Asphalt Paving
Source Category Description
Asphalt paving is the process of applying asphalt concrete to seal or repair the surface of roads, parking lots, driveways, walkways, or airport runways. Asphalt concrete is a composite material comprised of a binder and a mineral aggregate. The binder, referred to as asphalt cement, is a byproduct of petroleum refining and contains the semi-solid residual material left after the more volatile chemical fractions have been distilled off.
Asphalt cements thinned with water and an emulsifying agent are known as emulsified asphalts. Asphalt cements thinned with petroleum distillates are known as cutback asphalts; cut-back asphalt is produced by thinning the binder in diluent containing 25 to 45 percent petroleum distillates by volume prior to mixing with the aggregate. Thinning reduces the viscosity of the asphalt making it easier to work with the mixture. The primary uses of asphalt cements include tack and seal operations, priming roadbeds, and paving operations for pavements up to several inches thick. 
Estimates of emissions of volatile organic compounds (VOC), and hazardous air pollutants (HAPs) from asphalt paving are based on the amount of cutback and emulsified asphalt used. In 2014, cutback asphalt use in the US, Puerto Rico, and US Virgin Islands resulted in approximately 77,609 tons of VOC and emulsified asphalt use in the US, Puerto Rico, and US Virgin Islands resulted in 134,706 tons of VOC emissions.
For this source category, the following SCC is assigned:
	SCC
	SCC Level 1
	SCC Level 2
	SCC Level 3
	SCC Level 4

	2461021000
	Solvent Utilization
	Misc Non-industrial: Commercial
	Cutback Asphalt
	Total: All Solvent Types

	2461022000
	Solvent Utilization
	Misc Non-industrial: Commercial
	Emulsified Asphalt
	Total: All Solvent Types


Note that these source categories do not include emissions from the use of hot mix asphalt (HMA) or warm mix asphalt (WMA). 
Overview of Calculations
The calculations for estimating the emissions from asphalt use involve first estimating the amount of cutback and emulsified asphalt used in each county. The amount of state-level cutback and emulsified asphalt used in 2008 is available from an Asphalt Institute report. Asphalt use is adjusted to 2017 using a ratio of the vehicle miles traveled (VMT) in the US in 2017 to US VMT in 2008. The amount of state-level asphalt used is then distributed to the counties based on the county-level utilization of paved roads. The total amount of asphalt used is multiplied by emissions factors for VOC and HAPS to estimate emissions of these pollutants from asphalt usage. Sources of data and calculations for the amount of asphalt used are discussed in section C. The process of allocating asphalt activity data to the county level is discussed in section D. Emissions factors are discussed in section E. The estimation of emissions from asphalt use is discussed in section G.
[bookmark: _Ref477177316]Activity Data
	[bookmark: _Ref36751750][bookmark: _Hlk36751698]The activity data for this source category is the amount of cutback and emulsified asphalt used, which is from a 2008 survey from the Asphalt Institute.[endnoteRef:2] The 2008 data are used for the 2008, 2011, and 2014 NEI, as research suggests that more recent data are not readily available. The 2008 asphalt data are adjusted to account for changing use of roads, parking lots, driveways, walkways, or airport runways, using ratio of US VMT in 2017 to US VMT in 2008. State-level VMT data are obtained from the Federal Highway Administration (FHWA) report: State-level annual vehicle miles traveled (VMT) by FHWA road class, 2017.[endnoteRef:3]   [2:  Asphalt Institute, 2008. 2008 Asphalt Usage Survey for the United States and Canada. http://www.asphaltinstitute.org/  ]  [3:  FHWA, 2017. Functional System Travel-2017, Annual Vehicle Miles (Table VM-2). https://www.fhwa.dot.gov/policyinformation/statistics/2017/vm2.cfm ] 


	(1) 

	
	(2) [bookmark: _Ref36751725]


Where:
	VMTFrac	=	 The fraction of US VMT in 2008 to US VMT in 2017	
	VMTUS,2008	=	 Total VMT in the US in 2008
	VMTUS,y		=  Total VMT in the US in 2017
	AUs,t		=	 The amount of asphalt type t used in state s, in tons of asphalt per year, from equation 2
	UAUs,t		=  The amount of unadjusted asphalt type t used in state s, in tons of asphalt per year, from Table    1
Table 1 shows the total state-level amount of cutback and emulsified asphalt used in the U.S in 2008.
The process used to distribute the state-level amount of asphalt used to the counties is discussed in section D. 

[bookmark: _Ref479156427]Table 1. State-level Asphalt Usage in 2008 
	State
	Cutback Asphalt Usage (Tons)
	Emulsified Asphalt Usage (Tons)

	Alabama
	1,728
	18,988

	Alaska
	0
	1,108

	Arizona
	7,917
	62,416

	Arkansas
	1,442
	9,201

	California
	30,657
	151,767

	Colorado
	331
	837

	Connecticut
	0
	0

	Delaware
	0
	0

	District of Columbia
	0
	150

	Florida
	809
	19,459

	Georgia
	1,136
	7,848

	Hawaii
	0
	0

	Idaho
	2,880
	41,805

	Illinois
	18,889
	146,873

	Indiana
	290
	17,427

	Iowa
	4,874
	13,570

	Kansas
	3,641
	0

	Kentucky
	456
	16,137

	Louisiana
	175
	6,418

	Maine
	0
	0

	Maryland
	0
	2,080

	Massachusetts
	0
	805

	Michigan
	52
	31,250

	Minnesota
	1,604
	67,082

	Mississippi
	259
	45,035

	Missouri
	7,385
	36,933

	Montana
	1,614
	17,880

	Nebraska
	2,997
	35,376

	Nevada
	948
	15,971

	New Hampshire
	0
	0

	New Jersey
	0
	0

	New Mexico
	320
	58,048

	New York
	0
	32,954

	North Carolina
	0
	143

	North Dakota
	7,323
	22,701

	Ohio
	3,214
	22,777

	Oklahoma
	8,724
	9,157

	Oregon
	865
	34,918

	Pennsylvania
	26,844
	69,671

	Rhode Island
	0
	0

	South Carolina
	0
	0

	South Dakota
	19,034
	44,691

	Tennessee
	894
	34,561

	Texas
	14,618
	154,613

	Utah
	549
	7,039

	Vermont
	0
	0

	Virginia
	670
	41,249

	Washington
	5,774
	24,263

	West Virginia
	0
	3,581

	Wisconsin
	8,188
	18,925

	Wyoming
	227
	5,292



Source: Asphalt Institute
[bookmark: _Ref477177506]Allocation Procedure 
Asphalt usage data are not available at the county-level, therefore state –level data are allocated to the county based on road utilization numbers calculated from FHWA data. 
State-level VMT data are obtained from the FHWA report: State-level annual vehicle miles traveled (VMT) by FHWA road class, 2017.2   EPA used the state-level data and 2011 MOVES data to allocate VMT to the county-level. 
	
	(3) 


Where:
	VMTc,r	= 	The amount of VMT on road type r  in county c from EPA, in millions of miles
	MOVESc,r	=	The amount of VMT on road type r in county c from the 2011 MOVES run 
	VMTs,r	=	The amount of VMT on road type r in state s from FHWA, in millions of miles
	MOVESs,r	=	The amount of VMT on road type r in state s from the 2011 MOVES run 
[bookmark: _Ref477177456]
The county-level VMT is used to calculate the fraction of VMT in each county.  
	
	(4) 


Where:
	VMTFrc,r	=	The fraction of VMT on road type r  in county c
	VMTc,r	= 	The amount of VMT on road type r  in county c from EPA, in millions of miles
	VMTs,r	=	The amount of VMT on road type r in state s from FHWA, in millions of miles

State-level lane-miles[endnoteRef:4] and paved road miles[endnoteRef:5] from FHWA are used to calculate an estimate of state lane-miles that are paved by road type.  [4:  FHWA, 2017. Functional System Lane-Length-2017, Lane-Miles (Table HM-60). https://www.fhwa.dot.gov/policyinformation/statistics/2017/hm60.cfm ]  [5:  FHWA, 2017. Functional System Length-2017, Miles by Type of Surface - Rural (Table HM-51). https://www.fhwa.dot.gov/policyinformation/statistics/2017/hm51.cfm] 

	
	(5) 


Where:
	PLMs,r	=	The amount of paved lane-miles of road type r in state s, in miles
	PMs,r	=	The amount of paved road miles of road type r in state s from FHWA, in miles
	PUMs,r	=	The amount of paved and unpaved miles of road type r in state s from FHWA, in miles
	LMs,r	=	The amount of lanes miles of road type r in state s from FHWA, in miles

State-level VMT from FHWA and paved lane-miles (from equation 3) are used to calculate a state-level utilization measure for paved roads by road type. 
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Where:
	Us,r	=	Utilization of paved road type r in state s
	VMTs,r	=	The amount of VMT on road type r in state s from FHWA
	PLMs,r	=	The amount of paved lane-miles of road type r in state s

County-level utilization of paved roads by road type is calculated based on the fraction of county-level VMT (from equation 2). 
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Where:
	Uc,r	=	Utilization of paved road type r in state s
	VMTFrc,r	=	The fraction of VMT on road type r  in county 
	Us,r	=	Utilization of paved road type r in state s

County-level utilization values are summed across all road types and then summed to the state level. 
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Where:
	Us	=	The total utilization of paved roads in state s
	Uc	=	The total utilization of paved roads in county c
	Uc,r	=	Utilization of paved road type r in state s

The fraction of county-level utilization is calculated based on the ratio of total utilization at the county level to state level.
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Where:
	UFrc	=	The fraction of paved road utilization in county c
	Us	=	The total utilization of paved roads in state s
	Uc	=	The total utilization of paved roads in county c

County-level asphalt usage is the calculated by multiplying the fraction of county-level paved road utilization by the amount of cutback and emulsified asphalt used from Table 1.
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Where:
	AUc,t	=	The amount of asphalt type t used in county c, in tons of asphalt per year
 	UFrc	=	The fraction of paved road utilization in county c
	AUs,t	=	The amount of asphalt type t used in state s, in tons of asphalt per year, from Table 1


[bookmark: _Ref477187901]Emissions Factors
[bookmark: _Ref479334163][bookmark: _Ref479334738]Emissions factors for asphalt paving are reported in Table 4 and Table 5. The emissions factors for VOC and HAPs are developed based on information from material safety and data sheets (MSDS) for cutback[endnoteRef:6] and emulsified[endnoteRef:7] asphalt. [6:  Cutback Asphalt MSDS
]  [7:  Emulsified Asphalt MSDS
] 


[bookmark: _Ref479240357]Table 2. Chemical Composition Assumptions for Cutback Asphalt
	Pollutant
	Average % by Weight
	% Weight Volatilized

	Naphtha
	40
	95

	Naphthalene & PAH
	0.58
	95

	Toluene
	0.59
	95

	Xylene
	0.99
	95

	Benzene
	0.19
	95

	Ethylbenzene
	0.49
	95

	Hydrogen Sulfide
	0.09
	95


[bookmark: _Ref479240368]	Source: Average of MSDS values, reference 5
[bookmark: _Ref479334840]Table 3. Chemical Composition Assumptions for Emulsified Asphalt 
	Pollutant
	Average % by Weight
	% Weight Volatilized

	Naphtha
	10
	95

	Naphthalene & PAH
	0.29
	95

	Hydrogen Sulfide
	0.09
	95


	Source: Average of MSDS values, reference 6
Emissions factors for HAPs are calculated using the assumptions found in Table 2 and Table 3. The total amount of cutback asphalt used nationally is 190,613 tons and the amount of emulsified asphalt used is 1,374,693 tons.
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Where:
	ZUS,p,t	=	The amount of pollutant p emitted from use of asphalt type t in the United States, in lbs. of pollutant per year
	EFp,t	=	Emissions factor for pollutant p from asphalt type t, in lbs. of pollutant per ton of asphalt 	
	AUUS,t	=	Total usage of asphalt type t, in tons of asphalt per year
	%Wp,t	=	Average percent by weight of pollutant p from asphalt type t  
		%Vp	=	Average percent weight of pollutant p volatilized 

Emissions factors for VOC are calculated by summing the amount of pollutant emitted each year for all HAPs, except hydrogen sulfide.
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Where:
	EFvoc,t	=	VOC emissions factor for asphalt type t, in lbs. of  VOC per ton of asphalt 
	Zp,t	=	The amount of pollutant emitted from use of asphalt type t, where p is equal to all pollutants except hydrogen sulfide, in lbs. of pollutant per year	
	AUUS,t	=	Total usage of asphalt type t, in tons of asphalt per year

[bookmark: _Ref479244303]Table 4. Emissions Factors for Cutback Asphalt Usage
	Pollutant
	Pollutant Code
	Emissions Factor
	Emissions Factor Units

	Volatile Organic Compounds
	VOC
	813.96
	lbs./ton asphalt

	Benzene
	71432
	3.6
	lbs./ton asphalt

	Ethylbenzene
	100414
	9.3
	lbs./ton asphalt

	Naphthalene
	91203
	11.0
	lbs./ton asphalt

	Toluene
	108883
	11.2
	lbs./ton asphalt

	Xylenes (mixed isomers)
	1330207
	18.8
	lbs./ton asphalt

	Hydrogen Sulfide
	7783064
	1.7
	lbs./ton asphalt


	Source: Based on MSDS values from Table 2
[bookmark: _Ref479244310]Table 5. Emissions Factors for Emulsified Asphalt Usage
	Pollutant
	Pollutant Code
	Emissions Factor
	Emissions Factor Units

	Volatile Organic Compounds
	VOC
	195.5
	lbs./ton asphalt

	Naphthalene
	91203
	5.5
	lbs./ton asphalt

	Hydrogen Sulfide
	7783064
	1.7
	lbs./ton asphalt


	Source: Based on MSDS values from Table 3
Controls
There are no controls assumed for this category. 
[bookmark: _Ref477177564]Emissions
The total asphalt usage in each county is multiplied by the emissions factors in Table 4 and Table 5 to estimate emissions.
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Where:
	Ep,c,t 	=	Annual emissions of pollutant p in county c from use of asphalt type t, in lbs. of pollutant
	EFp,t	=	Emissions factor for pollutant p from asphalt type t, in lbs. of pollutant per ton of asphalt	AUc,t	=	The amount of asphalt type t used in county c, in tons of asphalt per year

Point Source Subtraction
There are no point source-specific SCCs for asphalt paving; therefore point source subtraction is not performed for this category. There are point source SCCs for asphalt manufacturing, but these do not apply to asphalt paving.
Sample Calculations 
Table 6 lists sample calculations to determine the VOC emissions from emulsified asphalt used in Barnstable County, Massachusetts. The equations 2 through 7 use asphalt use on rural interstates as an example; however, these calculations would need to be repeated for all 14 FHWA road types. 
[bookmark: _Ref477187560]Table 6. Sample calculations for VOC emissions from emulsified asphalt use in Barnstable County, Massachusetts.
	Eq. #
	Equation
	Values for Barnstable County, MA
	Result

	1
	
	
	[bookmark: _GoBack]1.02 VMT fraction between 2008 and 2017

	2
	
	
	819 tons of adjusted emulsified asphalt used in MA

	3
	 
	Barnstable County VMT on rural interstates from EPA
	153,721,475.26 vehicle miles traveled on rural interstates in Barnstable County, MA  

	4
	 
	
	0.198 fraction of rural interstate VMT in Barnstable County, MA

	5
	 
	
	275.25 rural interstate paved lane miles in MA

	6
	 
	
	2.83 utilization factor of paved rural interstates in MA

	7
	 
	
	0.558 utilization factor of paved rural interstates in Barnstable County, MA

	8
	
	
(This is based on repeating calculations for equations 1-5 for all 14 FHWA road types.)
	2.18 Barnstable County utilization of paved roads in MA

	9
	
	
	46.20 utilization of paved roads in MA

	10
	
	
	0.05 fraction of utilization of paved roads in Barnstable County, MA

	11
	 
	 
	37.91 tons of emulsified asphalt used in Barnstable County, MA 

	12
	 
	 
	256,689,810 lbs. naphtha emitted per year from emulsified asphalt

	
	
	 
	7,444,004 lbs. naphthalene emitted per year from emulsified asphalt

	13
	
	N/A
	Emissions factors for HAPs are not used to calculate the emissions factor for VOC

	14
	
	
	195.51 lbs. VOC emitted per ton of emulsified asphalt used

	15
	 
	 
	7,411.78 tons VOC emitted from emulsified asphalt use in Barnstable County, MA



Changes from 2014 Methodology
State-level asphalt use is adjusted in the 2017 methodology using a ratio of VMT in the inventory year to VMT in 2008, the year of the original asphalt data..
Puerto Rico and U.S. Virgin Islands Emissions Calculations
Insufficient data exists to calculate emissions for the counties in Puerto Rico and the US Virgin Islands, so emissions are based on two proxy counties in Florida: 12011, Broward County for Puerto Rico and 12087, Monroe County for the US Virgin Islands. The total emissions in tons for these two Florida counties are divided by their respective populations creating a tons per capita emission factor.  For each Puerto Rico and US Virgin Island County, the tons per capita emission factor is multiplied by the county population (from the same year as the inventory’s activity data) which served as the activity data. In these cases, the throughput (activity data) unit and the emissions denominator unit are “EACH”.
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