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ABSTRACT

Entering the distributed generation in the power distribution system has many benefits For example, losses reduction,
voltage profile regulation, etc. DGs (Distributed Generations) that will be generated using clean sources, as compared to
other energy resources, for the operation are priority.. Due to the high price of wind turbines, wind turbines must be
installed in the Appropriate site. This site should be appropriate in terms of mean annual wind blowing. In this paper,
feasibility study of wind power plant installation is done. Regarding the right place at the University of Malayer and
located at the foot of the mountain, the site was studied. Annual energy produced was basis for calculating annual energy
produced Power plant.

Index Terms : Wind Turbine, Feasibility Study, Economic Evaluation of Energy, Annual Energy Production

Introduction

Wind energy is a clean and renewable energy from the ancient times until now, has helped many people to
do things. Use of renewable resources as an alternative to fossil fuels is highly regarded in the recent years
[1],[2]- Distribution systems are usually radial in nature for operational simplicity. The Radial Distribution
Systems (RDS) are fed at only one point, which is the substation. The high R/X ratio of the distribution
lines results in large voltage drops, low voltage stability and power losses. Under critical loading
conditions in certain industrial areas, RDS experiences sudden voltage collapse due to low value of voltage
stability index at most of its nodes [3].

placement of wind power plant in the distribution system, will be very useful to prevent voltage drop at
the end of the feeder, reducing energy losses and etc. renewable energy sources are granted long-term
contracts with predefined feed-in tariffs in order to reduce the risk for investors, and progressively phase
out the existing coal-fired generators[9]. Policies have been developed to promote green-energy
technologies, including feed-in tariffs, renewable portfolio standards, tradable green -certificates,
investment tax credits and capital subsidies, among others [4]. In Europe, the UK is aiming for 15% of its
electricity to be generated from renewable energy sources by 2015/16, which represents an increase of
around 10% compared to the existing share; Germany, with a more aggressive policy, targets a 25-30%
share by 2020, and 50% by 2030 [5]. According to the trends observed in 2009 for the EU, nearly 55% of
the new installed capacity based on renewable sources corresponds to wind and solar-Photovoltaic (PV)
intermittent generation (39% and 16%, respectively) [5]. In the US, the state of California has set a target
of 33%for the retail load to be served from renewable sources by 2020 [6], [7]. In Iran, there are policies
that support the construction of wind power plants. Economic efficiency of wind energy depends on the
following factors:

Wind resources available

Costs investment and capital value

Operation and maintenance costs

Connectivity of transmission line and network upgrade costs

The amount of subsidies or incentives available

Customers tend to pay a premium for wind energy [3]
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e  With regard to the mentioned above, in the some areas use of in terms of economy, wind turbines
are still not affordable.

LOCATION AND SELECTING TYPE OF THE TURBINES

Malayer is located in the southeast of Hamedan province, in the west part of Iran. The site of the Malayer
university is selected for the feasibility studies. After selecting the site, the next step is to find the
appropriate model of turbine. For this purpose, authors have assisted two wind turbines S47-660KW and

SN25KW. The most important and the main characteristics of these turbines are presented in the table 1
[10]:
Dutput ) Air density 1.225 kg/m?

Wind speed (misec.)

Figure 1. Produced Power of the 25KW
Turbine in Different Sneeds

Type Of Turbine 25KW 660KW
Rotor Diameter (m) 11.7 47
Number Of Blades 2 3

Swept Area (m®) 108.4 1735

Tower Height (m) 24 40
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Figure 2. Produced Power of the 660KW Turbine in Different
Speeds
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WIND STUDY
In this phase of study, some data of the area's wind conditions are required such as wind speed, wind
direction, etc. What is certain is that the characteristics of the local climate impact on the turbine’s
performance.
It is necessary that these studies be performed in some continues years, either to increase accuracy factor
and to perform needful studies with comparing wind condition in sequential years. Wind data used for this
project are according to the latest data obtained from the meteorological organization of the region and
are recorded 8 times in each day in the height 10m, also, to increase accuracy and comparing, these data
have been analyzed between 2009 to 2013 for 5 years. As the heights of selected turbines’ tower are 24
and 40m, it is need to obtain wind data in these heights. This end is given as the Hellman equation in (1),
) 1(

Where h; and h; are height and v; and vz are, respectively, the wind speed in the height h; and h,. A is the
ratio that its amount is selected due to the region situation, wether desert or not, presence or absence of
hills and vegetation type like presence of the dense trees or lack of it, scrub existence, etc., and naturally
this ratio is different in various areas such as sea, mountains, deserts, etc. The a ratio in this area is
considered 0.21 and has good precision [11].
In next step, to classify wind data, some intervals have been choose with respect to the turbine’s type.
Then, the data abundance in each interval and the percent of them have been determined. The diagrams of
this step are shown in figures 3 to 12:

40 — 3443

30 I
201?.04}]513-

Percent 10 - 47:-!75 T .‘7_!?_59 ‘po 11 22]
tl FZ F3 r ;:‘-;‘-010’0‘0('

0 T
S v <0 ese e,\,& e'\/‘b a'\'q'

Wind Speed (m/s)

Figure 3. Percent of the Wind Speed in Each Interval for 2009 in the Height of 24m
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Figure 4. Percent of the Wind Speed in Each Interval for 2009 in the Height of 40m
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Figure 5. Percent of the Wind Speed in Each Interval for 2010 in the Height of 24m
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Figure 7. Percent of the Wind Speed in Each Interval for Wind Speed (m/s)

2011 in the Height of 24m Figure 8. Percent of the Wind Speed in Each Interval for

2011 in the Height of 40m
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Figure 11. Percent of the Wind Speed in Each Interval for 2013 in the Height of 24m
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It should be noticed that besides wind speed, wind direction is also of high importance that figure (13)
illustrates the wind direction distribution curve.
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. Figure. 13. Wind Direction Distribution Curve in the Height of 10m

TURBINES PRODUCED POWER
It explained that The IRR(Rial) is equivalent to 1/30000 USD Or in other words: 1USD = 30000 Rials. By

using Figures 3 to 12 and equation (2), the number of the hours in a year which in each interval wind had
continued can be found,

)2 (H=axT

Where H is the number of hours in a year which wind continues in each interval, a is Frequency
percentage of each interval according to Figures 3 to 12 and T is the total number of hours of the year. The
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amount of produced power by turbine at each interval can be found using the figures 1 and 2, and the
energy produced by turbines at any interval can be obtained by equation (3),
)3 (Ei= HxP

Where E; is turbine’s produced energy related to each interval in kWh, H is the number of hours in a year
which wind continues in each interval in hour and P is the turbine’s produced power in each interval of
wind data in KW. Finally, by sum the total amount of energy in each period according to (4), Annual energy
produced by each turbine can be achieved,

)4 (El Z = Etotal

The amount of annual energy produced at the height of 24m by 25 kW wind turbine and the amount of
annual energy produced at the height of 40m by 660 kW wind turbine in different years is given in Tables
3 and 4 and in Figures 14 and 15.

Table (3): Annual Energy Produced by 25 kW Turbine in Different Years.
year 2009 2010 2011 2012 2013

Annual energy production

5599831 | 59336.71 | 50789.93 | 51624.89 | 45419.97
(kwh)

Table (4): Annual Energy produced by 660 kW Turbine in Different Years.

year 2009 2010 2011 2012 2013
Annual energy production 1130418. | 1189088. | 1006504. | 1036300. | 894719.9
(kwh) 2 6 8 2 5
11334230022
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Figure 14. Annual Energy Produced by 25KW Turbine in Different Years
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Figure 15. Annual Energy Produced by 660KW Turbine in
Different Years
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FINANCIAL ASPECTS
EXPENSES
The data obtained from SABA NIROO (Manufacturer of wind turbines in Iran) in the fields of selling
equipments, transportation, installation and operation of wind turbine in the years 2013-2014 is shown in
table 5.

Table (5): Wind turbine’s Buying, Transportation and Operation Expenses in 2013-2014

Columns Turbine Type Selling Equipments Rent of Crane Installation and
(Million Rials) (Million Rials) | Operation (Million Rials)
1 25KwW 1200 10 100
2 660KW 25000 550 300

As it can be seen, the total expense that should be payed till installation and operation of 25KW and
660KW wind turbines, respectively, equal to 1310 and 25850 million Rials.

REVENUE FROM SELLING ENERGY

According to data published by the Central Bank and the Statistical Center of Iran, the average inflation
rate in years 2013 and 2014, respectively, is 25.4% and 31% [12]. Because the inflation rate and the
growth amount of inflation rate depends on several factors such as government policies and local
conditions; We suggest a 1.5 percent rate of inflation in the last five years to be considered. For the works
that will be done in the future, according to the situation and the declared information, economic studies
can be repeated at any arbitrary time.

By averaging the energy produced by wind turbines in this period, we can airn the amount of annual
energy that could be achieved from wind in this area. Average energy for 25 kW and 660 kW wind
turbines, is 52633.962 kWh and 1,051,406.35 KWh, respectively.

Since the purchase price of wind power plants electricity for each kWh in 2013 was 1320 Rials, Due to the
growing inflation rate of 1.5 percent purchase produced electricity, the amount of revenue over the 20
years lifetime for 25 kW and 660 kW wind turbines, is 1606472,734.58 and 32090604052.16 , Rials,
respectively.

CONCLUSION
Today, in many countries, the public interest in the use of renewable resources and the replacement of
fossil fuels with clean energy such as wind, solar, geothermal, hydro, etc has increased. According to this,
the increasing use of renewable energy resource in the electricity industry is a long-term agenda for most
programs [13]. Before the construction of a wind plant, economic and financial evaluation and also
estimation of project costs and revenues, is necessary [2]. Economic analysis on the feasibility step
demonstrated that Malayer university wind plant site from economic standpoint is affordable; but we can
increase the amount of revenues with using some following suggestion.
To increase the amount of revenues and make the project more economic, following suggestions can be
considered.

= Executing supportive policies of wind plant and assign publish penalties to thermal units [14]

= Use of wind turbines with up to date technology and high efficiency with low prices.

ACKNOWLEDGMEN
This work was supported by research assistant of Islamic Azad University, Hamedan branch. Specially
thanks for this supporting and also regular management in registration procedure.

REFERENCES

1. Haghparast Kashany. A, Kaabi Nezhadyan. F, Faghfuri. N. "The Analysis of wind energy potential in the Iran North
West", the twentieth International Conference on Electrical, Tehran, 2005, 85-91.

2. Hosseini. Mohammad Hassan, Forouzbakhsh. Farshid. "Economic Analysis of wind power plants”, Nineteenth
International Power System Conference, Tehran, 2004, 132-137.

3. M. Firouzfar, M. Abedini “Optimal Load Shedding Approach in Distribution System for Improved Voltage Stability
and Profile” Journal of Basic and Applied Scientific Research, Vol. 2, No. 2, pp. 1933-1940, 2012.

4. Contributors: Daniel E. Olivares “Trends in Microgrid Control” IEEE TRANSACTIONS ON SMART GRID, VOL. 5, NO.
4,pp. 1905-1919, JULY 2014.

5. R.E.P.N.for the 21st Century, “Renewables 2010 Global Status Report,” Tech. Rep. 2010, REN21.

6. C. Hernandez-Aramburo, T. Green, and N. Mugniot, “Fuel consumption minimization of a microgrid,” IEEE Trans.
Ind. Appl., vol. 41, no.3, pp. 673-681, May-Jun. 2005.

7. P.Varaiya, F. Wy, and ]. Bialek, “Smart operation of smart grid: Risklimiting dispatch,” Proc. of the IEEE, vol. 99, no.
1, pp. 40-57, Jan. 2011.

BEPLS Vol 4 [Spl issue 1] 2015 316|Page ©2015 AELS, INDIA



10.

11.
12.

13.

Hoffman D. L., and T. S. Molinski. "How new technology developments will lower wind energy costs." Integration
of Wide-Scale Renewable Resources Into the Power Delivery System, 2009 CIGRE/IEEE PES Joint Symposium.
IEEE, 2009.

Haddadi. A. "Reduction of losses and Improve voltage profile with screening utilization of network voltage 400 V",
the Tenth Conference on Electricity Distribution Networks, Tabriz University, May 2005. turbine Catalogue from
Saba Niroo company.

Manwell, J. F., ]. G. McGowan, and A. L. Rogers. "Wind characteristics and resources." Wind Energy Explained:
Theory, Design and Application, 2002, 21-82.

www.amar.org.ir

Banai M, yektay N, Baygi Olumi M, Ebadi J. "planning wind plants support policies taking into account the
economic situation of Iran”, first Iran Wind Energy conference, Tehran, Iran Wind Energy Scientific Society,
October 2012.

Mahvi M, Ismail-Zadeh R, Eskandari H. "The impact of wind plant on the electricity market considering wind
energy support policies and environmental penalties for thermal units", the first conference of wind energy,
October 2012.

BEPLS Vol 4 [Spl issue 1] 2015 317|Page ©2015 AELS, INDIA



