[image: image7.emf][image: image8.jpg]


26th IEEEP Students’ Seminar 2011

Pakistan Navy Engineering College

National University of Sciences & Technology

Efficient Power Generation Using Wind Turbines
Sarfaraz Hussein
Electronic Engineering
NED University of Engineering and Technology
Karachi, Pakistan
sarfarazhusein@gmail.com
Abstract— Wind Turbines are one of the oldest means of producing energy. In light of the global energy crisis prevailing these days, the world is investing wealth as well as human resources to harness the alternative forms of energy. That’s why the need to work on the clean energy resources in Pakistan is strongly felt. Being a country which faces a dearth of electricity which surmounts to a even more than 5000 MW in summer, Pakistan has to formulate policies and work on clean technologies specially wind power. This work now should have to be started on small scale and individuals as well as small and medium businesses should be encouraged.
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I. Introduction
Renewable Sources of Electricity especially Wind Energy is the answer to the prevailing power crisis in the world especially in Pakistan. The generation of electricity in the country stood at about 10487 MW and consumption was 12102 M; which means a shortfall of 1615 MW of electricity as on 24th Jan. 2011. The IPPs are the biggest source of Power in Pakistan contributing about 5113 MW, followed by Hydel 3194 and thermal 2118 MW. Rental power plants contribute about 62 MW to the national power generation. [1]
With soaring fuel prices in International Market, the country needs renewable source of energy to bridge the gap between demand and supply of electricity. As the industries in the country are shutting down and Business shifting towards India, China and Bangladesh, the technological brains of this country have to come up with innovative solutions for this power crisis.

II. future of wind power generation

The developed as well as developing countries of the world are currently working on generation of electricity using Wind Turbines. In efforts to estimate the earth’s capacity for wind power, the researchers of the National Academy of Science first sectioned the globe into areas of approximately 3,300 square kilometers (1,274 square miles) and surveyed local wind speeds every six hours. They imagined 2.5 megawatt turbines crisscrossing the terrestrial globe, excluding “areas classified as forested, areas occupied by permanent snow or ice, areas covered by water, and areas identified as either developed or urban.” They concluded that that wind energy could not only supply all of the world’s energy requirements, but it could provide over forty times the world’s current electrical consumption and over five times the global use of total energy needs. China and United States are the biggest Carbon emitters of the World. The study concluded that Wind power has potential to easily meet power demands of these two countries. Development of Wind turbines on large scale could make an 18-fold increase in electricity supply. The potential for wind power in the U.S. is even greater, 23 times larger than current electricity consumption. [2]  
III. current wind power generation in the world

United States in the largest producer of electricity from Wind in the World; followed by Germany, Spain, China and India. In Pakistan the contribution of the Wind Power to our national grid is negligible. The Chart 1.1 explains the contribution of wind power in the electricity generation in different countries of the world as in the year 2008 [3]
	United States
	25,369 MW

	Germany
	23,933 MW

	Spain
	16,453 MW

	China
	12,121 MW

	India
	9,655 MW

	Italy
	3,731 MW

	France
	3,671 MW

	U.K
	3,263 MW

	Denmark
	3,159 MW

	Portugal
	2,829 MW

	Rest of the World
	18,106 MW


Chart 1.1
IV. wind power in pakistan

The wind map developed by National Renewable Energy Laboratory (NREL), USA in collaboration with USAID, has indicated a potential of 346,000 MW in Pakistan. The Gharo-Keti Bandar wind corridor spreading 60 KM along the coastline of Sind Province and more than 170 km deep towards the land alone has a potential of approximately 50,000 MW.  The capacity factor estimated in Gharo-Keti Bandar area is around 30%-32%. Capacity factor is an indicator of how much energy a particular wind turbine makes in a particular place. Capacity factor is the ratio of the actual energy produced in a given period, to the hypothetical maximum possible, i.e. running full time at rated power. Suppose you have a generator with a power rating of 3000kW. Hypothetically if it ran at full power for 24 hours a day for 365 days, which would be:
(3000 kW) x (365 x 24 hours) = 26,280,000 kWhr in one year. 
Assume that it made 4,657,000 kWh in one year. Then in that year, the generator operated at a:
4,657,000 / 26,280,000 = 17.72% capacity factor that year.
All power plants have capacity factors, and they vary depending on resource, technology, and purpose. Typical wind power capacity factors are 20-40%. Hydro capacity factors may be in the range of 30-80%. [4]
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Figure 1.2

As the figure 1.2 indicates that in most areas of Pakistan, the wind speed is considerably low. Low windy areas are those where wind speed ranges up to 5.4m/s at 50m height. According to the report by NREL (National Renewable Energy Laboratory USA) the major wind resource areas of Pakistan include the following:

· Hyderabad to Gharo region

· Coastal areas South to Karachi

· Hills and ridges between Karachi and Hyderabad

· Hills and ridges in Northern Punjab

· Ridges and wind corridors between Mardan and Islamabad

· Near Nokundi and hills and ridges in Chaghai area

· Makran area hills and ridges

· Wind corridors and ridges near Quetta

· Hills near Gendari

· Elevated mountain summits and ridge crests specially in Northern Pakistan

About 3% of the Pakistan’s total land area is termed as good to excellent for utility scale production of electricity.

A. Wind Power in Coastal areas of Pakistan especially in Karachi

There is a huge potential for Wind Power in Coastal areas of Pakistan including Karachi. Both large and small wind turbines can be used to bridge the gap between demand and supply of electricity. Karachi is the industrial and economic hub of Karachi and power outrages and load shedding gives a severe blow to the Business life in the country. Especially I.T. service sector suffers a lot from this menace. In case of power outrages longer for 6-8 hours as in the case in June 2009 when the city was without electricity for more than 2 days. In scenario like these, Business usually depend upon UPS (Uninterrupted Power Supply) or Generators. UPS require charging and for power blackout longer than a few hours they are useless. Generators require fuel and one can easily see shortage of fuel in case of longer power blackouts. So there is a need of a renewable energy source like wind which is independent of both electricity and fuel for power generation. 

The analysis carried out by Pakistan Meteorological Department, Karachi gives data about wind speeds in different coastal areas of Pakistan primarily Jivani, Omara, Pasni and Karachi. [5] The Chart 1.3 indicates average wind speed in these coastal areas:

	Karachi
	3.5 m/sec

	Omara
	3.6 m/sec

	Pasni
	6.3 m/sec

	Jivani
	5.0 m/sec


 Chart 1.3
Fig 1.4 indicates the monthly average wind speed at Karachi in 3 years at a height of 10m, 30m and 50m 
[image: image3.png]Monthly Average Wind Speed at Karachi in three years

80
70 —
60 Pl
- 7 ~—
€ s / \\
;" 40 P —
2z 30
P N
="
10
pe— ~ .,
00
Jan | Feb | War | Apr | May | Jn | Jul | Aug | Sep | Oct | Nov | Dec
e Awstom| 07 | 07 | 21 | 27 | 37 | 42 | 36 | 26 | 23 | 07 | 04 | 05
e Awsaom| 17 | 19 | 32 | 43 | 65 | 68 | 52 | 45 | 41 | 15 | 12 | 18
.+ Awssom| 23 | 25 | 39 | 62 | 66 | 69 | 65 | 57 | &1 | 20 | 16 | 24
Nonths

|Source:Pakistan Meteorological Department




Figure 1.4
Internationally areas having capacity factor of greater than or equal to 25% are acceptable of wide spread installation of wind turbines. The average capacity factor of the coastal areas of Pakistan is found to be 25% and that of Karachi is 13%. So Karachi may not be suitable for the installation of larger wind turbines but still small and medium size turbines can be used successfully.

V. wind turbines technologies
A. Vertical Axis Wind Turbines

As the average wind speed in Karachi is around 3.5m/sec. For wind speed like this horizontal wind turbine may not be a good option to adopt. Instead, vertical axis wind turbines can be used for low-medium speed areas like Karachi as well as other parts of Pakistan.
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VAWTs offer a number of advantages over traditional horizontal-axis wind turbines (HAWTs). They can be packed closer together in wind farms, allowing more in a given space. VAWTs are rugged, quiet, omni directional, and they do not create as much stress on the support structure. They do not require as much wind to generate power, thus allowing them to be closer to the ground. By being closer to the ground they are easily maintained and can be installed on chimneys and similar tall structures.
B. Wind Lens
Electricity generation through wind lens can be efficient when used offshore in sea South of Karachi. As the wind speed in the South of Karachi is greater than that of in Karachi, this offshore Wind lens can extend eco-power reach as well as could create more efficient energy. [6]
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C. Secret Energy Turbines

People may not like the see large tall wind turbines installed on their roof tops. The solution to this lies in installing stealthy wind turbines that will not only produce electricity but will also be invisible. These types of turbines are ideal to be used in urban parts of Pakistan specially on Business buildings in Karachi.

[image: image6.jpg]



These are ideal to produce electricity in low and variable wind conditions with minimal visual impact making it perfect for urban houses, rural buildings and environmentally-sensitive sites like National Parks. [7]
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