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Abstract 

Motivated by the rise of the electricity tariffs applied on industrial customer and the 
frequent electricity cut offs recently experienced in Egypt, this paper assesses the 
economic feasibility of installing a stand alone wind energy technology by an indus-
trial customer who seeks to reduce his dependency on the national grid. For this 
purpose, the wind energy potential at the wind regime of Cairo was chosen to be 
assessed using half an hour wind speed data for a full one-year period (2009). The 
Weibull parameters of the wind speed distribution function were estimated by em-
ploying the maximum likelihood approach. The estimation revealed that Cairo has 
poor wind resources. Despite the poor resources, the financial analysis has shown 
that under certain parameters the wind project can prove to be financially viable. 
Thus harnessing wind energy through stand alone systems can help in meeting the 
industries electric power needs. 
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1 Introduction 

The future of energy in Egypt is challenging. The local demand for energy and electricity is 

rapidly growing at the same time where the two major energy sources of the country, namely oil 

and natural gas, are in a precarious situation. As in one side, the Egyptian oil reserves are 

depleting and there are high and justifiable expectations that in the coming few years Egypt-

traditionally a net exporter- will be a net oil importer country. And with this depleting oil 

reserves situation, natural gas on the other side has to balance between two equally important 

roles, the role of the main energy source feeding growing local needs and the role of the main 

exported fuel that guarantees for Egypt an indispensable flow of hard currency. This double role 

can in fact cause a faster depletion of the rich natural gas reserves that Egypt currently enjoys 

(NREA 2001: 3, Georgy & Soliman 2007: 1-4, Ringius et al. 2002 : 89-90).  

Acknowledging this  critical energy situation and in order to face this challenge, the Supreme 

Council of Energy1 has approved in 2008 a strategy to diversify the energy sources in the 

electricity sector and reduce the dependency on fossil fuel by considering a larger contribution 

from renewable energy sources (NREA 2010). Accordingly, the share of renewable energy in the 

electricity generation should reach 20% by the year 2020 excluding the share of the large 

hydropower plants. And the dominant role in this renewable strategy was assigned to wind 

energy that should by the year 2020 generate 12% of the electricity supply whereas it currently 

supplies only 1.8% (NREA 2010, MOEE 2008/2009: 16). And as recognized by the Egyptian 

government, this ambitious increase in the share of wind energy cannot be realized except with 

an active participation from the private sector. This is why an encouraging framework for the 

entry of the private sector in the wind energy market has been designed under the proposed new 

electricity law2 (NREA 2010).Furthermore, the New and Renewable Energy Authority(NREA) is 

currently encouraging energy intensive industry to build wind energy projects in order to feed 

their own electricity demand .However no intensive industries has yet started its autoproduction 

of electricity from wind and all installed wind plants have been either demonstration projects or 

                                                 
1  The Supreme Council of Energy is the highest policy making authority in the Egyptian Energy sector 

(NREA 2001:3). 

2  This law has been under consideration since 2008 and was expected to be ratified by the parliament by the 
end of 2009 (Chester 2009). 
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large scale projects initiated under the cooperation or sponsorship of international donors and 

with the NREA3 as a local project developer (NREA 2010).  

In this paper, the decision to harness wind energy to auto-produce electricity will be assessed 

from the perspective of an industrial electricity customer. In fact, such a decision to auto-produce 

electricity in order to feed the industry operation may become soon a potential investment 

decision given the expected increase in electricity prices that the  industrial customer will witness 

with the elimination of electricity subsides4. Therefore this empirical paper is addressing a 

particular research question which is: Will the installment of a wind energy conversion system 

by an energy intensive customer be an economically feasible decision? And under which 

conditions will such an investment decision pay off? 

In fact, a few numbers of studies were carried out on wind power and its applications in Egypt 

(Shata & Hanitsch 2008: 141, Shata & Hanitsch 2006 a: 1598). The wind energy potential at the 

Red Sea and the Mediterranean coast along with some interior parts of Egypt were analyzed in 

the study of Mayhoub & Azzam (1997). Ahmed & Abouzeid (2001) have presented a study 

about utilizing wind energy in some remote areas to feed part of the need of some isolated 

communities. The studied areas were on the north coast, the red sea coast and the east of 

Oweniat .The Red Sea coast was again the scope of the work presented by Shata & Hanitsch 

(2006a) where an assessment of several regions on the red sea coast was conducted. In their 

study the researchers have estimated based on a technical and an economical assessment the cost 

of generating wind electricity in the studied regions and found it to be very competitive when 

compared to the other sources of electricity generation. With respect to the coast of the 

Mediterranean Sea, Shata & Hanitsch (2006b) have evaluated the energy potential along with the 

generation cost analysis of ten locations and found that three of the ten locations, namely, 

Marsaa Matrouh, Sidi Barani and Eldabaa were well suited for wind electricity generation given 

their favorable wind characteristics. The same authors have also identified the wind electric 

potential of the coastal city; Hurghada (Shata & Hanitsch, 2008).The most recent study 

                                                 
3  The New and Renewable Energy Authority (NREA) was established in 1986 and is mandated by the 

Egyptian government to plan and implement renewable energy programs (NREA 2010). 

4  According to the new electricity law, the electricity market will be liberalized in 2011and subsidies will be 
removed in phases starting with the industrial consumers (Chester 2009). 
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conducted over an Egyptian site was the assessment of the city of Ras Benas situated on Red Sea 

coast and was presented by Shata (2010). 

The novel contribution of this paper is that it assesses the potential to generate electricity from 

the wind resources of the city of Cairo. In fact no previous study that the research knows of was 

conducted until now on this region and as it can be noticed from the discussion of the work 

carried over areas in Egypt, all the studies were exclusively concerned with the assessment of the 

wind potential either in coastal or desert remote areas whereas no single study was concerned 

with the power potential of wind inside or near by non coastal cities. The second element of 

novelty in this study is that it doesn’t not end where an answer about the power potential of the 

studied wind regime is reached but it follows the wind regime assessment with an economic 

feasibility study adopting a new perspective which is the perspective of an energy user aiming at 

reducing his electric bill via a self installment of a wind energy conversion system. And this is 

unlike all the studies carried over Egypt where the economic assessment were conducted either 

to assess the feasibility of large wind farms and bulk power generation (see the study of Elsayed 

2002 conducted over Zafarana wind farm) or to estimate the production cost of wind generated 

electricity from the energy supplier perspective (see Shata & Hanitsch 2008 and Shata 2010). 

 Furthermore Cairo is a highly polluted city (Abdel Halim et al. 2003:123, Bugaje 2006: 606) 

surrounded with many industries and power stations such as that in Helwan and Shobra-Elkeima 

(Robaa 2000: 187) so studying the possibility to supplement the conventional power plants with 

renewable source of energy poses itself as an important research topic given that a major source 

of harmful emissions that causes environmental pollution is caused by heat power stations 

(Hamilton & Grabbe 2009: 1). 

This paper is organized as follows; in section two the theoretical framework for the wind energy 

estimation is presented where the Weibull wind speed distribution function and the maximum 

likelihood technique used to estimate the Weibull parameter is exposed. The wind speed data 

used in this study is described in section three and the results of the wind energy estimation as 

well as the feasibility analysis is given in the fourth section. The conclusion of this study is 

presented in the fifth and the last section of the paper. 
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2 Weibull as a Distribution Function for Wind Speed 

The analysis of the wind regime at a prospective site represents a fundamental step before 

developing any wind energy project as the cost of generating energy from wind in a specific site 

is heavily dependent on the wind resources that this site enjoys (MNRC 2004: 12, Himri et al. 

2008: 2496 ). In fact, the wind resources in a site are critically influenced by the wind speed (also 

called wind velocity) due to the existence of a cubic relationship between the wind speed and the 

wind power and consequently a small increase in wind speed can considerably increase the 

generated power. Accordingly, the average wind speed of the studied wind regime is a very 

important information in assessing the site’s wind energy potential. But the average speed over a 

period can only give a preliminary idea about the wind energy potential and that idea must be 

completed with a description of the regime’s wind speed distribution (Mathew 2006:  45-64). 

During the last 50 years, many distributions functions were suggested to describe the wind speed 

distribution among which was the Pearson, the Chi-Square, the Weibull, the Rayleigh and the 

Johnson functions. And among many non normal distributions used to represent wind speed- 

such as the log normal, the inverse Gaussian ,the squares normal-the Weibull distribution is the 

most commonly used in the wind literature (Keyhani et al. 2010: 188, Akdağ & Dinler 2009: 

1762, Carta et al. 2009: 933). 

The Weibull distribution function has been initially applied in 1930’s by the Swedish physicist 

W. Weibull in the field of material strength in cases of tension and fatigue. This distribution has 

proved to be closely matching the probability law of many natural phenomena among which is 

the wind speed. Actually, the wind energy literature considers the Weibull distribution as well 

fitting the observed long term distribution of mean wind speeds besides its simplicity and 

flexibility (MNRC 2004: 14, Shabbaneh et al.  1997: 480, Zaharim et al. 2009: 7). The Weibull 

distribution function is initially a three parameter function expressed mathematically as (Zaharim 

et al. 2009: 8): 
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where; 

f (v ) is the probability density function 

0≥v is the wind speed (m/s) 

0>k is the shape parameter   

0>c is the scale parameter (m/s) and δ is a location parameter. The location parameter is 

usually assumed to be equal to zero and the Weibull model used in the wind literature is a two 

parameter model (Zaharim et al. 2009: 8) and accordingly the Weibull probability density 

function is expressed as (Akpinar & Akpinar 2004: 558, Kaygusuz 2010: 2105):  

⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡
⎟
⎠
⎞

⎜
⎝
⎛−= −

k
k

c
vcvckvf exp)/)(/()()2( 1

 

The cumulative probability function of the Weibull distribution is given as (Mathew 2006: 68, 

Akpinar et al. 2004: 558)  
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Many methods can be found in the literature for determining k and c such as the graphical 

method, the standard deviation method, the maximum likelihood method, the moment method 

and the energy pattern factor method (Mathew 2006: 73, Akdağ & Dinler 2009: 1762-1763).In 

this research the Maximum likelihood technique will be employed to estimate the Weibull 

distribution parameters of the studied wind regime. This technique is considered to be “the most 

frequently used estimation technique after the least square” (Greene 2008: 567). The maximum 

likelihood technique is applied in a large majority of empirical estimation and is characterized by 

the asymptotic properties of its estimators 5 (Greene 2008: 486, Baltagi 1998: 9). A large number 

                                                 
5  For a full presentation of the maximum likelihood estimators properties and their mathematical proofs, refer 

to Greene 2008:486-495. 
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of studies (see for example: Genc et al. 2005, Zaharim et al. 2009) have used the method of the 

maximum likelihood to estimate the two Weibull parameters of the wind speed distribution 

function. The ML method is based on estimating those parameters that maximize the likelihood 

function )|( YL θ , where the necessary condition for maximizing )|( YL θ  is the likelihood 

equation (Greene 2008: 486) 

0)|(ln)4( =
∂

∂
θ
θ YL

.
 

The probability density function is the Weibull distribution function which has been presented in 

equation (2), and the corresponding likelihood function is given by (Genc et al 2005: 812): 

)exp()|,()5( 1

1

k
i

kk
i

n

i

k vcvkcvkcL −−

=

− −=∏  . 

Since the log likelihood function is easier to maximize, one can get first the natural logarithm of 

the likelihood function of n observation which yields (Genc et al 2005: 812): 
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Given that there are two parameters to be estimated, there will be two likelihood equations as 

following: 
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From these two likelihood equations, the maximum likelihood estimators for the shape (Κ ) and 

for the scale parameter (ς ) can be determined as follows (Zaharim et al. 2009: 9): 
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Details about the applied optimization technique are provided in chapter 4. 
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3 Wind Speed Data of Cairo 

The wind speed data of Cairo used in this paper was measured by the meteorological station of 

Cairo International Airport located in Heliopolis, 22km of Northeast of central Cairo and 40 km 

from the Giza Pyramids (www.cairo-airport.com). At this station, wind speed is captured using 

an anemometer placed at 10m above the ground level. In this research, a short term data source 

consisting of 12 month starting the first of January 2009 and ending the 31st of December was 

adopted and analyzed. The data used in the estimation are mean wind speed data -averaged over 

30 minute’s period. The total number of observations (wind speed) used in the analysis is 17425 

observations as 95 observations corresponding to different months and at different timing were 

not available. The average wind speed is 3.43 m/s and the standard deviation is 1.74. The 

maximum wind speed logged that year in Cairo was 24.67 m/s and was measured in the month of 

December. 

Figure 1: A view of Cairo (the studied site) 

 

Source: Google Maps retrieved from http://maps.google.com/maps 
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Figure 2: The location of the meteorological station of Cairo Airport 

 

Source:http://cairo-cai.airports-guides.com/cai_airport_maps.html 
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4 Empirical Results 

a) Estimation of the Weibull Parameters 

To find the value of maximum likelihood estimators presented in equations (9) & (10) and 

consequently reach the Weibull p.d.f corresponding to the studied site, the calculation process 

used was as follows: 

1) Scanning over a range of k, from 0.05 to 10 with a step size of 0.05, and calculating the value 

of the scale parameter at each value of the shape in the predefined range (0.05-10) 

2) Calculating the likelihood function at each c and the corresponding k 

3) Selecting from the calculated ln likelihood function the function with the highest value 

4) The maximum likelihood estimators are the value of k and c yielding the highest  

This calculation process has been applied on the collected wind speed data. The estimated 

parameter values for the wind speed distribution of the studied site were found to be: 

Shape parameter 05.2=Κ  

Scale parameter 87.3=ς  

The estimated Weibull probability density function for the wind regime of Cairo can hence be 

expressed as in (11) and the corresponding Weibull cumulative function is as in (12) 

 

 

 

 

 

 

])87.3/([)05.2/87.3)(87.3/05.2()()11( 05.2105.2 vEXPvf −= −K

⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡
⎟
⎠
⎞

⎜
⎝
⎛ −−=≥=

05.2

87.3
exp1)(Pr)()12( VVvobVFK



11 
 

Figures (3) and (4) are a plot of the estimated wind speed distribution at the studied site: 

Figure 3: The estimated Weibull p.d.f at the wind regime of Cairo 

 

Figure 4: The estimated Weibull c.d.f  

 

This c.d.f graph shows that 90% of the time the wind blows between 0 and 6 m/s.The studied site 

(Cairo) is hence characterized by being a low wind speed site and the small value of the 

estimated Weibull scale parameter supports this conclusion. 
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To test the significance of the estimated parameters the variance covariance matrix of the 

maximum likelihood estimator can be used. The elements of the matrix are as shown below 

(Greene 2008: 493-495): 

1
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Where the diagonal elements of the matrix represent the variance of the estimators and the off 

diagonal elements is their covariance. From the variance, one can calculate the standard error and 

consequently the value of the t calculated. The result of the tests is briefed in table 1. 

 

Table 1: Testing the significance of the estimated Weibull parameter 

Hypothesis t calculated Significance level t tabulated Conclusion 

0=c  58.37 0.05 1.667 Reject 

k= 0 205 0.05 1.667 Reject 

 

Accordingly, the estimated scale and shape parameter were significant at 95% confidence level 

one can confidently use the estimated probability density function of wind speed to calculate the 

potential wind electrical supply that could be generated at this site.
 

Furthermore, the possibility to describe the observed wind speed data using the Rayleigh wind 

speed distribution was tested. The Rayleigh function is a special case of Weibull where the shape 

parameter is equal to 2 so it has the following form (Akpinar & Akpinar 2006: 943, Masters 

2004: 346): 
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For this testing purpose, the likelihood ratio test was used. The LR test statistic λ LR follows for 

sufficiently large sample size a 2
Rχ distribution with degrees of freedom equals to the number of 

restricted parameters (Greene 2008). Testing the hypothesis that the observed data can be 

modelled using a Rayleigh distribution is equivalent to use the LR test to examine the hypothesis 

that the shape parameter K is equal to 2. 

                                                Table 2: Likelihood Ratio test 

Hypothesis λ LR degrees of 
freedom 

2
05.0χ  

 

Conclusion 

k=2 13.01532 1 3.84 Reject 

  

The result of LR test has pointed that the observed wind speed data is not well fitted to a 

Rayleigh distribution and the estimated Weibull distribution should then be used to describe the 

collected wind regime of Cairo. 

b) Estimation of the wind electrical supply 

Now after testing for the significance of the parameters as well as the convenience of the Weibull 

distribution to the collected wind data what remains is to estimate the potential wind supply in 

the studied region. Estimating the electrical energy generated by a wind turbine over a specific 

period necessitates the availability of two tools: the wind speed probability distribution at the 

studied site along with the power characteristics of the turbine .With these two tools, the total 

energy can be calculated by summing up the energy corresponding to all possible wind speeds 

blowing in the site and at which the turbine can operate (Kehayni et al. 2009: 188).      

Now with the Weibull cumulative distribution in hand -estimated in equation (12) - what remains 

to determine is the size of the turbine that will be used in energy generation. Among the offered 

types in the market, the turbine ‘NEG Micon60/1000’ has been selected by the researcher to 

proceed with the energy estimation question. This turbine was selected for two reasons. First, it 

has specifications matching the distribution of wind regime of Cairo. Namely, a rotor diameter of 

60 m which is relatively large compared to turbines with the same rated power. Additionally it is 
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mounted on a relatively tall hub of 70 meter height6.Such specifications are recommended to be 

present in turbines that will be installed in a low wind speed area (Masters 2004:  321-357) such 

as Cairo. The second reason is the availability of data about its real power curve which is needed 

for the purpose of energy calculation. The NEG Micon 60/1000 power specifications could be 

visualized in figure (5). 

Figure 5: Power curve for NEG Micon 60/1000 

 
            Source: Masters 2004: 364. 

To calculate the wind electrical output of this turbine if installed at the selected wind regime, an 

adjustment of the collected wind speed data (17425 observations) to the height of 70 meter (the 

hub height of the chosen turbine) was necessary as the wind speeds data were logged at a 10 

meter height (the anemometer height) while we are now concerned with the speed available at 

the rotor height. The adjustment for hub height is done using formula (15) (Masters 2004: 319): 
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6  The hub height for turbine size of 1000kw are in the range of 40m to 110m 

(source:www.thewindpower.net). 
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Where v is the wind speed at the hub height H  (in this study it is 70 m) and 0v represents the 

wind speed measured at the anemometer height 0H  which is presently 10 m and z   denotes the 

roughness length that differs according to the type of terrain over which the wind blows. Since 

Cairo is a city with urban district and many windbreaks, the applied roughness length z to be 

used in formula (15) is equal to 0.4 (Masters 2004: 320). With this adjustment, the scale 

parameter has changed from 3.87 at the 10 m height to 6.21 at 70 m height, while the shape 

parameter remains the same. The change in the scale parameter was expected because the scale is 

tightly related to the average wind speed that has increased with the higher hub to stand at 

5.5m/s.After completing the adjustment to the turbine hub height; the value of the annual energy 

generated in the wind regime of Cairo can be calculated by: 

1) Estimating the number of hours per year at which each wind speed blows at the site using 

Weibull cumulative density function  

2) Combining the power delivered at each wind speed (given by the power specification of 

the turbine)  with the number of hours per year at which each wind speed blows 

(estimated in step one)  

Applying this calcualion method (see appendix1), the total electrical generated by this turbine if 

installed in the studied wind regime was found to stand at approximately at 1.7 million kWh. 

c) Economic evaluation of the wind project: 

Given this potential wind electrical supply, an economic analysis was conducted to determine 

whether generating electricity through wind will be an economically feasible project7 or not from 

the perspective of the project developer who is an intensive energy user. More precisely, the 

energy user (customer) in the context of this analysis is assumed to be: an energy intensive 

industry, operating in or near by the studied site (Cairo) and which is connected to a medium 

voltage power service. The industry is receiving electricity from the local electrical company and 

                                                 
7  The term economically feasible will be equivalently interchanged with the term financially viable and that’s 

because the analysis is exclusively conducted from the investor viewpoint. 
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now it is considering autoproducing part of its electricity needs through a self instalment of a 

1000kw wind turbine (with specifications similar to the turbine used in the energy calculation). 

Given that wind project is a capital intensive long time project, the economic viability has to be 

determined using indicators that take into account the time value of money (Ozerdem, Ozer & 

Tosun 2006: 730). For this purpose, a capital budgeting framework that employs the NPV and 

the IRR project evaluation methods was adopted. According to Welch & Venkateswaran (2009: 

1122), this framework is suitable to evaluate investment in new technology such as projects in 

wind energy.  

The following equation demonstrates how a project’s NPV is calculated (Lusher 2008: 426): 

( ) n
ni

K
C

K
C

K
C

K
CCNPV

)1()1()1(1
)16( 32

21
0 +

+⋅⋅⋅⋅⋅+
+

+
+

+
+

+=  

Where iC  denotes the cash flows of the project occurring in the ith year (or period) and 

0C represents the initial investment (initial outlay). The discount rate is denoted by K and n is the 

number of years in the future. The discount rate can represent the cost of capital or more 

generally the interest rate that could have been earned if the money was invested in the best 

alternative investment. Worth to note that in this equation all cash flows are discounted except 

the initial outlay as it is assumed to take place in the present. The decision rule in the NPV 

technique is to reject a project with a negative NPV since it means that the present value of the 

cash outflows exceeds the present value of the cash inflows and to accept the project if its NPV 

is positive (Gitman 2003: 401, Lusher 2008: 427). The other investment evaluation method used 

is the IRR which is closely related to the concept of NPV. The concept of IRR refers to the 

discount rate that makes the present value of a project equals to zero. It can also be defined as the 

return that the project earns on the invested funds. The decision rule to accept a project when 

considering the IRR method is to find that the project’s IRR exceeds its cost of capital and when 

two or more projects are compared the best project is the one with the highest IRR (Albadi et al. 

2009: 1582, Lusher 2008: 430-431, Masters 2004: 244). 

Each element considered in the calculation of the NPV and the IRR are presented below. 
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0C  : which denotes the initial outlay is in the context of this analysis the capital cost of a wind 

turbine, this cost can be divided into: the cost of the turbine itself as provided by the 

manufacturer and some other additional cost (auxiliary cost) such as the site work that includes 

the foundation, the electric installation cost, the grid connection, consultancy and land rental. 

The total capital cost depends on the size of the turbine and also varies between countries of 

installation and it is estimated to vary from 900 €/kW to 1150 €/kW (EWEA 2004: 98). In this 

analysis, the cost of 900€/kW will be assumed. 

iC  : which denotes the net cash flows occurring during the lifetime of the investment. It is the 

difference between cash inflows and cash outflows. The cash outflows represent the operation 

and maintenance costs of the wind turbine. The component of the O &M costs are the regular 

maintenance cost, repair, insurance and administration and the spare parts costs. Based on what 

has been experienced in a number of countries (Germany, Spain, UK and Denmark), these costs 

were estimated to stand at nearly 1.2 to 1.5 c€ /kW of produced wind power (EWEA 2004: 

100).In the present analysis, the rate of 1.2 c€ /kW was assumed.On the other hand, the cash 

inflows in this analysis represent the savings that can be realized after installing the wind turbine. 

By installing a wind turbine, the user can generate electricity to power his activities and hence 

reduce his electric bill paid to the utility (or local electric company). The amount of money saved 

is based on the annual energy that can be generated and the electricity rate charged by the utility 

on this electricity customer. The annual energy generated has been estimated to be equal to 1.7 

million kWh. The customer (the electricity user) was defined to be an energy intensive industry 

connected to a medium voltage power service. According to the latest tariff structure set by the 

Egyptian Ministry of  Electricity and Energy, such category  of user  is subject to pay 33.4 

piaster/kwh8 besides a demand charge of 10.4Le/kW-month9 (MOEE 2008/2009: 47). It must be 

mentioned that neither the cost of removing the turbine at the end of its lifetime nor the revenue 

that could be earned from selling it (its residual value) is considered in the cash flows of the last 

year of the turbine operation. 

                                                 
8  When converted to euro using the exchange rate 1 euro=7.4965, the energy rate will be 4.455 c€/kW. 

9  The demand charge is not affected by the instalment of the wind turbine as it is considered a fixed cost that 
the user must pay to the utility regardless of electricity received. 
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K: denoting the discount rate used to compute the present value of the net cash flows occurring 

over the life time of the wind turbine (typically 20 years) is assumed in the base analysis of the 

NPV calculations to be 8% .The discount rate applied in similar studies - assessing the viability 

of wind energy projects -is usually lying within an interval of 5% to 10% ( see for example 

Albadi et al. 2009 or Marafia et al. 2003). A summary for the assumptions used to calculate the 

NPV of the wind project is provided in table (3). 

Table 3: Base case assumptions 

Wind Project lifetime 
Wind turbine rated power 
Hub height 

20 years 
1000kW 
70 meter 

Wind turbine capital cost  900€/kW 
Operations and Maintenance Cost 1.2  c€ /kW 
Discount rate 
Annual electricity generated 

8% 
1696061kW/h 

Applied electricity price  
Characteristics of the wind regime at Hub Height: 
Wind speed distribution 
Distribution parameter 
Average wind speed at hub height 

4.445 c€ /kW 
Weibull distribution 
K=2.05, 
C=6.21 
v =5.50m/s 

 

 Under these base case assumptions, the NPV of the project was calculated and it was equal to: 

357629€)17( −=NPV  

The negative value of the NPV indicates that the installment of the wind turbine will be an 

uneconomic investment. The industrial customer will not be able to cover all of the costs of his 

investment in the wind energy project. Hence, auto-producing electricity from wind is not a 

worthwhile investment and this customer should buy all of his electricity needs from the grid as 

he used to do. Beside the base case, three other scenarios were assessed where some parameters 

used in the base case were replaced with new one to assess the impact of such changes on the 

project’s viability.  
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SCENARIO ONE: CHANGING THE DISCOUNT RATE  

In the base case, the discount rate used to calculate the NPV was 8%. Now in this first scenario, a 

discount rate of 5% will be assumed while keeping all the other parameters used in the base case 

unchanged. The NPV corresponding to the 5% discount rate is:  

211563€)18( −=NPV  

The project’s NPV is still negative even at a lower discount rate therefore it still cannot be 

qualified as an economically viable project. The impact of reducing the discount rate on the 

project’s NPV is illustrated in figure (6). 

Figure 6: Moving from the base case to scenario one 

 

From this figure, one can conclude that moving from point A (base case) to point B (scenario one) will not change 

the decision to reject the project since in both situations the NPV is negative. The figure also indicates that the 

project breakevens at nearly 2%. 

The NPV profile shown in figure (6) indicates that at any discount rate above the designated IRR 

(holding all other factors of the base case assumptions unchanged) the project is economically 

unfeasible. Given this low IRR, the project of installing a stand alone wind system should be 
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rejected since any realistic assumptions about the cost of capital in the Egyptian financial market 

(or more generally the opportunity cost) will exceed 2%. 

 

SCENARIO TWO: ESCALATING THE ELECTRICITY TARIFF 

In the base case as well as in the first scenario, the electricity user was paying to the electricity 

company a tariff equal to 33.4 piaster /kWh. This electricity tariff was assumed to be constant 

over the lifetime of the project and consequently the annual monetary savings that the project can 

bring were also constant. In this scenario, the project’s NPV will be calculated under the same 

parameters of the base case except that now the electricity tariff is assumed to be subject to a 5% 

yearly increase. The wind project’s NPV was in this second scenario  equal to: 

€39678.66)19( =NPV  

The positive NPV means that the present value of the savings-realized with the autoproduction of 

electricity using the wind turbine- has exceeded the present value of all the project’s costs. It can 

be concluded that under scenario two the instalment of the wind energy project is a worthwhile 

investment. 

SCENARIO THREE: COMBINING SCENARIO ONE AND TWO 

Under this scenario, the NPV is calculated using a 5% discount rate and assuming a 5% yearly 

increase in the electricity which gave the following result: 

€358035)20( =NPV
 

Obviously, the NPV under this third scenario indicates that the wind project is much more 

attractive than in the second scenario and it has enjoys a larger margin of safety.  

The impact of varying the discount rate from 8% (scenario two) to 5 % (scenario three) on the 

project’s NPV is illustrated in figure (7). 
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Figure 7: Moving from scenario two to scenario three
 

The graph depicts the NPV profile in case of a 5% yearly increae in the price of electricity .Point A on the graph 

represents scenario two while point B represents scenario three. 

As shown in figure (7), when the electrcity price charged by the utility witnessed a 5% annual 

increase, the IRR of the wind project standed at approximately 8.5% .Worth to be mentionned 

that the increase in the price of electricity (generated from conventional source, i.e. fossil fuel) is 

usually higher than the increase witnessed in the rate of inflation (Hau 2006: 764). Accordingly 

the annual increase in the price of electricity can be higher then the assumed rate of  5% if  the 

inflation rate in Egypt exceeded 5% which was in fact the case in the last 7 years since 2003 

(World Bank 2010). And with a higher annual rate of price increase the wind project can witness 

a higher NPV then the one realized and shown in figure 7. 

Beside the positive effect a higher rate of price increase will have on the project’s NPV there is 

also the effect of the new Electricity Law. In fact this law imposes higher electricity tariff on all 

industrial customers by gradually removing the subsidies on electricity starting in the first phase 

with the large industrial customers (over the period 2011-2014) and then followed by medium 

sized industries in the second phase (from 2014-2017) and by 2020 all customers categories 

should be subject to unsubsidized prices (Chester 2009). Accordingly under unsubsidized 

electricity price, the investment in the wind project will prove to be even more financially sound 
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then scenario two and three as any assumed annual rate of increase should take effect in the 

future on higher prices than the price used in  this financial analysis (33.4 piaster/kWh) which is 

a subsidized price.  
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5 Conclusion 

Egypt has currently the largest installed wind capacity in Africa and the Middle East. By 2020, 

the Egyptian energy sector targets to generate 12% of the electricity needs from wind making 

from it the major renewable energy source in the country electricity mix. So far, the wind 

capacity installed in Egypt was exclusively developed by the government via the new and 

renewable energy authority. This capacity took the form of large wind farms that supplies 

electricity to meet large electric demands namely that of national bulk power stations.  

This paper attempted to examine the possibility of installing a wind energy project whose 

developer is an energy intensive user operating in Cairo and who seeks to auto-generate part of 

his electricity needs from the wind resources available at his location. In order to answer whether 

installing a wind turbine will be a worthwhile investment or not, the wind resource of this site 

has been assessed. The results of the econometric estimation have indicated that Cairo has low 

wind resources capacity. In spite of this disappointing result, the financial analysis carried over 

different scenarios has pointed that even with the poor wind resources of Cairo the wind project 

can prove to be financially viable. Prerequisites for a positive net present value of the investment 

are annual electricity price increases of 5% combined with a discount rate equal or below 8%. In 

this situation, the wind project is feasible and sustainable without any government incentives. 

However, if the price of the electricity charged by the utility and distributed via the national grid 

is expected to increase by less then 5% or if the discount rate dictated by the market is higher 

then 8%, then the wind project proved to be unfeasible. Accordingly, the energy user should then 

refrain from installing private wind turbines and continue to buy all needed electricity from the 

grid. In this case, the development of private investments in wind project will require public 

incentives such as the government provision of low interest loans or lump sum subsidies.  

 



24 
 

References 

Abdel Halim, A.S., Metwally, E., El-desoukky, M.M. (2003). Environmental Pollution Study 

around a Large Industrial Area near Cairo-Egypt. In: Journal of Radioanalytical and 

Nuclear Chemistry, vol. 257(1), pp. 123-124.  

Ahmed, H. K., Abouzeid, M. (2001). Utilization of Wind Energy in Egypt at Remote Areas. In: 

Renewable Energy, vol. 23(3-4), pp. 595-604. 

Akdağ, S. A., Dinler, A. (2009). A New Method to Estimate Weibull Parameters for Wind 

Energy Applications. In: Energy Conversion and Management, vol. 50(7), pp. 1761-

1766. 

Akpinar, E. K., Akpinar, S. (2004). Statistical Analysis of Wind Energy Potential on the Basis of 

the Weibull and Rayleigh Distributions for Agin-Elazig, Turkey. In: Proceedings of the 

Institution of Mechanical Engineers, vol. 218(A), pp. 557-565. 

Akpinar, E. K., Akpinar, S. (2006). An Assessment of Wind Turbine Characteristics and Wind 

Energy Characteristics for Electricity Production. In: Energy Sources, vol. 28(10), pp. 

941-953. 

Albadi, M. H., El-Saadany, E. F., Albadi, H. A. (2009). Wind to Power a New City in Oman. In: 

Energy, vol. 34(10), pp. 1579-1586. 

Baltagi, B. H. (1998). Econometrics. Springer: Berlin et al. 

Bugaje, I. M. (2006). Renewable Energy for Sustainable Development in Africa: a Review. In: 

Renewable and Sustainable Energy Reviews, vol. 10(6), pp. 603-612. 

Carta, J. A., Ramírez, P., Velázquez, S. (2009). A Review of Wind Speed Probability 

Distributions Used in Wind Energy Analysis: Case Studies in the Canary Islands. In: 

Renewable and Sustainable Energy Reviews, vol. 13(4), pp. 933-955. 

Chester, J. (2009). Alternative Energy Goes Mainstream. Business Today Egypt. Retrieved on 

13-January 2010 from: http://www.businesstodayegypt.com/ article.aspx?ArticleID=8308 



25 
 

El-Sayed, M. A. H. (2002). Substitution Potential of Wind Energy in Egypt. In: Energy  

Policy, vol. 30, pp. 681-687. 

EWEA. European Wind Energy Association (2004). Wind Energy- The Facts- Costs and Prices, 

2004 vol. 2. Retrieved on 4-April 2010 from http://www.ewea.org 

/fileadmin/ewea_documents/documents/publications/WET  F/Facts_Volume_2.pdf 

Genc, A., Erisoglu, M., Pekgor, A., Oturanc, G., Hepbasli, A., Ulgen, K. (2005). Estimation of 

Wind Power Potential Using Weibull Distribution. In: Energy Sources, vol. 27(9), pp. 

809-822. 

Georgy, Y. R., Soliman, A. T. (2007). Energy Efficiency and Renewable Energy: Egypt 

National’s Study Summary. Mediterranean and National Strategies for Sustainable 

Development, Final report, Plan Bleu, Regional Activity Center, March 2007. Retrieved 

on 3-May 2010 from: http://www.planbleu.org /publications/atelier 

energie/EG_National_Study_Final.pdf 

Gitman, L. J. (2003). Principles of Managerial Finance. Tenth Edition. Addison Wesley: New 

Jersey. 

Greene, W. H. (2008). Econometric Analysis. Sixth Edition. Prentice Hall-Pearson Education: 

New Jersey. 

Hamilton, R., Grabbe, H. (2009). Environment, Pollution and Effect. In: Hamilton, R., Kucera, 

V., Tidblad, J., Watt, J. (eds). The Effects of Air Pollution on Cultural Heritage. Springer: 

Berlin et al., pp. 1-27. 

Hau, E. (2006). Wind Turbines: Fundamentals, Technologies, Application, Economics. Second 

Edition. Springer: Berlin et al. 

Himri, Y., Rehman, S., Draoui, B., Himri, S. (2008). Wind Power Potential Assessment for 

Three Locations in Algeria. In: Renewable and Sustainable Energy Reviews, vol.12 (9), 

pp. 2495-2504. 



26 
 

Kaygusuz, K. (2010). Wind Energy Status in Renewable Electrical Energy Production in Turkey. 

In: Renewable and Sustainable Energy Reviews, vol. 14 (7), pp. 2104-2112 

Keyhani, A., Ghasemi-Varnamkhasti, M., Khanali, M., Abbaszadeh, R. (2010). An Assessment 

of Wind Energy Potential as a Power Generation Source in the Capital of Iran, Tehran. 

In: Energy, vol. 35, pp. 188-202. 

Lusher, W. R. (2008). Financial Management: A Practical Approach. Fifth Edition. Thomson 

South-Western: Ohio. 

Marafia, A-H., Ashour, H. A. (2003). Economics of Off -shore/ On-shore Wind Energy Systems 

in Qatar. In: Renewable Energy, vol. 28(12), pp. 1953-1963. 

Masters, G. M. (2004). Renewable and Efficient Electrical Power Systems. Wiley & Sons: New 

Jersey. 

Mathew, S. (2006). Wind Energy: Fundamentals, Resources Analysis and Economics. Springer: 

Berlin et al. 

Mayhoub, A. B., Azzam, A. (1997). A Survey on the Assessment of Wind Energy Potential in 

Egypt. In: Renewable Energy, vol. 11(2), pp. 235-247. 

MNRC. Minister of Natural Resources Canada (2004). Clean Energy Project Analysis: Wind 

Energy project Analysis Chapter. Retrieved on 4-November 2009 from: 

http://www.retscreen.net/ang/wind_energy_e_textbook_chapter.php 

MOEE. Ministry of Electricity and Energy (2009). Annual Report 2008/2009. Retrieved on 4-

April 2010 from: http://www.moee.gov.eg/English/e-fr-main.htm 

NREA. New and Renewable Energy Authority (2001). Implementation of Renewable Energy 

Technologies: Opportunities and Barriers-Egypt Country Study. UNEP Collaborating 

Center on Energy and Environment. Risǿ National Laboratory: Roskilde. 

NREA. New and Renewable Energy Authority  (2010). National Strategy for Wind Energy up to 

2020. Retrieved on 18-February 2010 from: http://www.nrea.gov.eg/ english1.html 



27 
 

Ozerdem, B., Ozer, S., Tosun, M. (2006). Feasibility Study of Wind Farms: a Case Study for 

Izmir, Turkey. In: Journal of Wind Engineering and Industrial Aerodynamics, vol. 94, pp. 

725-743. 

Ringius, L., Grohnheit, P. E., Nielsen, L. H., Olivier, A-L., Painuly, J., Villavicencio, A. (2002). 

Wind Power Projects in the CDM: Methodologies and Tools for Baselines, Carbon 

Financing and Sustainability Analysis. Risǿ National Laboratory: Roskilde.  

Robaa, S.M. (2000). Giza Monuments and Local Climate Change. ICEHM (2000), Cairo 

University, Egypt. Retrieved on 4-April 2010 from: 

http://virtualacademia.com/pdf/cli187_200.pdf 

Shabbaneh, R., Hasan, A. (1997). Wind Energy Potential in Palestine. In: Renewable Energy, 

vol. 11(4), pp. 479-483. 

Shata, A. S. (2010). Wind Energy as Potential Generation Source at Ras Benas, Egypt. In: 

Renewable and Sustainable Energy Reviews, vol.14 (8), pp. 2167-2173. 

Shata, A. S. A., Hanitsch, R. (2006 a). The Potential of Electricity Generation on the East Coast 

of Red Sea in Egypt. In: Renewable Energy, vol. 31(10), pp. 1597-1615. 

Shata, A. S. A., Hanitsch, R. (2006 b). Evaluation of Wind Energy and Electricity Generation on 

the Coast of Mediterranean Sea in Egypt.  In: Renewable Energy, vol. 31(8), pp. 1183-

1202. 

Shata, A. S. A., Hanitsch, R. (2008). Electricity Generation and Wind Potential Assessment at 

Hurghada, Egypt. In: Renewable Energy, vol. 33(1), pp. 141-148. 

Welch, J. B., Venkateswaran, A. (2009). The dual Sustainability of Wind Energy. In: Renewable 

and Sustainable Energy Reviews, vol. 13(5), pp. 1121-1126. 

World Bank (2010). World Development indicators. Retrieved on 10-September 2010 from 

http://data.worldbank.org/indicator/FP.CPI.TOTL.ZG/countries/1W-EG?display=default 



28 
 

Zaharim, A., Razali, A. M., Abidin, R. Z., Sopian, K. (2009). Fitting of Statistical Distributions 

to Wind Speed Data in Malaysia. In: European Journal of Scientific Research, vol. 26(1), 

pp. 6-12. 

 



29 
 

                                     Appendix 1: Annual energy delivered at each wind speed 

Wind speed m/s Power(kW)* Probability Hrs/Yr at wind 
speed** 

Energy 

0 0 0.0057 49.92  0

1 0 0.0472 413.42  0
2 0 0.0906 793.41  0
3 0 0.1221 1069.73  0
4 33 0.1379 1208.36  39875.77
5 86 0.1379 1208.16  103901.55
6 150 0.1251 1095.45  164317.29
7 248 0.1041 912.31  226253.57
8 385 0.0803 703.13  270703.31
9 535 0.0575 503.87  269569.04
10 670 0.0384 336.79  225652.5
11 780 0.0240 210.44  164144.44
12 864 0.0141 123.11  106367.49
13 924 0.0077 67.51  62377.24
14 964 0.0040 34.73  33477.79
15 989 0.0019 16.77  16586.28
16 1000 0.0009 7.61  7606.53
17 998 0.0004 3.24  3235.02
18 987 0.0001 1.30  1281.38
19 968 0.0001 0.49  473.15
20 944 0.0000 0.00  0
21 917 0.0000 0.00  0
22 889 0.0000 0.00  0
23 863 0.0000 0.00  0
24 840 0.0000 0.00  0
25 822 0.0000 0.00  0
26 0 0.0000 0.00  0

Total Electrical 
Supply 

  1696061kW/h

*The power data is retrieved from the power specification of the NEG Micon 60/1000 that was illustrated in figure (5). 

**Values are rounded to the nearest hundredth. 


