Open Burning – residential household waste
Source Category Description
[bookmark: _GoBack]Open burning of residential household waste (RHW) is the purposeful burning of RHW in outdoor areas. Criteria air pollutant (CAP) and hazardous air pollutant (HAP) emission estimates for RHW burning are a function of the amount of waste burned per year. In 2014, open burning of RHW in the U.S., Puerto Rico, and U.S. Virgin Islands resulted in approximately 18,614 tons of VOC emissions, 292,400 tons of CO emissions, 87,300 tons of primary PM25 emissions, and 95,327 tons of primary PM10 emissions.
For this source category, the following SCC is assigned:
	SCC
	SCC Level 1
	SCC Level 2
	SCC Level 3
	SCC Level 4

	2610030000
	Waste Disposal, Treatment, and Recovery
	Open Burning
	Residential
	Household Waste (use 26-10-000-xxx for Yard Wastes)



Burning of yard waste is included in SCC 2610000100 and SCC 2610000400; therefore, it is not part of residential household waste.
Overview of Calculations
[bookmark: _Ref478631552]The calculations for estimating the emissions from the burning of RHW involve first estimating the amount of combustible 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 RHW burned is estimated by calculating the per capita amount of RHW generated using the national data from EPA, 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. To estimate emissions from RHW burning, pollutant emissions factors are multiplied by the amount of combustible waste burned. Emissions factors for PM , VOC, and HAPs are from the literature, whereas emissions factors for CO, NOX, and SO2 are adjusted based on the ratio of total waste to combustible waste. 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 RHW 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 RHW burned in each county, 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.
Table 1 shows the total national-level waste generated by type and the corresponding per capita values. Per capita values of RHW subject to burning were developed based on EPA’s total amount of waste generated in 2015. 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 sums of the total and combustible waste, respectively. Each number is then divided by the U.S. population in 2017 (329 million people)[endnoteRef:4] to determine separate per capita values for total and combustible waste. Note that yard waste is not included in either per capita value as emissions from the burning of yard waste are calculated in separate SCCs. [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) 

	
	(2) 



Where:
	PCcwaste	=	Per capita value of combustible waste in the U.S., in tons per person 
	PCtwaste	=	Per capita value of total waste in the U.S., in tons per person 
	Com	=	Types of combustible waste (not including yard waste)
	T	=	All types of waste (not including yard waste)
	W	=	Annual weight of waste, in million tons
	Py,US	=	Population of the U.S. for year of inventory, in million people

The per capita value of combustible household waste is estimated to be 0.354 tons generated per person in 2015, and the per capita value of total waste is 0.420 tons generated per person. 
[bookmark: _Ref478469978]Table 1. Annual Waste Generated in the U.S. in 2015
	

	Tons Generated per Person

	Material
	Weight Generated (million tons)
	Total RHW
	Combustible RHW

	Paper
	68.61
	0.129
	0.129

	Glass
	11.48
	0.022
	0

	Metals
	
	
	

	Steel
	17.69
	0.033
	0. 0

	Aluminum
	3.53
	0.007
	0.0

	Other nonferrous
	2.04
	0.004
	0.0

	Total Metals
	23.26
	0.044
	0.0

	Plastics
	32.25
	0.061
	0.061

	Rubber/leather
	8.21
	0.015
	0.015

	Textiles
	16.22
	0.031
	0.031

	Wood
	16.12
	0.030
	0.030

	Other
	4.44
	0.008
	0.008

	Total Materials
	180.59
	0.340
	0.274

	Other wastes
	
	
	

	Food
	38.40
	0.072
	0.072

	Yard
	34.50
	0.0
	0.0

	Miscellaneous inorganic
	3.97
	0.007
	0.007

	Total Other
	76.87
	0.080
	0.080

	TOTAL RHW
	257.46
	0.420
	0.354


Source: Reference 1, Table 1
As open burning of RHW is generally not practiced in urban 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 for each county.[endnoteRef:5] It is assumed that 24% of the rural population burns RHW.[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:
	RPop,c	=	Rural population in county c in 2010
	PBurnc	=	Population likely to burn RHW in county c

The number of people likely to burn waste in each county (from equation 3) is then used with the values of per capita household waste subject to burning (from equations 1 and 2) to determine the amount of household RHW burned.
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Where:
	CWstc	=	Annual combustible RHW burned in county c, in tons
	PBurnc	=	Population likely to burn in county c
	PCcwaste	=	Per capita value of combustible waste in the U.S., in tons per person  

[bookmark: _Ref477177506]Allocation Procedure 
[bookmark: _Ref477177456]National values for the amount of waste generated are distributed to the counties based on rural population, as described in Section C.
[bookmark: _Ref477187901]Emissions Factors
[bookmark: _Ref478478664][bookmark: _Ref478479861][bookmark: _Ref478482810][bookmark: _Ref478480084]Emissions factors for open burning of RHW are reported in Table 3. The emissions factors for CO, NOX, PM, SO2, and VOC and some HAPs are from AP-42[endnoteRef:7] and the EPA report Evaluation of Emissions from the Open Burning of Household Waste in Barrels.[endnoteRef:8] Emissions factors for HAPs are from an EPA Office of Research and Development report[endnoteRef:9] and a Minnesota Pollution Control Agency Report.[endnoteRef:10] For HAP emissions factors from the EPA Control Technology Center report,7 the emissions factors are based on an average of emissions factors for non-recyclers. This assumes that a person burning RHW in their yard is more likely to be a non-recycler than an avid recycler. [7:  U.S. Environmental Protection Agency. 1995. Compilation of Air Pollutant Emission Factors, AP-42, Fifth Edition, Volume I:  Stationary Point and Area Sources, Section 2.5 Open Burning. Research Triangle Park, NC.]  [8:  U.S. Environmental Protection Agency. 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 ]  [9:  U.S. Environmental Protection Agency. 2002. “Emissions of organic air toxics from open burning: a comprehensive review.” EPA-600/R-02-076. https://nepis.epa.gov/Exe/ZyNET.exe/P1001G31.TXT?ZyActionD=ZyDocument&Client=EPA&Index=2000+Thru+2005&Docs=&Query=&Time=&EndTime=&SearchMethod=1&TocRestrict=n&Toc=&TocEntry=&QField=&QFieldYear=&QFieldMonth=&QFieldDay=&IntQFieldOp=0&ExtQFieldOp=0&XmlQuery=&File=D%3A%5Czyfiles%5CIndex%20Data%5C00thru05%5CTxt%5C00000016%5CP1001G31.txt&User=ANONYMOUS&Password=anonymous&SortMethod=h%7C-&MaximumDocuments=1&FuzzyDegree=0&ImageQuality=r75g8/r75g8/x150y150g16/i425&Display=hpfr&DefSeekPage=x&SearchBack=ZyActionL&Back=ZyActionS&BackDesc=Results%20page&MaximumPages=1&ZyEntry=1&SeekPage=x&ZyPURL ]  [10:  Babineau, I., Wu, C.Y., Jackson, A., Minnesota Pollution Control Agency. 2016. “Emission Factor Development for Mercury Emitted From Municipal Solid Waste during Processing and Handling.” In proceedings of the 109th Annual Meeting of the A&WMA, New Orleans, LA. ] 

The emissions factors for PM, VOC, and HAPs were developed based on the amount of combustible waste burned. Emissions factors for CO, NOX, and SO2 were developed based on the amount of total waste burned; therefore, these factors need to be adjusted to be used with the values of combustible waste burned. This is accomplished by multiplying the emissions factors by a ratio of the total per capita waste to combustible per capita waste in 2015.     
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Where:
	EFp	=	Emission factor for pollutant p, in lbs. of pollution per ton of waste burned
	Com	=	Types of combustible waste (not including yard waste)
	T	=	All types of waste (not including yard waste)
	PCcwaste	=	Per capita value of combustible waste in the US, in tons per person 
	PCtwaste	=	Per capita value of total waste in the US, in tons per person 

Controls
[bookmark: _Ref477177564]Controls for residential household 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 trash in the yard would burn waste 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:
	CWstc	=	Annual combustible RHW burned in county c, in tons

[bookmark: _Ref478996341]Emissions
The annual amount of combustible RHW burned in each county is multiplied by the emissions factors listed in Table 3 to estimate emissions. 
	
	(7) 


Where:
	Ep,c	=	Annual emissions of pollutant p in county c
	EFp,Com	=	Emission factor for pollutant p, in lbs. of pollution per ton of combustible waste burned
	CWstc	=	Annual combustible RHW burned in county c, in tons

Point Source Subtraction
There are no point source-specific SCCs for open burning of RHW; therefore point source subtraction is not performed for this category.
Sample Calculations 
Table 2 lists sample calculations to determine the CO and VOC emissions from open burning in Autauga County, Alabama.
[bookmark: _Ref477187560]Table 2. Sample calculations for CO and VOC emissions from open burning in Autauga County, Al.
	Eq. #
	Equation
	Values for Autauga County, AL
	Result

	1
	
	
	0.354 tons combustible waste per person per year

	2
	
	
	0.420 tons total waste per person per year 

	3
	
	
	5,501 people likely to burn in Autauga County, AL

	4
	
	 
	1,947.4 tons of combustible waste burned in Autauga County, AL

	5
	
	
	100.8 lbs. of CO per ton of combustible waste burned

	6
	

	
	Autauga County, AL does not have a burn ban

	7

	
	
	98.14 tons CO emissions from burning of RHW in Autauga County, AL

	
	
	
	8.23 tons VOC emissions from burning of RHW in Autauga County, AL



Changes from 2014 Methodology
The 2017 emissions inventory methodology for RHW burning includes changes to the method for determining population likely to burn, and changes to the emissions factors for CO, NOX, and SO2. 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. 
Additionally the 2014 v2 NEI methodology used emissions factors for CO, NOX, and SO2 that corresponded to the amount of combustible plus non-combustible waste burned. The 2017 methodology uses a ratio of combustible to total waste burned in order to adjust the CO, NOX, and SO2 emissions factors to be used with the amount of combustible waste burned.   
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. 
References
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[bookmark: _Ref478471503]Table 3. Emissions Factors for Open Burning of RHW
	Pollutant
	Pollutant Code
	Emission Factor (original)
	Emission Factor Units (original)
	Emission Factor (converted)
	Emission Factor Units (converted)
	Reference & Table No.

	Carbon Monoxide
	CO
	85
	lbs./ton
	100.61
	lbs./ton
	Reference 6, Table 2.5-1; original factor based on total waste; converted factor based on combustible waste

	Nitrogen Oxides
	NOX
	6
	lbs./ton
	7.10
	lbs./ton
	Reference 6, Table 2.5-1; original factor based on total waste; converted factor based on combustible waste

	PM10-FIL
	PM10-FIL
	18.76
	g/kg
	38
	lbs./ton
	Reference 7
(average of non-recyclers)

	PM10-PRI
	PM10-PRI
	18.76
	g/kg
	38
	lbs./ton
	Reference 7
(average of non-recyclers)

	PM25-FIL
	PM25-FIL
	17.44
	g/kg
	34.8
	lbs./ton
	Reference 7
(average of non-recyclers)

	PM25-PRI
	PM25-PRI
	17.44
	g/kg
	34.8
	lbs./ton
	Reference 7
(average of non-recyclers)

	Sulfur Oxides
	SO2
	1
	lbs./ton
	1.184
	lbs./ton
	Reference 6, Table 2.5-1; original factor based on total waste; converted factor based on combustible waste

	VOC
	VOC
	-
	mg/kg
	7.409
	lbs./ton
	Reference 8, Table 3-6 (sum of HAP VOC emissions factors)

	1,2,4-trichlorobenzene
	120821
	0.1
	mg/kg
	2.00E-04
	lbs./ton
	Reference 8, Table 3-6

	1,4-dichlorobenzene
	106467
	0.03
	mg/kg
	6.00E-05
	lbs./ton
	Reference 8, Table 3-6

	2,4,6-Trichlorophenol
	88062
	0.19
	mg/kg
	3.80E-04
	lbs./ton
	Reference 8, Table 3-6

	2-Methylnapthalene
	91576
	8.53
	mg/kg
	1.70E-02
	lbs./ton
	Reference 8, Table 3-6

	Acenaphthene
	83329
	0.64
	mg/kg
	1.28E-03
	lbs./ton
	Reference 8, Table 3-6

	Acenaphthylene
	208968
	7.34
	mg/kg
	1.47E-02
	lbs./ton
	Reference 8, Table 3-6

	Acetalaldehyde
	75070
	428.4
	mg/kg
	8.55E-01
	lbs./ton
	Reference 8, Table 3-6

	Acetophenone
	98862
	4.69
	mg/kg
	9.36E-03
	lbs./ton
	Reference 8, Table 3-6

	Acrolein
	107028
	26.65
	mg/kg
	5.32E-02
	lbs./ton
	Reference 8, Table 3-6

	Anthracene
	120127
	1.3
	mg/kg
	2.59E-03
	lbs./ton
	Reference 8, Table 3-6

	Benz[a]anthracene
	56553
	1.51
	mg/kg
	3.01E-03
	lbs./ton
	Reference 8, Table 3-6

	Benzene
	71432
	979.75
	mg/kg
	1.96E+00
	lbs./ton
	Reference 8, Table 3-6

	Benzo[a]pyrene
	50328
	1.4
	mg/kg
	2.79E-03
	lbs./ton
	Reference 8, Table 3-6

	1,3-Butadiene
	106990
	141.25
	mg/kg
	2.82E-01
	lbs./ton
	Reference 8, Table 3-6

	Benzo[b]fluoranthene
	205992
	1.86
	mg/kg
	3.71E-03
	lbs./ton
	Reference 8, Table 3-6

	Benzo[g,h,i,]Perylene
	191242
	1.3
	mg/kg
	2.59E-03
	lbs./ton
	Reference 8, Table 3-6

	Benzo[k]fluoranthene
	207089
	0.67
	mg/kg
	1.34E-03
	lbs./ton
	Reference 8, Table 3-6

	Bis (2-Ethylhexyl) Phthalate
	117817
	23.79
	mg/kg
	4.75E-02
	lbs./ton
	Reference 8, Table 3-6

	Chloromethane
	74873
	163.25
	mg/kg
	3.26E-01
	lbs./ton
	Reference 8, Table 3-6

	Chrysene
	218019
	1.8
	mg/kg
	3.59E-03
	lbs./ton
	Reference 8, Table 3-6

	Cresol/Cresylic Acid (Mixed Isomers)
	1319773
	68.77
	Mg/kg
	1.37E-01
	lbs./ton
	Reference 8, table 3-6

	Dibenzo[a,h]anthracene
	53703
	0.27
	mg/kg
	5.40E-04
	lbs./ton
	Reference 8, Table 3-6

	Dibutyl Phthalate
	84742
	3.45
	mg/kg
	6.89E-03
	lbs./ton
	Reference 8, Table 3-6

	Ethyl Benzene
	100414
	181.75
	mg/kg
	3.63E-01
	lbs./ton
	Reference 8, Table 3-6

	Fluoranthene
	206440
	2.77
	mg/kg
	5.53E-03
	lbs./ton
	Reference 8, Table 3-6

	Fluorene
	86737
	2.99
	mg/kg
	5.97E-03
	lbs./ton
	Reference 8, Table 3-6

	Formaldehyde
	50000
	443.65
	mg/kg
	8.85E-01
	lbs./ton
	Reference 8, Table 3-6

	Dibenzofuran
	132649
	3.64
	mg/kg
	7.26E-03
	lbs./ton
	Reference 8, Table 3-6

	Hexachlorobenzene
	118741
	0.04
	mg/kg
	8.00E-05
	lbs./ton
	Reference 8, Table 3-6

	Indeno[1,2,3-c,d]pyrene
	193395
	1.27
	mg/kg
	2.53E-03
	lbs./ton
	Reference 8, Table 3-6

	Isophorone
	78591
	9.25
	mg/kg
	1.85E-02
	lbs./ton
	Reference 8, Table 3-6

	Methylene Chloride
	75092
	17
	mg/kg
	3.39E-02
	lbs./ton
	Reference 8, Table 3-6

	Mercury
	7439976
	8.74E-04
	lbs./ton
	-
	-
	Reference 9

	Naphthalene
	91203
	11.36
	mg/kg
	2.27E-02
	lbs./ton
	Reference 8, Table 3-6

	Pentachloronitrobenzene
	82688
	0.01
	mg/kg
	2.00E-05
	lbs./ton
	Reference 8, Table 3-6

	Phenanthrene
	85018
	5.33
	mg/kg
	1.06E-02
	lbs./ton
	Reference 8, Table 3-6

	Phenol
	108952
	112.66
	mg/kg
	2.25E-01
	lbs./ton
	Reference 8, Table 3-6

	Polychlorinated Biphenyls (PCBs)
	1336363
	0.126
	mg/kg
	2.51E-04
	lbs./ton
	Reference 8, Table 3-6

	Propionaldehyde
	123386
	112.6
	mg/kg
	2.25E-01
	lbs./ton
	Reference 8, Table 3-6

	Pyrene
	129000
	3.18
	mg/kg
	6.35E-03
	lbs./ton
	Reference 8, Table 3-6

	Styrene
	100425
	527.5
	mg/kg
	1.05E+00
	lbs./ton
	Reference 8, Table 3-6

	Toluene
	108883
	372
	mg/kg
	7.42E-01
	lbs./ton
	Reference 8, Table 3-6

	Xylenes (Mixed Isomers)
	1330207
	38
	mg/kg
	7.58E-02
	lbs./ton
	Reference 8, Table 3-6


a. Emissions factor for 1,4-Dichlorobenzene is reported as <1 mg/kg. The factor used for this methodology assumes that the actual value is 0.333 mg/kg.
b. Emissions factor for Pentachlorophenol is reported as <0.0025 and <0.0018 g/kg. The factor used for this methodology assumes that the actual value is 5.3E-05 g/kg.
