Open Burning – yard waste-leaf and brush species
Source Category Description
Open burning of yard waste is the purposeful burning of leaf and brush species in outdoor areas. Criteria air pollutant (CAP) and hazardous air pollutant (HAP) emission estimates for leaf and brush waste burning are a function of the amount of waste burned per year. In 2014, open burning of yard waste in the U.S., Puerto Rico, and U.S. Virgin Islands resulted in approximately 5,035 tons of VOC emissions, 4,470 tons of primary PM10 emissions, and 3,446 tons of primary PM25 emissions.
For this source category, the following SCCs are assigned:
	SCC
	SCC Level 1
	SCC Level 2
	SCC Level 3
	SCC Level 4

	2610000100
	Waste Disposal, Treatment, and Recovery
	Open Burning
	All Categories
	Yard Waste – Leaf Species Unspecified

	2610000400
	Waste Disposal, Treatment, and Recovery
	Open Burning
	All Categories
	Yard Waste – Brush Species Unspecified



Overview of Calculations
[bookmark: _Ref478637224]The calculations for estimating the emissions from the burning of yard waste involve first estimating the amount of leaf and brush waste generated in each county. The amount of waste generated in the U.S. is available from the EPA report Advancing Sustainable Materials Management: 2015 Fact Sheet.[endnoteRef:2] The amount of county-level yard waste burned is estimated by calculating the per capita amount of leaf and brush waste generated using the national data from the EPA report, and multiplying that by the number of people likely to burn waste in each county. The number of people likely to burn waste is based on the rural population in each county from the 2010 census. The total amount of yard waste burned is multiplied by emissions factors for criteria air pollutants (CAPs) and hazardous air pollutants (HAPs) to estimate emissions of these pollutants from yard waste burning. Sources of data and calculations for the amount of waste generated are discussed in section C. Emissions factors are discussed in section E. The estimation of emissions from open burning of yard waste is discussed in section G. [2:  U.S. Environmental Protection Agency. 2018. Advancing Sustainable Materials: 2015 Fact Sheet, "Table 1. Generation, Recovery and Discards of Materials in MSW, 2015 (in millions of tons and percent of generation of each material)". https://www.epa.gov/smm/advancing-sustainable-materials-management-facts-and-figures-report ] 

[bookmark: _Ref477177316]Activity Data
The activity data for this source category is the amount of leaf and brush waste generated, which is estimated using data the EPA report Advancing Sustainable Materials Management: 2015 Fact Sheet.1 The report presents the total mass of waste generated from the residential and commercial sectors in the United States by type of waste for the calendar year 2015.
[bookmark: _GoBack]Table 1 shows the national-level yard waste generated and the corresponding per capita values. The per capita value of yard waste subject to burning was developed based on EPA’s total amount of waste generated. According to the 2010 version of the same EPA report, residential waste generation accounts for 55-65% of the total waste from the residential and commercial sectors;[endnoteRef:3] for the per capita calculation, the median value of 60% of total waste generated is assumed. This number is multiplied by the amount of yard waste generated and divided by the U.S. population in 2015 (319 million people)[endnoteRef:4] to determine the per capita amount of yard waste generated in the United States.  [3:  U.S. Environmental Protection Agency. 2011. Municipal Solid Waste Generation, Recycling, and Disposal in the United States: Facts and Figures for 2010—Fact Sheet," p. 4. https://archive.epa.gov/epawaste/nonhaz/municipal/web/pdf/msw_2010_factsheet.pdf ]  [4:  U.S. Census Bureau. Total Population, American Community Survey, https://data.census.gov/cedsci/table?hidePreview=false&tid=ACSDT1Y2017.B01003&vintage=2018 ] 

	
	(1) 


Where:
	PCyw	=	Per capita value of yard waste in the US, in tons per person 
	YW	=	Annual yard waste generated, in million tons 
	Py,US	=	Population of the US for year of inventory, in million people

The per capita value of yard waste is estimated to be 0.065 tons per person in 2015. 
[bookmark: _Ref478469978]Table 1. Annual Waste Generated in the US in 2015
	Material
	Weight Generated (million tons)
	Tons per person

	Yard
	34.50
	0.065


Source: Reference 1, Table 1
As open burning is generally not practiced in urbanized areas, only the rural population in each county is assumed to practice open burning. The rural and urban populations are taken from 2010 U.S. Census data.[endnoteRef:5]  It is assumed that 24% of the rural population burns yard waste.[endnoteRef:6]  [5:  U.S. Census Bureau, Decennial Censuses, 2010 Census: Summary File 1. http://www2.census.gov/census_2010/04-Summary_File_1/.]  [6:  Environment Canada. 2001. “Household Garbage Disposal and Burning.” Prepared by Environics Research Group.] 
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Where:
	PBurnc	=	Population likely to burn in county c
	RPopc	=	Rural population in county c in 2010
	
The number of people likely to burn waste in each county (from equation 2) is then used with the value of per capita yard waste generated (from equation 1) and two assumptions to determine the amount of leaf and brush waste burned. The first assumption concerns the composition of yard waste; of the total amount of yard waste generated, yard waste composition is assumed to be 25 percent leaves, 25 percent brush, and 50 percent grass by weight.[endnoteRef:7] However, open burning of grass clippings is not typically practiced by homeowners, and as such only estimates for leaf burning and brush burning are developed.   [7:  Two Rivers Regional Council of Public Officials and Patrick Engineering, Inc. 1994.  “Emission Characteristics of Burn Barrels,” prepared for the U.S. Environmental Protection Agency, Region V. ] 

The second assumption adjusts for variations in vegetation; the percentage of forested acres (including rural forest and urban forest) is determined using Version 2 of the Biogenic Emission Landuse Database (BELD2) within the Biogenic Emissions Inventory System (BEIS). Based on this percentage, county-level yard waste values are adjusted according to the values in Table 2. To better account for the native vegetation that likely occurs in residential yards of farming states, agricultural land acreage is subtracted before calculating the percentage of forested acres. All municipios in Puerto Rico and counties in the U.S. Virgin Islands, Hawaii, and Alaska were assumed to have greater than 50 percent forested acres.
	
	(3) 

	
	(4) 


Where:
	LWc	=	Annual leaf waste burned in county c, in tons
	BWc	=	Annual brush waste burned in county c, in tons
	PBurnc	=	Population likely to burn in county c, from equation 2
	PCyw	=	Per capita value of yard waste in the US, in tons per person, from equation 1 
	YWFrt	=	Fraction of total yard waste for waste type t (leaf or brush)
	AFfa,c	=	Adjustment factor based on percent of forested acres in county c, from Table 2

[bookmark: _Ref478549991]Table 2. Adjustment for Percentage of Forested Acres
	Percent Forested Acres per County
	Adjustment for Yard Waste Generated

	< 10%
	0% generated

	≥ 10% & < 50%
	50% generated

	≥ 50%
	100% generated




[bookmark: _Ref477177506]Allocation Procedure 
[bookmark: _Ref477177456][bookmark: _Ref477187901]National values for the amount of waste generated are distributed to the counties based on rural population, as described in Section C.
[bookmark: _Ref478996177]Emissions Factors
[bookmark: _Ref478652832][bookmark: _Ref478479650][bookmark: _Ref478479861][bookmark: _Ref478559170]Emissions factors for open burning of yard are reported in Table 4 and Table 5. The emissions factors for CAPs are from AP-42[endnoteRef:8] and the emissions inventory improvement program.[endnoteRef:9] For burning of leaves, emissions factors for PM25 are calculated by multiplying the PM10 emissions factor by a ratio of 0.7709. Emissions factors for HAPs are from an EPA Control Technology Center report.[endnoteRef:10]  [8:  U.S. Environmental Protection Agency. 1992. AP-42, Fifth Edition, Volume 1, Chapter 2: Solid Waste Disposal. Section 2.5: Open Burning. ]  [9:  Eastern Research Group, Inc. Emissions Inventory Improvement Program. Volume III: Chapter 16, Open Burning. 2001. https://www.epa.gov/sites/production/files/2015-08/documents/iii16_apr2001.pdf ]  [10:  U.S. Environmental Protection Agency, Control Technology Center. 1997.  “Evaluation of Emissions from the Open Burning of Household Waste in Barrels.” EPA‑600/R‑97‑134a. https://cfpub.epa.gov/si/si_public_record_Report.cfm?dirEntryID=115129] 

Controls
[bookmark: _Ref477177564]Controls for residential yard waste burning are generally in the form of a ban on open burning of waste in a given municipality or county. However, literature suggests that burn bans are not 100% effective. It is therefore assumed that approximately 25% of the residents that may burn yard waste would burn do so even if a ban is in place. For counties that have burn bans, the assumption is applied by multiplying 0.25 by the annual waste burned. Currently no counties are assumed to have burn bans in place. 
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Where: 
	LWc	=	Annual leaf waste burned in county c, in tons
	BWc	=	Annual brush waste burned in county c, in tons

[bookmark: _Ref478996158]Emissions
The annual amount of leaf and brush waste burned in each county is multiplied by the emissions factors listed in Table 4 and Table 5 to estimate emissions. Emissions for leaves and residential brush are calculated separately, since emission factors vary by yard waste type. 
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Where:
	Ep,c	=	Annual emissions of pollutant p in county c
	LWc	=	Annual leaf waste burned in county c, in tons
	BWc	=	Annual brush waste burned in county c, in tons
	EFp	=	Emission factor for pollutant p, in lbs. of pollution per ton of waste burned

Point Source Subtraction
There are no point source-specific SCCs for open burning of yard waste; therefore point source subtraction is not performed for this category.
Sample Calculations 
Table 3 lists sample calculations to determine the CO emissions from open burning of yard waste in Autauga County, Alabama.
[bookmark: _Ref477187560]Table 3. Sample calculations for CO emissions from open burning in Autauga County, Al.
	Eq. #
	Equation
	Values for Autauga County, AL
	Result

	1
	
	
	0.065 tons yard waste per person per year

	2
	
	
	5,501 people likely to burn in Autauga County, AL

	3
	
	
	89.39  tons of leaf waste burned in Autauga County, AL

	4
	
	
	89.39 tons of brush waste burned in Autauga County, AL

	5
	

	
	Autauga County, AL does not have a burn ban

	6
	

	
	Autauga County, AL does not have a burn ban

	7
	
	
	5.01 tons CO emissions from burning of leaf waste in Autauga County, AL

	8
	
	 
	6.26 tons CO emissions from burning of brush waste in Autauga County, AL



Changes from 2014 Methodology
The 2017 emissions inventory methodology for yard waste burning includes a change to the method for determining population likely to burn. The 2014 v2 NEI methodology determined the population likely to burn by identifying the rural and “like rural” population in each county in 2010 and using the fraction of 2010 rural and like rural population to total population in order to determine the rural population in 2014. The 2017 methodology only uses the 2010 rural population to determine the population likely to burn. 
 Puerto Rico and U.S. Virgin Islands Emissions Calculations
Emissions from Puerto Rico are calculated using the same method described above. For the U.S. Virgin Islands, emissions are calculated using 2010 population data, since 2017 Census Data does not exist for the U.S. Virgin Islands. 
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[bookmark: _Ref478471503]Table 4. Emissions Factors for Open Burning of Leaf Species
	Pollutant
	Pollutant Code
	Emission Factor (original)
	Emission Factor Units (original)
	Emission Factor (converted)
	Emission Factor Units (converted)
	Reference & Table No.

	CO
	CO
	112
	lbs./ton
	--
	--
	Reference 7, Table 2.5-6

	Nitrogen Oxides
	NOX
	6.2
	lbs./ton
	--
	--
	Reference 

	PM10-FIL
	PM10-FIL
	38
	lbs./ton
	--
	--
	Reference 7, Table 2.5-6

	PM10-PRI
	PM10-PRI
	38
	lbs./ton
	--
	--
	Reference 7, Table 2.5-6

	PM25-FIL
	PM25-FIL
	29.3
	lbs./ton
	--
	--
	0.7709 * PM10

	PM25-PRI
	PM25-PRI
	29.3
	lbs./ton
	--
	--
	0.7709 * PM10

	Sulfur Dioxide
	SO2
	0.76
	lbs./ton
	--
	--
	Reference 

	VOC
	VOC
	28
	lbs./ton
	--
	--
	Reference 7, Table 2.5-6

	Cumene
	98828
	
	
	0.01325
	lbs./ton
	Reference 9

	Ethyl Benzene
	100414
	
	
	0.048
	lbs./ton
	Reference 9

	Phenol
	108952
	
	
	0.115
	lbs./ton
	Reference 9

	Styrene
	100425
	
	
	0.1015
	lbs./ton
	Reference 9



[bookmark: _Ref478559409]Table 5. Emissions Factors for Open Burning of Brush Species
	Pollutant
	Pollutant Code
	Emission Factor (original)
	Emission Factor Units (original)
	Emission Factor (converted)
	Emission Factor Units (converted)
	Reference & Table No.

	CO
	CO
	140
	lbs./ton
	--
	--
	Reference 7, Table 2.5-5

	Nitrogen Oxides
	NOX
	5
	lbs./ton
	--
	--
	Reference 

	PM10-PRI
	PM10-PRI
	17
	lbs./ton
	--
	--
	Reference 8

	PM10-FIL
	PM10-FIL
	17
	lbs./ton
	--
	--
	Reference 8

	PM25-PRI
	PM25-PRI
	13.1
	lbs./ton
	--
	--
	0.7709 * PM10

	PM25-FIL
	PM25-FIL
	13.1
	lbs./ton
	--
	--
	0.7709 * PM10

	Sulfur Dioxide
	SO2
	1.66
	lbs./ton
	--
	--
	Reference 

	VOC
	VOC
	19
	lbs./ton
	--
	--
	Reference 7, Table 2.5-5

	Cumene
	98828
	
	
	0.01325
	lbs./ton
	Reference 9

	Ethyl Benzene
	100414
	
	
	0.048
	lbs./ton
	Reference 9

	Phenol
	108952
	
	
	0.115
	lbs./ton
	Reference 9

	Styrene
	100425
	
	
	0.1015
	lbs./ton
	Reference 9



