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Abstract 

While the infrastructure in Egypt is in need of large investment, the funds provided by government are not 

nearly sufficient to face such a challenge. One of the newest financial schemes for projects is the Build, 

Operate, and Transfer (BOT) concept, which is being used increasingly worldwide as a project delivery system 

that can be a solution to this problem. In this system, a private sponsor finances the design, construction, 

maintenance, and operation of a public project for a specified concession period, at the end of which it transfers 

ownership to the government agency, hopefully after recouping its costs and achieving profits. The concession 

period is one of the most important issues to be addressed in private sector provision of public works and 

services through concession arrangements as it, to some extent, demarcates the rights and responsibilities 

between public and private sectors in a project’s life cycle, and it is also critical to the project’s sustainable 

development. This paper provides a computer model to determine a range of concession period that would be 

advantageous both to the government and the private sector. Monte Carlo simulation is used to find financial 

evaluation. Bargaining game theory is used to find specific concession period. 
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1. Introduction 

Infrastructure development has been the responsibility of public agencies. However, the tradition for 

government to assume the only role in funding infrastructure developments has been changing. In recent years, 

private businesses have been increasingly given more opportunities for participating in developing 

infrastructures. This is not only because private businesses have various access to vast amounts of capital but 

also because the management in private businesses is usually found to be more effective than that in 

governmental offices. Furthermore, governments (particularly in developing countries) usually have limited 

financial resources to implement infrastructure projects. A build-operate- transfer (BOT) contractual 

arrangement provides a mechanism for governments to use private finance and management skills; thus, it 

enables governments to build more infrastructure services without using additional public funds (Shen et. al. 

(2007)). 
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Nevertheless, the method was not widely used until the middle of the 1980’s (Huang (1995)). Since the 1980’s, 

the application of the BOT method has made an important contribution to the development of infrastructure 

work throughout the world (Shen and Wu (2005)).Typical infrastructure projects using BOT contracts include 

highways, railways, ports, tunnels, bridges, power plants, hydraulic structures, and reservoirs (Shen et al. 

(1996)). In fact, the BOT method has been in use for a long time. The first BOT contract project in modern 

times was the building of the Suez Canal which was constructed in 1854 (Levy (1996)). In this contract, the 

private company, Compagnie Universelle du Canal Maritime de Suez, obtained a 99-year concession from the 

Egyptian government for the construction and operation of the canal connecting the Mediterranean and Red 

Seas (Shen and Wu (2005)). Governments around the world have, in general, shown interest in private sector 

finance and provision of public works and services. Since 1985, more than 1370 infrastructure projects with 

estimated capital costs of over US$575 billion have been developed or are proposed to be developed with 

private financing in more than 100 countries (Reinhardt Communications Corporation (2000); Ye and Tiong 

(2003)). 

The BOT system has been implemented successfully in many countries, and its importance is increasing rapidly 

all over the world. In Egypt, the government has declared and made requests for proposals (RFP) for about 26 

projects under the BOT system during years 2000 and 2001. This reflects the importance of being aware of this 

new style of business, but until now the promoters and investors have had a lot of fear toward the declared 

projects. This is noted by the small amounts of awarded concessions in spite of the increasing need for such 

projects. Meanwhile, there is a lack of experience and information in dealing with such a system in the 

Egyptian environment, especially in the construction field (Askar and Gab-Allah(2002)). 

The decision for a concession period is one of the most important decisions in determining a BOT contract. 

According to Shen and Wu (2005) a longer concession period is more beneficial to the private investor, but a 

prolonged concession period may induce loss to the concerned government. Alternatively, if the concession 

period is too short, the investor will either reject the contract or be forced to increase the service fees in the 

operation of the project. Consequently, the risk burden due to the short concession period will be shifted to the 

public who use and pay for the facilities. Thus, an appropriate concession period is one of the most important 

decisions when agreeing upon a BOT contract. Moreover, as different projects will incur different cash flow 

profiles during their future operations, different concession periods are adopted in different applications. Ng et 

al. (2007) show that the risks and uncertainties, such as a change in inflation rate, traffic flow and operation cost 

could influence the decision on the concession period. 

2. Modelling 

This model is divided to four steps: finding NPV by using Monte Carlo Simulation, finding concession 

boundaries, narrowing concession boundaries by using bargaining game theory and calculating benefits 

generated for both government and investor. 
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2-1 Finding NPV by using Monte Carlo simulation 

Monte Carlo simulation is a type of simulation that relies on repeated random sampling and statistical analysis 

to compute the results. 

1) Identifying a statistical distribution which we can use as the source for each of the input parameters.  

2) Drawing random samples from each distribution, which then represent the values of the input variables.  

3) For each set of input parameters, we get a set of output parameters. The value of each output parameter is 

one particular outcome scenario in the simulation run.  

4) We collect such output values from a number of simulation runs.  

5) Finally, we perform statistical analysis on the values of the output parameters [Raychaudhuri (2008)]. 

     
    

      

  

  

 

     
    

      

  

   

   
    

      

  

      

 

      
   

      

  

   

   
        

      

  

      

                                                                  

                     
 

                                          
      

 

         
   

      

  

   

            
                             

      

      

  

      

 

Where      NPV: the net present value 

                 NCF: the net cash flow 

                 To : end of construction period 

    Tc: end of concession period 

    Tf: end of operation period (end of economic life) 

The equation shows the variables affecting NPV, some of these variables are exposed to risk and some are not. 

Certain parameters:  

1)         Initial investment 
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2) 0 : To      Construction period  

The private sector would ensure that construction will be finished on time or even ahead of schedule to 

maximize generation of revenues by longer period of operation. [Hanoka and Palapus (2012)] 

3)      
  annual fixed cost of maintenance and operation 

4)            toll/ tariff fees   

 

Fig. [1] Base-tariff structures over the concession (operation) period [Ye and Tiong (2003)] 

Fig. 1(a) shows a levelized tariff is a flat payment over the concession period, Fig. 1(b) shows a declining block 

tariff is to charge a higher price in the initial period and then lower prices in the following periods, Fig. 1(c) 

shows an increasing block tariff is to charge a lower price in the initial period and then higher prices in the 

following periods. In reality, the increasing block tariff structure is used as a preset adjustment for 

compensation of inflation [Ye and Tiong (2003)] 

Harak (2002) found that insufficient tariff risk has the least effect among all the marketing risks. 

Uncertain parameters: 

1)    
 annual  capital investment during year t 

According to Askar and Gab-Allah (2002) and Harak (2002) cost overrun is the highest construction risk in 

BOT projects in Egypt 

2)             annual product/ demand (cars, electricity,    ) 

Harak (2002) found that Egyptian BOT project is subjected to high demand risk 

3)               annual income from services 

4)      
  annual variable cost of maintenance and operation 

5) r    discount rate                               

Where                  Interest rate 

          Inflation rate                        [Zhang and AbouRizk (2006)] 

According to [Askar and Gab-Allah (2002)] in Egyptian BOT projects there is no actual or expected inflation 

risk. Harak (2002) makes a questionnaire trying to find the risks affected the BOT projects in Egypt and found 

that inflation and interest risks have the least effect among all the country economy risks. Although previous 
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works show that in Egyptian BOT projects there is no actual or expected inflation risk, this changed in the last 6 

years especially in the last year. This study considers inflation rate and interest rate as uncertain parameters. 

 

To find deterministic value using the output statistical distribution from Monte Carlo simulation 

           
                     

Where      number of units of standard deviation corresponding to the given confidence level of    [Ye and 

Tiong (2003)] 

2-2 Finding concession boundaries 

The concession period is a measure for deciding when the project ownership will be transferred from the 

investor back to the government concerned; it also demarcates the benefits, authorities, and responsibilities 

between the government and private investors (Shen et al. (2002)). 

The length of the concession period is determined by two time variables: construction period and operation 

period. 

Construction schedules are always estimates because a great number of factors affect construction activities. 

The operation period is the time needed for the concessionaire to pay back loans (principle and interest) and 

recover its investment with a certain level of return based on projected revenues, which are subject to market 

risks. A shorter concession period may mean higher initial tariff or toll levels and (or) future increases of tariff 

or tolls in the operation period. High tariff or toll levels and their increases often encounter strong public 

opposition. Therefore, the essence of an appropriate length of the concession period lies in (1) an informed 

estimation of the project completion time within which an experienced contractor can complete the project on 

schedule and (2) a sound prediction of the operation period that allows the concessionaire to obtain a reasonable 

but not excessive level of return (Zhang and AbouRizk (2006)). 

 

Fig. [2] Net present value profile and concession period (Shen et al. (2005)) 
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       is the accumulated NPV that the investor will obtain if the project concession period is   . To satisfy 

the investor’s interest, the following relation should be true            as shown in figure [2]. 

 

                                                                                                    [Ng et al.  (2007)] 

                                                                                              [Shen and Wu (2005)] 

               

                                                                                             [Shen et al. (2007)] 

Where   R   investor’s expected rate of return from capital investment 

It is generally influenced by the cost of capital (both debt and equity) for the promoter [Malini (1999)] 

      lower boundary of concession period interval 

      upper boundary of concession period interval 

2-3 Narrowing concession boundaries by using bargaining game theory 

Research in bargaining and game theory has already experienced a long history. Bargaining theory deals with 

the situations where people interact rationally with each other, assuming that an individual’s action depends 

essentially on what other individuals may do. The theory is commonly used to describe the situation similar to 

where a chess player thinks about all issues that may arise logically in the game (Montet and Serra 2003). 

Muthoo (1999) shows that a bargaining situation is a situation in which two players have a common interest to 

cooperate but have conflicting interests over exactly how to cooperate. Muthoo (1999) further shows that 

bargaining is any process through which the players try to reach an agreement. This process is typically time 

consuming and involves the players making offers and counteroffers to each other. (Shen et al. (2007)) 

The total benefits generated during the concession period interval, namely, (TC_L, TC_U), is measured by NPV 

(Tf)−IR. Therefore, the way of sharing the benefits, “NPV (Tf)−IR,” needs to be agreed upon by the two parties. 

If the two parties cannot come to an agreement, the BOT contract cannot possibly be implemented. The 

procedures of bargaining for a BOT contract can be described in Figs. [3] or [4]. (Shen et al. (2007)) 
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Fig. [3] The bargaining process invited by the government concerned in forming a BOT contract (Shen et al. (2007)) 

 

Fig. [4] The bargaining process invited by the private investor in forming a BOT contract (Shen et al. (2007)) 

                                          

  
                                                               [Shen et al.  (2007)] 

Where        payoff that’s the government bargains for 

  
    payoff to the investor if the investor’s offer is accepted 

       the government’s bargaining cost 

       the investor’s bargaining cost 

      impatient factor applied by government 

      impatient factor applied by investor 

  
 

   
                                                                                            [Hanoka and Palapus (2012)] 
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                                                                                [Hanoka and Palapus (2012)] 

  
      

   

         
                                                                                            [Hanoka and Palapus (2012)] 

Where     
      new lower boundary of concession period interval 

  
      new upper boundary of concession period interval 

      level of tolerance 

2-4 Calculating benefits generated for both government and investor 

                                      
      

 

                                    
    

                                            

3. Case study 

This study was made on a university in Egypt. In spite of the university is private, the paper investigate it as a 

case study to show the benefits return on the government and the investor form implementing BOT in 

Education facilities.  

The university data is as shown below: 

 The project was estimated to be built on 168000 m
2
 

 Investment costs for buildings, construction and roads are 150 million pounds. 15%, 20%, 25%, 30% and 

10% are spent in the first, second, third, fourth and fifth year of construction respectively. 

 Investment costs for Furniture and furnishings are 60 million pounds. 9, 12, 15, 18 and 6 million pounds are 

spent in the first, second, third, fourth and fifth year of construction respectively. 

 Investment costs for Machines, equipment and laboratory tools are 100 million pounds. 20, 30, 30, 10 and 

10 million pounds are spent in the first, second, third, fourth and fifth year of construction respectively. 

 Investment costs for Transportations are 5 million pounds. 0.75, 1, 1.25, 1.5 and 0.5 million pounds are 

spent in the first, second, third, fourth and fifth year of construction respectively. 

 Investment costs for Computer hardware, software and networks are 10 million pounds. 

 Emergency and high prices reserves 15% of the value of fixed assets. 

 Initial investment 2.25 million pounds. 

 The available capacity of the university faculties and the expected fees are shown in the table below 
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Faculty 
Maximum available 

capacity for class 

Years of 

study 

Maximum available 

capacity for faculty 
fees 

Engineering and Applied Sciences 400 5 2000 20000 

Dentistry 300 5 1500 35000 

Pharmacy and Pharmaceutical Research 400 5 2000 25000 

Administrative & Financial Sciences 500 4 2000 15000 

Alson Applied Languages 500 4 2000 18000 

Medicine 300 6 1800 45000 

 Standard deviation for student capacity was taken 2.5% from full capacity and fees follows increasing block 

tariff. 

 Income from services follows a normal distribution with mean 1 million pounds and standard deviation 

equivalent to 5% from the mean and increase yearly according to inflation. 

 Interest rate was taken 14.75%. 

 According to the World Bank, the world inflation rate in year 2015 was 1.439%. In the same year, the 

inflation rate in Egypt was 12.7%. According to the Central Bank of Egypt the inflation rate in year 2017 

was 30.912%. Although previous works show that in Egyptian BOT projects there is no actual or expected 

inflation risk, this changed in the last 6 years especially in the last year. The inflation rate in Egypt was 9% 

approximately during the period (2005-2010). In this study, The inflation rate follows a normal distribution 

with mean 9% and standard deviation equivalent to 1%  

 The economic live of the project was taken 65 years. 

 Taxes was taken 0% according to the law. 

 Proposed numbers of staff members and their assistants are shown in the table below 

Faculty staff members Assigned staff members assistants 

Engineering and Applied Sciences 60 24 80 

Dentistry 45 18 60 

Pharmacy and Pharmaceutical Research 60 24 80 

Administrative & Financial Sciences 40 16 60 

Alson Applied Languages 40 16 60 

Medicine 54 22 72 

 Salaries of faculty members and their assistants are shown in the table below 

scientific degree salary 

Professor 20000 

Assistant Professor 15000 

Lecturer 8000 

assistant 4000 
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 Salaries increase every year by 7% 

 Annual salaries of employees of the administrative system is 27540000 pounds with a maximum 50% from 

spending of faculty members. 

 The cost of maintenance is a percentage of the value of assets with a maximum 2.5% 

 The cost of Insurance and guarding is a percentage of the value of assets with a maximum 1%. 

 Cost of educational supplies 500 pound for each student every year. 

 General expenses (water, electricity, telephone and fax) are 500000 pound Increase annually by 20% 

 Annual depreciation for buildings, construction and roads are 2.5%. 

 Annual depreciation for other items are 10%. 

 The required cumulative NPV curve was calculated at probability 80% 

 Investor’s expected rate of return was taken 15%. 

 Government’s and the investor’s bargaining costs was taken 100000 and 150000 pounds respectively. 

 Level of tolerance was taken 5%. 

Input data is shown in figure [5]. The model calculates cumulative NPV for years of economic live and draw 

NPV curve as shown in figure [6]. Concession boundaries, concession period and benefits generated by 

government and investor are shown in figure [7]. 

 

Fig. [5] Input data 
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Fig. [6] NPV curve 

 

Fig. [7] Finding concession boundaries, concession period and benefits generated by government and investor 
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4. Results  

 The results given by the model is: 

 Payback period (PBP) = 15 

 Lower boundary of concession period interval (    ) = 16 

 Upper boundary of concession period interval (    ) = 65 

 New lower boundary of concession period interval (  
   ) = 23 

 New upper boundary of concession period interval (  
   ) = 25 

 Optimum concession period = 24 

 Benefits generated by government = 1.25006*10
8
 

 Benefits generated by investor = 1.4072*10
8
 

 Net Present Value for total investment = 1.99302*10
8
 

 Investor’s expected return on investment = 2.98954 * 10
7
 

As results shows, the model calculates payback period, lower boundary of concession period, upper boundary 

of concession period, Benefits generated by government and investor and calculate the optimum concession 

period. 

5. Conclusions 

Build-operate-transfer (BOT) type contracts have been proven effective in arranging the finance for 

infrastructure projects in both developed and developing countries. In general, implementing infrastructure 

projects requires a large capital investment. As Egyptian government find it difficult to provide sufficient 

capital for public infrastructure development, the BOT contract could used to attract private capital to assist in 

developing public infrastructure. The decision for a concession period is one of the most important decisions in 

determining a BOT contract. A longer concession period is more beneficial to the private investor, but a 

prolonged concession period may induce loss to the concerned government. Alternatively, if the concession 

period is too short, the investor will either reject the contract or be forced to increase the service fees in the 

operation of the project.  

This study developed a model for determining the concession period. In the first step, Monte Carlo simulation 

is used to determine cumulative NPV for every year in the economic life of the project. In the second step, the 

model determine a range of concession period that would be advantageous both to the government and the 

private sector. The impact of risks is taken into consideration. In the third step, bargaining game theory is used 

to find specific concession period. Benefits generated for both government and investor was calculated in the 

fourth step. 
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 فى مصر  االمتياز المثلى لمشروعات حق االنتفاعتحديد فترة 

. األموال التي تقدمها الحكومة ليست كافية تقريبا لمواجهة هذا التحدي لكن الرغم من أن البنية التحتية في مصر تحتاج إلى استثمارات كبيرة على

العالم باعتباره الذي يستخدم على نحو متزايد في جميع أنحاء و البناء والتشغيل والنقل او  حق االنتفاعوأحد أحدث النظم المالية للمشاريع هو مفهوم 

وفي هذا النظام، يقوم راعي خاص بتمويل تصميم وبناء وصيانة وتشغيل مشروع عام . نظاما لتنفيذ المشاريع يمكن أن يكون حال لهذه المشكلة

وتعتبر فترة االمتياز من  .في نهاية األمر الى هيئة حكومية،ملكية المشروع ينقل  ويأمل أن يسترد فيها تكاليفه وتحقيق أرباح ثم لفترة امتياز محددة

ألنها ترسم إلى حد ما الحقوق والمسؤوليات بين القطاعين العام والخاص في دورة حياة حق االنتفاع مشاريع أهم القضايا التي ينبغي معالجتها في 

التي من االمتياز بيا لتحديد نطاق فترة نموذجا حاسو دراسة وتقدم هذه ال. أمر بالغ األهمية أيضا بالنسبة للتنمية المستدامة للمشروع وهو المشروع

 وتستخدم نظرية . التقييم المالي حسابلMonte Carlo وتستخدم محاكاة . شأنها أن تكون مفيدة لكل من الحكومة والقطاع الخاص

Bargaining Game Theory  فترة االمتياز المثلى حسابلل. 

 


