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Abstract 

The key to a successful implementation of a build-operate-transfer (BOT) project is in-depth analysis of all 

aspects related to economic, environmental, social, political, legal, and financial feasibility of the project. 

Inflation affects the consumption and investment pattern of a society, leads to capital shortages and undermines 

the effectiveness of the financial infrastructure of a country in the development process. It also means 

additional risks for long-term investment in projects. Egypt suffer serious inflation of a high magnitude, 

reflecting a higher level of risk associated with the investment. This paper tried to investigate the effect of 

uncertainty in inflation rate and its Impact on payback period, concession period and benefits generated by 

government and investor. 
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1. Introduction 

Shen (2002) shows that the investor’s considerations in a BOT contract usually include the return on investment 

(ROI) and/or net present value (NPV). That is, the concession period should bring a certain level of ROI or 

NPV to the investor. However, the level of ROI and NPV is affected by the initial capital investment, income 

from operation, costs for operation, inflation, and interest rates. 

Inflation is a sustained increase in the general price level of goods and services in an economy over a period of 

time .When the price level rises, each unit of currency buys fewer goods and services; consequently, inflation 

reflects a reduction in the purchasing power per unit of money – a loss of real value in the medium of exchange 

and unit of account within the economy. A chief measure of price inflation is the inflation rate. The negative 

effects of inflation include an increase in the opportunity cost of holding money, uncertainty over future 

inflation which may discourage investment. (Wikipedia) 

Developed economies strive to contain their inflation rates to modest levels of <5% per annum, while other 

countries suffer serious inflation of a high magnitude, reflecting a higher level of risk associated with the 

investment. Inflation in the economy undermines the effect of development, leads to capital challenges, and 

also means additional risks for long-term investment in projects. (Sell (1992)) 
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According to Mishra (2009) there are sources of risk that are outside the limits of the project and beyond the 

control of its participants. This category includes risks such as inflation, political and labor issues, marketplace 

factors, etc. normally, inflation rate is affected by political environment.  

2. Inflation rate uncertainty 

Inflation is a permanent phenomenon in a lot of industrialized countries and even more common and often more 

pronounced in some developing countries. It affects the consumption and investment pattern of a society, leads 

to capital shortages and undermines the effectiveness of the financial infrastructure of a country in the 

development process. It also means additional risks for long-term investment in industrial activities. 

This holds for investment by domestic investors as (Sell (1992)) investigated: 

 In countries with high inflation rates, relative prices vary to a greater degree than in more stable economies. 

This is especially true when economic policy uses instruments like selective price controls for certain 

products. 

 Uncertainty about input and output prices is greater. It is usually impossible to fix prices in long-term 

contracts with suppliers and customers. 

 Terms of financial markets may change fundamentally. Long-term loans are sometimes not available at all 

and variable interest rates have to be agreed in any case. Foreign exchange rates will fluctuate more than in 

stable economies. Therefore projects engaged in international markets by purchase of inputs or by exports 

bear a higher risk. 

 Due to the balance of payments problems of most countries with high inflation, the capital transfer and the 

re-transfer involves a high risk with respect to the future foreign exchange rate and the availability of 

foreign exchange in general. 

From a technical point of view of an investment appraisal, inflation will have the following impacts: (Sell 

(1992)) 

 the prices of the project's output will increase; 

 the prices of the project's input will increase; 

 the terms of outside finance by banks or private lenders will change because nominal interest rates will be 

higher than in a situation without inflation; 

 the opportunity costs of equity capital (the alternative income in the next best investment opportunity) will 

increase in a manner similar to the interest rate for outside finance. 

 

3. Modeling 

In this study the model previously prepared by the same authors has been used. The model is discussed in 

(Mohamed et. al. (2017)). This model includes four steps: finding NPV by using Monte Carlo Simulation, 

finding concession boundaries, narrowing concession boundaries by using bargaining game theory and 
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calculating benefits generated for both government and investor. The model calculates NPV (net present value) 

curve, payback period, lower boundary of concession period, upper boundary of concession period, optimum 

concession period and Benefits generated by government and investor. 

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

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

that inflation and interest risks had the least effect among all the country economy risks. Although previous 

studies show that in Egyptian BOT projects there is no actual or expected inflation risk, this situation has 

changed in the last 6 years especially in the last year. 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%. The inflation rate in Egypt was 9% approximately during 

the period (2005-2010).  

In this study, the rate of change in inflation rate follows a normal distribution with mean 9% and standard 

deviation equivalent to 0%, 1%, 2%, 2.5% and 3% to investigate the effect of increasing uncertainty. Then the 

rate of change in inflation rate follows a normal distribution with mean 9%, 8%, 7%, 6%, 5% and standard 

deviation equivalent to 2.5% to investigate effect of uncertainty proportionality to the inflation rate. 

This study was made on a project to establish a university in Egypt. The university data is as shown below: 

 The project was estimated to be built on 168,000 m
2
 

 Investment costs are shown in the table below 

 Investment 

costs during 

the five years 

First 

year 

Second 

year 

Third 

year 

Fourth 

year 

Fifth 

year 

buildings, construction and roads 150  22.5  30  37.5  45  15  

Furniture and furnishings 60  9  12  15  18  6  

Machines, equipment and laboratory tools 100  20  30  30  10  10  

Transportations 5  0.75 1 1.25 1.5 0.5 

Computer hardware, software and networks 10 

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

Initial investment 2.25 million pounds 

Cost are in million pounds 
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 The available capacity of the university faculties and the expected fees are shown in the table below 

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 9%  

 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 

 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% 
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 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%. 

Figures from [1] to [13] show the inputs and outputs 

 

Fig. [1] Input data (inflation rate follows a normal distribution µ = 9% and  = 2.5%) 
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Fig. [2] NPV curve (inflation rate follows a normal distribution µ = 9% and  = 0% (certain value)) 

 

Fig. [3] NPV curve (inflation rate follows a normal distribution µ = 9% and  = 1%) 
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Fig. [4] NPV curve (inflation rate follows a normal distribution µ = 9% and  = 2%) 

 

Fig. [5] NPV curve (inflation rate follows a normal distribution µ = 9% and  = 2.5%) 
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Fig. [6] NPV curve (inflation rate follows a normal distribution µ = 9% and  = 3%) 

 

Fig. [7] NPV curve (inflation rate follows a normal distribution µ = 8% and  = 2.5%) 
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Fig. [8] NPV curve (inflation rate follows a normal distribution µ = 7% and  = 2.5%) 

 

Fig. [9] NPV curve (inflation rate follows a normal distribution µ = 6% and  = 2.5%) 
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Fig. [10] NPV curve (inflation rate follows a normal distribution µ = 5% and  = 2.5%) 

 

Fig. [11] Finding concession boundaries, concession period and benefits generated by government and investor (inflation 

rate follows a normal distribution µ = 9% and  = 2.5%) 
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Fig. [12] Finding concession boundaries, concession period and benefits generated by government and investor (inflation 

rate follows a normal distribution µ = 9% and  = 3%) 

 

Fig. [13] Finding concession boundaries, concession period and benefits generated by government and investor (inflation 

rate follows a normal distribution µ = 5% and  = 2.5%) 
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4. Result and discussion 

The results given by the model are shown in the next tables 

Table 1: the rate of change in inflation rate follows a normal distribution with mean 9% and standard deviation equivalent 

to 1%, 2%, 2.5% and 3% to investigate the effect of increasing in uncertainty 

inflation rate 
NPV(Tf) Max. NPV 

Year of max. 

NPV µ  

9% 0% 3.7191*10
8
 3.7191*10

8
 65 

9% 1% 2.9562*10
8
 2.9562*10

8
 65 

9% 2% 2.0463*10
8
 2.0901*10

8
 51 

9% 2.5% 1.2711*10
8
 1.6261*10

8
 40 

9% 3% -3.1451*10
7
 1.1736*10

8
 33 

 

inflation rate 

PBP Tc-l Tc-u T´c-l T´c-u Tc 

Benefits 

generated 

by 

government 

Benefits 

generated 

by investor 

NPV for 

total 

investment 
µ  

9% 0% 14 15 65 23 25 24 1.64443*10
8
 1.77923*10

8
 1.96943*10

8
 

9% 1% 15 16 65 23 25 24 1.25006*10
8
 1.4072*10

8
 1.99302*10

8
 

9% 2% 15 17 42 22 24 23 8.02673*10
7
 9.38999*10

7
 2.03113*10

8
 

9% 2.5% 15 17 26 20 21 20 5.05442*10
7
 4.57827*10

7
 2.05244*10

8
 

9% 3% The project losing money 

 

As results show, payback period increases due to increasing in uncertainty. Concession period decreases due to 

increasing in uncertainty. Benefits generated by government and investor decreases due to increasing in 

uncertainty. The large increase in uncertainty leads to losing money. 

Table 2: the rate of change in inflation rate follows a normal distribution with mean 9%, 8%, 7%, 6% and standard 

deviation equivalent to 2.5% to investigate effect of increasing in uncertainty proportionality to the inflation rate. 

inflation rate 
NPV(Tf) Max. NPV 

Year of max. 

NPV µ  

9% 2.5% 1.2711*10
8
 1.6261*10

8
 40 

8% 2.5% 1.4581*10
8
 2.1194*10

8
 40 

7% 2.5% 1.5002*10
8
 2.7251*10

8
 39 

6% 2.5% 1.1834*10
8
 3.4873*10

8
 39 

5% 2.5% 4.3099*10
7
 4.3812*10

8
 39 
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inflation rate 

PBP Tc-l Tc-u T´c-l T´c-u Tc 

Benefits 

generated 

by 

government 

Benefits 

generated 

by investor 

NPV for 

total 

investment 
µ  

9% 2.5% 15 17 26 20 21 20 5.05442*10
7
 4.57827*10

7
 2.05244*10

8
 

8% 2.5% 15 16 24 19 20 19 5.53816*10
7
 5.88993*10

7
 2.10173*10

8
 

7% 2.5% 14 15 21 18 18 18 4.78365*10
7
 7.00315*10

7
 2.15374*10

8
 

6% 2.5% 14 15 18 16 16 16 3.35296*10
7
 5.16842*10

7
 2.20843*10

8
 

5% 2.5% 13 14 14 14 14 14 -4.0075*10
6
 1.31385*10

7
 2.26453*10

8
 

 

The results show that although the inflation rate decreases, the Benefits generated by government and investor 

decreases due to large Increase in the proportion of uncertainty to inflation rate. Also it leads to decrease in 

concession period. Increasing in the proportion of uncertainty to inflation rate affect the NPV curve. The NPV 

increases in the first years of the life of the project and the maximum value increases. Then in the last years of 

the life of the project the NPV decreases sharply. This occurs due to the long economic life of the BOT 

projects. 

5. Conclusions 

The concession period should bring a certain level of NPV to the investor. However, the level of NPV is 

affected by the initial capital investment, income from operation, costs for operation, inflation, and interest 

rates. 

There are sources of risk that are outside the limits of the project and beyond the control of its participants. This 

category includes risks such as inflation, political and labor environment, marketplace factors, etc. Normally, 

inflation rate affected by political issues. Egypt suffer serious inflation of a high magnitude, reflecting on higher 

levels of risk associated with the investment. Inflation in the economy undermines the effect of development, 

leads to capital flight, and also means additional risks for long-term investment in projects.  

This study shows that the uncertainties in inflation rate could influence the decision of concession period. 

Furthermore, it could affect the decision of making the project. The government should make serious efforts to 

decrease inflation uncertainty. This will encourage the private sector to invest in local projects.  
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 في مصر حق االنتفاعلمشاريع  االمتيازعدم التيقن من معدل التضخم على تحديد فترة تأثير 

والبيئية واالجتماعية والسياسية تحليل العميق لجميع الجوانب المتعلقة بالجدوى االقتصادية الفي  حق االنتفاعريع ايتمثل مفتاح التنفيذ الناجح لمش

يؤثر التضخم على نمط االستهالك واالستثمار في المجتمع، ويؤدي إلى هروب رؤوس األموال ويقوض فعالية البنية  .والقانونية والمالية للمشروع

تعاني مصر من تضخم خطير . شاريعموهذا يعني أيضا مخاطر إضافية على االستثمار الطويل األجل في ال .التحتية المالية في عملية التنمية

تأثير عدم اليقين في معدل التضخم ورقة العلمية هذه ال درستوقد  .بدرجة كبيرة، مما يعكس مستوى أعلى من المخاطر المرتبطة باالستثمار

 .الحكومة والمستثمر يحصل عليها كال منوالفوائد التي  االمتيازوفترة  استرداد النقودوتأثيره على فترة 


