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ABSTRACT 

The technical and economical feasibility of a potential wind farm to be sited in Kano, Nigeria has been investigated 

in order to evaluate profitability and investment opportunities. For technical consideration, wind and turbine energy 

capabilities are computed. For economical consideration, two different scenarios namely, University as Sole 

Developer (SD), and an Independent Power Producer (IPP) cases, are investigated and compared with respect to Net 

Present Value (NPV), Internal Rate of Return (IRR), and Pay Back Period (PBP) criteria. It is concluded that for the 

wind regime of this site, the 200 kW rated turbine is preferred to any other rated turbine to be installed in a farm 

under each scenario. The energy sale price is calculated as low as 11.05 Naira/kWh for the IPP scenario. 

Profitability analysis shows that, larger installed capacity with lower rated power wind turbines present shorter pay 

back period for the investment.  

 

Significance: This study shows how Nigeria which falls within wind class regimes of I to II can benefit from grid 

wind energy projects through the installation of wind farms.  
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1.0 INTRODUCTION 

 

Nigeria is a rapidly growing country, both in economic and population sense, with 2.5% economic growth rate and 

2.5% population growth rate (Chendo, 2002). In 2004, the total installed and production capacity of power plants 

increased to 37,381.6 MW and 149,608.3 GWh, respectively (Sambo, 2005). 

Nigeria has a considerable potential for electricity generation from wind. In studies that have been carried out the 

conclusion is that Nigeria has a theoretical wind energy potential for stand alone utilisation. The most promising 

region is in Northwest Nigeria (Ojosu and Salawu, 1990).  Although Nigeria has good amount of wind potential, the 

installed wind energy capacity is less than 10 kW at present. The first wind electricity conversion system was 

commissioned in Sayya Gidan-Gaya, Sokoto State having a capacity of 5 kW in 1998 by Energy Commission of 

Nigeria (Sambo, 2005).  

From the foregoing, if Nigeria is to benefit substantially from grid electricity generated from wind, there is dire need 

to investigate the feasibility of establishing wind farms taking into consideration the wind potentials. This is the aim 

of this study, using a case study of a proposed wind farm project on the campus area of Bayero University, Kano to 

generate its electricity need 

 

2.0 LITERATURE REVIEW 

 

Several studies have been carried out on the technical and economical assessment of off-shore/on-shore wind farms 

(Pantaleo et al., 2005; Stockton, 2004; El-Sayed, 2002; Marafia and Ashour, 2003; El-Osta and Khalifa, 2003; 

Cavallaro and Ciraolo, 2005 and Ozerdem et. al., 2006). 

Pantaleo et al. (2005) concluded that large wind farm investments present internal rate of return (IRR) value of 27%, 

in the technical and economical feasibility study of off-shore wind farms in the Region of Puglia, Italia.  

Stockton (2004) revealed that wind farm delivers electricity at a price 34% less than residual fueled generation, in an 

economic feasibility study of a utility-scale wind farm in Hawaii, USA. 

El-Sayed's study (2002) has indicated that the cost/benefit analysis would be less than unity for a planned wind farm 

in Za’afarana, Egypt. 
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 Marafia and Ashour (2003) revealed that the cost of electricity generation from the wind which can be as low as 

0.0289 €/kWh compares favorably to that from fossil fuel resources, in the potential and economical feasibility 

study adopting wind energy in Qatar. 

El-Osta and Khalifa (2003) have demonstrated that the proposed wind farm in Zwara, Libya was economically 

feasible for the different wind turbine sizes of 0.6, 1, and 1.5 MW.  

Cavallaro and Ciraolo (2005) have shown that the wind farm located in the island of Salina, Italia was an attractive 

and realistic option. An integrated time-depending feasibility study on behavior of wind farms in Greece has 

concluded that the electricity price escalation and inflation rates are the most important parameters of the feasibility 

analysis. 

Ozerdem et al. (2006) in their feasibility studies of wind farm in Izmir, Turkey concluded that, the larger the 

installed capacity, the smaller the generating cost per kWh. The generating cost was calculated as low as 2.68 US 

cent/kWh for the IPP scenario. The profitability analysis also shows that, larger installed capacity with larger rated 

power wind turbines present higher IRR of the investment.  

These above studies’ common aim was to predict energy production and investigate cost related issues by selecting 

areas which are in wind regimes of class III and above. This current study looks at an area with wind regimes of 

class 1. 

3.0 MATERIALS AND METHODS 

 

Site characteristics, in particular, detailed technical assessment including on-site wind data, natural constraints and 

grid connection, and a detailed economic assessment are the main elements considered and investigated in this 

feasibility study.  
 

3.1. Description of the site 

Successful wind farm development depends on good location. Location dictates three key factors: wind energy 

output, grid availability and construction conditions. The proposed site is on the New Campus area of Centre for 

Information Technology, which is located in North Western part of the campus (long. 8°32′ and lat. 12°03′). The 

site selection was done by considering the sites wind power potential and accessibility to roads and power 

transmission lines as decision criteria.  

 

3.2. Technical aspects 

Data for five years (2001-2005) used in this study were collected from Kano Meteorological station and the 

University Weather station. Data collected are wind speed; prevailing wind direction; temperature and pressure. A 

geotechnical record from the University Department of Civil Engineering for the chosen site was obtained to 

ascertain the soil stability, foundation requirements, drainage and potential erosion problems.  The network analysis 

was conducted to determine the impacts of embedding the wind farm onto the National grid. Collected data were 

analysed for wind statistics and Weibull probability distribution function. The results are presented in Table 1. 

 The total electricity need of the University is determined as 2 MW installed capacity. This value is used as guide for 

the University sole provider scenario in which the university is responsible for the total setting up the wind farm. 

While for the IPP case under the land and grid considerations, the total electricity need used as a guide is 12 MW 

installed capacity (This is the minimum basis). In this case, the IPP will build a wind farm to provide electricity 

(12MW) to the University and the surrounding villages. For the two scenarios, the energy capabilities of four wind 

turbine alternatives with 200, 250, 1000 and 2000 kW rated power capacities were investigated using the 

RETScreen soft ware (RETScreen soft ware, 2006).  The results are presented in Table 2. 

 

3.3. Economical aspects 

The cost of generating electricity in a wind farm has three main components: capital cost, operation and 

maintenance costs, and financing cost. Absence of fuel cost is a distinct characteristic of renewable energy sources 

such as wind. The unit energy generation costs are slightly affected, once the wind farm is built. Hence, the 

economics of wind energy is very sensitive to capital cost. Cost-effective solution means the most suitable 

alternative, technically and economically. The essential criteria, which may lead to safe conclusions with respect to 

the economics, are NPV, IRR, and payback period (PBP) (Ozerdem et al., 2006). Projects in the electricity supply 

industry live for a long time. In parallel, wind farms last for about 25 years. Therefore, the time value of money 

becomes highly important for capital-intensive long life projects such as wind farms. NPV is a powerful indicator of 

the viability of the projects (Ozerdem et al., 2006 and Pantaleo et al., 2005) and can be determined from the 

following relation:  
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                              NPV=∑(B-C)/(1+r)n,          ………………………..                                       (1)                     

Where NPV is the net present value, B the benefit, C the cost, n the period and r the discount rate. The greater the 

NPV of a project, the more profitable it is.  

IRR is also a popular and widely used method for the evaluation of projects. The IRR is discount rate “r” which 

equates two streams of costs and benefits. Alternatively, it is the rate, which would make NPV value equal to zero. 

                             ∑[C/(1+r)n]=∑[B/(1+r)n].       …………………………..                               (2)                                                            

A common and simple way to evaluate the economic merit of an investment is to calculate its Pay Back Period 

(PBP) or, in other words, break-even time. This value is usually measured in years and shows amount of time to 

recover the total investment.  

                                   PBP=C/AS.      ……………………………………..                                       (3)  

 

Where AS is the annual savings.  

The economic analysis of the project based on equations (1) – (3) was conducted by using RETScreen software 

(RETScreen soft ware, 2006). The RETScreen International Clean Energy Project Analysis Software is a unique 

decision support tool developed with the contribution of numerous experts from government, industry, and 

academia. The software, provided free-of-charge can be used world-wide to evaluate the energy production, life-

cycle costs and greenhouse gas emission reductions for various types of energy efficient and renewable energy 

technologies (RETs). The software also includes product, cost and weather databases; and a detailed online user 

manual.  

 The analysis was performed for turbines having different rated power capacities. The cost-related data were taken 

from product data (Product data, 2006), as well. The cost related data which are in dollars were converted to its 

Naira equivalent. The study covered the two scenarios as stated in section 3.2. The analysis guided  by Nigerian 

Central Bank guidelines 2006 (Daily Sun, 2006 ) was conducted for a project life of 25 years, debt ratio of 70%, 

debt term of 15 years, discount rate of 14% and debt interest of 14%, inflation rate of 10% and an annual 

appreciation of the dollar at 5% against the naira.  Since the University owned the land, this cost was not included in 

the economic analysis. Tax and insurance related issues, also, were not included in order to make the analysis less 

complicated. The economic feasibility results are presented in Tables 3 and 4 for the different scenarios and 

alternatives. 

 
4.0 RESULT AND DISCUSSION 

4.1. Technical analysis 

Table1 shows mean monthly variation of measured wind speeds. The wind speed variations are best described by 

the Weibull probability distribution function with two parameters, namely, k as shape parameter and c as scale 

parameter. Table 1 shows the Weibull distributions for measured wind speeds at two prevailing directions of north 

(N) and northeast (NE). Wind energy power density computation in Table 1 indicates the zones correspond to the 

Class 1 of National Renewable Energy Laboratory (NREL) standards (Pantaleo et al., 2005). 

Table 2 present the technical results. The 200 kW capacity wind turbine is considered the most appropriate for each 

scenario judging from the performance capacitor and delivered Renewable energy. For the IPP, the 200 kW capacity 

wind turbine has a performance capacitor 36% and delivered Renewable energy of 33172 MWh against those of 

1000kW and 2000kW with each having a performance capacitor of 5% and delivered renewable energy of 

2344MWh and 1234MWh respectively. This is because as also seen in the first scenario, the larger rated wind 

turbines do not perform well in this low wind speed regime. Their performance capacitor factor is far below the 

required performance of between 20-40 % (RETScreen soft ware, 2006). They are therefore not suitable for 

installation in Kano. 

 

4.2. Economic analysis 

4.2.1. Sole Producer case 

Capital cost breakdown and operating costs are shown in Table 3. The cost items of feasibility study, development 

and engineering were the same for each alternative. Other cost items for the wind turbines varied according to their 

rated power. Table 4 shows the summary of the financial feasibility of all alternatives for this case. For most of the 

energy projects, the required minimum IRR value is 15% (Ozerdem et al., 2006) and this was used as a guide for 

this study. The wind turbine with 200 kW rated power as seen from the Table4 has the lowest value of energy sale 
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price (19.76 N /kWh), and the repayment period  of (7.2 years) less than 10 years which makes this investment 

attractive and is selected as the proper wind turbine for this scenario.  

 

4.2.2. Independent power producer case. 

Table 4 also shows the summary of all alternatives for this case. It is seen from Table4 that, wind turbine with 200 

kW rated power had a sale price of 11.05 N /kWh with corresponding IRR value of 15% and NPV value of N 

86,778,640. While for the 2000kW turbine is 44.46 N/ kWh with corresponding IRR value of 15% and NPV value 

of N 629,499,910.  Also from Table 4, the IPP scenario is preferred to the University Sole Developer scenario since 

it is more profitable as seen in the lower sale price of energy it offers, in the higher value of NPV and shorter pay 

back period (6.8 years) less than 10 years which makes it very attractive as well.  

 

5. CONCLUSION 

In this paper, a technical and economical feasibility study of wind farm establishment in a selected site in Kano 
(long. 8°32′ and lat. 12°03′), Nigeria has been proposed. Because of light wind resource capacity, the site has 

been classified as class 1. In this class, it was observed that the lower rated wind turbine (200 kW) was more 

attractive in the two scenarios in terms of plant capacity factor. Erecting wind turbines greater than 250 kW is not 

viable, since their capacity factor would be less than 20 % which is the minimum required for installation. 

 The unit sale price of electricity produced by each alternative (wind turbine) for the two scenarios, namely Sole 

Developer (SD) and independent power producer (IPP) cases in this site has been evaluated. From the results, it can 

be concluded that the wind farm projects were more feasible for Sole developer and IPP cases using 200kW rated 

power wind turbine respectively. All two scenarios are promising in respect to sale price per kWh and pay back 

period. But the most suitable scenario is the IPP case. 

The results have indicated that, the larger the installed capacity, the lower the sale price per kWh. It has been shown 

that, the sale price could be as low as 11.05 N /kWh in the IPP scenario for 12 MW installed capacity. The 

profitability analysis has shown that, larger installed capacity with smaller rated power (200kW) wind turbines 

present shorter pay back period for the investment.  

This study shows how Nigeria which falls within wind class regimes of I to II can benefit from grid wind energy 

projects through the installation of wind farms and that the cost of electricity generation from the wind which can be 

as low as 11.05 Naira/kWh compares favorably to that from fossil fuel resources (13.50 Naira/kWh). 

Despite encouraging growth forecasts, private investment in the renewable energy sector is currently very modest 

and limited. If this industry is to take off, it will initially have to   heavily depend on government and public funding. 

Therefore, incentive policies which are essential for the commercialization of renewable energy must be put in 

place. In general, these incentives can be public funds for research and development, direct support of investment 

costs, price support for electricity from renewable resources, favorable interest rates, and tax incentives.  
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Table 1. Mean monthly variation of measured wind speeds and Weibull Parameters  
Month Averaged wind 

speed (m/s) 

Averaged Scale 

factor (c) 

Averaged Shape 

factor  (k) 

Power 

density(W/m2) 

January 4.76 5.14 5.75 75.22 

February 4.90 5.35 4.83 91.5 

March 4.75 5.15 5.33 75.82 

April 4.81 5.07 8.23 80.49 

May 5.04 5.30 8.42 87.85 

June 5.50 5.71 10.19 108.80 

July 4.72 5.01 7.39 74.48 

August 4.15 4.36 8.62 50.39 

September 3.99 4.27 6.78 45.47 

October 3.66 3.81 9.70 35.60 

November 3.69 4.03 4.83 36.81 

December 4.42 4.83 4.91 62.70 

 

Table 2. Technical data and energy capacities of wind turbines used in the two scenarios. 
 Wind Turbine Scenario Largerwey 30 Largerwey 44 Largerwey 64 

 

Largerwey 72 

 

Rated Power kW SD/IPP 200 250 1000 2000 

Rotor Diameter (m) SD/IPP 30 44 64 71.2 

Hub Height (m) SD/IPP 50 50 70 80 

Wind speed at hub(m/s) SD/IPP 4.5 4.5 4.7 4.8 

Swept Area(m
2
) SD/IPP 706.86 1520.53 3217.00 3981.52 

Number of Wind Turbines SD 

IPP 

28 

60 

28 

60 

23 

50 

22 

48 

Wind plant Capacity factor 

% 

SD 

IPP 

35 

36 

28 

28 

8 

8 

5 

4 

Energy  Delivered 

(MWh/y) 

SD 

IPP 

17178 

37612 

17178 

36434 

17667 

36685 

17621 

37331 

Wind Plant size (MW) SD 

IPP 

5.6 

12.0 

7.0 

15.0 

23.0 

50.0 

44.0 

96.0 
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 Table 3.    Project Costs of all alternatives for the two scenarios (x 10
6 
 N ). 

ITEM SD/IPP 0.20MW 0.25MW 1.0MW 2.0MW 

1.Initial  Total 

 costs(N) made of: 

SD 

IPP 

2,160 

3,079 

2,363 

4,385 

4,901 

8,535 

7,944 

15,189 

-Feasibility studies 

            N,(%) 

SD 

IPP 

32  (1.5)  

 32  (1.0)          

32 (1.3) 

32 (0.7) 

32 (0.7) 

32 (0.4) 

32 (0.4) 

32 (0.2) 

-Development  

      N,(%) 

SD 

IPP 

109 (5.0) 

109 (3.5) 

109 (4.6) 

109 (2.6) 

109 (2.2) 

109 (1.3) 

109 (1.4) 

109 (0.7) 

-Engineering  

      N,(%) 

SD 

IPP 

79(3.7) 

79 (2.6) 

79 (3.4) 

79 (1.9) 

79 (1.6) 

79 (0.9) 

79 (1.0) 

79 (0.5) 

-Energy equipment   

      N,(%) 

SD 

IPP 

870(40.3) 

1864(60.5) 

1,057(44.8) 

2,266(57.3) 

3,455(70.5) 

6,910(81.0) 

5,986(75.3) 

13,060(86.0) 

-Balance of plant 

     N,( %) 

SD 

IPP 

898(41.6) 

763(24.8) 

898(38.0) 

1,439(33.8) 

847(17.3) 

763(8.9) 

797(10.0) 

763(5.0) 

-Miscellaneous   

      N, (%) 

SD 

IPP 

172(8) 

232(7.5) 

187(7.9) 

330(7.8) 

379(7.7) 

643(7.5) 

942(11.9) 

495(7.5) 

Operating and 

Maintenance 

costs(N ) 

SD 

IPP 

5 

100 

61 

101 

100 

100 

55 

100 

 

 

 

Table 4 Financial Feasibility of all alternatives for the two scenarios 

 

 ITEM Scenario 0.20MW 0.25MW 1.0MW 2.0MW 

Inflation (%) SD/IPP 10 10 10 10 

Discount rate   (%) SD/IPP 14 14 14 14 

Project life  (yrs) SD/IPP 25 25 25 25 

Debt ratio (%) SD/IPP 70 70 70 70 

Debt interest rate (%) SD/IPP 14 14 14 14 

Debt term  (yr) SD/IPP 15 15 15 15 

Income tax analysis SD/IPP - - - - 

Energy sale price (N/kWh) SD 

IPP 

19.76 

11.05 

21.06 

16.77 

36.79 

26.65 

54.6 

44.46 

 Pre-tax IRR and ROI (%) SD 

IPP 

15 

15 

15 

15 

15 

15 

15 

15 

 Simple pay back (yr) SD 

IPP 

7.2 

6.8 

7.9 

8.3 

8.0 

8.5 

8.6 

9.0 

Year to positive cash flow (yr) SD 

IPP 

6.7 

6.2 

8.2 

10.4 

8.4 

9.9 

10.3 

10.6 

Net Present value (NPV) (N ) SD 

IPP 

63,063,260 

86,778,640 

70,269,160 

138,189,350 

159,131,180 

328,859,050 

353,166,190 

629,499,910 
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