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AGRICULTURAL TRACTOR EMISSION

(Revised March 2004)

	EMISSION INVENTORY SOURCE CATEGORY

Miscellaneous Processes / Farming Operations



	EMISSION INVENTORY CODES (CES CODES) AND DESCRIPTION

_________________________________ (Agricultural Tractor Emission)


METHODS AND SOURCES

The Agricultural Tractor Emission source category includes estimates of the tail pipe particulate emissions produced during the preparation of agricultural lands using tractors for planting and after harvest activities. Emission load is equally split throughout the year assuming that agricultural operations occur throughout the year in the absence of a crop calendar.  Acreage data in Pune district was taken from Agricultural Marketing Committee of Pune. The information on the number of passes was given by Mr. Harshvardhan Dhavan, Masters Student, UoP.
Particulate emissions from tractor operation are computed by specific emission factor as shown below by an appropriate activity factor. The equations for emission factor and the constants used therein are based on EPA NONROAD2002 document- EPA420-P-02-016 November 2002 R-009b.
Emission Factor Equation:

EF adj PM = EF ss*TAF*DF-S PM adj                 ……………………………….Equation (1)

EFadj PM = Adjusted particulate emission factor (g/hp-hr)

EF ss = Steady State zero hour emission factor (g/hp-hr)

TAF= Transient Adjustment Factor

DF= Deterioration factor (unitless) 

DF=1+A* (Age Factor)^b


A= Fraction of median life expended=0.473   (Table A4. Deterioration Factors for Nonroad Diesel Engines, EPA420-P-02-016 November 2002 R-009b) ;    

Age Factor= (Cumulative hours *load factor)/median life at full load


A,b constant for given technology type ; for CI engines b=1

Load Factor is assumed as 0.6; 

Median Life at full load is assumed as 5000 hrs.                                                                                                             

SPMadj=Sulphur Adjustment factor; has been neglected for this purpose assuming that it is too small to influence the emission factor value.                                                   

The production data from the tractor manufacturers (in four categories of power) was totaled and were assigned to EPA power category (>25-50hp and >50-100hp) and percentage in each category was calculated. From this percentage in each category, the number of tractors in each of these two categories of power was calculated from the registration data.

Since individual horse power ratings of each tractors was not known, a weighted average of power was calculated from the production volume and the power rating of that category.

Activity data:

Although the tractor operation duration is dependent on area and number of passes per acre, which is again dependent on type of crop, for our purpose due to the lack of data we have assumed the number of passes as 8 (which is correct in case of wheat) for all other crops except sugar cane where the data provided by Mr. Dhavan was used. 

In order to calculate the hours of operation of tractor by category the following procedure was done.

1. From the area of cultivated land in sq. m, and assuming a fraction of tractor cultivation as 5% and plough width of 2 m, the length of travel of tractor is calculated.

2. Speed of tractor operation was assumed as 10 kph. Dividing the result obtained in step 1 by speed of tractor, we obtain no. o hours of operation per year.

3. The result obtained above was multiplied by the number of passes in a year to obtain no. of hours of operation.

4. tractor population was taken from the registration data

Assumptions:

1. Emission factor is based on EPA data for agricultural tractors. 

2. EF based on ISO C1 8 mode cycles. Operating cycle in India may be different

3. Sensitivity of EF to fuel sulphur levels. Default Sulphur assumed as 0.2%, whereas in India, 0.05 % became available on 1st April 2003

4. Engine technology may be different for Indian Tractors

5. TAF is assumed as 1.23

6. Age factor 0.473

Emission Factors

1. Actual equation:




EF adj PM = EF ss*TAF*DF-S PM adj

2. Equation used for calculations


EF adj PM = EF ss*TAF*DF
3. ‘A’ value





0.473
 (EPA table)
4. Total no. of hours of operation per tractor
1568400 (From calculations)


5. Total no. of registred tractors in Pune District
18428
(Reg. Data)
6. Avg. no. of hours of operation per tractor
85.11
 (4/5)

7. Load Factor




0.6
(assumed)
8. Median Life at full Load



5000
(assumed)
9. Age Factor





0.0102
 (step6*step7/step8)
10. DF






1.0048
 (1+step9*step3)
11. EFss





>25-50

>50-100









0.3389

0.473


12. Transient Adjustment Factor(TAF)

1.23
(EPA table)
13. Tractor Population as per EPA category
>25-50hp= 13316
(weighted avg.)







>50-100hp=5112

14. EFPMadj





=EFss*TAF*DF

	PM10

Emission

Factor
	tractor category 1
	tractor category 2

	
	0.41886
	0.5856

	
	g/bhp-hr
	g/bhp-hr


Activity Data

	
	2004 Annual activity data

	Region
	composite activity data for tractor category 1 in hours-hp
	composite activity data for tractor category 2  in hours-hp

	1
	3,991,067
	2,187,568

	2
	1,172,041
	642,414

	3
	2,604,535
	1,427,587

	4
	5,515,486
	3,023,126

	5
	2,704,120
	1,482,172

	6
	2,688,800
	1,473,774

	7
	6,580,282
	3,606,758

	8
	4,090,652
	2,242,152

	9
	1692947.908
	927931.8362

	10
	2413025.299
	1322617.776

	11
	1984043.023
	1087485.727

	12
	7622095.784
	4177792.656

	13
	743058.584
	407282.2991


Results

Emission Estimates

	2003 PM10 Emission Estimates (kg/year)

	Region
	Tractor category 1
	Tractor category 2
	Total

	1
	                1,671.7 
	                   1,278.9 
	   2,950.6 

	2
	                   490.9 
	                     375.6 
	      866.5 

	3
	                1,090.9 
	                     834.6 
	   1,925.5 

	4
	                2,310.2 
	                   1,767.3 
	   4,077.5 

	5
	                1,132.6 
	                     866.5 
	   1,999.1 

	6
	                1,126.2 
	                     861.6 
	   1,987.8 

	7
	                2,756.2 
	                   2,108.5 
	   4,864.7 

	8
	                1,713.4 
	                   1,310.8 
	   3,024.2 

	9
	                   709.1 
	                     542.5 
	   1,251.6 

	10
	                1,010.7 
	                     773.2 
	   1,783.9 

	11
	                   831.0 
	                     635.7 
	   1,466.8 

	12
	                3,192.6 
	                   2,442.3 
	   5,634.9 

	13
	                   311.2 
	                     238.1 
	      549.3 

	
	
	Grand Total foor Pune District
	 32,382.5 


Figure 1:2003 Agricultural Operations Emissions
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Further Improvements

1. Possibility of developing local emission factors.
2. Power based EF to Model based EF.
3. Activity data can be improved by replacing assumptions by actual data collection.
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Tractor Category 1

Tractor Category 2

Region

PM10 (kg/year)

2004 tractor emissions

1671.7012719563

1278.8532893216

490.9218706513

375.5557644265

1090.9374903362

834.5683653922

2310.2205677708

1767.32124436

1132.6498061432

866.4783323043

1126.2325267882

861.5691066255

2756.2214829376

2108.5124290351

1713.4135877633

1310.7632562337

709.1093687185

542.469437505

1010.7214983997

773.2030444075

831.037676462

635.7447254017

3192.5964790721

2442.339775192

311.2380487136

238.0974454207



Documentation

		

				Emission Inventory Source Methodology Summary Form

				Source Name:		Paved Road Dust

				Source ID Code:		Paved Road Dust

				Source Description:

				Staff:

				Update History:

				Methodology:

				Inputs – EF:

				Inputs – Activity:

				Estimated Emissions:

				Date Loaded to DB:

				Unresolved Issues:

				Planned Improvements:

				Note: Within cell, hit ALT-Enter to go to next line in cell





DocumentationFilled

		

				Emission Inventory Source Methodology Summary Form

				Source Name:		Agricultural Tractors

				Source ID Code:		XYZ-ZZZ-ZZXX

				Source Description:		Tail pipe Particulate matter emissions caused by Argicultural Operations using tractors for tilling and other operations.This method does not include sulphur correction factors for EF.

				Staff:		Prashant, ARAI;  Leena, SIAM

				Update History:		March 2004

				Methodology:		U.S. EPA 420-P-02-016
November 2002

				Inputs – EF:

				Inputs – Activity:		Acreage data from Agricultural Marketing Committee Pune. The data is for entire pune district subdivided into taluka places.

				Estimated Emissions:

				Date Loaded to DB:		23-Mar-2004

				Unresolved Issues:		EF based on ISO C1 8 mode cycles. Operating cycle in India may be different
Sensitivity of EF to fuel sulphur levels. Default Sulphur assumed as 0.2%, whereas in India, 0.05 % became available on 1st April 2003
Engine technology may be different for India

				Planned Improvements:		Possibility of developing local emission factors.                                                              Power based EF to Model based EF.                                                                                     Activity data can be impro

				Note: Within cell, hit ALT-Enter to go to next line in cell





Emissions

		

						2003 PM10 Emission Estimates (kg/year)

				Region		Tractor Category 1		Tractor Category 2

				1		1671.7		1278.9

				2		490.9		375.6

				3		1090.9		834.6

				4		2310.2		1767.3

				5		1132.6		866.5

				6		1126.2		861.6

				7		2756.2		2108.5

				8		1713.4		1310.8

				9		709.1		542.5

				10		1010.7		773.2

				11		831.0		635.7

				12		3192.6		2442.3

				13		311.2		238.1





Emissions

		



Tractor Category 1

Tractor Category 2

Region

PM10 (kg/year)

2004 tractor emissions



Activity Data

		

				Activity Data for Paved Road Dust Estimates								PM10 Emission Estimates

						2004 Annual activity data						2003 PM10 Emission Estimates (kg/year)

				Region		composite activity data for tractor category 1 in hours-hp		composite activity data for tractor category 2  in hours-hp				Region		Tractor category 1		Tractor category 2		Total

				1		3,991,067		2,187,568				1		1,671.7		1,278.9		2,950.6

				2		1,172,041		642,414				2		490.9		375.6		866.5

				3		2,604,535		1,427,587				3		1,090.9		834.6		1,925.5

				4		5,515,486		3,023,126				4		2,310.2		1,767.3		4,077.5

				5		2,704,120		1,482,172				5		1,132.6		866.5		1,999.1

				6		2,688,800		1,473,774				6		1,126.2		861.6		1,987.8

				7		6,580,282		3,606,758				7		2,756.2		2,108.5		4,864.7

				8		4,090,652		2,242,152				8		1,713.4		1,310.8		3,024.2

				9		1692947.90784138		927931.836202765				9		709.1		542.5		1,251.6

				10		2413025.29850695		1322617.77558313				10		1,010.7		773.2		1,783.9

				11		1984043.02321683		1087485.72659057				11		831.0		635.7		1,466.8

				12		7622095.78417275		4177792.65620702				12		3,192.6		2,442.3		5,634.9

				13		743058.58398468		407282.29914782				13		311.2		238.1		549.3

																Grand Total foor Pune District		32,382.5

												PM10		tractor category 1		tractor category 2

												Emission		0.4189		0.5846

												Factor		g/bhp-hr		g/bhp-hr





Emission Factors

		

								Emission Factor Equation																Emission Factor Data Inputs

						Actual equation																		Value(s)		Description		Source

						Equation used for calculations																		0.4474		>0 to 11hp		Table 5. Summary of the Basis for the PM Zero-Hour Steady-State CI Emission Factors in Draft NONROAD2002

				A value						0.473

				Total no. of hours of operation per tractor						1568400

				Total no. of registred tractors in Pune District						18428

				Avg. no. of hours of operation per tractor						85.109615802														0.2665		>11 to 16hp

				Load Factor						0.6														0.2665		>16 to 25 hp

				Median Life at full Load						5000														0.3389		>25 to 50 hp

				Age Factor						0.0102131539														0.473		>50 to 100 hp

				DF						1.0048308218

								>25-50		>50-100

								0.3389		0.473

		Transient Adjustment Factor								1.23

				Tractor Population as per EPA category						>25-50		>50-100

										13316		5112

		Deterioration factors

		Taluka No.		Taluka Name		Area of Land		Tractor Population by Area of cultivated land and taluka Category >25-50		Tractor Population by Area of cultivated land and taluka Category >50-100		Tractor Annual Emissions, g/year Category 1		Tractor Annual Emissions, g/year Category 2		Emission Factor category 1		Emission factor category 2		Tractor popof category 1*no. of hours*power		Tractor popof category 2*no. of hours*power		Total PM10Emissions

		1		Ambegaon		521		1213		466		1671701.27195634		1278853.28932163		0.4188607136		0.5846005238		3991067.23975277		2187567.8129486		2.9505545613

		2		Baramati		153		356		137		490921.870651285		375555.764426505		0.4188607136		0.5846005238		1172040.8592748		642414.348140375		0.8664776351

		3		Bhor		340		792		304		1090937.49033619		834568.365392232		0.4188607136		0.5846005238		2604535.2428329		1427587.44031195		1.9255058557

		4		Daund		720		1677		644		2310220.56777075		1767321.24436002		0.4188607136		0.5846005238		5515486.39658732		3023126.34419		4.0775418121

		5		Haveli		353		822		316		1132649.80614316		866478.332304288		0.4188607136		0.5846005238		2704120.41388239		1482171.66597093		1.9991281384

		6		Indapur		351		817		314		1126232.52678824		861569.106625511		0.4188607136		0.5846005238		2688799.61833632		1473774.09279263		1.9878016334

		7		Junnar		859		2000		768		2756221.48293761		2108512.42903508		0.4188607136		0.5846005238		6580281.68703959		3606757.68008224		4.864733912

		8		Khed		534		1244		477		1713413.58776331		1310763.25623368		0.4188607136		0.5846005238		4090652.41080226		2242152.03860758		3.024176844

		9		Maval		221		515		198		709109.368718523		542469.437504951		0.4188607136		0.5846005238		1692947.90784138		927931.836202765		1.2515788062

		10		Munshi		315		734		282		1010721.4983997		773203.044407509		0.4188607136		0.5846005238		2413025.29850695		1322617.77558313		1.7839245428

		11		Purander		259		603		232		831037.676461979		635744.72540173		0.4188607136		0.5846005238		1984043.02321683		1087485.72659057		1.4667824019

		12		Shirur		995		2317		890		3192596.47907208		2442339.77519197		0.4188607136		0.5846005238		7622095.78417275		4177792.65620702		5.6349362543

		13		Velhe		97		226		87		311238.04871356		238097.445420725		0.4188607136		0.5846005238		743058.58398468		407282.29914782		0.5493354941

						5718

																				Total Annual, gm /day		32382477.8913386

												2950554.56127796								Total Annual, tons/ year		32.38		32.38





Processes

		





DB Data Load

		

		EXAMPLE

		Air Basin		Air District Pune		County Pune		Source ID Code PROID/EIC		PROCESS RATE 
Composite (No. of Tractors of category 1* power * no. of hours) hp-hours		PROCESS RATE 
10e6 Composite (No. of Tractors of category 2* power * no. of hours)  hp-hours		YEAR		POLLUTANT		PM10 Emission Factor (g/bhp-hr) for category 1 tractors		PM10 Emission Factor (g/bhp-hr) for category 2 tractors		PM10 Emissions Tons/Year		Hrs per Day HPDY		Days per Week DPWK		Weeks per Year WPYR		JANT		FEBT		MART		APRT		MAYT		JUNT		JULT		AUGT		SEPT		OCT		NOVT		DECT

		XXX		XXX		XX		XXXXXXXXXXXXXX		XXXXXXXXXXX.X		XXXXXXXXXXX.X		XXXX		11101								XX		XX		XX		XXX.X		XXX.X		XXX.X		XXX.X		XXX.X		XXX.X		XXX.X		XXX.X		XXX.X		XXX.X		XXX.X		XXX.X

		Maharastra		Pune		Ambegaon		64063554000000		3991067.23975277		2187567.8129486		2004		11101		0.42		0.58		2.95		24		7		52		0.246		0.246		0.246		0.246		0.246		0.246		0.246		0.246		0.246		0.246		0.246		0.246

		Maharastra		Pune		Baramati		64063754000000		1172040.8592748		642414.348140375		2004		11101		0.42		0.58		0.87		24		7		52		0.072		0.072		0.072		0.072		0.072		0.072		0.072		0.072		0.072		0.072		0.072		0.072

		Maharastra		Pune		Bhor		64063954000000		2604535.2428329		1427587.44031195		2004		11101		0.42		0.58		1.93		24		7		52		0.160		0.160		0.160		0.160		0.160		0.160		0.160		0.160		0.160		0.160		0.160		0.160

		Maharastra		Pune		Daund		64064154000000		5515486.39658732		3023126.34419		2004		11101		0.42		0.58		4.08		24		7		52		0.340		0.340		0.340		0.340		0.340		0.340		0.340		0.340		0.340		0.340		0.340		0.340

		Maharastra		Pune		Haveli		64064354000000		2704120.41388239		1482171.66597093		2004		11101		0.42		0.58		2.00		24		7		52		0.167		0.167		0.167		0.167		0.167		0.167		0.167		0.167		0.167		0.167		0.167		0.167

		Maharastra		Pune		Indapur		64063554000000		2688799.61833632		1473774.09279263		2004		11101		0.42		0.58		1.99		24		7		52		0.166		0.166		0.166		0.166		0.166		0.166		0.166		0.166		0.166		0.166		0.166		0.166

		Maharastra		Pune		Junnar		64063754000000		6580281.68703959		3606757.68008224		2004		11101		0.42		0.58		4.86		24		7		52		0.405		0.405		0.405		0.405		0.405		0.405		0.405		0.405		0.405		0.405		0.405		0.405

		Maharastra		Pune		Khed		64063954000000		4090652.41080226		2242152.03860758		2004		11101		0.42		0.58		3.02		24		7		52		0.252		0.252		0.252		0.252		0.252		0.252		0.252		0.252		0.252		0.252		0.252		0.252

		Maharastra		Pune		Maval		64063975428571		1692948		927931.836202765		2004		11101		0.42		0.58		1.25		24		7		52		0.104		0.104		0.104		0.104		0.104		0.104		0.104		0.104		0.104		0.104		0.104		0.104

		Maharastra		Pune		Munshi		64063996857143		2413025		1322617.77558313		2004		11101		0.42		0.58		1.78		24		7		52		0.149		0.149		0.149		0.149		0.149		0.149		0.149		0.149		0.149		0.149		0.149		0.149

		Maharastra		Pune		Purander		64064018285714		1984043		1087485.72659057		2004		11101		0.42		0.58		1.47		24		7		52		0.122		0.122		0.122		0.122		0.122		0.122		0.122		0.122		0.122		0.122		0.122		0.122

		Maharastra		Pune		Shirur		64064039714286		7622096		4177792.65620702		2004		11101		0.42		0.58		5.63		24		7		52		0.470		0.470		0.470		0.470		0.470		0.470		0.470		0.470		0.470		0.470		0.470		0.470

		Maharastra		Pune		Velhe		64064061142857		743059		407282.29914782		2004		11101		0.42		0.58		0.55		24		7		52		0.046		0.046		0.046		0.046		0.046		0.046		0.046		0.046		0.046		0.046		0.046		0.046





DB Data Load (old)

		

		EXAMPLE

		Air Basin AB		Air District DIS		County CO		Source ID Code PROID/EIC		PROCESS RATE 
10e6 VMT/yr		YEAR		POLLUTANT		PM10 Emission Factor (g PM10/ VKT) by ADT		PM10 Emission Factor (PM10/ VKT)  by ADT		PM10 Emission Factor (PM10/VKT)  by ADT		PM10 Emission Factor (PM10/VKT)  by ADT		Low ADT <5000		High ADT >5000		Low Daily Traffic Roads 
ADT < 5000		High Daily Traffic Roads
ADT > 5000		Total PM10 Emissions Tons/Year		Hrs per Day HPDY		Days per Week DPWK		Weeks per Year WPYR		JANT		FEBT		MART		APRT		MAYT		JUNT		JULT		AUGT		SEPT		OCT		NOVT		DECT

		XXX		XXX		XX		XXXXXXXXXXXXXX		XXXXXXXXXXX.X		XXXX		11101		<500		500-5000		5000-10000		>1000												XX		XX		XX		XXX.X		XXX.X		XXX.X		XXX.X		XXX.X		XXX.X		XXX.X		XXX.X		XXX.X		XXX.X		XXX.X		XXX.X

		Pune		S1		1		64063554000000		2138.52843		2003		11101		0.7232		0.3541		0.1619		0.1032		349		2407		123.6		389.7		513.31		24		7		52		8.210		7.421		8.266		8.196		8.604		8.421		8.731		8.731		8.379		8.590		8.126		8.323

		Pune		S2		1		64063754000000		3286.53446		2003		11101		0.7232		0.3541		0.1619		0.1032		3093		2483		1095.3		402.0		1497.31		24		7		52		8.210		7.421		8.266		8.196		8.604		8.421		8.731		8.731		8.379		8.590		8.126		8.323

		Pune		E1		1		64063954000000		748.04852		2003		11101		0.7232		0.3541		0.1619		0.1032		447		1294		158.3		209.5		367.80		24		7		52		8.210		7.421		8.266		8.196		8.604		8.421		8.731		8.731		8.379		8.590		8.126		8.323

		Pune		E2		1		64064154000000		371.947045		2003		11101		0.7232		0.3541		0.1619		0.1032		2321		879		821.9		142.3		964.23		24		7		52		8.210		7.421		8.266		8.196		8.604		8.421		8.731		8.731		8.379		8.590		8.126		8.323

		Pune		N1		1		64064354000000		211.041905		2003		11101		0.7232		0.3541		0.1619		0.1032		879		483		311.3		78.2		389.47		24		7		52		8.210		7.421		8.266		8.196		8.604		8.421		8.731		8.731		8.379		8.590		8.126		8.323

		Pune		N2		1		64063554000000		2519.769105		2003		11101		0.7232		0.3541		0.1619		0.1032		328		4480		116.2		725.4		841.51		24		7		52		8.207		7.406		8.291		8.151		8.586		8.432		8.713		8.713		8.361		8.614		8.165		8.361

		Pune		W1		1		64063754000000		2285.362455		2003		11101		0.7232		0.3541		0.1619		0.1032		2183		983		773.0		159.2		932.20		24		7		52		8.207		7.406		8.291		8.151		8.586		8.432		8.713		8.713		8.361		8.614		8.165		8.361

		Pune		W2		1		64063754000000		2285.362455		2003		11101		0.7232		0.3541		0.1619		0.1032		758		3948		268.4		639.2		907.65		24		7		52





agri_landuse

						Cultivated area for Pune district

		Speed of tractor						Cultivated area

		10000		kph				(10^2 hac)

		Width of Plough				Taluka name		Rabi																														kharif																																																																						Total Kharif		All

		3		m				Jawari				Wheat				Gram				other pulses				Total Rabi		area in m2		length travelled		% of area tilled by tractors		no. of hours of operation		Passes in a year		total no. of hours of operation		total others		area in m2		length travelled		% of area tilled by tractors		no. of hours of operation		passes		Rice				Jawar				Bajra				Raagi				Tur				Mung				Udad				other pulses				Soyabene				other oilseeds						Sugar-cane		area in m2		length travelled		% of area tilled by tractors		no. of hours of operation		No. of passes		Cotton						5718		total no. of hours of operation		Grand Total

		assume 5% of tractor use		1		Ambegaon		160		10		48		10		63		10		7		10		278		278000000		92666666.6666667		4633333.33333333		9266.7		8		74133.3333333333		241		241000000		80333333.3333333		4016666.66666667		8033.3		8		47		10		3		10		145		10		17		10		4		10		4		10		4		10		17		10		0		10		0		10		64266.6666666667		2		2000000		666666.666666667		33333.3333333333		66.7		11		0		10		243		521		733.3333333333		139133.333333333

		0.05		2		Baramati		24		10		17		10		3		10		1		10		45		45000000		15000000		750000		1500.0		8		12000		7		7000000		2333333.33333333		116666.666666667		233.3		8		0		10		0		10		3		10		0		10		0		10		0		10		0		10		1		10		2		10		0		10		1866.6666666667		101		101000000		33666666.6666667		1683333.33333333		3366.7		11		1		10		108		153		37033.3333333333		50900

				3		Bhor		165		10		27		10		13		10		5		10		210		210000000		70000000		3500000		7000.0		8		56000		126		126000000		42000000		2100000		4200.0		8		74		10		2		10		7		10		26		10		1		10		1		10		3		10		12		10		0		10		0		10		33600		4		4000000		1333333.33333333		66666.6666666667		133.3		11		0		10		130		340		1466.6666666667		91066.6666666667

				4		Daund		515		10		90		10		28		10		1		10		634		634000000		211333333.333333		10566666.6666667		21133.3		8		169066.666666667		45		45000000		15000000		750000		1500.0		8		0		10		0		10		35		10		0		10		4		10		0		10		1		10		4		10		0		10		0		10		12000		41		41000000		13666666.6666667		683333.333333333		1366.7		11		1		10		86		720		15033.3333333333		196100

				5		Haveli		113		10		34		10		7		10		7		10		161		161000000		53666666.6666667		2683333.33333333		5366.7		8		42933.3333333333		141		141000000		47000000		2350000		4700.0		8		28		10		2		10		92		10		2		10		6		10		5		10		2		10		3		10		1		10		0		10		37600		51		51000000		17000000		850000		1700.0		11		0		10		192		353		18700		99233.3333333333

				6		Indapur		172		10		11		10		4		10		0		10		187		187000000		62333333.3333333		3116666.66666667		6233.3		8		49866.6666666667		39		39000000		13000000		650000		1300.0		8		0		10		0		10		28		10		0		10		4		10		2		10		1		10		3		10		1		10		0		10		10400		125		125000000		41666666.6666667		2083333.33333333		4166.7		11		0		10		164		351		45833.3333333333		106100

				7		Junnar		290		10		50		10		91		10		10		10		441		441000000		147000000		7350000		14700.0		8		117600		330		330000000		110000000		5500000		11000.0		8		67		10		3		10		221		10		11		10		6		10		5		10		3		10		8		10		6		10		0		10		88000		88		88000000		29333333.3333333		1466666.66666667		2933.3		11		0		10		418		859		32266.6666666667		237866.666666667

				8		Khed		163		10		27		10		56		10		4		10		250		250000000		83333333.3333333		4166666.66666667		8333.3		8		66666.6666666667		283		283000000		94333333.3333333		4716666.66666667		9433.3		8		71		10		2		10		170		10		18		10		8		10		6		10		2		10		6		10		0		10		0		10		75466.6666666667		1		1000000		333333.333333333		16666.6666666667		33.3		11		0		10		284		534		366.6666666667		142500

				9		Maval		44		10		12		10		8		10		2		10		66		66000000		22000000		1100000		2200.0		8		17600		147		147000000		49000000		2450000		4900.0		8		126		10		2		10		0		10		16		10		0		10		1		10		1		10		1		10		0		10		0		10		39200		8		8000000		2666666.66666667		133333.333333333		266.7		11		0		10		155		221		2933.3333333333		59733.3333333333

				10		Munshi		132		10		17		10		7		10		5		10		161		161000000		53666666.6666667		2683333.33333333		5366.7		8		42933.3333333333		153		153000000		51000000		2550000		5100.0		8		132		10		2		10		2		10		11		10		1		10		1		10		1		10		2		10		1		10		0		10		40800		1		1000000		333333.333333333		16666.6666666667		33.3		11		0		10		154		315		366.6666666667		84100

				11		Purander		180		10		6		10		5		10		1		10		192		192000000		64000000		3200000		6400.0		8		51200		66		66000000		22000000		1100000		2200.0		8		4		10		0		10		50		10		0		10		1		10		2		10		1		10		8		10		0		10		0		10		17600		1		1000000		333333.333333333		16666.6666666667		33.3		11		0		10		67		259		366.6666666667		69166.6666666667

				12		Shirur		655		10		45		10		35		10		0		10		735		735000000		245000000		12250000		24500.0		8		196000		247		247000000		82333333.3333333		4116666.66666667		8233.3		8		0		10		0		10		212		10		0		10		1		10		31		10		0		10		3		10		0		10		0		10		65866.6666666667		13		13000000		4333333.33333333		216666.666666667		433.3		11		0		10		260		995		4766.6666666667		266633.333333333

				13		Velhe		12		10		4		10		2		10		1		10		19		19000000		6333333.33333333		316666.666666667		633.3		8		5066.6666666667		78		78000000		26000000		1300000		2600.0		8		53		10		1		10		0		10		22		10		0		10		0		10		1		10		1		10		0		10		0		10		20800		0		0		0		0		0.0		11		0		10		78		97		0		25866.6666666667

																																																																																																																		1568400





Activity tractor

		

				Power category as per EPA, hp		27		40		53		67

				Power Category, Kw, COP data		10-20'		20-30		30-40		40-50

						8500		18500		14000		1500

						1500		22000		7700		200

								5000		1000		500

								5000		700		600

								10000		500		2000

								12000		2500		500

								17000		6500

				Sum		10000		89500		32900		5300

				Total population as per EPA category				99500				38200		137700

				% of total in each category				72				28

				Total tractor population				18428

				% of actual tractor population in operation				13316				5112

						>25-50		>50-100

						0.3389		0.473

				Power aggregate		38.6599664992		55.1832460733






