the four
scenarios. Moreover, it also supplies the scenarios selection module with the importance of
sub-criteria with respect to the rest of the sub-criteria of the same category for each of the
four scenarios. Then, the scenarios selection module determines the weights of the criteria
and sub-criteria with respect to the different re-equilibrium scenarios. The approach is to
draw matrices for the main criteria and each of the sub-criteria categories in which the top
row is the criteria or the sub-criteria and the rest of the matrix is a mirror image. Decision
matrices were invented by Stuart Pugh (1991). An example of the decision matrix is shown
in Figure 3. The importance of the criteria with relative to the other criteria is taken from the
user-interface module and inserted in the respective position in the matrix. In order to obtain
the weight of each criteria, the number of occurrences of each criteria are counted, and the
weights are calculated by dividing the number of occurrences of each criteria over the total
number of occurrences of all of them. It is important to note that the total number of weights
of the criteria or certain sub-criteria of one category should equal to one.

The above exercise is done for the criteria and the sub-criteria for each one of the four
scenarios, as the weights may differ when dealing with making a lump sum payment or just
extending the concession period. After obtaining the weights of the criteria, rankings are
taken via the user-interface module. Separate rankings are required from both the public
sector and the private sector in order to reflect their interests and preferences. Using the
weighted sum model, eight scenario scores are calculated: four for the four re-equilibrium
scenarios from the perspective of the public sector, and the other four for the four

Criteria 1

Criteria 1 Criteria 2 Criteria 3

Criteria 1

Criteria 3

Criteria 4

Criteria 4

Criteria 2

Criteria 4

Criteria 2

Criteria 2

Criteria 3

Criteria 4

Source: Pugh (1991)

Figure 3.
Scenario selection
criteria decision

matrix
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re-equilibrium scenarios from the perspective of the private sector. The outputs of this step
are the best scenarios or the scenarios with the highest scores from the private sector
perspective and the public sector perspective. Then, averages of the private sector rankings
and the public sector rankings are taken to calculate the four re-equilibrium scenarios scores
from the perspective of both parties. The scenario with the highest score is marked to be the
best scenario from the perspective of both prospective.

The reports module
The reports module is the module in which all the results of the previous modules are
combined and processed in order to be directed to the user-interface module. The reports
module allows the decision maker to look at the broader picture rather than looking at
detailed calculations. Figure 4 illustrates the relationship between the reports module and
the other modules of the framework.

The reports module provides risk allocation charts showing the portions of the risks
allocated to the public sector, the portions of the risks allocated to the private sector, and the
portions of the risks shared between the both. The reports module also provides the user-
interface module with a report showing the original PPP concession value vs the PPP
updated concession value. In addition, the reports module presents the four re-equilibrium
scenarios: paying a lump sum amount to the private sector scenario, increasing the service
charges scenario, increasing the concession period scenario and a combination of any two of
the above scenarios. Then, the reports module presents the best scenario from the
perspective of the public sector, followed by the best scenario from the perspective of the
private sector, and finally the best scenario from the perspective of both.

The module presents three decision tree reports, each presenting the expected monetary
value (EMV), which is another way of calculating the scenario score. The trees start with a
decision node, with the four alternatives of scenarios branching from it. Each scenario has
branches presenting the criteria, and each criteria branches into the sub-criteria. The
branches have the weights, and the rankings are assigned at the end of the tree branches.

The reports module then develops the risk profile graphs as it shows the risks and
opportunities of choosing one scenario over the other. The module produces a probability
chart, which shows the effect of changing the weights of the criteria and sub-criteria on the
scenario scores, reflecting the probability of choosing a certain scenario over the other.
A cumulative graph is also developed, which presents the ranges of values that the scenario
can yield vs the corresponding probabilities or weights. A statistical summary report is then
formulated to provide some statistics about all the ranges of possible outcomes of the
decision tree.

The module also develops policy suggestion reports, which help the decision maker look
at the broader picture when making his decision. The decision table report provides the
“benefit of correct choice,” which is basically the difference between the value of the highest
scenario score and the lowest one. This helps in showing whether the scenario scores are
close or not. The policy suggestion reports also include an optimal tree report that shows the
path of the optimal decision only.

Reports
Module

User-
Interface
Module

Scenario
Selection
Module

Figure 4.
The reports module
interrelation with the
other modules
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The sensitivity analysis module
Figure 5 shows the relationship between the sensitivity analysis module and the framework
modules. The sensitivity analysis module inputs come from the scenarios selection module,
and it presents its outputs to the user-interface module directly. The sensitivity analysis is
another form of the risk profile graphs of the reports module. It shows the effect of changing
certain inputs on the final output of the module. The sensitivity analysis is performed to
study the effect of changing the criteria rankings on the scenario scores.

As stated above, the inputs of the sensitivity analysis module are the ranks presented in
the scenarios selection module. The criteria rankings can be any integer number between
one and five. The sensitivity analysis is done by changing the value of the rankings of the
sub-criteria from one to five, and the output is observed. This is done for the sub-criteria that
have the highest rankings; moreover, it is performed individually for each sub-criteria, then
a double-sensitivity analysis is executed to measure the effect of changing two sub-criteria
at the same time. A strategy graph is also provided to measure the sensitivity of changing
the rankings of a sub-criteria on all the alternatives or the scenarios to determine the area of
decision within the desired output. A tornado graph and a spider graph are used to present
the results of the sensitivity analysis.

Discussions and analysis
The previous framework can be applied using computer software including Microsoft Excel
2013, VBA programming language, and the Precision Tree 5.5 for Excel add-in. In order to
demonstrate the application of the framework developed, data were used from a case study
that represents a wastewater treatment plant which has faced a renegotiation problem due
to a delay by the public sector to deliver the influent water (the wastewater to be treated by
the plant), and a delay by another public institution to provide the effluent pumping station.
In each of the modules, the data used shall be explained in their context.

The scenarios selection module
The purpose of the scenarios selection module is to be able to identify the best scenario from
the four re-equilibrium scenarios: paying a lump sum amount to the private sector,
increasing the service charge, adjusting the concession period and a fourth scenario with a
combination of any two of the above scenarios. The aim is to maximize the satisfaction of
both the private and the public sectors. In order to achieve this goal, a set of criteria should
be defined in order to evaluate this degree of satisfaction.

After the final set of scenarios has been developed, the user shall click the button at the
bottom to enter the re-equilibrium criteria. The user-interface module presents the screen in
Figure 6 for the user to enter the criteria in the first row of the table. The user may also enter
sub-criteria for each one of the criteria. The criteria main categories are economic, political,
financial, project related, contractual and policy. The economic criteria have to do with the
economic situation of the country where the project is located. The sub-criteria for this
category include inflation, general conditions of the country, stability of the exchange rates
and how the IRR is affected by all of the above. This is followed by the political criteria. The
sub-criteria include long-term stability of the country, the current political situation and the

Sensitivity
Analysis
Module

Scenarios
Selection
Module

User-
Interface
Module

Figure 5.
The sensitivity
analysis module

interrelation with the
other modules
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justice system in general. In addition, the financial criteria have to do with the party’s
financial standing. It includes any current financial obligations required to be paid by the
party, additional financial obligations, liquidity, the ratio between debt and equity, and the
transparency of financial data. On the other hand, the project-related criteria is specific to
the project nature, which includes original concession period, preferable concession period
and the level of complexity of the project. Moreover, the contractual criteria include
existence of regulator, risk sharing agreement, and how clear the termination clauses and
re-equilibrium clauses are. Finally, the policy criteria is the general manner in which a
certain party usually reacts to a certain situation. It includes the long-term business
strategy, the likelihood of repeated business with a certain partner who is able to recognize
the claim, and the experience of other partners. After the user enters the re-equilibrium
criteria, the user shall enter scenario one priorities by clicking on the button in Figure 6.
The user is then directed to the screen in Figure 7.

The weights of each criteria and sub-criteria change depending on its relation to a certain
scenario, as explained in the methodology; hence, the user shall be directed to four screens,
each one representing the weights for a specific scenario. Figure 7 shows a sample of the
priorities of the criteria and the economic sub-criteria for scenario one. The user is asked to
select from a dropdown menu which is more important among combinations of two criteria
with respect to the selected scenario. The user has the right to select both criteria if he believes
that they are equally important. In the background of the model, this information shall be
transferred to form the decision matrix shown in Figure 8. The decision matrix is a mirror
matrix with the top row identical to the first column, then the priorities are entered in the
respective cells. The weights of the criteria or the sub-criteria are calculated in the tables,
shown also in Figure 8, by counting the number of occurrences of the criteria or the
sub-criteria in the decision matrix and dividing it by the total number of occurrences of all the
criteria or the sub-criteria to get a percentage. The weights for the economic, political, financial,
project-related, contractual and policy with respect to scenario one are shown in Figure 8.

Figure 7.
Criteria and
sub-criteria priorities
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Business Strategy

Likelihood of Repeated Business
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Figure 6.
Re-equilibrium criteria

1012

ECAM
26,6



After the user selects all the priorities for the four scenarios, the weights are ready to be used
in the weighted sum model. As stated before, there exist separate weights for the criteria and
the sub-criteria for each one of the four scenarios. However, the user is to enter only one rank
for all the four. The user will be directed to the screen where he enters a ranking for the
sub-criteria. A sample of the ranking sheet is shown in Figure 9. There exist two separate

Figure 8.
Criteria and
sub-criteria

decision matrix

Figure 9.
Sub-criteria ranking
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sheets for the private sector and the public sector. The sheet structure is shown in Figure 9,
where the first column is the sub-criteria. In order to decide whether this sub-criteria is in favor
of the party or not, the user looks at the risk allocations in order to see the broader picture. The
following column is related risk, where the user chooses the risk that affects his decision from
a dropdown menu. The risk allocation will automatically appear for the user to choose the
suitable rank for a certain sub-criteria. The ranks are very suitable, suitable, neutral,
unsuitable, and very unsuitable. The user selects the ranks from a dropdown menu. The
weights and ranks are advised by governmental officials and private sector representatives.

After both the private sector and the public sector enter the ranks, twelve scenario scores
are calculated: four from the public sector perspective, four from the private sector
perspective, and four from the perspective of both. Using the weighted sum model presented
in Equation (1), where (x) is the number of alternatives scenarios, which is 12 scenarios (i) is the
number of main criteria, which is six ( j) is the number of sub-criteria of a certain main criteria,
which varies depending on the criteria (W) is the weights and (R) is the rankings.
Figure 10 shows the calculations of the scenario scores in the bottom. The last column to the
right, called the combined ranks, is the average of the private sector ranks and the public
sector ranks. The scenarios with the highest scores are identified as the best scenarios for each
party and the combined best scenario for both the public and the private sectors. After
entering the ranks, the user is directed to the results directly without going into the calculation
details. The results are presented via the user-interface screen shown in Figure 11.

The reports module
By clicking on the link at the bottom of Figure 11, the user will be directed to the reports module.
The reports module includes all the outputs of the previous modules. The PPP concession value
and the re-equilibrium value is also reported in this section; moreover, this section also includes

Figure 10.
Scenario scores
calculations
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the re-equilibrium scenarios reports and the best scenarios reports. The reports module also
includes the risk allocation charts. A sample of the charts is shown in Figure 12. Risk allocation
charts give a sense of which party is bearing the highest share of the risks.

All the reports developed in this module are developed using Precision Tree 5.5 for Excel
add-in. The following report is the decision tree showing the process of selecting the best
scenario and calculating the EMV. Three trees are formulated: one for the private sector best
scenario, one for the public sector best scenario and one for the best scenario considering
both of them. Three more charts are drawn to show only the optimal paths of the three trees,
a sample of which is shown below in Figure 13. It belongs to the private sector decision tree.
As shown previously, the second scenario is the scenario with the highest score, which
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DSS user-interface

No. 7

100%

90%

80%

70%

60%

50%

40%

30%

20%

10%

0%

Default Risk Allocation

Ope
ra

tio
n 

co
st 

ov
er

ru
n

In
ab

ilit
y o

f c
on

ce
ss

ion
air

e

Sub
jec

tiv
e 

Pro
jec

t e
va

lua
tio

n 
m

et
ho

d

In
su

ffic
ien

t p
ro

jec
t f

ina
nc

e 
su

pe
rv

isi
on

Per
for

m
an

ce
 S

ec
ur

ity
 R

isk

Per
m

its
 R

isk
s

Dela
y i

n 
pr

oje
ct 

ap
pr

ov
als

/p
er

m
its

Disp
ut

e 
re

so
lut

ion

Im
pe

rfe
ct 

co
nt

ra
ct 

do
cu

m
en

ts

Def
ici

en
cy

 o
f d

es
ign

Qua
lity

 A
ss

ur
an

ce

Qua
lity

 C
on

tro
l

La
te

nt
 D

efe
ct 

Risk

Pro
jec

t/o
pe

ra
tio

n 
ch

an
ge

s

In
ab

ilit
y o

f c
on

ce
ss

ion
air

e

Public Sector Risk Allocation Private Sector Risk Allocation Shared Risk Allocation

Figure 12.
Default risk

allocation chart

1015

Renegotiation
of PPP

contracts



means it is the preferable scenario for the private sector. Figure 13 shows the calculations of
scenario two scores, where the first decision node represents the criteria of selection and the
weights are shown at the arrows. The following decision nodes represent the sub-criteria,
where the arrows have both their weights and the ranks, as well.

The risk profile graphs consist of a probability chart, a cumulative graph, and a
statistical summary. The purpose of these graphs is to show the risks and probability of
selecting one scenario vs the other. A sample of the reports belonging to the private sector is

PrecisionTree Policy Suggestion - Optimal Decision Tree
Performed By: Amira Shalaby
Date: Sunday, May 25, 2014 3:42:36 PM
Model: Decision Tree “Private Sector Preferred Scenario” in [Decision Support System v26.xlsm] Decision Tree (EMV) - Pr
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shown below. Figure 14 demonstrates the first type of risk profile graph, the probability
chart. The chart shows the different values for the four scenario scores and their probability
of occurrence. For example, the probability that the scenario one score equals four is
46 percent, and the probability that the scenario three score equals three is 19 percent.

On the other hand, Figure 15 demonstrates the cumulative probability chart, in which the
chart demonstrates the probability of a scenario score equal or less than a certain value. For
instance, the probability that the scenario two score is less than or equal to three is 30 percent,
while the probability that the scenario four score is less than or equal to one is 13 percent.

Figure 16 displays a statistical summary of the risk profile, which includes statistical
information such as the mean, the standard deviation, the minimum and maximum values,
the mode, the skewness and the kurtosis. As shown in the figure, the expected value or the
mean for scenario one is 3.54, for scenario two is 3.81, for scenario three is 3.43 and for
scenario four is 3.52. From the expected value point of view only, scenario two is the
optimum scenario to be selected by the private sector.

PrecisionTree Risk Profile - Probability Chart
Performed By: Amira Shalaby
Date: Sunday, May 25, 2014 3:30:46 PM
Model: Decision Tree “Private Sector Preferred Scenario” in [Decision Support System v26.xlsm] Decision Tree (EMV) - Pr
Analysis: Choice Comparison for Node “Preferred Scenario” (C66)
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PrecisionTree RiskProfile - Cumulative Chart
Performed By: Amira Shalaby
Date: Sunday, May 25, 2014 3:30:48 PM
Model: Decision Tree “Private Sector Preferred Scenario” in [Decision Support System v26.xlsm] Decision Tree (EMV) - Pr
Analysis: Choice Comparison for Node “Preferred Scenario” (C66)
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Figure 17 displays another type of reports called the policy suggestion reports. Those
reports help the management see the broader picture, not only the scenario with the highest
score. The decision trees and the optimal decision tree in Figure 13 are considered part of
this section of reports. Figure 17 shows optimal decision selected at each decision node and
what is called “benefit of the correct choice.” Since the model has only one decision node,
which is selecting the best scenario, the table has only one decision node, and its probability
of occurrence is 100 percent. The benefit of the correct choice is the difference between the
highest scenario score and the lowest scenario score. In the case of the private sector, the
highest scenario score is a scenario two score which equals 3.81, and the lowest scenario
score is scenario three which equals 3.43. The difference between the two scenarios is 0.38,
which is the benefit of the correct choice in Figure 17. This helps the management get a
sense of the whole spectrum when making their decision.

The sensitivity analysis module
The sensitivity analysis module is the final module in the decision support system. The
sensitivity analysis is applied to the ranks of the sub-criteria. As the ranks change from very
suitable, which is denoted by the number five, to very unsuitable, which is denoted by the
number one, the scenario scores are affected. Hence, it is important to observe how sensitive
the scenario scores are to the change in the rank of a certain sub-criteria. The sub-criteria
with the highest ranks are chosen for the sensitivity analysis; moreover, double sensitivity
analysis is also performed to study the effect of changing two sub-criteria ranks at the same
time. A sample of the sensitivity analysis reports is presented below.

The sensitivity graph in Figure 18 shows the relationship between changing the ranking
of the “exchange rates” sub-criteria and the EMV of the tree. The table on the right shows
that if the ranking decreased by 80 percent, the EMV would decrease by almost six percent.
In addition, if the ranking decreased by 20 percent, the EMV would decrease by almost one
percent. The difference between the highest EMV and the lowest EMV is 0.21, more than
half the “benefit of correct choice” value, which denotes that the change of ranking of the
“exchange rates” sub-criteria is rather sensitive to the selection of the best scenario process.

PrecisionTree Risk Profile - Statistical Summary
Performed By: Amira Shalaby
Date: Sunday, May 25, 2014 3:30:48 PM
Model: Decision Tree “Private Sector Preferred Scenario” in [Decision Support System v26.xlsm] Decision Tree (EMV) - Pr
Analysis: Choice Comparison for Node “Preferred Scenario” (C66)
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Figure 19 is the second type of sensitivity report: the strategy region report. The strategy
region report shows how sensitive each scenario score is to the change in the ranking of the
“exchange rate” sub-criteria. The figure shows that for every possible value of the ranking of
the “exchange rate” sub-criteria, scenario two shall always have the highest EMV.
In other words, the result is not sensitive at all to the value of this variable. However, each
scenario score is affected differently by the change of the ranking of this factor. For instance,
the scenario four score is more sensitive to changing the ranking than the scenario one score,

PrecisionTree Sensitivity Analysis - Sensitivity Graph
Performed By: Amira Shalaby
Date: Sunday, May 25, 2014 5:40:50 PM
Output: Decision Tree “Private Sector Preferred Scenario” (Expected Value of Entire Model)
Input: Branch Value “Exchange Rates” of Node ‘Economic Su (E12)

Sensitivity of Decision Tree “Private Sector Preferred Scenario”
Expected Value of Node “Preferred Scenario” (C66)

With Variation of Branch Value “Exchange Rates” of Node ‘Economic Su (E12)

3.85

3.80

3.75

3.70

3.65

3.60

3.55

0.
50

1.
00

1.
50

2.
00

2.
50

3.
00

3.
50

4.
00

4.
50

5.
00

5.
50

Branch Value “Exchange Rates” of Node ‘Economic Su (E12)
Continue

Sensitivity Data

E
xp

ec
te

d 
V

al
ue

Input Output

Value Change (%) Value Change (%)

#1

#2

#3

#4

#5

1.00

2.00

3.00

4.00

5.00

–80.00%

–60.00%

–40.00%

–20.00%

0.00%

3.60

3.65

3.70

3.76

3.81

–5.62%

–4.22%

–2.81%

–1.41%

0.00%

Figure 18.
“Exchange rate”
sub-criteria rank
sensitivity graph

PrecisionTree Sensitivity Analysis - Strategy Region
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as the line is steeper. Figure 20 shows the three sub-criteria: “long-term stability,” “exchange
rates,” and “inflation.” The graph shows the EMV corresponding to each sub-criteria when its
ranking varies from one to five. The first bar on the top is the “long term stability” sub-criteria.
This bar is noticed to be the longest bar among the three, which shows that the EMV is more
sensitive to the change of the ranking than the other sub-criteria.

The spider graph shown in Figure 21 confirms the same conclusion, as the line of the
“long-term stability” sub-criteria is steeper than the other two lines, followed by the line of

PrecisionTree Sensitivity Analysis - Tornado Graph
Performed By: Amira Shalaby
Date: Sunday, May 25, 2014 5:40:51 PM
Output: Decision Tree “Private Sector Preferred  Scenario” (Expected Value of Entire Model)
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PrecisionTree Sensitivity Analysis - Spider Graph
Performed By: Amira Shalaby
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Output: Decision Tree “Private Sector Preferred  Scenario” (Expected Value of Entire Model)
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the “exchange rates” sub-criteria and in the end the line of the “inflation” sub-criteria.
This concludes that the “long-term stability” is highly affected by the change in the ranks
followed by the “exchange rates” sub-criteria and the “inflation” sub-criteria.

A two way sensitivity analysis is also performed to study the effect of changing the
ranking of two sub-criteria at the same time on the EMV of the decision tree or the preferred
scenario. The two sub-criteria with the highest weights are selected, which are the “justice
system” and the “long-term stability.” Figure 22 shows the sensitivity graph for both sub-
criteria with respect to the private sector EMV. The x-axis denotes the ranking of the “long-
term stability” sub-criteria, the y-axis denotes the “justice system” sub-criteria, and finally,
the z-axis denotes the EMV of the model. As shown in the figure and the attached table, as
the rankings of the “justice system” sub-criteria and the “long-term stability” sub-criteria
increase, the EMV increases, as well.

Another type of two way sensitivity analysis is the strategy region. Figure 23 shows the
strategy region of the “justice system” sub-criteria and the “long term stability” sub-criteria
for the private sector decision tree. The strategy region graph aims to provide the user with
every possible outcome for every combination of the sub-criteria rankings.

For any combination of the rankings of the two sub-criteria, two possible preferred
scenarios exist: either scenario one or scenario two. The probability of obtaining scenario
one is higher than scenario two, as there exist a larger number of combinations resulting in
scenario one than the number of combinations resulting in scenario two. It is also noticed
from the graph that when the ranking of “justice system” sub-criteria approaches the
maximum value and the ranking of the “long-term stability” sub-criteria approaches the
minimum, scenario two becomes the optimum scenario and vice versa.

PrecisionTree Sensitivity Analysis - Sensitivity Graph (2-Way)
Performed By: Amira Shalaby
Date: Thursday, July 03, 2014 12:02:54 PM
Output: Decision Tree “Private Sector Preferred  Scenario” (Expected Value of Entire Model)
Input X: Branch Value “Long-term Stability” of Node ‘Politi (E18)
Input Y: Branch Value “Justice System” of Node ‘Political S (E86)
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Conclusion
The purpose of this research is to develop a tool which will assist the re-equilibrium process
of the financial model of PPP contract. Re-equilibrium is the process of adjusting the cash flow
of the PPP project to return the rate of return of the private sector to the original rate of return
at the contract commencement. Contract renegotiation at this stage is necessary to protect the
rights of the different stakeholders of the project. The model is developed using Microsoft
Excel 2013, VBA programming language, and the Precision Tree 5.5 for Excel add-in.

The main contribution of this research is that it develops a framework that facilitates the
PPP contract renegotiation process. The methodological framework is applied as a decision
support system prototype model. The purpose of the suggested framework is to enable all
contract stakeholders to agree on a unified method of developing the different re-equilibrium
scenarios and choosing the optimal scenario that suits all parties. This will facilitate the PPP
renegotiation process, which will, in turn, encourage investors to enter PPP projects.
The developed framework is of great benefit to project stakeholders, including the private
sector, the public sector and the users of the service. It saves time and money invested in
lengthy negotiations, and it enforces transparency and mutual trust between the different
parties by providing a tool that significantly minimizes conflicts during the renegotiation
process and defines clear steps to be followed in order to reach an agreement that will
maximize the benefits for both the private and the public sectors.

The above research has been validated via a case study, the details of which has been
presented in the Ninth International Structural Engineering and Construction Conference
last year (Shalaby and Hassanein, 2017).

PrecisionTree Sensitivity Analysis - Strategy Region (2-Way)
Performed By: Amira Shalaby
Date: Thursday, July 03, 2014 12:02:55 PM
Node: “Preferred Scenario” (C66)
Input #1: Branch Value “Long-term Stability” of Node ‘Politi (E18)
Input #2: Branch Value “Justice System” of Node ‘Political S (E86)

Strategy Region for Node “Preferred Scenario”

5.00

4.50

4.00

3.50

3.00

2.50

2.00

1.50

1.00

3.
00

3.
50

4.
00

4.
50

 5
.0

0

2.
50

2.
00

1.
50

1.
00

Branch Value “Long-term Stability” of Node ‘Politi (E18)

Scenario 1 

Scenario 2 

B
ra

nc
h 

V
al

ue
 “

Ju
st

ic
e 

S
ys

te
m

” o
f N

od
e 

‘P
ol

iti
ca

l S
 (

E
86

)

Figure 23.
Two way
sensitivity analysis
strategy region

1022

ECAM
26,6



References

Archer, D. and Cameron, A. (2003), Making Public Private Partnerships Work, Social Partnerships
Applied, London.

Carbonara, N., Costantino, N. and Roberta, P. (2016), “A transaction costs-based model to choose PPP
procurement procedures”, Engineering, Construction and Architectural Management, Vol. 23 No. 4,
pp. 491-510.

Connolly, C. and Wall, A. (2016), “Value capture: a valid means of funding PPPs”, Financial
Accountability & Management, Vol. 32 No. 2, pp. 267-4424.

Cruz, C. and Marques, R. (2013), “Using economic and financial reequilibrium model to decrease
infrastructure contract incompleteness”, Journal of Infrastructure Systems, Vol. 19 No. 21, pp. 58-66.

Cruz, C. et al. (2015), “Empirical evidence for renegotiation of PPP contracts in the road sector”, Journal
of Legal Affairs and Dispute Resolution in Engineering and Construction, Vol. 7 No. 2, pp. 1-9.

Davies, P. and Eustice, K. (2005), Delivering the PPP Promise: A Review of PPP Issues and Activity,
PricewaterhouseCoopers, London.

Dewatripont, M. and Legros, P. (2009), “Public-private partnerships: contract design and risk transfer”,
EIB Papers, pp. 120-145.

Garvin, M. (2009), “Governance of PPP projects through contract provisions”, Conference of Leadership
and Management of Construction Geertz, Clifford, Blacksburg, VA.

Guan-Wei, J. (2010), The Bids-Evaluation Model Development and Application For PPP Transport
Projects: A Project Risk Modeling Framework, Colorado State University, CO.

Guasch, L. (2004), Granting and Renegotiating Infrastructure Concessions: Doing It Right. World Bank
Institute, WBI Development Studies, Washington, DC.

Herpen, V. (2002), Public Private Partnerships, the Advantages and Disadvantages Examined, Dutch
Ministry of Transport, Association for European Transport, London.

Katz, D. (2006), Financing Infrastructure Projects: Public Private Partnerships (PPPs), New Zealand
Treasury, Willington.

Li, B., Akintoye, A., Edwards, P.J. and Hardcastle, C. (2005), “Perceptions of positive and negative
factors influencing the attractiveness of PPP/PFI procurement for construction projects in the
UK”, Engineering, Construction and Architectural Management, Vol. 12 No. 2, pp. 125-148.

Pugh, S. (1991), Total Design: Integrated Methods for Successful Product Engineering, Addison-Wesley,
London.

Roach, S. (2011), Law and Politics in Public Private Partnerships: Transparency, Conflict of Interest, and
Renegotiation in Concession Arrangements, The University of Texas in Arlington., TX.

Sarmento, J.M. and Renneboog, L. (2016), “Anatomy of public-private partnerships: their creation, financing
and renegotiations”, International Journal of Managing Projects in Business, Vol. 9 No. 1, pp. 11-32.

Shalaby, A. and Hassanein, A. (2017), “A validation of a re-equilibrium decision support system for
PPP contracts”, The Construction Management Association of the Ninth International Structural
Engineering and Construction Conference (ISEC-09), ISEC Press, Valencia.

Skanska (2004), European Commission Second International Workshop on PPPs, European
Commission, Stockholm.

The Construction Management Association of America (2012), An Owner’s Guide to Project Delivery
Methods, CMAA, VA.

Corresponding author
Amira Shalaby can be contacted at: amirash@aucegypt.edu

For instructions on how to order reprints of this article, please visit our website:
www.emeraldgrouppublishing.com/licensing/reprints.htm
Or contact us for further details: permissions@emeraldinsight.com

1023

Renegotiation
of PPP

contracts



Reproduced with permission of copyright owner. Further
reproduction prohibited without permission.


	A decision support system (DSS) for facilitating the scenario selection process of the renegotiation of PPP contracts

