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History

The per capita emission factor approach to inventorying area source
emissions was developed to account for emissions from difficult to inventory
sources. Emissions from the use of commercial and gonsumer products containing
volatile organic compounds are representative of such a difficult to
inventory source. Identifying individual types and quantlties of solvent
use require considerable resources and thus it '8 ;ﬁpractical to inventory
emissions from this source category by other point and area source inventory

methods.

Originally, commercial and consumer solvent use was included in a broad

. factor of 24 1lbs/capita presented in the first edition of Procedures for the .

.Preparation of Emission Inventories for Volatile Organic Compounds, Volume I2

(1977). This factor was intended to act as a "catchall" estimate of other
solvent use. End uses of solvents containing volatile organic compounds was
better identified in reference 3 (1979). Based on this work a specific factor
was derived for commercial and consumer solvent use,

The factor was presented in as a rounded off value of 10 lbs/capita in a
memorandum of the Northeast Corridor Regional Modeling Project.4 Revied-and
recalculation of emissions data in reference 3 resulted in a new value of 9.2
1bs/capitaX

A factor based on reactive volatile organics was also derived in reference

1 and then presented in Preparation of Emission Inventories, Second Edition
(September 1980).5

The factor presented in this AP-42 section is the total volatile organic
emission factor calculated in reference 1. The factors presented in Table
4.10-1 are based on the same method employed in reference 1 (Table 1) but are
presented in units consistent with USEPA policy on the use of metric units.

In addition, factors have been calculated in units which can be readily applied
to State Implementation Plan (SIP) volatile organic compound (VOC) emission

5C

inventories. Values in Table 4.10~1 represnt nonmethane VOC. Species data

.available in reference 3 indicate that no methane is included in commercial

and consumer solvent emissions. (Table 2)



National ¢onsumption data are excerpted from page QZI of reference 3

which provides the most comprehensive breakdown of commercial/cé%umer solvent.

 TABLE 1 o
COMMERCIAL AND CONSUMER SOLVENT END USES

Nationwide Consymption

G&/yr (1bs x 10 /yr)

Unadjusted Adjusted
Aerosol products 293 (643) 342 (752)
Household products ‘ 158 (346) 183 (405)
Toiletries 113 (249) 132 (291)
Rubbing compounds 53 (117) 62 (137)
Windshield washing 52 (115) 61 (135)
Polishes and waxes \ 41 (91) 48 (106)
" Non-industrial adhesives 25 (55) 29 (64)
Space deodorant 15 (34) 18 (40)
Moth control } 12 (27) 16 (32)
Laundry detergent 3 D) 4  (8)
TOTAL 765 (1684) 895 (1970)

Thét%djusted column represents only identified consumption data while the
adjusted column includes unidentified solvent use allocated using a factor of
1.17. The rationale for this adjustment is discussed in references 1 and 3.
The rationale is that 20 percent of an unidentified solvent use total of
j&?%g/yr (200 x 106 1b7zpis assumed fb take place in the use of architectural
surface coatings and ca;mercial/consumer solvents. A release factor of 1.0
is assumed since no control of these emissions is practiced.

Speciation data indicates that ak’emissions consist of nommethane VOC.

Using Appendix A of reference 3, the following breakdown can be constructed.

TABLE 2

COMMERCIAL AND CONSUMER SOLVENT USE
EMISSIONS SPECIE DATAl

Nationwide Consumption, GG/YR (1lbs x 106[yr)

Compound

Special napthas 275 (605}~
Fluorocarbons 87 (190)
Cholorocarbons 119 (265)
Methylene chloride 59 (130)
Isopropanol 104 (230)
Ethanol 132 (290)
Methanol 61 (135)
1,1,1-Trichloroethane - 15 (33)
MIBK 4 (8)
MEK 2 (5
Butyl acetates 1 (2)




P-Dichlorobenzene 32 (70)
Perchloroethylene - 4 (8)
TOTAL 895 (1970)

For convenience to the user, sample calculations are presented here to

illustrate the ﬁethodoldgies employed in deriving per capita emission factors

for commercial and consumer solvent use.

at1onal Emissions (NE) :
A /.6 3 /
onvert 1bsy®.10 /yr t_o_..t,\s-x—‘lﬂ 2 N .
e L AWAN > = 1 LR
D ¢ 5 3 I 4 "‘
- = A R

National Emissions (NE)g

Convert 1lbs x 106/yf to tons x 103/yr X S

1l Ton 1
X 2000 16 * 1000~ NEpy(3)

o 12, D

6 _ 1 Ton 1 _ 3
~E». 752 x 10 x 5600 15 * Toog~ = 376 x 10 Tons/yr

Per Capita Emission Factors (PF)&

1. Calculation of a per capita factor from national emissions #* !
NE
PF = Population
6
_ 895 GG/yx 10" kg  _
T 215 x 10° people -1 GG 4.2 kg/yr/cap

2. Converting kg/yr to 1b/yr X ¢

PFky x 2.2 lbs/kg = PFly

4.2 x 2.2 1bs/kg = 9.2 lbs/yqﬂ;&P

3. Converting kg/yr (lbs/yr) to g/day (1b x 10—3/day) x

N -3
PF x 1 vyr 1000 ¢ (10 1bs) -
ky(y) © 365 days * 1 kg (ib) PFod(1(-3)d)




1 Q)oo i .

4.2 kg/yr x 365 ? 1 = 11.6 g/day
1 1000 -3
9.2 1b/yr x 365 *° 1 ° 25.2 1b x 10 ~/day

Population figure is recommended by reference 3. The days/year allocation

is assumed uniform over each day of the year.

SUMMARY

These factors are based on the most recent consumption data available.
However compound usage within the commercial/gdonsumer category can rapidly
_change over a period of only a few years. For example, the degree of substitution
of chlorinated/fluourinated hydrocarbons with parafins is unknown. Thus, while
the factors are recommended for use in AP-42, these substitution trends must
be indentified and the factors adjusted accordingly when data becomes available.
Based on the question of compound substitution (i.e., rapidly modified
consumption trends) and the unaccountable solvent use in reference 3, these

factors have been given a B rating.
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Tne purpose of this paper is to document the development of several
per capita emission factocs to be used in 1982 State Implementation Plan
(SIP) Volatile Organic COE@°UBSE£XPC) emissions inventories. The per
czpita VOC emission factors szacsbe-released to local, State, and Regional
control program offices through three vehicles: (1) = ioberT .
Procecures For The Preparaztion Of Emissions Inventories, Volume I, pewdged A el
aseesT 1980; and (3) saamss three Regional workshops. Inventories which

will use the recommended factors are to be compiled for calendar year 1980

and submitted completed to EPA by December 31, 1981. By assuring agencies

that these factors are the best available, the application of uniform per

czpita factors in SIP VOC emission inventories can be promoted.

IMISSIONS PEZR CAPITA INVENTORY METHOD: - .
. VOC emission inventory methods identify emissions from individual
point sources using permit files, plant visits znd questionnaires meiled to
facilities.
. M L3 ) 3 L] (3
4Lrez source inventory methods include a gamut of techniques. Consider-

m
o2

However, several emissions categories cannot readily be inven-
toried by point source nmethods. Sources such as service stations, dry- e
cleazners, cold cleesning degrezsing and architecturzl surface coating are
better inventoried coliectively as area sources.

le ezphasis is placed cn methods which obtzin loczl data specific to 2a

inventory area, Still, certzin source categories remzin which zre difficul )

© inventory using solvent distribution data, and eoploymen:t, and tax ' ’

tistics. Tor the diZffi

cult to inventory source categories, emissions
pita factors have been developed using nationzl emissions data and
nzl population statistics.
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TACTOR DATA BASE: ‘ . .

Several problems zre .inherit with emission dazta which hinders the
cdesignation of factors for specific source cetegories. Tirst and foremost
is determining which emission data should be usged in developing factors.
Nationzl emissions data zre more representative of 211 nationzl urban areas
as a2 whole but may not be directly applicable to local conditions. Locally
derived factors reflect local conditions, but mzy be unacceptable nation-
a2lly due to being unrepresentative. A range of locally derived factors

would be acceptable but is often unavailable on 2 natiomwide basis. Thus,
the tendency is to employ factor

s based on national emissions or conmsumption

data Q,uﬁc;
> ' &6 el
<V -~ >
X7 Determining which national emissions or consumption data to use i e
-~ itself & problem.

The tws most reliable sources of national data ar nNSPS
}@».) Control Techniques Guideline (CTG) document$i=%"and End Uses of Solvénts : ~

c

Conteaining Volatile Oziganic'Clomzsou'x:uis.(-15'::;)n These cocuments differ by 5-34.
perceat for the four source categories that both cover. 1In addition, both
cdocuxzents have severazl specific ;limitatiqps in estimating solvent use.
Tnerefore, there is considerable uncertzinty over which document is a
better basis for the development of per capita factors.

TRC Report

Reference2{ commonly referred to- zs the "TRC Report", has three mzjor
crawbacks. Tirst, the documen® reports consumption of solvent by end use,
Dot exzissions data! This technicality czn be side stepped by making some
approprizte assumptions on solvent relezse to the atmosphere to estimate
nationzl emissions. Tne second problem is that 910 gg/yr (200 x 108
1bs/yr) zre considered uvmaccountzble in the TRC Report. TRC believes that
ellocating this unaccountable use to identified uses will lezd to less

rrers in Inventories. Thne rationazl for allocation is based on the assump-
tion that unidentified solvent consumption primarily.ends up as minor
cozpcnents in sﬁ}vent mixtures in the industrial £0%percent) and consumer/
commerical (H0percent) sectors.> This appears to be z logiczl azssumption
vnich provides & solution to the problem. Llastly, the TRC Report suffers
Iroz 2 lack of "nard" documentaztion znd bases most of its estimates on
simple discussion with industry. However, the report does zpproach solvent
use by zttempting to identify the end product or use of 211 the organic
cuced for use Ir the United States. This document also repre-
st current IPA work on identifying organic solvent use.

[ﬁ$<¥>//CTG Documents

(1]

CTG documents Icr the respective arez source categories also have
severzl drewsacks. TG docunments zre oriented towards specific subsections
cZ & perticular industry.  Accordingly, emissions must be scaled up to
zicount for the Test of the ezissions category. Tor exemple, perchler-
ceznwl les Tom drycleaners must be scaled up te account for

g p

¢
icas which zre not Included In the CTC documen:

Catmn
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4nother problem is that egsions datacv.:.:-'jf’not Obtained with the idea of a

clesed loop m2ss balance, EImissions datda $%54%brzined to identify the most s
izportant sources of VOC emissions, not 211 VOC emissions. Third, the
vexissions estizates in CTG documents are 4-12 years old. On the other
hand, CTG documents zre the result of considerable resézrch and zre found-

~ &tion ol VOC regulations nationwide., Alse, (—fRanfem inAw CTG (e ~<>J¥L2&

aw %&2-:& éwf‘—t_ teen —el \—\J-“'\-s . _C{-'L s e J d“"}“ &.l{g_'JfGQ
(\ LLT;:;T 8 references were Used in deriving per capita factors. Specific

Teasons on vhy one reference was used over another are given with each
derivatioz. Where doth references appear equally sound, the TRC Report is

preferred based on the comprehensive approach to solvent consumption in the
study and the relatively recent data.

DISCUSSIOR AND DERIVATION OF FACTORS:

Nationzl emissions data that are proposed for use in inventory guidance

listed zre in Teble 1. The table lists per capita emission factors that
ere derived {rcz nationzl emissions totals, as well as a range of per
capitz factors included for comparison with_selected values. All recommended
factors are derived znd compared with the data Tange in the discussion of
this Section.
TABLE 1. VOC EMISSIONS AND PER CAP%TA VOC EMISSION FACTORS :
FOR THE U.S.
) Recozmended Value Range of
- for National Emissions Per Capita Factors .ﬁ&
Catecory : . % 10° lbs/vr  1lb/cap-vr lbs/cav-vr
. -
Dryeleaning - ¢ sl &= 720 3 LTE 1.5 - 3.4
- el rvie (Lo - “’\ O/ > ’
Co%d clea?lng gb° Q‘4/{.
cegreasing 627 3. “*\\\\\i;——ﬂ_‘.
Lzchitectural - .
surfzce coating 981 4.6
tuze refinishing 298 , 1.8
Crazhic arts — Sl Bocmes B2 el
b
Comsumer/comereial 1360 6.3
- - Commtim o ~ . { : | w3 -
L;:-'e-ﬁcﬁ:bs 1-17, by e T S R t\"‘/"\‘"‘*"'é— “‘“—""""7""
CpTTTITIETEY SO T s ; < :
" ®oocludes adiuiSent to exnclude compouncs exempted under EPA policy.
S . 4 - .
L e TP relves, Lo ]
ot o0 \‘:L}j——-"é.{wdu:-;;‘ L T AN
~—SoIv—sme VElte, n
ok
o
The clscussicz azd derivation of factors presented inm Table 1 is
crzanized Ty source czategeries to allow IndesemdentTsUTTITE TeTegeries—te- —
—e=TTr Izdszpendsnt Tevievw ¢l fzztere for

ezch categoTy. EHowever, for a1l
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Cther Factor - Another factor was developed and is presented for
1

cocparison.

CIG - The CIG cn Zlexography and rotogravure can be.used to compute a
per capita facter freom Zquation 1 (Reference 4): -
= - 270 x 10% tons/vyr x 2000 1b/tom _
BF = s 10 (76 pop.) = 2.5 1bs/cap-yr

Reference &4 assuzes

controlled emissions of 30 percent which is
reilected in the factor.

.The TRC derived factor is preferred bazsed on the
generzl discussion zt the beginning of this paper.

CONSUM=R/COMVZRCILL SOLVENT:

Recommended Factor (TRC) - The TRC Report provides the most compre-
hensive brezkdovn of consumer/cormericzl solvent.

National consumption
2 1s excerpted from page 1-21 of the report.>

vationwide Consumption

’ ibs x 10° vr,

USE Unadjusted Adijusted

Lerosol products ' 643 752

Eousehold products 346 405

Toiletries 249 291

Rubbing cozpouaés ) 117 137

Vindshieléd washing , 115 135

Tolishes zné waxes %1 106

Non~industrizl zdhesives 55 64

Space deodorant 34 40

Y¥ozh control 27 - 32

Lzuadry detergent 7 8

TOTAL 1684 1970
o e 1AE ae .

T lg:? % :2: Ls/vr 9.2 1bs/cep-yr (including exempt
=2 # = compounds)

Tne unadjusted coluzc represents only identified consumpiion date
wnile the ac¢justed cciuzn Ineludes unidextified solvent use zlloczted using
& fzcter ol 1.17 which has bezn discussed previously. The already adjusted
tczel exmissions are then used In Zguaztion 1 to compute z per capitz factor.
L Telezse Zzczer of 1.0 Iz zssumed since no comtrol of these exissions is

ot 5 o a2tz Incdicetes that z coasiderable quantity of the
< d ¢ ci exexpt ccopounds. Using Appendix £ of the
zendown cean be constructed.




. . =12 _
CWSUML/@(“M | - .

Xationwide Consumption, GG/YR
Cozpound ‘Exempt " Non-exempt
Specizl napthas 234
Tluoroczrbons . 78 o 7
Chlorocarbons 102
Methylene chloride 50
Isopropanol : ’ 89
Echanol 113
Methanol ' _ 52
1,1,1-Trichloroethane . 13
MIBK 3
MER 2
Butyl acetates : 1l
P-Dichlorobenzene 27
Perchloroethylene - _3
TOTAL . 239 524
PEIRCINTAGE 317% 69%
Since non

exexpt compouncs Trepresent only €9 percent of the consumer/
cc—mercizl solvent CO“SL_DulOH, EFA is equal to 0.692. Thus, the factor must
be adgus;ed

PF = 9.2 x 0.69 = 6.3 1lbs/cap-yr

Tﬁ‘s fzctor is based on the most receat speciztion data available.

m=pound u5¢ge within the consumer/commercial category can raplcly
-change cver z period of only 2 few years. For example, the degree of
uvtion of chlorinzted/fluorinated hydrocarbons with parafinms is

Tnus, while the factor is recommened for inventory use, these
itution trends must be indentified.

above derived per capitz emission factors for release of organic
the atzocsphere represent the best available dztz for zrea source per
tz inventorying. However, while these factors are corrected for exempt
thew do not reilect possible cHauaes in substitution patterns
1270's 2nd the.present. Changes in consumption need to be
e fu e To Izprove the avellzble dzte base.
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