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CHAPTER 1:  INTRODUCTION 

The period between World War I and World War II witnessed a lack of 

cooperation between countries, especially during the depression period that took place 

in the 1930’s. This caused higher rates of unemployment and economic turmoil. To 

avoid the repetition of such negative events, International Financial Institutions (IFI) 

were initiated. These are institutions which are commonly established by several 

countries aiming to regulate the cooperation between them. Following World War II, 

the Bretton Woods institutions, International Monetary Fund (IMF) and International 

Bank for Reconstruction and Development (IBRD) (currently a member of the World 

Bank group) were initiated in the United States of America. Similarly, the Organization 

of European Economic Co-operation (OEEC) was instituted in Europe (Bakker, 1996) 

(Bahrgava, 2006).  

The main driving value of these institutions is that economic stability and 

prosperity in all countries eventually leads to world peace. All IFIs have some basic 

principles in common for their operations, such as: (1) they all aim at the freedom of 

capital movements and international trade; (2) try to support countries to maintain their 

economic and monetary stability internally and externally; (3) all member countries 

must take into consideration the interests of other countries in their policies; and (4) 

more efforts should be dedicated to under-developed countries offer them better 

economic conditions whenever possible (The World Bank, 2013). 

To be able to make independent decisions, these financial institutions have to 

have their own sources of income. Most of these IFIs are actually profit making. Some 

of them were able to build-up significant capital and reserves that help them have buffer 
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reserves in case of any shortages in funds and also improve their position through 

negotiations with member countries. 

1 . 1 Funding Mechanisms for Infrastructure Projects 

It is very important to efficiently select the appropriate funding mechanism as 

it represents a commitment on both the funding agency and the entity receiving funds. 

The most appropriate funding mechanism has to generate less government spending 

while getting higher funds. It is commonly agreed that public finance, from IFIs, is 

cheaper than commercial/private finance. Public funds are commonly limited in 

amounts, number of projects to be funded or time period over which they are funded. It 

is also preferred that any selected funding mechanism can be efficiently and easily 

understood and managed by local agencies. There are several financial instruments that 

can be used to support infrastructure projects through IFIs, namely; (1) Grants, (2) 

equity, (3) Debt / Loans, (4) Asset Backed securities, (5) Guarantees and Insurance and 

(6) Results Based Financing (Zahran & Ezeldin, 2016-A).  

1 . 1 . 1 Grants 

Grants are a form of financial support offered by IFIs to reduce financing burden 

on governments. Grants involve no fiscal return for the funding agency. These grants 

aim to decrease initial costs of infrastructure facilities by offering governments a non-

refundable financial support. This eventually decreases the price of the end product for 

customers (e.g. a lower price of electricity in case of power plants). Moreover, grants 

do not encourage developers to create specific revenue from their projects for 

repayment. Grants are considered the simplest to implement among other financing 

techniques as they do not involve extensive due diligence on the financial outcomes of 
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the projects, on the other hand, the project has to meet the desired objectives of the 

grant. 

1 . 1 . 2 Equity 

Equity funding is considered a long-term investment presented by the funding 

agency. In this case, the funding agency invests an amount of money in high-risk 

projects aiming to generate revenue from executing the project. Equity funding most 

commonly targets new technologies and projects/companies with a higher potential of 

growth. It is aimed that the return from the project/company is high due to the high risk 

associated with this type of funding. To avoid such a high risk, it is preferred that the 

supported project/company is in a well-developed financial market which facilitates the 

exiting process. Therefore, such funding mechanism may not be valid in most of the 

developing/low-income countries.  

1 . 1 . 3 Debt/Loans 

Debt/loans are a form of financial support where financial institutions provide 

governments with an amount of money for their projects. Government repays this 

amount through instalments over an agreed period after adding an agreed interest rate. 

Most commonly the interest rate added by IFIs is lower than commercial banks interest 

rates and the return period is longer. This eventually decreases the cost of financing 

infrastructure projects. In addition, it increases credibility of governments when 

applying for long-term financial support from commercial banks. Debts/loans are 

considered the most commonly used financing mechanism. The obligation on debtors 

to repay instalments incentivizes the success of projects to generate sufficient revenues.  
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1 . 1 . 4 Asset-backed securities 

Asset-backed securities is a form of financial support which is given to 

governments while being backed by the future cash flows of already available projects. 

In this case, repayment is secured by expected cash flows, which is considered 

equivalent to bond offering. This type of financing is used in expanding or refinancing 

projects that are already generating positive cash flows. This reduces the risks of not 

returning the borrowed amounts which in-turn reduces the cost of finance. The use of 

asset-backed securities involves highly detailed due diligence to ensure that current and 

future projects are going to generate sufficient cash flow for securing funds and debt 

repayment. 

1 . 1 . 5 Guarantees and insurances 

 Guarantees and insurances are not considered direct financing techniques; 

however, they offer protection for financiers in markets with high risks. This enables 

governments, having unstable market conditions, to get financing at acceptable costs. 

In both cases of guarantees or insurances, the guarantor or insurer agrees to cover or 

share any costs or losses associated with the target project in return for a fee or 

premium. In case of guarantees, the guarantor offers the guarantee for the financier 

against the performance of the borrower. This means that the guarantee would cover a 

portion of any losses occurring to the financier. Commonly, the portion of losses 

covered by the guarantor decreases, as losses increase in order to encourage the 

financier to take corrective actions against occurring risks. In case of insurance, the 

financier expects to receive the proceeds of insurance payout as a protection against the 

performance of the borrower. It insures against any losses occurring due to unexpected 

conditions that may affect the outputs of the project. Both guarantees and insurance 
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require extensive due diligence for all involved parties and the design of the project 

which may require a large database of relevant risks and their associated effects.  

1 . 1 . 6 Results Based Finance 

Results Based Finance links the payment of funds to the delivery of pre-agreed 

outputs, so the borrower receives the agreed payment for finishing specific stages in a 

project/program. This transfers several risks associated with these projects from funders 

to borrowers, such as the risk of funds not achieving their desired outputs. It also 

incentivizes borrowers to deliver their projects according to the agreed schedules and 

outputs. The borrower starts by pre-financing the projects and payments are made only 

after it delivers the agreed outputs or services. This process commonly involves a third 

party for verifying that the agreed outputs were reached. 

1 . 2 International Financial Institutions 

An analysis of the roles and responsibilities of International Financial 

Institutions and their previous roles internationally was performed (Zahran & Ezeldin, 

2016-A). It can be concluded that each IFI has its own objectives for supporting other 

countries in need for financial aid. IFIs generally support other lower-income countries 

through several financial instruments, according to their rules and regulations. Table 1 

compares between IFIs based on the amounts of funding provided for the below areas 

(The World Bank, 2011) (KFW Development Bank, 2015) (International Finance 

Corporation, 2015) (European Investment Bank, 2015) (USAID, 2015) (AFDB, 2015) 

(ADB, 2015) (IIB, 2015) (IsDB, 2015) (JICA, 2015) (OFID, 2015) (MIGA, 2015): 

(1) The most commonly applied financial mechanisms, according to the 

amounts lent in each mechanism 
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(2) The sectors receiving the highest amount of funds from such IFI and  

(3) The region receiving the highest amount of funds from such IFI. 

Table 1: Analysis of IFI 

IFI Main Financing Mechanism Main operating sector Main operating region 

IBRD Investment Project Finance Public administration, law 

and Justice 

Europe and Central Asia 

KFW Promotional Loans Economic infrastructure and 

services 

Sub-Saharan Africa 

IFC Loans Financial markets Latin America and the Caribbean 

CEB Loans Supporting MSME.s Europe 

EIB Loans Transport Europe 

USAID - Economic Growth Asia 

AFDB Loans Infrastructure Africa 

ADB LIBOR-based loans Transport Asian and pacific 

IIB Loans MSME.s Europe 

IsDB Murabaha Energy Islamic countries 

JICA Loans Electric power and gas Asia 

OFID Public sector lending Energy Africa 

MIGA Guarantees Infrastructure Europe and Central Asia 

EBRD Loans Financial Institutions Eastern Europe and the Caucasus 

1 . 3 Results-Based Finance 

This research is focused on the results-based financing mechanism offered by 

international financial institutions. One of the main concepts of results-based finance is 

that disbursements are linked to the achievement of pre-agreed results. In this case, the 

borrower receives the agreed payments for finishing specific stages in a 
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program/project. This transfers several risks associated with funding these projects 

from the funders/financiers to borrowers. It also incentivizes borrowers to reach agreed 

milestones in time to maintain their cash flows, as the borrower starts by pre-financing 

activities/projects and then payments from the funding agency are received after results 

are achieved. This process commonly involves a third party, called the Independent 

Verification Agent (IVA), for verifying that the agreed results were reached (Zahran & 

Ezeldin, 2016-B). This research focuses on the Program-For-Results funding 

mechanism offered by the World Bank, as an example of the results-based financing 

mechanisms offered by IFIs. This is because P4R is well structured with detailed 

standards and regulations for each stage within its application, from initiation to 

closing. General guidelines within these regulations still apply to other RBF 

mechanisms, while differences lie within the flow of documentation and reporting 

procedures.  

Figure 1 presents the application process for the P4R mechanism showing the 

transfer of information and funds between the bank and the borrowing government. It 

starts by an agreement between both the WB and the borrowing government about the 

program scope and main framework for the disbursement of funds, called Disbursement 

Linked Indicators (DLI). After an agreement is reached the bank starts in program 

implementation. Once the government achieves a DLI, it is reported to the WB and 

approved by a third party then the bank disburses the allocated amounts. This cycle 

continues until the program duration finishes and program ends. The following section 

describes in detail each stage of the P4R application and the roles and responsibilities 

of each party.  
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Figure 1: P4R Application process (Ezeldin & Zahran, 2017-A) 

P4R is shaped through four main features (1) it supports the programs of 

borrowers, either newly developed programs or already existing ones, the WB shows 

flexibility within the P4R mechanism to support any kind of programs in any sector and 

within any country/region, (2) it provides disbursements upon the achievement of 

results (called disbursement linked indicators (DLIs)), these DLIs are agreed during the 

preparation stage by both the borrowing government and the WB team to eliminate any 

chances of conflicts following project initiation, (3) it focuses on strengthening the 

institutions within the borrowing country that may contribute to the success of the 

funded program. This is to ensure the sustainability of the effects of such programs and 

(4) it assures that the finance offered by the WB is directed to programs that serve the 

environment and other social aspects. These are guaranteed through proper 

environmental and social assessments performed through the preparation stage and 

monitoring of the program implementation to ensure compliance with bank policies. 

1 . 3 . 1 History of Program-For-Results 

P4R funding mechanism was initiated in 2012 by the World Bank to address 
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World Bank, 2016-A). P4R was introduced to support bank clients in achieving their 

own programs and providing technical support through their experience in similar 

projects (Saadah, 2015). P4R addresses the gap between the Development policy 

financing (DPF) and Investment project financing (IPF) mechanisms previously offered 

by the WB. It offers both technical assistance to institutions of the borrowing countries, 

such as the case in DPF, and financial support for programs linked to the achievement 

of their results, such as the case in IPF. P4R enables the WB to work in countries with 

weak systems as it targets improving these systems and aims at strengthening 

institutions and capacity throughout the lifetime of the programs.  

Since P4R was initiated, it has been implemented in several developing 

countries in different regions. Table 2 shows the number of approved operations and 

operations being prepared (in-pipeline) as of February 2016. It can be observed that 

P4R is mainly applied in Africa and the MENA region (The World Bank, 2016-B). 

Table 3 indicates the sectors that P4R has been applied in until February 2016. It shows 

that a high percentage of the current P4R operations is directed to the Water sector, for 

water supply and sanitation projects.  

Table 2: P4R operations by Region (The World Bank, 2016-B)  

Region Approved operations Operations in pipeline 

Africa 14 3 

East Asia and Pacific 3 4 

Europe and Central Asia 2 3 

Latin America and Caribbean 3 1 

Middle East and North Africa 7 8 

South Asia 6 3 

Total 35 22 
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Table 3: P4R operations by Sector (The World Bank, 2016-B)  

Sector 
Approved 

operations 

Approved Funding 

(USD Bn) 

Operations in 

Pipeline 

In Pipeline funding 

(USD Bn) 

Agriculture 1 0.1   

Education 2 0.4 3 0.6 

Energy and Extractives   6 1.8 

Environment and Natural Resources   1 0.5 

Finance and Markets 1 0.5 2 0.4 

Governance 5 0.3 1 0.1 

Health, Nutrition and population 6 1 2 0.6 

Poverty 1 0.1   

Social Protection and Labor 2 0.9   

Social, Urban, Rural and resilience 7 1.6 5 1.2 

Trade and Competitiveness 1 0.4 1 0.1 

Transport and ICT 3 0.3 1 0.4 

Water 6 2.7   

Total 35  22  

1 . 4 Program-For-Results Two-Year-Review Report 

In year 2012, following the approval of the P4R lending instrument, the World 

Bank’s Board of Executive directors requested the performance of a follow-up review 

of the instrument in two years (The World Bank, 2015-B). In March 2015, a report 

titled “Program-For-Results: Two-Year Review” was issued by the operations policy 

and country services department in the World Bank to address the request initially made 

by the WB Board of Executive directors back in 2012. This review had two main 

objectives (1) to perform an assessment of the experience of bank staff, borrowing 

countries and third-parties in applying the new funding mechanism over these two years 

throughout the life cycle of P4R (from the identification phase to the closing phase) and 

(2) the identification of lessons learned and any suggested changes to the originally 

proposed framework to help improve its implementation. This review involved several 
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reviews of literature, desk reviews, structured interviews and surveys of all stakeholders 

who were involved in any of the stages of P4R operations.   

One of the main observations concluded from the analysis of surveys was that 

most of the interviewees faced the problem of the lack of experience of stakeholders 

involved in the application of P4R. This leads to the need for further guidance and 

training into the application of P4R. Several feedbacks also stated that, as this is the 

first time for P4R to be applied, following the use of Investment Project Financing (IPF) 

and Development Policy Financing (DPF) for a long period, most of the stakeholders 

were influenced with the IPF and DPF tools and techniques while applying P4R. Some 

experts claimed that the performance of assessments through the preparation stage, by 

the World Bank task team, showed the need for further training for performing these 

assessments due to their importance in directing the Bank’s decision for funding 

government’s programs. Most of the experts reported the need for a clear understanding 

and knowledge of all previous experiences in relevant sectors for guiding any programs 

in-pipeline.  

The main challenges defined were (1) the proper definition and settlement of 

DLIs, (2) the application of the WB Anti-Corruption Guidelines (ACG), (3) the impact 

of the exclusion of some activities from programs due to the P4R rules/guidelines of 

excluding some types of activities from supported programs and (4) the performance of 

assessments on programs and their effect on the program’s outputs and integrity. 

1 . 5 Problem Definition 

One of the main challenges facing governments in managing programs financed 

through results-based mechanisms, specially infrastructure programs, is the need for 

managing multiple projects simultaneously while aiming to minimize spending on the 
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program and minimizing the borrowing interest amount as much as possible. In this 

case, the government needs to balance its cash flow through proper management of 

transfers to its implementing agencies and transfers from the funding agency. This 

develops a complex problem driven by the need for obtaining money from the lending 

entity as early as possible for financing its cash flow, while also demanding to postpone 

any unrequired funding as much as possible to avoid any unnecessary payment of 

interest. Infrastructure projects, financed by governments, are known to have a low 

return on investment, that may not enable the government to use its return for financing 

other projects.  

The failure to control the budget of projects and their required financing is 

considered one of the main reasons for the failure of businesses in the construction 

sector (Arditi, et al., 2000). This similarly applies for governments, where any projects 

that may have an impact on the government’s general budget, can be cancelled or 

delayed until required funding is available. This requires extensive analysis of the cash 

flow of projects managed/financed by the government.  

The simulation and optimization process of this type of programs is complex 

and requires extensive analysis of the available alternatives for reaching an optimum 

situation for the government with respect to its spending on the program and improving 

its benefit from the borrowed loan. The financial management of this size of programs, 

involves the management of several layers of transactions that have to be managed by 

the government. The timing and magnitude of these transactions highly affects the 

overall standing of the program cash flow. This problem may be similar to a common 

client-contractor relationship; however, the involvement of different parties within the 

financing cycle requires a different analysis of the overall program’s finance.  
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As shown in Table 1, loans is the most commonly used financing mechanism 

between IFIs, this reflects on the knowledge of borrowing countries of other 

mechanisms and their ability to manage them. This was also evident in the feedback 

received from P4R stakeholders in the two-year review report mentioned earlier. This 

specifically reflects on the ability of these countries to operate using results-based 

financing mechanisms. It also hinders the ability of governments on expecting different 

solutions/alternatives that may optimize the design of their programs. Governments 

may require some guidance through the application of such mechanisms, while 

benefiting from previous experiences. 

The model of results-based finance is increasingly being researched and applied 

by international financial institutions (IFI). The application of Program-For-Results 

mechanism has been growing exponentially since initiated, from 35 operations 

supported by nearly $ 8.1 billion by year 2015 (Gelb, et al., 2016), up to 96 operations 

supported by nearly $ 26 billion by year 2018 (The World Bank, 2018). This drives the 

need for properly managing these amounts of funds.  

1 . 6 Thesis Aim and Objectives 

 The aim of this research is to: develop a framework that guides governments of 

developing countries through the application of Results-Based funding mechanisms 

offered by international financial institutions. 

This aim is achieved through the following research objectives: 

1. Developing a decision support model that: 

a. Provides borrowers guidelines when performing results-based finance 

assessments 
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b. Supports borrowers throughout the planning and negotiation phases of 

RBF  

c. Applies finance-based scheduling/optimization 

d. Incorporates actual implementation progress and continuous 

optimization 

2. Verify and validate the model 

1 . 7 Research Methodology 

To achieve the above-mentioned research objectives, this research is divided 

into five main stages, as shown in Figure 2. This Research was initiated by a review of 

literature related to International Financial Institutions and their available funding 

mechanisms (Zahran & Ezeldin, 2016-A). This review then focused on available 

results-based funding mechanisms offered by development lending institutions. 

Program-For-Results mechanism was then selected as a sample of these mechanisms. 

A review of literature published by the World Bank and other development partners 

was performed on the Program-For-Results mechanism and its required tools and 

techniques (Zahran & Ezeldin, 2016-A) (Zahran & Ezeldin, 2017-A). Further review 

of literature was done in the fields of finance-based scheduling and the management of 

multiple projects in order to explore possible techniques required for the management 

of this type of programs. This led to the definition of the main problem behind this 

research. For solving such problem, a framework was proposed for supporting 

governments in applying the P4R mechanism (Zahran & Ezeldin, 2017-A). Two main 

models were developed, (1) the risk assessment model and (2) cost and scheduling 

simulation and optimization model (finance-based scheduling). These two models are 
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then integrated into a user-friendly decision support system that guides the government 

throughout the RBF processes, from initiation to program closing. The proposed 

approach and model are then verified using a case study, for implementing all available 

tools within the model, then validated using the Sustainable Rural Sanitation Services 

Program in Egypt.  

 

Figure 2: Research Methodology Flow Chart 

1 . 8 Thesis Organization 

In order to achieve these objectives, the thesis is organized as follows, Chapter 

1 is an introduction to the main funding mechanisms offered by IFIs for supporting 

infrastructure projects. It presents a list of the main International Financial Institutions 

worldwide, their roles and their financing mechanisms. Introduces what is RBF, the 

problem statement, thesis aim and objectives, and the research methodology. 

Chapter 2 provides a review of related literature in fields of managing multiple 

projects, the application of optimization techniques in construction, concepts of 
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finance-based scheduling as discussed in previous research. The discussed research in 

this thesis is considered complementary for the developed decision support system, as 

the management of programs funded by Program-For-Results mechanism requires the 

knowledge of multiple projects management techniques and finance-based scheduling.  

Chapter 3 provides a review of results-based finance methods offered by IFIs. 

It then focuses on Program-For-results related literature, describes one of the main 

pillars of P4R which is DLIs, covers the details of P4R application and provides a 

description of fees added by the WB on programs supported by P4R. 

Chapter 4 is divided into two main sections. The first section describes the 

applied research methodology, and the full process of research stages starting from the 

literature review to the validation of the developed model. It presents the main 

framework of the decision support system and briefly describes processes used for 

applying such framework and validating it. The second section presents the developed 

model following the research framework and demonstrates its details of operation. It 

guides the user step-by-step throughout the model. It also serves as a manual for the 

application of the DSS. 

Chapter 5 describes the verification process of the developed model and its 

application on a case study, that replicates a typical program, but with fewer activities. 

This case study is used to present all model capabilities and verify it is able to provide 

realistic results. 

Chapter 6 describes the validation process of the developed model and its 

application on the Sustainable Rural Sanitation Services Program (SRSSP) in Egypt. It 

presents the original and optimized results of the model and the effect of applying the 

model on the program.  
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Finally, Chapter 7 provides the conclusion of this research and presents its main 

contribution/support to developing countries considering the application of RBF 

mechanism. It also features the main areas for future research in this topic.    



 18  Literature Review 

 

CHAPTER 2:  LITERATURE REVIEW 

A crucial factor for governments in managing infrastructure programs funded 

by IFIs, is the ability to coordinate financing amounts received with required 

expenditures, specially under results-based funding mechanisms. This aims to execute 

the desired program with the least possible burden on the country’s general budget. 

Several researches focused on scheduling single projects according to the available 

funding cash flow. In case of single projects, contractors commonly seek financial 

support from banks for financing their cash flow gaps. Previous research introduced 

supporting tools and techniques guiding contractors on efficient management of bank 

tools for maintaining a healthy cash flow profile for their projects, that does not affect 

the progress of project activities (Elazouni & Gaballah, 2004). Bank overdrafts is 

considered the main financing method for construction projects (Ahuja, 1976). The use 

of bank overdrafts is done through an agreement with a bank for providing support for 

contractors for having negative balances in their accounts for a limited time with an 

agreed credit limit. This enables contractors to have sustainable cash flow levels that 

may not affect any project expenditure requirements throughout the project. This 

negative balance is covered by the end of the project, or before, according to the cash 

flow profile and profit margins of project, through the receipt of project invoices.  

Program management (Patanakul & Milosevic, 2008-a), describes the 

management of a group of projects, of different natures, sharing the same goals and 

leading to a particular output; however, Multiple Project Management (MPM) 

describes the management of several project that might not have common goals, 

although managed by the same entity or project manager. This kind of Project 

management is currently taking hold in many businesses, due to its savings with regards 
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to the human resources. Current literature focuses on single projects management more 

than multiple projects or programs management. 

 This chapter is divided into four different sections. The first section describes 

the application of optimization techniques in the construction industry. It describes in 

detail methods that are used for applying optimization in solving problems within the 

industry. The second section describes the problem within the application of project 

management tools and techniques in a multiple-projects environment. The third section 

describes the concept of finance-based scheduling and how it was approached in 

previous research. The last section describes the application of optimization techniques 

in a multiple-projects environment for reaching required goals/objectives. Finally, a 

summary is provided for this chapter.  

2 . 1 Optimization in Construction 

Scheduling Optimization techniques have been utilized in the planning process 

of construction projects. Applications include (1) time-cost tradeoff, where the 

optimization goal focuses on balancing the total duration of the project with its direct 

cost (Hegazy 1999-a), (2) Resource leveling, where the optimization objective aims to 

minimize the variability of resource requirements throughout the project duration 

(Moselhi & Lorterapong 1993), (3) Resource allocation, which aims to utilize a limited 

amount of resources while reducing its effect on the project total duration (Hegazy 

1999-b) and (4) finance-based scheduling, that targets the minimization of the cost of 

capital when financing construction projects (El-Abbasy 2015).  

There are several methods and algorithms that were developed for applying 

optimization techniques on construction schedules (Zhou, et al., 2013). These methods 
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are classified into three different types, (1) mathematical methods, (2) heuristic methods 

and (3) metaheuristic methods.  

2 . 1 . 1 Mathematical Methods 

Mathematical methods include the (a) critical path method, (b) Linear 

programming, Integer programming and Integer Programming/Linear Programming 

Algorithms and (c) dynamic programming.  

The Critical Path method (CPM) is widely used in planning, especially in the 

construction industry, since developed in the 1950s (Kelley & Walker, 1959) (Kelley, 

1961). The main drawback of the CPM is that it can only deal with one objective. The 

Programme Evaluation and Review Technique (PERT) is commonly used with CPM 

in scheduling construction projects. CPM generally depends on the logic of 

relationships between activities and their durations. This provides a final time schedule 

for the project that includes durations of activities, their relationships and their early 

and late dates (Samuel, 2010). It is concerned with the fact that critical activities are 

activities forming the critical path of the project, which is the longest path in the project, 

while other activities are considered float activities which have the ability to be delayed 

without affecting the total duration of the project. One of the main limitations of the 

CPM technique is that it depends on time and precedence constraints. This limitation 

was overcame through a two-stage approach, where the first stage defines the 

scheduling requirements while the second stage analyzes and allocates resources 

according to defined constraints (Antill & Woodhead, 1982) (Moder, et al., 1983) (D, 

1985) (Tamimi & Diekmann, 1988).  

Linear programming is an analytical algorithm that is used to solve optimization 

problems having linear objective functions with linear constraints (Kantorovich, 1940). 
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In this case, optimization problems are expressed through mathematical equations and 

are solved through criss-cross algorithms, simplex algorithm or interior point method 

(Liu, et al., 1995). Same concepts apply to integer programming where the answer is 

required to be an integer, following the same constraints. Integer programming is solved 

through several approaches such as the branch and price method, branch and bound 

method, cutting-plane method and branch and cut method (Chen, et al., 2010). Integer 

and Linear programming techniques were applied in different variations in the 

construction industry. They were applied for solving discrete and linear relationships 

between activities in an optimization problem for scheduling activities of a construction 

project of a repetitive nature in the highway sector (Meyer & Shaffer, 1963). They were 

also used for applying resource leveling in highway construction projects (Meyer & 

Shaffer, 1998). Integer and Linear programming were then used for applying financial 

scheduling optimization on construction projects time schedules (Elazouni & Gaballah, 

2004).  

Dynamic programming is a different type of mathematical methods which is 

applied on more complex problems that can be split into several simpler problems 

(Dasgupta, et al., 2006). This approach was applied in solving time-cost tradeoff 

problems (Robinson, 1975) (Moselhi & El-Rayes, 1993).  

2 . 1 . 2 Heuristic Methods 

These are methods that depend more on previous experiences in solving 

problems. An approach was developed as an alternative for the CPM, for scheduling 

precedence in scheduling problems. It mimics flow charts and flow diagrams for 

devising a “circle and connecting line” diagram that is used to solve time-cost trade-off 

problems (Fondahl, 1961). This approach is currently implemented by project 
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management software. Another algorithm was developed that has the ability to reduce 

the total duration of a project to a desired duration, at the least possible cost (Siemens, 

1971). This algorithm is applied on projects without the use of computers; however, it 

does not guarantee providing an optimal solution for the time-cost trade-off prblems.  

A method for CPM scheduling was proposed for optimizing project total 

duration for minimizing the project total cost (Moselhi, 1993). This method resembles 

the structural analysis method called “direct stiffness method”, where the project time 

schedule is represented by a structure that has a compression value that is equivalent to 

the project compression, and the total cost of compressing this schedule is the sum of 

forces on all members of the structure. 

A heuristic method was developed by Zhang et al (2006) for applying time-cost 

trade-off on projects of a repetitive nature. This method considers resource constraints 

while minimizing the project overall duration. It depends on categorizing activities in 

different groups to be scheduled simultaneously for minimizing the project overall 

duration. The combinations are later evaluated according to their effect on the overall 

duration and cost of the project. This method was integrated in a project scheduling 

framework. The main drawback of this method is that it did not consider the overall 

effect of minimizing project total duration on the relation between the direct and 

indirect costs of the project.  

Other heuristic methods were applied on variations of construction scheduling 

optimization, such as the consideration of cash constraints on scheduling multiple 

projects (Elazouni, 2009) and introducing the concept of multi-skilled labor for 

overcoming the resource shortage problem (Hegazy, et al., 2000). In general, Heuristic 
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methods require a lower amount of computations than the mathematical methods, and 

some of them can be calculated manually without the use of computers.  

2 . 1 . 3 Metaheuristic methods 

Heuristic methods have several drawbacks such as having the ability to only 

consider one objective which leads to the consideration of a local optimum only and 

does not guarantee reaching global optimum solutions. They also do not search into all 

possible solutions for an optimum output, they only provide a single output that may 

not be of interest for construction planners. Metaheuristic methods were developed to 

overcome these drawbacks. These are used for solving problems of a huge number of 

possibilities that cannot be solved manually. These methods use iterative calculations 

according to the set criteria and constraints for finding an optimum solution. The 

developed metaheuristic methods were inspired by natural processes where, (1) genetic 

algorithms mimics the natural idea of the survival of the fittest genes in human survival 

process, (2) ant colony optimization which mimics the organization of ants in their 

colony and their ability to find the best path between food sources and their nests and 

(3) particle swarm optimization, which assumes that available solutions are particles 

that are spread in the solutions space for finding the best solution according to its 

location. 

Genetic algorithms method is considered the most widely used approach in 

applying optimization on construction scheduling problems (Zhou, et al., 2013). It is an 

algorithm that searches through all possible solutions randomly and reaches a near 

optimum solution through evaluating the resulting outputs based on the desired 

objective function. This relates to the survival of the fittest concept through keeping the 

best reached results so far on the top of the chain, until a better result is achieved, to 



 24  Literature Review 

 

replace it. An optimization problem is broken down into chromosomes that represent 

the set of variables forming the problem, within each chromosome there is a number of 

genes which represent each variable. These variables are guided by a set of constraints 

of the problems, for example they have to be within a specific range or have to be 

integers. Once an initial population is formed, its fitness is evaluated according to the 

objective function, then the algorithm starts in randomly changing variables and 

evaluating each of the resulting combinations (chromosomes). This method does not 

rely on extensive calculations, so it could be used in complicated construction 

optimization problems as it can be easily used in finding near optimum solutions.  

Genetic algorithms method was extensively used in applying optimization on 

construction projects. It was used in applying resource leveling and resource allocation 

concepts on construction schedules (Chan, et al., 1996), it was also used in applying 

multi-objective optimization for solving the time-cost trade-off problem (Feng, et al., 

1997) and was used for integrating the time-cost trade-off, resource leveling and 

resource limitation problems in a multi-criteria model (Leu & Yang, 1999). Hegazy 

(1999-a) developed an approach for improving the practicality of using GA through 

integrating it with the commercially used scheduling software called Microsoft Project. 

This model developed for improving the abilities of this software in dealing with time-

cost trade-off problems. These approaches/models were later modified and improved 

for overcoming any drawbacks in the GA mechanism (Li, et al., 1999) (Hegazy, 1999-

b) (Senouci & Eldin, 2004) (Sriprasert & Dawood, 2002) (Zheng, et al., 2004) (El-

Rayes & Kandil, 2005) (Kim & Ellis Jr, 2008)  

Ant Colony optimization method is considered a natural learning technique that 

resembles the learning technique of ants in finding the optimum path for desired trips 
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(Zhou, et al., 2013). Ants learn from each other by taking the path that most of the 

previous ants took and gradually adds to this path better shortcuts. So, the whole colony 

learns from the behavior of guided results. Taking this to construction scheduling, the 

optimization problem is represented on a weighted network, then first group of 

probabilities start to define the whole horizon of solutions. The evaluation criteria 

defines which path is the best to take for the later trials, until the stopping criteria is 

achieved. The Ant Colony Optimization method consists of four components: (1) 

simulating the problem, which represents all possible trips of the ant from the start point 

to the end point, (2) the probabilities/weights for selecting among the paths available in 

the trips, (3) a criteria for updating the learned lesson from the path taken from the start 

to the end through each path and (4) the stopping criteria that is used from stopping the 

repetition of trials. This method was also applied in several researches for addressing 

the time-cost trade-off problems (Ng & Zhang, 1997) (Afshar, et al., 2009) 

(Lakshminarayanan, et al., 2010).  

Particle swarm optimization solves optimization problems through iterations, 

but through a different criterion. It considers available variables as particles moving in 

the space of available solutions and each iteration is evaluated according to the desired 

objective function (Eberhart & Shi, 1998). The particle swarm method was first applied 

by Zhang et Al (2006-b) in construction optimization problems for minimizing project 

total duration while considering resource constraints. It was later modified for solving 

optimization problems in underground mining projects, by adding a crossover criteria 

for improving the position of the particles efficiently and obtaining better solutions 

(Guo, et al., 2010). It was found that the particle swarm method does not necessarily 

provide local or global optimum solutions, due to the methodology used by this method, 

which only ensures better results and not global optimization.  
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2 . 2 Managing Multiple Projects/Programs 

The management of mega infrastructure programs requires the implementation 

of Managing-Multiple-Projects/Programme-Management concepts. A programme is 

defined as “a group of projects that are managed in a coordinated way to gain benefits 

that would not be possible were the projects to be managed independently” (Ferns, 

1991). Programme Management is defined by Turner and Speiser (1992), as “the 

process of coordinating the management, support and setting of priorities on individual 

projects, to deliver additional benefits and to meet changing business needs”. 

The difference between managing single projects and managing programs is not 

only in the number of tasks performed. In case of program management, priorities and 

time management can be the leading driver of performed activities (Patanakul & 

Milosevic, 2008-b). Program managers are responsible for the management of sub-

projects each according to its goals, while managing to maintain a smooth flow of 

management activities all over target projects. Management of different types of 

projects, even if they were simple and straightforward, creates a complexity in 

management due to the difference in required tools and techniques for managing each 

project separately. It commonly involves strategic and financial planning for the 

required outputs of each task within different projects (Platje, et al., 1994). This has to 

target the overall success of program rather than the success of each individual project 

(Shenhar & Thamhain, 1994).  

There are several challenges that distinguish program/portfolio management 

from single project management, these include: (1) the combination of different types 

of projects, (2) the balance of available resources among projects, which are commonly 

limited, (3) the management of full program/portfolio for achieving an optimum output 
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the Output module, the following is presented to the user (1) the main selections of the 

model of DLIs, set by the optimization process, (2) a confirmation that all milestones 

were achieved, or a list of any milestones that were not achieved and need to be 

reconsidered or removed and (3) a detailed time schedule for each of the contents of the 

program (R.A., DLIs, projects and activities) including their start date and finish date 

before and after applying optimization to assess the effect of optimization and the need 

for making the changes. This time schedule can be extracted to Microsoft Project for 

better visualization or the time schedule. The resulting near optimum time schedule has 

to consider the program milestones, else this will be shown to the user, to either drop 

these milestones, negotiate changing them or change program inputs to consider them. 

The detailed schedule is divided according to the responsibilities of each of the program 

parties. The government uses these schedules for managing other program stakeholders 

and their financial requirements, and it is also sent to these stakeholders for managing 

their projects. It also enables the government plan backwards any steps required for 

getting disbursements, such as the online application form required by the World Bank 

in case of the Program-For-Results mechanism. (4) A detailed cash flow diagram 

representing daily cash-in and cash-out requirements, and another monthly cash-in and 

cash-out diagram. This is also graphically presented in a cash flow diagram format for 

visualizing financial transfers throughout the program lifecycle. This provides the 

government with a detailed schedule for its required spending on the program. These 

outputs enable the government identify cash flow requirements from the WB and others 

required from the general budget. (5) A detailed monthly schedule of expenditures 

presented in an excel table format. This schedule sets the outline for government 

spending on the program and supports future plans of the general budget. This schedule 

also alerts the government of its required capabilities during the program lifecycle. If 
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any of the required spending schemes does not comply with the government capabilities 

or plans for such period, it could be added to the program constraints to be considered 

while performing optimization.  

4 . 2 . 2 Identification stage 

In the identification stage, the government will have to reflect any feedback 

from the WB on the model. At this stage, the user is redirected to the “Welcome” page 

for pressing the “WB Identification” button. To be directed to the screen shown in 

Figure 26, where the user selects which items to be added or edited. After 

adding/editing inputs the model is re-run to provide the government with a new near 

optimum solution.  
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Figure 26: Edit Program Screen 

4 . 2 . 3 Preparation 

In the preparation stage, most of the tasks performed are done by the WB task 

team, so the government will only use the assessments performed to support the WB in 

performing these assessments. At the end of the preparation stage, the government will 

have to include any updates based on the WB assessments in the model through similar 

steps mentioned in the identification stage. At this stage the user is also directed to the 

screen shown in Figure 26. 
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4 . 2 . 4 Appraisal Stage 

In the appraisal stage, the government performs continuous negotiations with 

the WB on the program using the model outputs, which will enable the government 

have a continuously updated near optimum target for aiming to reach from negotiating 

the WB. At each stage of negotiation, the government has to get back to the model and 

apply any updates or suggestions from the WB to assess its effect on the program. At 

this stage, most of the flexibility offered to the government in selecting milestones or 

DLIs may not be available; however, it may add further restrictions to the program. 

4 . 2 . 5 Implementation stage 

Through the implementation stage, the government uses the model for 

monitoring and control of the implementing agencies and continuously updating 

program parameters according to the actual progress of the program. This translates 

mainly into the update of assessments, especially the risk assessment, and the update of 

activities costs and durations. The update of actual durations of activities and the 

application of productivity rates on future estimates of durations and costs, may lead to 

the need for re-running the model and obtaining new implementation targets from 

optimization. This run of the model may have the highest number of constraints as it 

has to respect all agreements made with the WB and can only allow activities that were 

not specifically settled with the WB. 

This optimization process is different from other previous processes as it only 

considers variables for activities that did not start yet. This means that the optimization 

module will only offer activities that did not start the option to change their durations 

or start dates, while DLIs are left as is as they are already agreed with the WB. 
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4 . 2 . 6 Closing 

In the closing stage, the model helps the government have an overall summary 

for the program total amount for summarizing the amounts that need to be returned to 

the WB. This amount is calculated similar to the method described in the amortization 

schedule within the cost module; however, it reflects actual amounts borrowed and not 

planned amounts, such as the case in the borrower preparation stage.  

4 . 2 . 7 Summary 

This chapter introduced the methodology of the proposed framework and a 

summary of its procedures. It started through the review of literature performed, which 

led to the definition of the problem behind this research. Then it introduced the 

proposed framework for solving such problem. The general layout of the developed 

model’s framework was introduced. It presented the optimization and risk management 

modules and how they get their desired outputs. Then it presented how these were 

integrated into a decision support model that facilitates the application of such models 

on P4R supported programs. Then, this decision support system was applied on a P4R 

supported program for validating its capability of providing acceptable results. It then 

summarized the steps for building the decision support model for applying Program-

For-Results funding mechanism on mega infrastructure programs, as one of the RBF 

mechanisms offered by international financial institutions. This model simulates the 

seven processes described by the WB, for applying P4R. It focuses on the Borrower 

Preparation stage, as it has the highest flexibility in planning for the target program, 

which translates in a higher number of tasks to be performed. Other stages of P4R 

application represent an update for inputs used in the model and all other processes are 

automatically repeated. This chapter described the main building blocks of the model 

and how they are used throughout the program lifecycle. It described the main inputs 
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required for using the model and its expected outputs and capabilities. The model 

described in this chapter used processes and tasks required by the WB for applying 

P4R; however, these steps can be applied on other RBF mechanisms.  
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CHAPTER 5:  VERIFICATION 

To verify the performance and structure of the developed model, a simplified 

program was designed by the author. This case study was built based on previous 

operations; however, several parameters were assumed to illustrate the capabilities of 

the model. This case study resembles a typical program that has a main Program-

Development-Objective, that is broken down into several result areas. The financial 

relationship between the borrower and lender is defined by specific Disbursement-

linked-Indicators, which are specified goals that should be reached to get agreed 

disbursements. Each DLI is broken down into projects, represented by a set of different 

activities. This chapter explains the application of the model on the case study, presents 

the model features and provides an explanation of the model outputs. 

5 . 1 Inputs / Assumptions 

The model inputs are divided into four categories, (1) the main classification of 

the R.A.s, DLIs, Projects and activities, (2) Lending Bank conditions and financial data 

, (3) list of milestones and (4) list of DLI alternatives. Table 5 shows the list of items 

added in the model (Result areas, DLIs, Projects and activities). It describes the 

scheduling data for each activity, such as its minimum, average and maximum duration 

and its list of predecessors. The average duration is the duration that the activity is 

executed in under normal working conditions, the maximum duration is the longest 

duration the activity can be extended to when decreasing the productivity and the 

minimum duration is the least duration the activity can be achieved in after applying 

crashing. This program includes two result areas, each result area is broken down into 

several DLIs and under each DLI several projects that include a number of activities. 
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For example, the first result area (RA 1) includes two DLIs, the first DLI (DLI 1.1) has 

two different projects (Project 1.1.1 & Project 1.1.2) while the second (DLI 1.2) has 

only one project (Project 1.2.1). The first project (Project 1.1.1) has six activities 

(activity 1.1.1.1 to activity 1.1.1.6).  

Responsibilities within this program are divided among three stakeholders. 

Institution A is the main governmental institution that is responsible for the overall 

financial management of the program and coordinating between other institutions. 

Institutions B and C are responsible for the management of projects within the program 

and follow the main plan designed by institution A. These two institutions have to 

ensure having no spending on the program. This is achieved by making financial 

transfers for each one of them that covers their plan for that period, by institution A. 

Responsibilities within the program are divided among these three institutions.  

Scheduling data is only added for activities as it is considered the driver for 

other scheduling information of projects, DLIs and result areas. Relationships are only 

set to be between activities, this means that if an activity has to start after a specific 

project ends, its predecessor is set to be the last activity of that project (or its finish 

milestone).  

Table 5: case study scheduling inputs 

  Duration Predecessors 

Code Description 
Min. 

Dur. 

Avg. 

Dur. 

Max 

Dur. 
Pred. 1 Pred. 2 Pred. 3 

1 Result Area 1 
      

1.1 DLI 1.1 
      

1.1.1 Project 1.1.1 
      

1.1.1.1 Activity 1.1.1.1 50 75 100    

1.1.1.2 Activity 1.1.1.2 25 50 75 1.1.1.1 
  

1.1.1.3 Activity 1.1.1.3 50 75 100  1.1.1.1  

1.1.1.4 Activity 1.1.1.4 75 100 125 1.1.1.3 1.1.1.2  
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  Duration Predecessors 

Code Description 
Min. 

Dur. 

Avg. 

Dur. 

Max 

Dur. 
Pred. 1 Pred. 2 Pred. 3 

1.1.1.5 Activity 1.1.1.5 150 175 200 1.1.1.4 
  

1.1.1.6 Activity 1.1.1.6 50 60 75 1.1.1.5 
  

1.1.2 Project 1.1.2 
      

1.1.2.1 Activity 1.1.2.1 50 75 100 1.1.1.6   

1.1.2.2 Activity 1.1.2.2 50 100 125 1.1.2.1   

1.1.2.3 Activity 1.1.2.3 60 75 100 1.1.2.1 
  

1.1.2.4 Activity 1.1.2.4 150 175 200 1.1.2.2 
  

1.1.2.5 Activity 1.1.2.5 150 175 200 1.1.2.3 
  

1.1.2.6 Activity 1.1.2.6 75 90 100 1.1.2.5 1.1.2.4  

1.2 DLI 1.2 
      

1.2.1 Project 1.2.1 
      

1.2.1.1 Activity 1.2.1.1 75 100 125  1.1.1.6  

1.2.1.2 Activity 1.2.1.2 100 125 150 1.2.1.1   

1.2.1.3 Activity 1.2.1.3 75 100 125 1.2.1.2   

1.2.1.4 Activity 1.2.1.4 100 125 150 1.2.1.3   

1.2.1.5 Activity 1.2.1.5 75 100 125 1.2.1.4   

2 Result Area 2 
      

2.1 DLI 2.1 
      

2.1.1 Project 2.1.1 
      

2.1.1.1 Activity 2.1.1.1 50 75 100  1.2.1.5  

2.1.1.2 Activity 2.1.1.2 150 175 200 2.1.1.1 
  

2.1.1.3 Activity 2.1.1.3 50 75 100  2.1.1.1  

2.1.1.4 Activity 2.1.1.4 75 100 125 2.1.1.2 
  

2.1.1.5 Activity 2.1.1.5 200 225 250 2.1.1.3 
  

2.1.1.6 Activity 2.1.1.6 50 60 75 2.1.1.5 2.1.1.4 
 

2.1.2 Project 2.1.2 
      

2.1.2.1 Activity 2.1.2.1 50 75 100  2.1.1.6  

2.1.2.2 Activity 2.1.2.2 100 125 150 2.1.2.1   

2.1.2.3 Activity 2.1.2.3 50 75 100 2.1.2.2 
  

2.1.2.4 Activity 2.1.2.4 75 100 125 2.1.2.3 
  

2.1.2.5 Activity 2.1.2.5 100 125 150 2.1.2.4 
  

2.1.2.6 Activity 2.1.2.6 50 60 75 2.1.2.5 
  

2.2 DLI 2.2 
      

2.2.1 Project 2.2.1 
      

2.2.1.1 Activity 2.2.1.1 75 100 125 1.1.2.6   

2.2.1.2 Activity 2.2.1.2 100 125 150 2.2.1.1   

2.2.1.3 Activity 2.2.1.3 75 100 125 2.2.1.1   

2.2.1.4 Activity 2.2.1.4 100 125 150 2.2.1.2   

2.2.1.5 Activity 2.2.1.5 75 100 125 2.2.1.4 2.2.1.3  



 111  Verification 

 

The cost data and responsibilities of each element added in the model is shown 

in Table 6. In case of cash-out, total costs are added for each activity. The total cost of 

a project is the sum of costs of all activities included in it. For each project the user 

inserts a percentage for advance payment to be calculated of the total project cost and 

paid at the project start date, a percentage for an end payment to be paid at the finish 

date of the project, a percentage for retention/delayed payment and a retention duration. 

The advance payment percentage, end payment percentage and the retention 

percentages are deducted from activities within the project to get the amount for 

invoicing of progress during the lifecycle of the project for each activity. 
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Table 6: Case study cost data 

  Cost Data (Cash Out) Cash-In Transfer 

Code Description 
Total cost 

Advance 

payment 

Uniform 

payment 

End 

payment 

Delayed 

payment 

Delay 

Period 

DLI 

Amount 
Responsible Recipient Payee 

1 Result Area 1           

1.1 DLI 1.1           

1.1.1 Project 1.1.1  20%   5% 365  B   

1.1.1.1 Activity 1.1.1.1 10,000,000  7,500,000        

1.1.1.2 Activity 1.1.1.2 10,000,000  7,500,000        

1.1.1.3 Activity 1.1.1.3 10,000,000  7,500,000        

1.1.1.4 Activity 1.1.1.4 10,000,000  7,500,000        

1.1.1.5 Activity 1.1.1.5 10,000,000  7,500,000        

1.1.1.6 Activity 1.1.1.6 10,000,000  7,500,000        

1.1.2 Project 1.1.2  20%   5% 365  C   

1.1.2.1 Activity 1.1.2.1 10,000,000  7,500,000        

1.1.2.2 Activity 1.1.2.2 10,000,000  7,500,000        

1.1.2.3 Activity 1.1.2.3 10,000,000  7,500,000        

1.1.2.4 Activity 1.1.2.4 10,000,000  7,500,000        

1.1.2.5 Activity 1.1.2.5 10,000,000  7,500,000        

1.1.2.6 Activity 1.1.2.6 10,000,000  7,500,000        

1.2 DLI 1.2           

1.2.1 Project 1.2.1  20%   5% 365  A   

1.2.1.1 Activity 1.2.1.1 10,000,000  7,500,000        

1.2.1.2 Activity 1.2.1.2 10,000,000  7,500,000        

1.2.1.3 Activity 1.2.1.3 10,000,000  7,500,000        
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  Cost Data (Cash Out) Cash-In Transfer 

Code Description 
Total cost 

Advance 

payment 

Uniform 

payment 

End 

payment 

Delayed 

payment 

Delay 

Period 

DLI 

Amount 
Responsible Recipient Payee 

1.2.1.4 Activity 1.2.1.4 10,000,000  7,500,000        

1.2.1.5 Activity 1.2.1.5 10,000,000  7,500,000        

2 Result Area 2           

2.1 DLI 2.1           

2.1.1 Project 2.1.1        A   

2.1.1.1 Activity 2.1.1.1 10,000,000 5,000,000  5,000,000       

2.1.1.2 Activity 2.1.1.2 10,000,000 5,000,000  5,000,000       

2.1.1.3 Activity 2.1.1.3 10,000,000 5,000,000  5,000,000       

2.1.1.4 Activity 2.1.1.4 10,000,000 5,000,000  5,000,000       

2.1.1.5 Activity 2.1.1.5 10,000,000 5,000,000  5,000,000       

2.1.1.6 Activity 2.1.1.6 10,000,000 5,000,000  5,000,000       

2.1.2 Project 2.1.2  15%   5% 365  A   

2.1.2.1 Activity 2.1.2.1 10,000,000  8,000,000        

2.1.2.2 Activity 2.1.2.2 10,000,000  8,000,000        

2.1.2.3 Activity 2.1.2.3 10,000,000  8,000,000        

2.1.2.4 Activity 2.1.2.4 10,000,000  8,000,000        

2.1.2.5 Activity 2.1.2.5 10,000,000  8,000,000        

2.1.2.6 Activity 2.1.2.6 10,000,000  8,000,000        

2.2 DLI 2.2           

2.2.1 Project 2.2.1  15%   5% 365  A   

2.2.1.1 Activity 2.2.1.1 20,000,000  16,000,000        

2.2.1.2 Activity 2.2.1.2 20,000,000  16,000,000        
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  Cost Data (Cash Out) Cash-In Transfer 

Code Description 
Total cost 

Advance 

payment 

Uniform 

payment 

End 

payment 

Delayed 

payment 

Delay 

Period 

DLI 

Amount 
Responsible Recipient Payee 

2.2.1.3 Activity 2.2.1.3 15,000,000  12,000,000        

2.2.1.4 Activity 2.2.1.4 15,000,000  12,000,000        

2.2.1.5 Activity 2.2.1.5 15,000,000  12,000,000        
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For example, in project 1.1.1 an advance payment of 20% is paid at the 

beginning of the project and a retention of 5% is retained for one year. The stakeholder 

responsible for this project is institution “B”. In case of project 2.1.1, activities within 

this project are of a different nature where payments for these activities are made at the 

beginning and the end of the activity only. This model allows for the inclusion of any 

types of activities within the program, not only activities of construction projects. 

Financial conditions of the loan are presented in Table 7. The interest rate 

assumed for this program is 2% semi-annual interest rate compounded semi-annually. 

For obtaining this loan the government has to pay two fees, 0.25% for the commitment 

fee that is calculated semi-annually on the undisbursed balance and 0.25% as a front-

end fee that is deducted from the loan amount in the beginning of the program. This 

loan is returned over 30 years while considering no grace period. Laon payments are 

made each 6 months. 

Table 7: Loan Financial Conditions 

Interest Rate  

Nominal Interest rate 2% 

Compounding period (Months) 6 months 

Loan Fees  

Commitment fee 0.25% 

Commitment fee calculation frequency 6 months 

Front-end fee 0.25% 

Amortization Schedule  

Loan Return Duration 30 years 

Loan Installments frequency 6 months 

Grace Period 0 

 

Initial data of the program is presented in Table 8. An advance payment of 25% 

is assumed for this program, this amount is paid at the beginning of the program from 

the lending institution to the borrowing government. The start date of the program is 
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set to be the 1st of July 2018. The time between the achievement of a DLI and receiving 

its disbursement amount after getting the bank and verification agent’s approval is 

assumed to be 30 days. The annual inflation rate is set to be 3%. The planning duration 

that is set for transfers between the government and governmental implementing 

agencies is set to be 6 months.  

Table 8: Program Initial Data 

Advance Payment 25% 

Start Date 01/07/2018 

DLI achievement approval duration 30 days 

Annual Inflation rate 3% 

Transfers frequency to implementing 

agencies 

6 months 

 

The assumed list of milestones is presented in Table 9. This includes the start 

date and finish date and two milestones for the finish dates of two projects (1.1.2 and 

1.2.1).  

Table 9 List of Milestones 

 
Description Date Related Item Relation 

M.1 Start Date 01/07/2018 Start Start 

M.2 Finish Date 31/03/2024 Finish Finish 

M.3 Project 1.1.2 Finish 13/10/2021 1.1.2 Finish 

M.4 Project 1.2.1 Finish 13/10/2021 1.2.1 Finish 

 

Different alternatives for each DLI are presented in Table 10. In case of DLI 

1.1, the total amount allocated for it is 100Mn, this amount is disbursed as both a 

threshold amount at the end of the achievement of the DLI and scaled amounts relevant 

to smaller tasks within the DLI achievement. Once the government starts in activities 
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Table 10: List of DLIs Alternatives 

# Alt.# 
Total 

Amount 
Distribution 

Start 

Amount 

Repetitive 

payment 

Repetition 

duration 
Act. 1 Act.1 Am. Act. 2 Act.2 Am. Act. 3 Act.3 Am. Finish Am. 

1.1 1 100,000,000 T & S 20,000,000   1.1.1.3 10,000,000 1.1.1.6 10,000,000 1.1.2.3 10,000,000 50,000,000 

1.1 2 100,000,000 T & S 10,000,000   1.1.1.3 8,000,000 1.1.1.6 7,000,000 1.1.2.3 10,000,000 65,000,000 

1.2 1 50,000,000 T & S 5,000,000   1.2.1.2 10,000,000 1.2.1.4 10,000,000   25,000,000 

1.2 2 50,000,000 T & S 8,000,000   1.2.1.2 7,500,000 1.2.1.4 7,500,000   27,000,000 

2.1 1 90,000,000 T & S 10,000,000   2.1.1.3 10,000,000 2.1.1.6 10,000,000 2.1.2.3 10,000,000 50,000,000 

2.1 2 90,000,000 T & S 20,000,000   2.1.1.3 9,000,000 2.1.1.6 8,000,000 2.1.2.3 8,000,000 45,000,000 

2.1 3 90,000,000 T & S 30,000,000   2.1.1.3 8,000,000 2.1.1.6 6,000,000 2.1.2.3 6,000,000 40,000,000 

2.2 1 59,250,000 T & S 5,000,000   2.2.1.2 9,250,000 2.2.1.4 10,000,000   35,000,000 

2.2 2 59,250,000 T & S 8,000,000   2.2.1.2 4,250,000 2.2.1.4 5,000,000   42,000,000 
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5 . 2 Model Implementation 

The above data was used in the model to test its reliability and ability to produce 

valid results. This section explains the processes used for the input of data in the model, 

model calculations and the main outputs from the model.  

5 . 2 . 1 Input module 

The following figures show steps followed to input data of the case study in the 

model. It starts by Figure 27 for the definition of loan financial conditions. Figure 28 is 

used for the definition of the program initial data. Figure 29 is used for the definition 

of the list of responsible program stakeholders, this figure is repeated until all 

responsible stakeholders are defined. Figure 30 is used for the definition of the result 

areas within the program, this figure is repeated until all result areas are defined. Figure 

31 is used for the definition of program DLIs under each result area, this figure is 

repeated until all DLIs are inserted. Figure 32 is used for inserting the details of each 

of the DLIs defined before, this figure is repeated until the details of all DLIs are added. 

Figure 33 is used for the definition of the details of projects under each DLI, this figure 

is repeated until details of all projects are added. Figure 34 is used for the definition of 

activities within each project, this figure is repeated until all activities are added. Figure 

35 is used for the definition of program milestones, this figure is repeated until all 

milestones are defined.  
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Figure 27: Loan Financial Conditions - case study 
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Figure 28: Program Initial Data - case study 
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Figure 29: Program responsibilities - case study 

 

Figure 30: Result Areas definition - case study 
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Figure 31: DLI definition - case study 
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Figure 32: DLI details definition - case study 
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Figure 33: Projects definition - case study 
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Figure 34: Activities definition - case study 
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Figure 35: Milestones definition - case study 

5 . 2 . 2 Scheduling Module 

Scheduling data obtained from the input module is used in this module for 

calculating a detailed time schedule for the program. The total duration of the program, 

without considering any optimization performed, is 2030 days. Table 11 shows the 

detailed calculations of the program time schedule. This starts by setting the list of 

predecessors of each activity. This model allows activities to have up to three 

predecessors. Calculations within this table are driven by activities, this means that 

activity dates are calculated and based on these dates the dates of projects, DLIs and 

result areas are calculated. After getting the predecessors and durations of activities, 

this module calculates the early start, early finish, late start and late finish of each 

activity. Durations mentioned in this table are brought from the optimization module, 

based on the optimization process selection, and not from the input module. For 

example, activity 1.1.2.1 has the predecessor activity 1.1.1.6, so it has the early start 

date of day 486 and early finish of day 560 (75 days of duration after its start date), 

same applies for the late start and late finish calculations. Based on these dates the total 
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After calculating all the cash flow requirements of the program based on the 

planned schedule, the model starts in calculating the amortization schedule based on 

the preset durations and dates. In this case, the interest rate duration is set to be each six 

months. So, the amounts borrowed from the bank are added in the beginning of each 

six months period to form the borrowed amounts period cash flow. Table 16 shows the 

amounts disbursed to the government during each of the six-months periods starting at 

the dates described in the table. It starts by the advance payment amount, front-end fee 

amount and an amount set at the beginning of one of the projects that start at the 

beginning of the program, as shown in the July 2018 date. The government did not 

achieve any DLIs throughout this 6-months period, so these were the only amounts 

calculated during this period. This table is the basis for the calculation of the 

amortization schedule.  

Table 16: 6-months disbursement schedule 

Date Amounts Disbursed 

Jul-18 90,737,469 

Jan-18 7,493,734 

Jul-19 11,240,602 

Jan-20 7,493,734 

Jul-20 7,493,734 

Jan-21 74,937,343 

Jul-21 14,425,439 

Jan-22 33,721,805 

Jul-22 7,493,734 

Jan-23 7,493,734 

Jul-23  

Jan-24 37,468,672 

The future worth of the amounts described in Table 16 is calculated at the finish 

date of the program, at the end of the five year period of the program and the beginning 

of loan return period, as this program did not include a grace period. This is done using 
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the interest rate defined in the input module, 1.5% compounded semi-annually. After 

getting this amount, a uniform amount, that represents the installment amount, 

equivalent to this amount is calculated over the 30 years period, as shown in Figure 42. 

This is the second number that this model considers in the optimization process.  

 

Figure 42: Program Cash Flow (Amortization schedule) 

After calculating all cash-in and cash-out requirements of the program, the 

model presents the outputs of these calculations in a table format for the user, as shown 

in Table 17. This table presents all program financial transfers on a monthly basis for 

the government throughout the program life-cycle. This table is also a part of the output 

module. All amounts presented in this table are average monthly amounts. This table 

starts by monthly dates for each of the calculated costs, then the monthly cash-in 

amounts received from the bank. Then the cumulative cash-in amounts, monthly and 

cumulative cash-out amounts, overall finance amount during the month through 

subtracting the cumulative cash-out amount from the cumulative cash-in amount, this 

results in the overall amount that the government spends on the program at that date. 

Any negative amounts in this column reflect a month that the government has a surplus 

amount on account of the program. Finally, the monthly finance amount, which is the 

amount that the government has to provide finance for the program at that month. This 

amount is calculated by subtracting the finance amount at that month from the finance 

amount in the month before. As shown in March 2020, the monthly finance amount is 

Program Duration 
5 years 

Installments return period 
30 years 
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2.345 Mn that is the finance amount at that month (11.98 Mn) minus the finance amount 

in February 2020 (9.64 Mn).  

The average of all monthly finance amounts calculated in the program is 

considered in the optimization process as this forces the model to optimize spending on 

the program without increasing the monthly finance amounts spent by the government 

on the program. This is because when optimizing the other two objectives only, which 

are to minimize the finance amount and the returned installments, the model may solve 

this problem by increasing the monthly finance amounts.  

Table 17: Program Monthly Balance 

Date Cash-In 
Cumulative 

Cash-In 
Cash-Out 

Cumulative 

Cash-Out 

Finance 

(Average) 

Monthly 

Finance 

07/2018 90,737,469  (90,737,469) 37,035,000  37,035,000   (53,702,469)  

08/2018  (90,737,469)  37,035,000   (53,702,469)  

09/2018  (90,737,469)  37,035,000   (53,702,469)  

10/2018  (90,737,469)  37,035,000  (53,702,469)  

11/2018  (90,737,469)  37,035,000  (53,702,469)  

12/2018  (90,737,469)  37,035,000  (53,702,469)  

01/2019 7,493,734  (90,737,469) 9,996,429  47,031,429  (43,706,040)  

02/2019  (98,231,203)    47,031,429  (51,199,774)  

03/2019  (98,231,203) 504,422  47,535,851  (50,695,352)  

04/2019  (98,231,203)  47,535,851  (50,695,352)  

05/2019  (98,231,203)  47,535,851  (50,695,352)  

06/2019  (98,231,203)  47,535,851  (50,695,352)  

07/2019  (98,231,203) 29,267,371  47,535,851  (50,695,352)  

08/2019  (98,231,203) 504,422  76,803,222  (21,427,981)  

09/2019  (98,231,203)    77,307,644  (20,923,559)  

10/2019 3,746,867  (98,231,203) 10,578,100  77,307,644  (20,923,559)  

11/2019  (101,978,070) 2,317,500  87,962,994  (14,015,076)  

12/2019 7,493,734  (101,978,070) 2,394,750  90,280,494  (11,697,576)  

01/2020  (109,471,805) 26,437,893  92,675,244  (16,796,561)  

02/2020  (109,471,805) 1,884,900  119,113,137  9,641,332  9,641,332  

03/2020  (109,471,805) 2,392,120  121,458,907    11,987,103  2,345,770  

04/2020  (109,471,805) 1,854,000  123,374,707    13,902,903  1,915,800  

05/2020 7,493,734  (109,471,805) 1,915,800  125,228,707    15,756,903  1,854,000  

06/2020  (116,965,539) 2,163,000  127,144,507    10,178,968   -    

07/2020  (116,965,539) 20,472,274  129,322,957    12,357,418  2,178,450  

08/2020 7,493,734  (116,965,539) 2,833,602  149,795,231    32,829,692  20,472,274  

09/2020  (124,459,273) 2,154,348  152,628,833    28,169,560   -    

10/2020  (124,459,273) 1,973,274  154,769,585    30,310,312  2,140,752  
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Date Cash-In 
Cumulative 

Cash-In 
Cash-Out 

Cumulative 

Cash-Out 

Finance 

(Average) 

Monthly 

Finance 

11/2020  (124,459,273) 1,909,620  156,742,859    32,283,586  1,973,274  

12/2020  (124,459,273) 1,973,274  158,652,479    34,193,206  1,909,620  

01/2021 3,746,867  (124,459,273) 20,081,069  160,625,753    36,166,480  1,973,274  

02/2021 37,468,672  (128,206,140) 6,980,722   180,892,479    52,686,339  16,519,859  

03/2021 7,493,734   (165,674,812) 8,064,469   187,873,201    22,198,389   -    

04/2021  (173,168,546) 8,319,578   195,937,671    22,769,124  570,735  

05/2021 26,228,070  (173,168,546) 13,540,267   204,350,608    31,182,061  8,412,937  

06/2021  (199,396,617) 7,893,096   217,811,307    18,414,690   -    

07/2021  (199,396,617) 24,260,661   225,704,403    26,307,786  7,893,096  

08/2021  (199,396,617) 3,993,397   249,837,756    50,441,140  24,133,353  

09/2021  (199,396,617) 14,325,832   254,051,769    54,655,152  4,214,012  

10/2021 6,931,704  (199,396,617) 3,251,956   268,126,092    68,729,476  14,074,324  

11/2021 7,493,734  (206,328,321) 3,147,054   271,378,048    65,049,727   -    

12/2021  (213,822,055) 3,356,857   274,525,102    60,703,046   -    

01/2022  (213,822,055) 18,097,664   277,908,184    64,086,129  3,383,083  

02/2022 7,493,734  (213,822,055) 3,671,563   296,005,849    82,183,794  18,097,664  

03/2022  (221,315,789) 4,261,655   299,677,412    78,361,622   -    

04/2022  (221,315,789) 6,250,398   303,939,067    82,623,277  4,261,655  

05/2022 26,228,070  (221,315,789) 13,533,170   312,664,238    91,348,448  8,725,171  

06/2022  (247,543,860) -     323,591,508    76,047,648   -    

07/2022  (247,543,860) 18,215,650   323,591,508    76,047,648   -    

08/2022  (247,543,860) 3,721,682   341,927,212    94,383,352  18,335,704  

09/2022 7,493,734  (247,543,860) 3,396,617   345,648,894    98,105,035  3,721,682  

10/2022  (255,037,594) 2,233,009   348,997,489    93,959,895   -    

11/2022  (255,037,594) 2,160,977   351,230,499    96,192,905  2,233,009  

12/2022  (255,037,594) 2,233,009   353,391,476    98,353,882  2,160,977  

01/2023  (255,037,594) 2,473,118   355,624,485  100,586,891  2,233,009  

02/2023  (255,037,594) 3,361,520   358,145,625  103,108,031  2,521,140  

03/2023  (255,037,594) 3,834,088   361,507,144  106,469,550  3,361,520  

04/2023  (255,037,594) 7,587,936   365,341,233  110,303,639  3,834,088  

05/2023  (255,037,594) 2,791,262   372,899,155  117,861,561  7,557,922  

06/2023 7,493,734  (255,037,594) 2,701,221   375,690,417  120,652,823  2,791,262  

07/2023  (262,531,328) 2,616,943   378,391,638  115,860,310   -    

08/2023  (262,531,328) 2,300,000   380,992,734  118,461,406  2,601,096  

09/2023  (262,531,328) 2,319,478   383,292,734  120,761,406  2,300,000  

10/2023  (262,531,328) 2,300,000   385,612,212  123,080,883  2,319,478  

11/2023  (262,531,328) 2,868,817   387,912,212  125,380,883  2,300,000  

12/2023   (262,531,328) 4,791,666   390,861,405  128,330,076  2,949,193  

01/2024  (262,531,328) 3,245,967   395,653,071  133,121,743  4,791,666  

02/2024 37,468,672  (262,531,328) -     398,744,468  136,213,140  3,091,398  

03/2024  (300,000,000) -     398,744,468    98,744,468   -    

5 . 2 . 4 Optimization Module 

The optimization module prepares the optimization settings for running the 

genetic algorithms optimization process. In this case, the full capabilities of the model 
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schedule calculated in the scheduling module. A check is then performed that the lag 

amounts do not exceed the original float amounts, this ensures that activities that are 

not on the critical path only move within their available float. This check gives results 

of only zero and one, where zero represents that activities are within their float while 

one reports the opposite. Then the table sets the limits for the lag amounts available for 

each activity. As shown in the table, minimum and maximum lag amounts are set only 

for activities as calculations of other projects, DLIs and R.A.s depend mainly on their 

activities. 

Table 18: Optimization Settings 

 
Durations 

Activity 

Code 

Min. 

Dur. 

Avg. 

Dur. 

Max 

Dur. 

Duration TF FF X 

(Lag) 

Check Min 

(Lag) 

Max 

Lag 

1 0 0 0 0 545  0 0 0 0 

1.1 0 0 0 0 655  0 0 0 0 

1.1.1 0 0 0 0 0  0 0 0 0 

1.1.1.1 50 75 100 75 0 0 0 0 0 0 

1.1.1.2 25 50 75 50 25 25 0 0 0 25 

1.1.1.3 50 75 100 75 0 0 0 0 0 0 

1.1.1.4 75 100 125 100 0 0 0 0 0 0 

1.1.1.5 150 175 200 175 0 0 0 0 0 0 

1.1.1.6 50 60 75 60 0 0 0 0 0 0 

1.1.2 0 0 0 0 655  0 0 0 0 

1.1.2.1 50 75 100 75 655 0 0 0 0 655 

1.1.2.2 50 100 125 100 655 0 0 0 0 655 

1.1.2.3 60 75 100 75 680 0 0 0 0 680 

1.1.2.4 150 175 200 175 655 0 0 0 0 655 

1.1.2.5 150 175 200 175 680 25 0 0 0 680 

1.1.2.6 75 90 100 90 655 0 0 0 0 655 

1.2 0 0 0 0 0  0 0 0 0 

1.2.1 0 0 0 0 0  0 0 0 0 

1.2.1.1 75 100 125 100 0 0 0 0 0 0 

1.2.1.2 100 125 150 125 0 0 0 0 0 0 

1.2.1.3 75 100 125 100 0 0 0 0 0 0 

1.2.1.4 100 125 150 125 0 0 0 0 0 0 

1.2.1.5 75 100 125 100 0 0 0 0 0 0 

2 0 0 0 0 0  0 0 0 0 

2.1 0 0 0 0 0  0 0 0 0 

2.1.1 0 0 0 0 0  0 0 0 0 

2.1.1.1 50 75 100 75 0 0 0 0 0 0 

2.1.1.2 150 175 200 175 25 0 0 0 0 25 

2.1.1.3 50 75 100 75 0 0 0 0 0 0 

2.1.1.4 75 100 125 100 25 25 0 0 0 25 

2.1.1.5 200 225 250 225 0 0 0 0 0 0 

2.1.1.6 50 60 75 60 0 0 0 0 0 0 
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Durations 

Activity 

Code 

Min. 

Dur. 

Avg. 

Dur. 

Max 

Dur. 

Duration TF FF X 

(Lag) 

Check Min 

(Lag) 

Max 

Lag 

2.1.2 0 0 0 0 0  0 0 0 0 

2.1.2.1 50 75 100 75 0 0 0 0 0 0 

2.1.2.2 100 125 150 125 0 0 0 0 0 0 

2.1.2.3 50 75 100 75 0 0 0 0 0 0 

2.1.2.4 75 100 125 100 0 0 0 0 0 0 

2.1.2.5 100 125 150 125 0 0 0 0 0 0 

2.1.2.6 50 60 75 60 0 0 0 0 0 0 

2.2 0 0 0 0 655  0 0 0 0 

2.2.1 0 0 0 0 655  0 0 0 0 

2.2.1.1 75 100 125 100 655 0 0 0 0 655 

2.2.1.2 100 125 150 125 655 0 0 0 0 655 

2.2.1.3 75 100 125 100 805 150 0 0 0 805 

2.2.1.4 100 125 150 125 655 0 0 0 0 655 

2.2.1.5 75 100 125 100 655 655 0 0 0 655 

 The next stage is the selection of the near optimum DLI for the program. A 

table similar to Table 10 is used for selecting among the available DLI options. Table 

20 presents the criteria used for the selection among DLIs, while Table 19 presents the 

method that the model uses for changing alternatives and selecting among the available 

alternatives. This table presents the number of alternatives available for each DLI and 

then the DLI that is selected among them.  

Table 19: DLI selection method 

# Alternatives Selection 

1.1 2 1 

1.2 2 1 

2.1 3 1 

2.2 2 1 
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Table 20: DLI alternative selection 

# Selection Alt. 
Total 

Amount 
Distribution 

Start 
Amount 

Repetitive 
payment 

Repetition 
duration 

Activity 
1 

Act.1 
Amount 

Activity 
2 

Act.2 
Amount 

Activity 
3 

Act.3 
Amount 

Finish 
Amount 

1.1 1.1 1 100,000,000  T & S 20,000,000    1.1.1.3 10,000,000  1.1.1.6 10,000,000  1.1.2.3 10,000,000  50,000,000  

1.1 
 

2 100,000,000  T & S 10,000,000    1.1.1.3 8,000,000  1.1.1.6 7,000,000  1.1.2.3 10,000,000  65,000,000  

1.2 1.2 1 50,000,000  T & S 5,000,000    1.2.1.2 10,000,000  1.2.1.4 10,000,000    25,000,000  

1.2 
 

2 50,000,000  T & S 8,000,000    1.2.1.2 7,500,000  1.2.1.4 7,500,000    27,000,000  

2.1 2.1 1 90,000,000  T & S 10,000,000    2.1.1.3 10,000,000  2.1.1.6 10,000,000  2.1.2.3 10,000,000  50,000,000  

2.1 
 

2 90,000,000  T & S 20,000,000    2.1.1.3 9,000,000  2.1.1.6 8,000,000  2.1.2.3 8,000,000  45,000,000  

2.1 
 

3 90,000,000  T & S 30,000,000    2.1.1.3 8,000,000  2.1.1.6 6,000,000  2.1.2.3 6,000,000  40,000,000  

2.2 2.2 1 59,250,000  T & S 5,000,000    2.2.1.2 9,250,000  2.2.1.4 10,000,000    35,000,000  

2.2 
 

2 59,250,000  T & S 8,000,000    2.2.1.2 4,250,000  2.2.1.4 5,000,000    42,000,000  
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After setting variables, constraints are added in the model. The main constraint 

is the set of milestones. Table 21 presents the set of milestones defined earlier. The last 

two columns of the table include both the actual values for the dates of milestones. 

Based on the defined relationship of the defined milestone and the activity, the check 

in the last column of the table confirms if the program abides by all of the defined 

milestones or not. If any of the milestones is not satisfied, this column changes the value 

from zero to one. The sum of all values of the check amount has to always be zero.  

Table 21: Milestone Check 

 

Description Date 
Related 

Item 
Relation Actual Check 

M.1 Start Date 0 Start Start 0 0 

M.2 Finish Date 2100 Finish Finish 2030 0 

M.3 
Project 1.1.2 

Finish 
1200 1.1.2 Finish 925 0 

M.4 
Project 1.2.1 

Finish 
1200 1.2.1 Finish 1035 0 

This model considers multiple objectives for providing a realistic near optimum 

solution. These include the minimization of: (1) the maximum spending of the 

government on the program, that is 136 million, (2) the loan installment paid by the 

government, that is 11.08 million and (3) the average monthly spending of the 

government on the program, that is 2.85 million. The overall objective function in this 

case is the multiplication of the above three values, this follows the weighted product 

method for considering multiple objectives (Marler & Arora, 2004); however, no 

weights were considered due to the equal importance of the three objectives. The main 

objective of this model is to minimize this overall objective function, for providing a 

near optimum combination of their values. Table 22 summarizes the presentation of the 

model objectives. As shown in the table, the multiple objective value is equal to the 
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multiplication of other values, while being divided by 1015 for obtaining a small number 

that helps in judging the overall effect of the model.  

Table 22: Multiple Objectives table 

Objective Value 

Maximum Expenditure 136,213,140 

Loan Installment 11,080,678 

Average Monthly Expenses 2,858,147 

Overall Objective Function 43,138 

After setting all calculations for the optimization process, Evolver Add-in is 

used for applying Genetic Algorithms (GA) optimization on this problem. Figure 43 

presents the interface of Evolver that is used for defining optimization settings. It starts 

by the definition of the optimization goal, which is to minimize the cell that has the 

“Overall Objective Function” shown in Table 22.  

The set of variables are then defined in the interface as the “Adjustable Cell 

Ranges”. For each set of variables (range), a minimum, maximum and value type 

(integer or fraction) is defined. (1) The first set of variables is the lag duration (X) 

shown in Table 18, the minimum amount for each of the lag amounts is defined to be 

zero while the maximum amount is set to be equal to the total float of each activity (cell 

range L27:L72). These amounts are set to be integers, as they represent numbers of 

days. (2) The second set of variables is the number of DLI alternatives available for 

each DLI, as shown in Table 19. The minimum amount for each DLI is always set to 

be one and the maximum is the total number of DLI alternatives available for that DLI 

(cell range AF5:AF8). These amounts are set to be integers, as they represent numbers 

of DLIs. (3) The third set of variables is the duration set for each activity, as shown in 

Table 18. The minimum and maximum durations for each activity are set to the amounts 
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defined earlier by the user (cell range I27:I72). These amounts are set to be integers, as 

they represent numbers of days. 

Two constraints are defined in this model, (1) the first constraint is the 

scheduling logic of the program. This is ensured by adding all values in the check 

column in Table 18 to be equal to zero. All amounts in the “Check” column are added 

in cell “M25”, and this cell is set to be equal to zero. (2) The second constraint is the 

check that the program abides by all the milestones defined. The total value of the 

“Check” column in Table 21, is calculated in cell “Y4”. This cell has to be equal to 

zero. Both of these constraints are hard constraints. 

 

Figure 43: Evolver optimization settings 



 159 Verification 
 

After defining all optimization settings, evolver is run to perform the 

optimization process. The set of variables are set to be the chromosomes, the group of 

variables forming one solution is called a population, while the fitness criteria is the 

optimization goal. Evolver starts in changing chromosomes for getting new populations 

of better fitness values (in this case, lower objective function value). At this stage, the 

genetic algorithms optimization is run by changing variables (chromosomes) and 

evaluating each of the developed combinations (measuring fitness of population). This 

process continues in changing variables and updating the fittest population so far. The 

optimization process depends mainly on the time it spends in changing variables and 

finding new near optimum results. This means that the more time the optimization 

process takes, the better results it can achieve. This optimization process was run for 

three hours to obtain the best possible results that could be achieved in this case.  

5 . 2 . 5 Output module 

Results obtained from this optimization process are presented in the output 

module. The output module presents the model results in table format and graphical 

representation. These include (1) the selected set of DLI alternatives as shown in Table 

23, (2) the list of milestones defined for the program and a confirmation that all of them 

were achieved, as shown in Table 24, (3) a detailed final time schedule of the program, 

as shown in Table 25 and (4) a detailed monthly cash flow for the program, as shown 

in Table 26 and (5) a daily cash flow diagram for the program presenting its cash-in 

and cash-out requirements over the time span of the program, as shown in Figure 44.  
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Table 23: Final selected list of DLIs 

# Alternative 
Total 

Amount 
Distribution 

Start 

Amount 

Repetitive 

payment 

Repetition 

duration 

Activity 

1 

Activity1 

Amount 

Activity 

2 

Activity 2 

Amount 

Activity 

3 

Activity 3 

Amount 

Finish 

Amount 

1.1 1 100,000,000  T & S 20,000,000    1.1.1.3 10,000,000  1.1.1.6 10,000,000  1.1.2.3 10,000,000  50,000,000  

1.2 2 50,000,000  T & S 8,000,000    1.2.1.2 7,500,000  1.2.1.4 7,500,000    27,000,000  

2.1 3 90,000,000  T & S 30,000,000    2.1.1.3 8,000,000  2.1.1.6 6,000,000  2.1.2.3 6,000,000  40,000,000  

2.2 1 59,250,000  T & S 5,000,000    2.2.1.2 9,250,000  2.2.1.4 10,000,000    35,000,000  

Table 24: Milestones achievement 

  Description Date Related 

Item 

Relation Actual Confirmation 

M.1 Start Date 0 Start Start 0 Achieved 

M.2 Finish Date 2100 Finish Finish 1984 Achieved 

M.3 Project 1.1.2 Finish 1200 1.1.2 Finish 1034 Achieved 

M.4 Project 1.2.1 Finish 1200 1.2.1 Finish 1034 Achieved 
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Table 25: Program time schedule 

Activity Type Description Start Date Finish Date 

1 R.A. Result Area 1 7/2/18 4/30/21 

1.1 DLI DLI 1.1 7/2/18 4/30/21 

1.1.1 Proj. Project 1.1.1 7/2/18 10/17/19 

1.1.1.1 Act. Activity 1.1.1.1 7/2/18 8/30/18 

1.1.1.2 Act. Activity 1.1.1.2 8/31/18 9/24/18 

1.1.1.3 Act. Activity 1.1.1.3 8/31/18 11/2/18 

1.1.1.4 Act. Activity 1.1.1.4 11/3/18 2/13/19 

1.1.1.5 Act. Activity 1.1.1.5 2/14/19 8/15/19 

1.1.1.6 Act. Activity 1.1.1.6 8/16/19 10/17/19 

1.1.2 Proj. Project 1.1.2 11/13/19 4/30/21 

1.1.2.1 Act. Activity 1.1.2.1 11/13/19 1/28/20 

1.1.2.2 Act. Activity 1.1.2.2 2/13/20 5/19/20 

1.1.2.3 Act. Activity 1.1.2.3 3/18/20 5/16/20 

1.1.2.4 Act. Activity 1.1.2.4 6/13/20 12/15/20 

1.1.2.5 Act. Activity 1.1.2.5 6/20/20 1/5/21 

1.1.2.6 Act. Activity 1.1.2.6 1/21/21 4/30/21 

1.2 DLI DLI 1.2 10/18/19 4/30/21 

1.2.1 Proj. Project 1.2.1 10/18/19 4/30/21 

1.2.1.1 Act. Activity 1.2.1.1 10/18/19 1/22/20 

1.2.1.2 Act. Activity 1.2.1.2 1/23/20 5/28/20 

1.2.1.3 Act. Activity 1.2.1.3 5/29/20 9/11/20 

1.2.1.4 Act. Activity 1.2.1.4 9/12/20 1/25/21 

1.2.1.5 Act. Activity 1.2.1.5 1/26/21 4/30/21 

2 R.A. Result Area 2 5/1/21 12/6/23 

2.1 DLI DLI 2.1 5/1/21 12/6/23 

2.1.1 Proj. Project 2.1.1 5/1/21 6/27/22 

2.1.1.1 Act. Activity 2.1.1.1 5/1/21 6/28/21 

2.1.1.2 Act. Activity 2.1.1.2 6/29/21 12/26/21 

2.1.1.3 Act. Activity 2.1.1.3 6/29/21 9/1/21 

2.1.1.4 Act. Activity 2.1.1.4 12/27/21 4/30/22 

2.1.1.5 Act. Activity 2.1.1.5 9/2/21 4/3/22 

2.1.1.6 Act. Activity 2.1.1.6 5/1/22 6/27/22 

2.1.2 Proj. Project 2.1.2 6/28/22 12/6/23 

2.1.2.1 Act. Activity 2.1.2.1 6/28/22 9/9/22 

2.1.2.2 Act. Activity 2.1.2.2 9/10/22 1/6/23 

2.1.2.3 Act. Activity 2.1.2.3 1/7/23 3/13/23 

2.1.2.4 Act. Activity 2.1.2.4 3/14/23 6/6/23 

2.1.2.5 Act. Activity 2.1.2.5 6/7/23 10/15/23 

2.1.2.6 Act. Activity 2.1.2.6 10/16/23 12/6/23 

2.2 DLI DLI 2.2 9/17/21 1/11/23 

2.2.1 Proj. Project 2.2.1 9/17/21 1/11/23 

2.2.1.1 Act. Activity 2.2.1.1 9/17/21 12/16/21 

2.2.1.2 Act. Activity 2.2.1.2 1/22/22 5/27/22 

2.2.1.3 Act. Activity 2.2.1.3 4/19/22 8/20/22 

2.2.1.4 Act. Activity 2.2.1.4 6/12/22 10/21/22 

2.2.1.5 Act. Activity 2.2.1.5 10/29/22 1/11/23 
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Table 26: Program Monthly Balance 

Date Cash-In Cumulative 

Cash-In 

Cash-Out Cumulative 

Cash-Out 

Finance 

(Average) 

Monthly 

Finance 

07/2018 90,737,469 (90,737,469) 38,856,117 38,856,117 (51,881,352)  

08/2018  (90,737,469)  38,856,117  (51,881,352)  

09/2018  (90,737,469)  38,856,117  (51,881,352)  

10/2018  (90,737,469)  38,856,117  (51,881,352)  

11/2018  (90,737,469)   38,856,117  (51,881,352)  

12/2018   (90,737,469)   38,856,117  (51,881,352)  

01/2019   7,493,734   (98,231,203)  8,900,605   47,756,721  (50,474,482)  

02/2019   (98,231,203)   47,756,721  (50,474,482)  

03/2019   (98,231,203) 504,422   48,261,143  (49,970,060)  

04/2019   (98,231,203)   48,261,143  (49,970,060)  

05/2019   (98,231,203)   48,261,143  (49,970,060)  

06/2019   (98,231,203)   48,261,143  (49,970,060)  

07/2019   (98,231,203) 26,966,312   48,261,143  (49,970,060)  

08/2019   (98,231,203) 504,422   75,227,456  (23,003,747)  

09/2019   (98,231,203)   75,731,878  (22,499,325)  

10/2019 5,994,987   (98,231,203) 11,538,548   75,731,878  (22,499,325)  

11/2019  (104,226,190)  2,389,175   87,350,065  (16,876,125)  

12/2019   7,493,734  (104,226,190)  2,468,814   89,739,241  (14,486,950)  

01/2020  (111,719,925) 21,791,039   92,208,055  (19,511,870)  

02/2020  (111,719,925)  1,763,976  113,980,282  2,260,357  2,260,357  

03/2020  (111,719,925)  2,356,330  116,214,958  4,495,034  2,234,677  

04/2020  (111,719,925)  1,824,803  118,100,588  6,380,664  1,885,630  

05/2020  (111,719,925)  1,921,782  119,925,391  8,205,467  1,824,803  

06/2020  (111,719,925)  2,186,321  121,859,224  10,139,299  1,933,832  

07/2020 13,114,035  (111,719,925) 19,236,928  124,045,545  12,325,620  2,186,321  

08/2020  (124,833,960)  2,697,113  143,282,472  18,448,513  6,122,893  

09/2020  (124,833,960)  1,913,256  145,979,586  21,145,626  2,697,113  

10/2020  (124,833,960)  1,813,671  147,878,470  23,044,510  1,898,884  

11/2020  (124,833,960)  1,755,165  149,692,141  24,858,181  1,813,671  

12/2020  (124,833,960)  1,813,671  151,447,306  26,613,346  1,755,165  

01/2021  (124,833,960) 10,076,419  153,260,977  28,427,017  1,813,671  

02/2021  (124,833,960)  2,345,147  163,362,646  38,528,686  10,101,669  

03/2021   5,620,301  (124,833,960)  3,034,328  165,707,793  40,873,834  2,345,147  

04/2021  (130,454,261)  2,512,658  168,742,122  38,287,861   

05/2021 80,182,957  (152,935,464)  5,304,500  176,475,524  23,540,061   

06/2021  (210,637,218) 15,913,500  176,475,524  (34,161,694)  

07/2021  (210,637,218)  192,389,024  (18,248,194)  

08/2021  (210,637,218)  192,389,024  (18,248,194)  

09/2021   3,746,867  (210,637,218) 27,687,360  197,916,931  (12,720,287)  

10/2021   5,994,987  (214,384,085)  5,955,963  220,268,512  5,884,427  5,884,427  

11/2021  (220,379,073)  5,763,835  226,224,475  5,845,402      

12/2021  (220,379,073) 13,842,180  231,988,309  11,609,237  5,763,835  

01/2022  (220,379,073)  4,493,040  245,638,362  25,259,289  13,650,052  
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Figure 44: Program Cash Flow (S-curve) 
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Figure 45: Program Cash flow comparison 
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Figure 46: Net finance profile comparison
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5 . 4 Summary 

In this chapter, a case study is utilized to verify the capability of the developed 

model to obtain acceptable results and demonstrate its features.  The program 

introduced consisted of four different DLIs. Each DLI included one or two projects. 

Each project included five or six activities. The range of alternatives were defined, and 

all stages for model application were demonstrated. After running the model 

optimization, it was observed that it was capable of obtaining optimized results with 

respect to (1) the decrease of maximum spending of the government on the program, 

(2) the decrease of the amount of loan installments and (3) the decrease of average 

monthly spending of the government on the program. The obtained results were 

manually reviewed, recalculated and found to be acceptable/applicable. 
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CHAPTER 6:  VALIDATION 

To validate the developed model, it was applied on one of the P4R operations 

currently being implemented that is the Sustainable Rural Sanitation Services Program-

For-Results in Egypt (The World Bank, 2015-B). The government of Egypt received 

an approval for a total of USD 550 Million towards the program. This program has a 

PDO of “strengthening institutions and policies for increasing access and improving 

rural sanitation services in the governorates of Beheira, Dakahiya and Sharkiya in 

Egypt”. 

6 . 1 Program Description  

This program achieves such objective through three different result areas, each 

result area is broken down into different DLIs that represent its aim: 

1. Result area 1: “Improved sanitation access”: this result area includes projects 

connecting the target villages with the national networks of Water supply and 

sanitation services 

1.1. DLI 1: At least 167,000 new household connections (about 1 million people) 

are connected to working sanitation systems in villages and satellites of the 

target areas. This is an output DLI. This means that people are having fully 

operational sanitation networks in compliance with agreed-upon standards. 

1.2. DLI 2: the transfer of Performance Based Capital Grants (PBCGs) by the 

Ministry of Housing, Utilities and Urban Communities (MHUUC) to the 

eligible Water and Sanitation Companies (WSCs). This is an action DLI. These 
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grants are considered incentives for WSCs to ensure the achievement of an 

improvement in their performance. 

2. Result area 2: “Improved operational systems and practices of Water and Sanitation 

Companies (WSC)”: this area includes the improvement process of the companies 

responsible for the Water supply and sanitation within the target governorates. This 

ensures that the projects executed within the first result area are sustained through 

well established companies with adequate capacity and improved operations for 

operating and maintaining such projects. It is considered an indirect result area 

where it serves the original PDO through supporting the companies responsible for 

sustaining the program projects. 

1.3.  DLI 3: the design and implementation of an Annual Performance Assessment 

(APA) for the evaluation of the performance of the WSCs. This is a system 

action DLI. This assessment ensures that the WSCs consistently achieve an 

overall improved financial and technical performance in managing the 

executed projects.  

3. Result area 3: “Strengthened national sector framework”: this result area ensures 

that the outputs of both previous results areas are sustained through an enabling 

environment supported by the government within Egypt. For example, changing the 

national tariff structure would ensure that the water supply networks are going to 

be consistently financed in the future. This is considered an indirect result area 

1.4. DLI 4: An introduction of a new structure for the national tariff. This is an 

action DLI. This indicator ensures the financial sustainability of the executed 

projects and the ability of the government to finance the operation and 

maintenance processes of such projects.  
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1.5. DLI 5: The establishment of a Project Management Unit (PMU) and the 

introduction of a National Rural Sanitation Strategy by the MHUUC. This is 

an action DLI. This DLI ensures that the main goals of this program continue 

to be applied on the other governorates within the country and that a 

strategy/plan is already existing. It also ensures that the tools required for this 

application are present within the country and can be easily applied through the 

financial resources made available through the financial resources available 

from this program. 

1.6. DLI 6: the presentation and agreement of a Standard Procedures for Land 

Acquisition. This is an action DLI. This DLI ensures that any lands required 

for the execution of the program are obtained easily. It also ensures that the 

already available processes are simplified. This DLI will ensure that the already 

available land acquisition procedures do not delay any of the activities falling 

under DLI 1.  

The main bulk of the program financing (40%) is directed towards DLI 1, for 

financing three WSCs to finalize their planned investments for rural sanitation 

infrastructure, within result area 1. 31% is allocated for strengthening the WSCs and 

improving their capacity. The remainder of financing is allocated for strengthening the 

national framework supporting the implementation of the program and ensuring its 

sustainability. The main concept applied in this program follows the track of the P4R 

mechanism, which supports the main target of a program while financing other 

activities that ensure its success and enforce its sustainability. 

Based on the DLIs structure, 40% of the allocated amounts for this program is 

set to be received by the Egyptian government from the WB while nearly 90% of the 
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government spending is on projects required for achieving this DLI. This means that 

the government has to efficiently manage the time schedule of the achievement of other 

program DLIs for being able to finance the program through program support and not 

through the country’s general budget. 

6 . 2 Program Flow of Funds 

Figure 47 describes the flow of funds starting from disbursements made by the 

WB to the payment of progress invoices to implementing contractors. This process 

starts after an agreement is reached between the WB and the government. The financial 

relation between the WB and the government is managed by the Ministry of Finance 

(MoF) as it is responsible for the management of all financial supports received from 

lending institutions. The relation between the WB and the MoF is two-way as the WB 

provides financial support/Funds to the MoF, while the MoF is responsible for financial 

reporting and the follow-up of financial audits made by the WB on the program. 

Received funds are then made available for the MHUUC/Project Management Unit 

responsible for managing the program. The PMU has several responsibilities including 

(1) technical reporting to the WB, about the status of the program and receiving 

technical support from the bank, (2) financial reporting to the MoF for making 

arrangements for required disbursements with the WB and (3) the management of 

transferred funds to governmental implementing agencies (WSCs). In this case, the 

transfer of funds from the government to WSCs is made through semi-annual budget 

transfers. Implementing agencies use the received funds for satisfying the financial 

requirements of the program, represented in the payment of invoices for implementing 

contractors/subcontractors. 
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6 . 3 Cash Flow Optimization 

General financing data of the model was obtained from the Program Appraisal 

Document (PAD) (The World Bank, 2015-A). This PAD included all data relevant to 

financial transfers between the WB and the government.  

6 . 3 . 1 Program Inputs 

Figure 48 shows the loan financial conditions and Figure 49 shows the program 

initial data, obtained from the PAD. This model had three different responsible agencies 

other than the Project Management Unit (PMU), that are responsible for technically and 

financially managing the program. These agencies are the three water and sanitation 

companies (WSC) of Sharkeya, Dakahleya and Beheira Governorates. These three 

WSCs are responsible for the management of projects within their governorates. This 

means that every six months the PMU has to schedule a financial transfer to each WSC 

for financing activities/invoices within its projects. The model simulates both financial 

transfers, (1) between the government/PMU and the WSC and (2) between the WSCs 

and the implementation contractors.  

Finance Finance 

Projects Finance / Invoices 

Regular Systematic 

financial support 

Technical support 

Technical Reporting 

Financial reporting Financial reporting 

and DLI triggers 

Ministry of 

Finance 

World Bank Government / PMU 

Contractors / 

Subcontractors 

Governmental 

Implementing Agencies 

(WSC) 

Figure 47: SRSSP Financing Transfers 
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Figure 48: SRSSP Loan Financial Conditions 
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Figure 49: SRSSP Program Initial Data 

Responsibilities defined in this program were the (1) Project Management Unit 

(PMU) within the Ministry of Housing, Utilities & Urban Communities (MHUUC), (2) 

Sharkia Water Sanitation Company, (3) Dakahleya Water Sanitation Company and (4) 

Beheira Water Sanitation Company. The PMU is responsible for the overall 

management of the program, coordinating financial transfers with the Ministry of 

Finance (MoF) and technical coordination with the WB. Each water sanitation company 

is responsible for the management of the implementing agencies, such as contractors 

and designers of projects, according to the plan agreed with the PMU. 


