Fugitive Dust Construction Area Source Category Calculation Methodology Sheet

I.  Source Category: 

Fugitive Dust – Residential Construction

Fugitive Dust – Non-residential Construction

Fugitive Dust – Road Construction

II.  Pollutants: PM10 and PM2.5
III.  SCC: 

2311010000 

Residential Construction

2311020000 

Non-residential Construction

2311030000 

Roadway Construction
IV.  Description:  

This document describes the methodology to be used to calculate emissions of particulate matter from residential, non-residential, and road construction activities.
V.  Current Methodology:

A. Residential

For residential construction, housing permit data for single-family units, two-family units, and apartments were obtained at the county level from the U.S. Department of Commerce’s (DOC) Bureau of the Census. Adjusted county permit data to equal regional housing start data that was also obtained from the Bureau of the Census.

Estimated the number of buildings in each category, and then estimated the total acres disturbed by construction by applying conversion factors to the housing start data for each category as follows:

• Single-family
¼ acre/building

• Two-family
⅓ acre/building

• Apartment

½ acre/building

Housing construction PM10 emissions are calculated using an emission factor of 0.032 tons PM10/acre/month, the number of housing units created, a units-to-acres conversion factor, and the duration of construction activity. The duration of construction activity for houses is assumed to be 6 months.  Apartment construction emissions are calculated separately using an emission factor of 0.11 tons PM10/acre/month. A duration of 12 months was assumed for apartment construction.

For areas in which basements are constructed to estimate the cubic yards of dirt moved per house, an average value of 2000 square feet is assumed for both single family and two-family homes. Multiplying the average total square feet by an average basement depth of 8 feet and adding in 10 percent of the cubic feet calculated for peripheral dirt removed produces an estimate of the volume of earth moved during residential construction. The percentage of one-family houses with basements was obtained from the DOC. The percentage of houses per Census region (Northeast, Midwest, South, and West) that contain full or partial basements is applied to the housing start estimates for each of these respective regions. The best available control measures (BACM) Level 2 equation (emission factor of 0.011 tons PM10/acre/month plus 0.059 tons PM10/1000 cubic yards of on-site cut/fill) is applied once the number of acres disturbed due to the estimated number of houses built with basements is determined.

B. Non-residential

Particulate emissions produced from the construction of non-residential buildings are estimated using the value of construction put in place.  The national value of construction put in place is obtained from the U.S. Census Bureau, and is allocated to counties using construction employment data for SIC 154.  The Bureau of Labor Statistics (BLS) county employment data were supplemented with Dunn and Bradstreet (D&B) county employment data.  The BLS included employment data in State totals that were withheld (not reported) for many counties.  D&B reported employment data for many counties for which BLS data were not available.  Thus, used D&B county proportion of State total and applied proportion to BLS State total to estimate county employment for counties where employment was withheld.  These data were used to allocate national expenditure data for non-residential construction to counties.

A conversion factor of 1.6 acres/106 dollars ($) is applied to the construction valuation data. This conversion factor is developed by adjusting the1992 value of 2 acres/$106 to 1999 and 2000 constant dollars using the Price and Cost Indices for Construction. The duration of construction activity for nonresidential construction is estimated to be 11 months.

C.  Roadway

Particulate emissions produced by road construction are estimated using an emission factor for heavy construction and the State capital outlay for new road construction.  To estimate the acres disturbed by road construction, obtained 1999 Federal Highway Administration (FHWA) State expenditure data for capital outlay according to the following six classifications:

· Interstate, urban;

· Interstate, rural;

· Other arterial, urban

· Other arterial, rural

· Collectors, urban; and 

· Collectors, rural

Obtained data from the North Carolina Department of Transportation (NCDOT) on the $/mile spent on various road construction projects.  For interstate expenditures, used an average of $4 million/mile corresponding to freeways and interstate projects listed for: 1) new location; 2) widen existing 2-lane shoulder section; and 3) widen existing 4-lane with median.  For expenditures on other arterial and collectors, used an average of $1.9 million/mile corresponding to all other projects (excluding freeways and interstate projects) listed for: 1) new location; 2) widen existing 2-lane shoulder section; and 3) widen existing 4-lane with median.

Miles are converted to acres for each of the 6 road types using the following estimates of acres disturbed per mile:

· Interstate, urban and rural; Other arterial, urban – 15.2 acres/mile

· Other arterial, rural – 12.7 acres/mile

· Collectors urban – 9.8 acres/mile

· Collectors, rural – 7.9 acres/mile

State-level estimates of acres disturbed are distributed to counties according to the housing starts per county, estimated for the residential construction category.

An emission factor of 0.42 tons/acre/month is used to account for the large amount of dirt moved during the construction of roadways.  The duration of construction activity for road construction is estimated to be 12 months.

VI.  Emission Calculation:
A.  Residential Construction Emissions

Emission Factors

	
	Single-family Construction
	Two-family Construction
	Multi-family Construction

	
	ton PM10/acre/month
	ton PM10/acre/month
	ton PM10/acre/month

	PM 10   Emission Factor 
	0.032
	0.032
	0.11

	Estimated Acres Disturbed
	¼
	1/3 
	½

	Duration of Activity
	6 months
	6 months
	12 months


Note: PM2.5 is assumed to be 20% of PM10

1.  Emissions from residential construction activity

	E RC i
=
	E RC – SFH  +  E RC – 2FAM  +  E RC – MF



where:

E RC i  


=
Emissions of pollutant i in tons per year from residential construction activity


E RC - SFH
=
Emissions of pollutant i in tons per year from residential single-family home construction activity


E RC – 2FAM
=
Emissions of pollutant i in tons per year from residential two-family home construction activity


E RC – MF
=
Emissions of pollutant i in tons per year from residential multi-family construction activity

2.  Emissions from Single-family homes

	E RC – SFH   =
	E RC – SFH, w BM
 +  E RC – SFH , w/o BM




where:

ERC-SFH



=       
Emissions of pollutant i in tons per year from residential single-family home construction activity

E RC – SFH, w BM  
 = 
Emissions of pollutant i in tons per year from residential single-family home construction activity of homes with basements

E RC – SFH, w/o BM  = 
Emissions of pollutant i in tons per year from residential single-family home construction activity of homes without basements

3.  Single-family homes without basements

	E RC – SFH, w/o BM =

	HSSFH x (1- HS SFH,w BM) x (AD RC – SFH ) x (PD RC – SFH) x EF RC – SFH


where:

E RC – SFH, w/o BM
=

Emissions of pollutant i in tons per year from residential single-family home construction activity without basements


HS SFH


=
Residential single-family housing starts


HS SFH, w BM

=
Fraction of residential single-family housing starts with basements


AD RC - SFH

=
Acres disturbed per housing type (residential single-family) 


PD RC - SFH

=
Average project duration in months 


EF RC – SFH i

=
Emissions factor in tons PM10/acre/month for pollutant i

4.  Single-family homes with basements

	E RC – SFH, w BM =

	Emissions from residential construction + Emissions from basement excavation


	E RC – SFH, w BM =

	[HSSFH x HS SFH,w BM x (AD RC – SFH ) x (PD RC – SFH) x EF RC – SFH] + 

	
	[HSSFH x HS SFH,w BM x AHS RC – SFH  x ABD RC – SFH x PDE RC – SFH x EF Acres-Disturb]


where:


E RC – SFH, w BM
=
Emissions of pollutant i in tons per year from residential single-family home construction activity with basements


HS SFH


=
Residential single-family housing starts


HS SFH, w BM

=
Fraction of residential single-family housing starts with basements


AD RC - SFH

=
Acres disturbed per housing type (residential single-family) 


PD RC - SFH

=
Average project duration in months 


EF RC – SFH i

=
Emissions factor in tons PM10/acre/month for pollutant i


AHS RC – SFH
=
Average residential single-family house size 







(default = 2000 ft2)



ABD RC - SFH
=
Average basement depth for residential single-family homes (default = 8 ft)



PDE RC – SFH 

=
Peripheral dirt excavated for residential single-family homes 
(default = 10 percent of the cubic feet calculated)


EF Acres-Disturb 
=
Emissions factor for the acres disturbed during basement excavation activities during residential single-family home construction in tons PM10/1000 cubic yards (0.000059)

B. Non-residential Construction

Emission Factors

	
	PM 10
	PM 2.5

	
	(tons/acre/month)
	(tons/acre/month)

	Emissions 
	0.11
	20% of PM 10

	Duration of Project
	11 months



1.  County-level value of nonresidential construction put in place

NC J = NC N * (CEDcounty / CEDnational)
Where:



NC J
=
County-level value of non-residential construction put in place for County J (million dollars)

NC N
=
National-level value of non-residential construction (million dollars) 


CEDcounty
=
County-level construction employment data for NAIC 2333


CEDnational
=

National-level construction employment data for NAIC 2333

2. Emissions from non-residential construction

	E NR i

=

	NCj x CF NC x EF NC i x DC NC

	
	365


where:

E NR,i

=
Emissions of pollutant i in tons per day from non-residential construction

NC J


=
County-level value of non-residential construction put in place for County J (million dollars)

CF NC
=
Conversion factor of 1.6 acres/million dollars for non-residential construction 

EF NC i
=
Emissions factor in tons per acre per month for pollutant I

DC NC
=
Duration of construction activity (months)

C.  Road Construction

	
	PM10
	PM2.5

	
	ton PM10/acre/month
	ton PM2.5/acre/month

	PM 10   Emission Factor 
	0.42
	20% of PM 10

	Duration of Activity
	12 months
	12 months


1. Emissions from road construction

	E Road Con i

=

	ADRoad x [HS CO / HS STATE] x  EF RC  x PD RC

	
	365


where:

E Road Con i
=
Emissions of pollutant i in tons per day from road construction

AD Road

=
Acres Disturbed for Road Construction 

HS CO j


=
Housing starts in county j

HS STATE
=
Housing starts in state

PD RC


=
Project duration (months)

EF RC i


=
Emissions factor in tons per acre disturbed per month
2.  Acres Disturbed for Road Construction 

	ADRoad

=

	EXP Interstate Roads x $M-CF Interstate Roads x ADM-CF Interstate Roads + 

EXP Arterial & Collector Roads x $M-CF Arterial & Collector x ADM-CF Arterial & Collector


AD Road


=
Acres Disturbed by Road Construction 

EXP Interstate Roads
=
Expenditures on Interstate Roads (dollars)

$M-CF Interstate Roads
=
Miles to Dollars Conversion Factor for Interstate Roads

ADM-CF Interstate Roads

=
Acres Disturbed per Mile Conversion Factor for Interstate Roads

EXP Arterial & Collector Roads
=
Expenditures on I for Arterial & Collector Roads  

                                                (dollars)
$M-CF Arterial & Collector Roads
=
Miles to Dollars Conversion Factor for Arterial & Collector 

ADM-CF Arterial & Collector Roads=
Acres Disturbed per Mile Conversion Factor for Arterial & Collector Roads
VII.  Point Source Adjustments:
Point source adjustments would not apply to these sources
VIII.  Adjustments for Controls:
A.  Correct the emissions for variances in the soil moisture content using the following equation:

Moisture Level Corrected Emissions (tons PM2.5/year) = Unadjusted Emissionstotal * (24/ Precipitation-Evaporation value for county) 

B.  Correct the emissions for variances in the silt content using the following equation.

Silt Content Corrected Emissions (tons PM2.5/year) = Moisture Level Corrected Emissions * (dry silt content in soil for area being inventoried /9%)

C. Control Efficiency

For 1999 construction emissions, a control efficiency of 50 percent was used for both PM10 and PM2.5 for PM nonattainment areas. 
IX.  Spatial Adjustments:

Activity information should be estimated by county, so spatial adjustments are not necessary.  Further spatial estimates are not available. 

X.  Temporal Adjustments:
More refined temporal estimates are not available.

XI. Uncertainties/Shortcomings:

A.  Residential Construction

· This methodology neglects construction of additions on existing homes.

B.  Non-residential Construction

· The origin of the national estimate of 1.6 acres of land disturbed per $1 million spent is not documented.  It is likely that this number varies significantly depending on the type of structure, the area of the county where the construction is taking place, and the cost of the land, labor, etc.

· Each commercial construction project is assumed to be 11 months in duration.

C.  Road Construction

· Emission estimates for road construction were developed based largely on the cost of road construction obtained from the North Carolina Department of Transportation.  These estimates are used for the entire country, even though labor costs, land costs, and costs to prepare the road bed in different types of terrain vary significantly in different locations.

· Estimates are only for publicly funded road construction projects, and does not include private roads.

XII.  Assumptions:
A.  Residential Construction

· The number of homes or apartments constructed is obtained from housing permit data, as reported at the county level.

· Other constants and the emission factors are based on previous studies in specific areas.

· Assumptions to account for basements, moisture content, and silt content.

B.  Non-residential Construction

· Total dollars spent on commercial construction

· Constant value of 1.6 acres/106 dollars spent on commercial construction. 

· Estimate of 11 month project duration for all projects.

C.  Road Construction

· The state capital outlay for new road construction.

· Constants for acres disturbed per 106 dollars and acres disturbed per mile of road.

· Constant value of 12 months construction duration for all projects.

XIII.  Rule Effectiveness:

There is no information available to estimate the effectiveness of rules on emissions from construction.
XIV.  Recommendations to Improve Methods/Data
A.  Residential Construction

· Obtain local data for new construction housing starts, and building permit information for additions, outbuildings, swimming pools, etc. to existing homes.

· Estimate a locally representative factor for acres disturbed per construction unit.

· Obtain local information to represent the time of year when residential construction takes place.

B.  Non-residential Construction

· Obtain local information on the number of acres disturbed per construction event or per construction dollars spent.

· Obtain local information on the average duration and seasonal patterns of construction activity.

· Obtain local information on the location of commercial construction, and type of construction.

C.  Road Construction

· Local data on location and timing of individual projects.

· Local estimates of acres disturbed per project or per mile of road.

· Local estimate for duration of projects by mile by road type.

· Local estimate of private road construction.

XV.  Additional Information/Guidance:
EPA Contact:
Mr. Roy Huntley, MD-14












Emission Factor and Inventory Group












E-mail: huntley.roy@epa.gov
Telephone:  919-541-1060
NEI Inventory Methodology Description


www.epa.gov/ttn/chief/publications.html#reports 

NEI Procedures Update


www.epa.gov/ttn/chief/trends/trends97/update97.pdf
AP-42, Section 13.2













www.epa.gov/ttn/chief/ap42/
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