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Abstract

Wind energy is non-polluting and inexhaustible source of energy, which human beings historically, have tapped the energy for mechanical drive as well as for sailing in the seas. In the Eastern Terai of Nepal it has good ground water resources. In some places the ground water level is as high as at 1 meter depth. The Terai belt is the agricultural field of the country. The river-based irrigation is not yet accessible for many farmlands and even in the irrigation command areas most of the time they are not reliable. Nepal is fortunate to have monsoon rain for rice field but it is only for four months and really unpredictable. The farmer cannot plan their farming activities and they are forced to face the consequences of erratic natural rainfall. Studies predict that it is possible to have changes in the rain fall behaviour due to climate change. This paper estimated wind resource in Biratnagar of Terai region based on ground measured data of wind speed. It estimated the water that could be pumped using wind resources to irrigate the cultivated land. It argues that the wind pumping in irrigation purpose can increase productivity of the farmers in Terai region.
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1. Introduction

Wind energy is non-polluting and inexhaustible source of energy, which human beings historically, have tapped the energy for mechanical drive as well as for sailing in the seas. It is a site and season specific source. It is not available everywhere and at all times in equal magnitude. Yet everywhere in the world, wherever humans have settled, there are windy times. Depending upon the availability of the wind one can design appropriate apparatus to harness the wind energy for practical use and supplement commercial energy need.

Before designing or installing windmill it is essential to know the local condition of available wind characteristics [1,2,3]. In Nepal, there is no reliable wind data recording and no wind mapping available [4,5,6]. Even though there are many airports as well as weather stations that, regularly records the wind speed and wind direction but yet the records are not properly documented [5]. If some one want to have the record it is really next to impossible to get reliable data. Without the records of wind speed and characteristics of wind at designed location it is difficult to predict the potential of available wind energy resource and its possible use.

Developed countries have already performed a lot of research and development activities in the field of wind energy potentials. So the basic development research works are not needed, what is required to initiate is to start collecting information about the technology and its application [7]. The technologies developed by the developed countries are for their condition so we have to redesign them to suit in our local condition and according to the local capacity available. Blindly adopted technology may be not appropriate for us.

Multi-blade windmill for water pumping is already proven technology and in use in many part of the world since long. The multi-blade windmill is low wind equipment. Wind energy is converted to mechanical energy to pump out ground water by using piston pumps. It is really low-tech equipment so it is very easy to replicate and fabricate at local level.

Eastern Terai of Nepal does have good ground water resources. In some places the ground water level is as high as at 1 meter depth. The Terai belt is the agricultural field of the country. The river-based irrigation is not yet accessible for many farmlands and even in the irrigation command areas most of the time they are not reliable so claims the farmers. 

Nepal is fortunate to have monsoon rain for rice field but it is only for four months and really unpredictable. The farmer cannot plan their farming activities and they are forced to face the consequences of erratic natural rainfall. Studies predict that it is possible to have changes in the rainfall behaviour due to climate change. Historical data analysis showed the monsoon started on 13th of June ( 2 weeks and ended on 21st September ( 2 weeks [8].

The alternative to be independent to the monsoon and central irrigation system is the shallow tube wells where the ground water is pumped by diesel driven pumps. But these pumps are costly and are not environment friendly technologies. At the same time, diesel fuel is an imported commodity.

This paper argues that the wind energy is competitive enough and a good alternative to replace diesel fuel driven forced irrigation systems at Terai region. A case study of Biratnagar is taken for this study. Based on the wind potential at the site, it estimated that the ground water that could be lifted at the site could fulfill the water demand of the local farmers for irrigation purpose. 
2. Case location background

In 2001 Ms Center for Renewable Energy (CRE), BMC-SILT Environmental Services, and Krishna Grill Engineering Works initiated a pilot project in Biratnagar, to demonstrate the potential of windmill to lift ground water for irrigation purpose. In September 2003, BMC SILT Environmental Services P. Ltd. signed a Memorandum of Understanding (MOU) with Department of Mechanical Engineering (DoME), Pulchowk Campus, Institute of Engineering to conduct wind data recording at the wind pumping site in Biratnagar and to initiate research and development work to modify the multi blade windmill design to suite local condition and locally available materials.

The existing windmill is installed at the premise of BMC SILT Environmental Services P. Ltd at Ward number 18, Biratnagar Sub Metropolis, Morang district. It is used for pumping under ground water from the depth of about 5m for irrigation purpose round the year. The water pumped into a reservoir tank and it is distributed through it for irrigation of 2 bigha
 of land. 

The wind speed and direction were measured at the interval of 10 min, 15 min and 30 min depending on the months. An anemometer at a height of 8m from ground surface is used for recording the wind speed and wind direction in a datalogger. WAsP software is used for generating wind potential at the site.

3. Data analysis

3.1 Monthly average wind speed

The wind speed record showed that there was high wind for the period of April to August. The highest monthly average wind speed was found to be in the month of April. In year 2004, 3.4 m/s monthly average wind speed was obtained in the month of April. The wind speed data was recorded 20 months period starting from September 2003 to April 2005 and a month data recording was failed in December 2004 (Figure 1). Average monthly wind speeds recorded were 2.7 m/s, 2.5 m/s, 2.8 m/s and 2.5 m/s in the month of May, June, July and August in year 2004 respectively (Figure 1).
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Figure 1. Monthly average wind speed

3.2 Maximum Wind Speed and Diurnal Variation

The maximum wind speed record is very important for running wind turbines [1,9]. On 8 July 2004, the wind speed reached an extreme value of 32.6 m/s (Figure 2). The trend of the 15 minutes average wind speed in April, 2004 shows that the wind speed picks up early in the morning at 7:00AM and it starts dropping down from 5:00 PM (Figure 3). The reason for this may be due to the air moving upward because of heat radiation of the morning sun. This is presumably the only reason which most of the studies have already pointed to.
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Figure 2. Maximum wind speed recorded in a month
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Figure 3. Diurnal variation for the month of April

3.3 Wind speed and wind direction

Yearly average

Wind rose and the weibull curve help to understand the wind distribution during the period. WAsP software was utilized to analyze these characteristics. The annual mean wind speed was found to be 1.8 m/s and the power density was obtained to be 15W/m2. The highest occurrence of wind was found to be in the direction of North (10.6%) and North East (10.4%) with the mean speed of 1.76 m/s and 2.9 m/s respectively. Similarly, power density was found to be 17 W/m2 and 30 W/m2 respectively.
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Figure 4. Average annual wind direction and frequency of occurrence

Table 1. Wind speed distribution in year 2004

	Direction from North
	0
	23
	45
	68
	90
	113
	135
	158
	180
	203
	225
	248
	270
	293
	315
	338
	Total

	Skew ness
	1.07
	1.54
	1.89
	1.49
	1.17
	1.23
	1.26
	0.99
	1.14
	1.14
	0.96
	1.03
	1.36
	1.29
	1.28
	1.16
	1.16

	Mean Speed (m/s)
	1.76
	2.40
	2.90
	2.34
	1.47
	1.47
	1.38
	1.13
	1.14
	1.81
	1.81
	1.75
	1.42
	1.28
	1.54
	2.00
	1.80

	Power Density (W/m2)
	17
	22
	30
	22
	8
	8
	6
	5
	4
	16
	24
	18
	6
	4
	8
	21
	15

	Frequency (%)
	10.6
	8.0
	10.4
	6.2
	4.1
	4.0
	3.3
	2.9
	3.5
	5.0
	6.0
	5.7
	6.9
	8.1
	8.2
	7.1
	100


Pre-monsoon period (April to May): 

The data analysis of pre-monsoon period showed that there the average wind speed during these periods was 3.38 m/s and power density was 46 W/m2. The most of the wind occurrence was found to be at North and West South-West direction. The wind distribution showed that the wind speed at these directions varies from 1-5 m/s.
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Figure 5. Wind speed distribution and wind direction during pre-monsoon period
Monsoon period (June – July - August):

The data obtained showed that there is less wind than the pre-monsoon period. It might possibly be due to the cloudy sky during monsoon period as less solar radiation is absorbed by the land during this period. This results less heating and might have affected the wind speed. The average wind speed was found to be 2.74 m/s and average power density was 26 W/m2. However, most of the wind i.e. almost 60%, was noted to occur at North East direction (Figure 6).
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Figure 6. Wind speed distribution and wind direction during monsoon period

The wind speed available showed that there was very less possibility to generate electricity out of it. Thus, electric pump running from wind electricity generator might not work in these areas and even if it were made to work, it would be expensive. Average wind speed more than 3 m/s was suitable for electricity generation. However, the mechanical wind pump in which wind turbine was coupled to a reciprocating pump would be the best suitable technology for this purpose, since this technology would even work into the low speed wind.

3.4 Monthly average water pumped

Utilizing available wind energy, the water that could be pumped through wind pump is given in Figure 7. It showed maximum water could be pumped during the months from April to August. In other period, due to low availability of wind, less amount of water could be pumped. The quantity of water pumped is collected in the reservoir during the windy period. The needed amount of water is then supplied from this reservoir to the crops as per requirement. In this way it was found enough water to grow vegetables, wheat during winter and rice plantation in monsoon. Introducing fisheries in the reservoir can generate an additional income.
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Figure 7. Average water to be pumped in a month

4. Results and discussions

In agronomy presumably, out of the factors that influence the cropping pattern, it is believed that there is little control over climatic factors. With green house mechanism, one might get its control but it is in micro level only. Thus for macro level, it is believed that the developing of the knowledge base is the only justifiable option. But in the case of rice production, which is a prime food for most of Nepalese, Nepalese farmers have been depending upon monsoon. The frequent changes in the occurrence of the monsoon have been a major hindrance in rice production in the country. 

During monsoon period whether it rained or not, enough wind was noted. During the rice seeding period, more water is required for the irrigation. As the result showed, the wind available was quite enough to pump to water to irrigate the land during pre monsoon period for rice seeding. During the April and May, wind speed observed was quite high and this could pump water in an excessive amount to meet the demand for rice seeding purpose. The results even showed that during monsoon period i.e. June to August when the rice starts ripening, the farmers need not to depend upon the monsoon as there was enough wind for pumping the water for the irrigation (Table 2).

Table 2. Seasonal period

	Season
	Period
	Activities

	Pre-monsoon
	Apr - May
	Rice seeding

	Monsoon
	Jun – Aug
	Rice ripening

	Post Monsoon
	Sep – Oct
	Rice harvesting

	Dry/Winter/Summer
	Nov –Mar
	Vegetables, wheat, cash crops


In addition to the rice production, the results showed that during post monsoon, dry and winter seasons, wind available is enough to pump up the water to maintain the moisture content of the irrigated land. Generally, during these periods the vegetable, wheat, cereal and other cash crop farming in the Terai region were carried out. Thus, this technology will benefit the farmers in increasing its agro-productivity.

5. 
Conclusions and recommendations

· In Terai region, where major portion of rice production is carried out in the country, wind resource available can improve the existing productivity by utilizing wind-pumping technology. 

· The water that could be pumped out is quite enough to irrigate the cultivated land during pre-monsoon and monsoon period. The pumped water is collected in the reservoir from where the water is supplied to the crops as per needs. With this technology, the farmers do not require to depend upon the monsoon for its rice cultivation. 

· At the same time, in other period when wheat, cereals and vegetables like cash crops are cultivated, the wind resource available can fulfill the water demand to irrigate the cultivated land using wind pump. 

· In Terai region, this technology can largely benefit the farmers in improving the productivity and positive impact in the economic development in the long run.
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� 1 bigha is equivalent to 667 square meter area.





_1193063219.xls
Chart1

		37865

		37895

		37926

		37956

		37987

		38018

		38047

		38078

		38108

		38139

		38169

		38200

		38231

		38261

		38292

		38322

		38353

		38384

		38412

		38443



Average speed

Months

Average speed, m/s

1.6

1.3

0.7

0.7

1

1

1.2

3.4

2.7

2.5

2.8

2.5

1.4

0.9

0.5

0

0.9

1.5

1.8

2.7



Base-cal-1

		Wind energy potetial

		Power Calculation

		Description				Unit		Value		Calculated		Remarks

		Wind velocity v1		v		m/s		2

		Area cross section A		A		sq.m				12.56

		Swept area radiuse of the wind mill		r		m		2

		Air density at 20 C and 760 tor r		r		kg/cu.m		1.3

		Time		t		sec.		1

		Volum of air flow		V		cu.m				25.12

		Air mass		m		kg				32.66

		Kinetic Energy of wind		E		N				65.31

		Power		P		Watt				65.31

		maximum Harnessible wind energy		P1		Watt		0.5926		38.70

		Propeller Designing

		Propeller lift Fa		Fa		N				0.65

		Propeller Drag		Fw		N				0.65

		Specific density of air		r		kg/cu.m		1.3

		Surface wind velocity		v		m/s		2

		Profile Thickness		t		m		0.25

		Chord of the profile		b		mm		1

		Coefficient of lift force		Ca				1

		Coefficient of drag force		Cw				1

		Ratio Ca/Cw		e						40.00

		Reynolds Number		Re						33112.58

		Keinetic viskosity of air		u		sq.m/s		0.0000151

		Tipspeed		l				2

		Tipspeed at TOP

		Rotation per second		n						0.32

		Rotation per minute RPM								19.11





Fixed r

		4.8379864

		38.7038912

		130.6256328

		309.6311296

		604.7483

		1045.0050624

		1659.4293352

		2477.0490368

		3526.8920856

		4837.9864



Capacity watt

Average wind speed, m/s

Power, W

Capacity at 2 m radius



fixed v

		9.6759728

		38.7038912

		87.0837552

		154.8155648

		241.89932

		348.3350208

		474.1226672

		619.2622592

		783.7537968

		967.59728



Capacity watt

Swept area radius (R),  m

Power, W

Capacity variation at fixed wind speed 3 m/s



Chart3

		0.5278062678

		0.5218297561

		0.5044500459

		0.4818456097

		0.4575224736

		0.4333567251



Ca  (r)



Grafics-data

		Wind energy potetial

		Description				Unit		Value				Wind Velocity		1		2		3		4		5		6		7		8		9		10

		Wind velocity v1		v		m/s		2				Capacity watt		5		39		131		310		605		1045		1659		2477		3527		4838

		Area cross section A		A		sq.m				12.56

		Swept area radiuse of the wind mill		r		m		2				Swept Area Rad		1		2		3		4		5		6		7		8		9		10

		Air density at 20 C and 760 tor r		r		kg/cu.m		1.3				Capacity watt		10		39		87		155		242		348		474		619		784		968

		Time		t		sec.		1

		Volum of air flow		V		cu.m				25.12		Wind Velocity		1		2		3		4		5		6		7		8		9		10

		Air mass		m		kg				32.66		Rotation RPM		10		19		29		38		48		57		67		76		86		96

		Kinetic Energy of wind		E		N				65.31																				c1		1.0292222222

		Power		P		Watt				65.31		r in m.		1		1.2		1.4		1.6		1.8		2						C2		1

		maximum Harnessible wind energy		P1		Watt		0.5926		38.70		Ca  (r)		0.5278062678		0.5218297561		0.5044500459		0.4818456097		0.4575224736		0.4333567251						C3		0.025

		Propeller Designing

		Propeller lift Fa		Fa		N				0.78

		Propeller Drag		Fw		N				0.78

		Specific density of air		r		kg/cu.m		1.3

		Surface wind velocity		v		m/s		2

		Profile Thickness		t		m		0.3

		Chord of the profile		b		mm		1

		Coefficient of lift force		Ca				1

		Coefficient of drag force		Cw				1

		Ratio Ca/Cw		e						40.00

		Reynolds Number		Re								39735.10

		Keinetic viskosity of air		u		sq.m/s		0.0000151

		Tipspeed		l				2

		Tipspeed at TOP

		Rotation per second		n						0.32

		Rotation per minute RPM								19.11





Profile cross-section

		

		x		NACA0012				NACA0015				CLARK Y

		0		0		0		0		0		3.5		3.5

		1.25		1.89		-1.89		2.37		-2.37		5.45		1.93

		2.5		2.62		-2.62		3.27		-3.27		6.5		1.47

		5		3.56		-3.56		4.44		-4.44		7.9		0.93

		7.5		4.2		-4.2		5.25		-5.25		8.85		0.63

		10		4.68		-4.68		5.85		-5.85		9.6		0.42

		20		5.74		-5.74		7.17		-7.17		11.36		0.03

		30		6		-6		7.5		-7.5		11.7		0

		40		5.8		-5.8		7.25		-7.25		11.4		0

		50		5.29		-5.29		6.62		-6.62		10.52		0		1

		60		4.56		-4.56		5.7		-5.7		9.15		0		1.2

		70		3.66		-3.66		4.58		-4.58		7.35		0		1.4

		80		2.62		-2.62		3.28		-3.28		5.22		0		1.6

		90		1.45		-1.45		1.81		-1.81		2.8		0		1.8

		100		0		0		0		0		0		0		2





Biratnagar

								Wind speed recorded at Biratnagar, Morang since Septemeber 2003

		Year		Month		Average speed		High speed		Date		DOM Dir		Power (Pa), Watt		Pmax, kW		q(average),m3/h		Pumping time, h/day		Water pumped, m3/day		Pumping time, h/m		Water pumped, m3/month

		2003		Sep-03		2.82		14.8		24		ENE		56.3		8.1		6.9		8.8		61.0		265.3		1830.4

				Oct-03		2.47		14.8		9		W		37.9		8.1		4.6		3.5		16.2		108.3		502.2

				Nov-03		2.14		13		12		WNW		24.6		5.5		3.0		1.2		3.7		36.8		111.0

				Dec-03		2.29		6.7		5		NW		30.2		0.8		3.7		2.8		10.2		86.0		317.7

		2004		Jan-04		2.14		7.6		24		WNW		24.6		1.1		3.0		4.5		13.5		139.3		419.8

				Feb-04		2.76		10.7		2		WNW		52.8		3.1		6.5		5.3		34.5		154.5		999.2

				Mar-04		2.79		12.1		8		N		54.6		4.5		6.7		4.6		30.9		143.3		957.0

				Apr-04		4.1		18.9		22		NNW		173.1		17.0		21.2		16.1		341.6		499.5		10590.0

				May-04		3.65		25.9		1		NE		122.2		43.6		15.0		12.5		187.0		375.0		5609.4

				Jun-04		3.11		16.5		24		NE		75.6		11.3		9.3		12.6		116.9		391.5		3622.6

				Jul-04		3.48		32.6		8		NE		105.9		87.0		13.0		8.5		110.0		263.0		3409.6

				Aug-04		3.94		19.7		12		NE		153.6		19.2		18.8		11.4		214.5		353.5		6651.0

				Sep-04		2.56		13		13		WNW		42.1		5.5		5.2		6.4		33.3		193.3		997.6

				Oct-04		2.68		13.4		7		WSW		48.4		6.0		5.9		2.4		14.3		74.8		442.9

				Nov-04		1.97		5.8		19		N		19.2		0.5		2.4		2.8		6.6		84.5		198.7

				Dec-04		0		0						0.0		0.0		0.0		0.0		0.0		0.0		0.0

		2005		Jan-05		0.9		8		20		WNW		1.8		1.3		0.2		1.9		0.4		60.3		13.5

				Feb-05		1.5		17.9		13		W		8.5		14.4		1.0		4.2		4.3		124.8		129.5

				Mar-05		1.8		13.9		6		SW		14.6		6.7		1.8		7.6		13.6		213.0		382.1

				Apr-05		2.7		23.7		9		N		49.4		33.4		6.1		5.5		33.3		164.8		997.5

																		Pumping rate

				Power, W		rgHq		10^3[kg/m3]*9.8 [m/s2]*H[m]* q[m3/s]												l/s		m3/h		m3/day

								9.8 [m/s2]*H[m]*q[l/s]										l/s		1		3.6		86.4

								0.113*H[m]*q[m3/day]										m3/h		0.2778		1		24

								2.722*H[m]*q[m3/h]										m3/day		0.01157		0.4167		1

				H		5m		1l/s=86.4m3/day

																		1 US gallon = 3.785 l

																		1 Imp. gallon = 4.546 l
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				Wind speed recorded at Biratnagar, Morang since Septemeber 2003

		Year		Month		Average speed		High speed		Date		DOM Dir		Power (Pa), Watt		Pmax, kW		q(average),m3/day		q(average), l/s

		2003		Sep-03		1.6		14.8		24		ENE		10.3		8.1		18.2		0.2

				Oct-03		1.3		14.8		9		W		5.5		8.1		9.8		0.1

				Nov-03		0.7		13		12		WNW		0.9		5.5		1.5		0.0

				Dec-03		0.7		6.7		5		NW		0.9		0.8		1.5		0.0

		2004		Jan-04		1		7.6		24		WNW		2.5		1.1		4.4		0.1

				Feb-04		1		10.7		2		WNW		2.5		3.1		4.4		0.1

				Mar-04		1.2		12.1		8		N		4.3		4.5		7.7		0.1

				Apr-04		3.4		18.9		22		NNW		98.7		17.0		174.7		2.0

				May-04		2.7		25.9		1		NE		49.4		43.6		87.5		1.0

				Jun-04		2.5		16.5		24		NE		39.3		11.3		69.5		0.8

				Jul-04		2.8		32.6		8		NE		55.1		87.0		97.6		1.1

				Aug-04		2.5		19.7		12		NE		39.3		19.2		69.5		0.8

				Sep-04		1.4		13		13		WNW		6.9		5.5		12.2		0.1

				Oct-04		0.9		13.4		7		WSW		1.8		6.0		3.2		0.0

				Nov-04		0.5		5.8		19		N		0.3		0.5		0.6		0.0

				Dec-04		0		0						0.0		0.0		0.0		0.0

		2005		Jan-05		0.9		8		20		WNW		1.8		1.3		3.2		0.0

				Feb-05		1.5		17.9		13		W		8.5		14.4		15.0		0.2

				Mar-05		1.8		13.9		6		SW		14.6		6.7		25.9		0.3

				Apr-05		2.7		23.7		9		N		49.4		33.4		87.5		1.0

				Power, W		rgHq		10^3[kg/m3]*9.8 [m/s2]*H[m]* q[m3/s]

								9.8 [m/s2]*H[m]*q[l/s]

								0.113*H[m]*q[m3/day]

								2.722*H[m]*q[m3/h]

				H		5m		1l/s=86.4m3/day

				Pumping rate

						l/s		m3/h		m3/day

				l/s		1		3.6		86.4

				m3/h		0.2778		1		24

				m3/day		0.01157		0.4167		1

				1 US gallon = 3.785 l

				1 Imp. gallon = 4.546 l
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																								Power, Pa = 0.2 A V3

																								Area, m2		V, m/s		V3		Pa, W		Pth, W

																								1		10		1000		200		600

																								2		10		1000		400		1200

																								3		10		1000		600		1800

																								4		10		1000		800		2400

																								5		10		1000		1000		3000

																								6		10		1000		1200		3600

																								7		10		1000		1400		4200

																								8		10		1000		1600		4800

																								9		10		1000		1800		5400

																								10		10		1000		2000		6000

																								V, m/s		V3		Area, m2		Pa, W

																								2		8		1		1.6

																								3		27		1		5.4

																								4		64		1		12.8

																								5		125		1		25.0

																								6		216		1		43.2

																								7		343		1		68.6

																								8		512		1		102.4

				Capacity variation at constant wind speed of 3 m/s.																				9		729		1		145.8

																								10		1000		1		200.0

																								11		1331		1		266.2

																								12		1728		1		345.6

				Capacity at constant radius of 2m.

																								Source:http://www.awea.org/faq/tutorial/wwt_statistics.html

																								World leaders in wind capacity (December 2003)

																								Country		Generation Capacity, MW

																								Germany		14609		16629

																								USA		6374		6740

																								Spain		6203		8263

																								Denmark		3110		3117

																								India		2110		3000

																								Netherlands		912

																								Italy		904

																								Japan		686

																								UK		649

																								China		568

																								Total		36125		Outlook 2005
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