Noti ce

Thi s Engi neering Guide was recently converted to a PC format and
it has not been proof read by our engineering staff. Therefore,
it is subject to change at a | ater date.



Chi o EPA
Di vision of Air Pollution Control
Engi neering Section

Engi neeri ng Gui de #48

Question:

How do you determ ne conpliance for a surface coating |ine
which is subject to the emssion |imtations or control
requi renents contained in OAC Rul e 3745-21-09? (This
guestion was submtted by Vicki Saver of RAPCA in January,
1980 for purposes of clarification).

Answer :

The following table lists the surface coating categories
regul ated by OAC Rul e 3745-21-09. Beside each category, the
units of the respective emssion [imtation or control

requi renents are shown. The purpose of this Engineering
Quide is to explain these emssion limtations and control
requi renents and give exanples for determ ning conpliance

wi th the regul ations.

Units of Em ssion
Limtation or

Rul e Surface Coating Category Control Requirenents
3745-21-09 (C) Automobile and Light Duty Trucks AorE
" (D) Can AorF
" (E) Coil A
" (F) Paper A
" (G) Fabric A
" (H) Vinyl A,BorC
" (1) Metal Furniture AorE
" (J) Magnet Wire A
" (K) Large Appliance AorE
" (U) Misc. Metal Parts AorB
" (Y) Rotogravure/Flexographic Printing B,CorD
A = pounds VOC/gallon of coating, excluding water*
B = percent capture and percent control for the add-on control
equi pnent
C = percent VOC by volunme of the volatile portion (for
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wat er borne coati ngs)

D = percent VOC by vol une, excluding water* (for high solids
coati ngs)

E = pounds VOC/gall on of coating, excluding water*, and the
associ ated transfer efficiency (for an alternative em ssion
[imtation)

F = pounds VOC/day (alternative daily emssion |limtation or
"bubbl e")

*Exenpt organi c conmpounds such a 1,1, 1-trichl oroet hane

(et hyl chl orof orm), nethyl ene chloride and
trichlorotriflouroethane are considered in the sanme manner as
water in determ ning conpliance with the applicable em ssion
[imtations of QAC Rul e 3745-21-09.

Pounds VOC/ Gal | on Coati ng. Excludi ng Water (A):

The em ssion limtation which is comon to all surface coating
operations (excluding the category of rotogravure/flexographic
printing) is expressed as pounds VOC/ gallon of coating., excluding
water. In order to make a conpliance determ nation, this val ue
must be cal cul ated for each coating. The follow ng information
is required for this calculation:

% by volunme solids (or gal solids/gal coating)

% by volume VOC (or gal VOC/ gal coating)

% by volunme water (or gal water*/gal coating)

% by vol unme exenpt organi ¢ conpounds (or gal exenpt
organi ¢ conpounds/ gal coating)

Density of VOC (or |bs VOC/ gal VOC)

o kohRE

Note: When the density of VOC is not specifically
reported, it can be calculated from other coating
materi al data as foll ows:

Density of VOC = (I bs VOO gal coating) (100%
(% by vol ume VOC)

or

=(1 bs VOC/ gal coating. excluding water)[100% (%y vol une water)]
(% by vol ume VOC)

These nunbers nust represent the coating "as-enployed" in order
to account for any diluent. Data given on applications nust be
checked for accuracy. WMre often than not the infornmation on the
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appendices is incorrect (i.e., the nunbers reflect "as-received"
or a mxture of "as-received" and "as-enployed"). |If necessary,
confirmthe data by contacting the coating suppliers. Once the
vol une percentages are established, the VOC content may be

cal cul ated using either of the follow ng formulas:

(% by volune VOC) (density of VOC)
100% - (% by vol unme water + % by vol ume exenpt organi c conpounds)

= | bs VOC/ gal coating, excluding water

or

gal VOC/gal coating x Ibs VOO gal VOC
1 - [(gal water + gal exenpt organi c conpounds)/gal coating]

= | bs VOC/ gal coating, excluding water

Exanpl e | provides an exanple cal culation for "lbs VOC gal
coating, excluding water."

| f the VOC content of every coating enployed in a coating line is
| ess than or equal to the allowable Iimtation, the source is in
conpliance. It should be noted that the allowable Ilimtation is
a daily, volunme-weighted average of all coatings enployed in the
coating line. Hence, it is possible for a coating line to enpl oy
sone coatings which exceed the allowable limtation on an

i ndi vi dual basis yet still be in conpliance with the rule.
Exanple Il denonstrates how to conpute this. |If the daily,

vol unme- wei ght ed average is greater than that allowed in the rule,
the coating line is not in conpliance.

Percent Capture and Percent Control (B)

OAC Rul es 3745-21-09 (H), (U, and (Y) (vinyl, msc. netal parts,
and graphic arts, respectively) address the option of utilizing
add-on control equi pnent such as incineration, carbon adsorption,
or condensing units. These rules specify capture and control
efficiencies for the control equipnent. The stated capture and
control efficiencies nust be denonstrated in accordance with QAC
Rul e 3745-21-10 (C).

Additionally, the owners or operators of other types of surface
coating lines may elect to install controls as a neans of

achi evi ng conpliance, even though such an alternative is not
specified i the rule. This, however, would require a
denonstration that the reduction achieved by the control

equi pnent is sufficient to neet the allowable em ssion [imtation
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for the coating line.

Percent VOC by volune of the Volatile Portion (Q)

Vi nyl coaters and rotogravure/fl exographic printing presses have
a control option specified in OAC Rule 3745-21-09 (H)(1)(b) and
V(D (a)(ii), respectively, which states that the VOC content of
t he coating cannot exceed 25% by volune of the volatile portion,
as determ ned through the use of a Method 24 analysis or from
data submtted fromthe coating supplier. This requirenent
defines the formnmulation of a waterborne coating. The follow ng
four fornul ati ons are exanpl es of conplying coatings:

formul ati on: 60% sol i ds
40% vol atiles - 25% VOC
75% wat er
formul ati on: 10% sol i ds
90% vol atiles - 25% VOC
75% wat er
f ormul ati ons: 5% sol i ds
95% vol atiles - 18% VOC
82% wat er
formul ati on: 5% sol i ds

95% vol atiles - 10% VOC
20% exenpt organi ¢ conpounds
70% wat er

Per cent VOC by Vol une, Excl udi ng Water (D):

The rotogravure flexographic printing industry also has the
option of achieving conpliance with OAC Rul e 3745-21-09
(Y)Y(1)(a)(i) through the use of high solids coatings. This rule
[imts the VOC content of high solids coatings to no nore than
40% by volune of the coating, excluding water. Conpliance is
determ ned by neans of a Method 24 analysis of fromdata
submtted by the coating supplier. The next three exanples are
of two conplying coatings and one nonconpl ying coati ng:

formul ati on: 60% solids - conplying coating because the
40% VOC VOC content is 40% of the
coating, excluding water
formul ati on: 40% solids - nonconplying coating because
40% VOC VOC content is 50% of the
20% wat er coating, excluding water
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formul ati on: 55% solids - conplying coating because the

30% VOC VOC content of the coating,
15% exenpt excl udi ng wat er and exenpt
organi c organi ¢ conpounds, IS approx-
conpounds imtely 35%

Alternative Enission Limtation (E)

The categories of autonobile and light duty trucks, netal
furniture, and |l arge appliances (OAC Rule 3745-21-09 (O, (I) and
(K), respectively) each have a provision within the rule for an
alternative emssion |limtation based upon a higher coating
application transfer efficiency (TE). The em ssion limtations
expressed in the rules are based on transfer efficiencies

recogni zed for those industries, and the specific baseline TE s
are given in the rules. Theoretically, as the TE increases nore
solids will be applied to the substrate, thereby requiring |ess
coating to be used (i.e., less overspray). The case-by-case
equi val ency denonstration of an alternative emssion limtation
must be made on a pounds VOC/ gall on of solids basis. Exanple |1l
denonstrates how to determ ne pounds VOC/ gall on of solids, and
pounds VOC/ gal l on of solids applied.

Alternative Daily Enm ssion Linmitation or Bubble (F):

OAC Rul e 3745-21-09 (D), for can coating, is the only rule that
specifically provides for a facility bubble. The equations used
in that calculation are defined by rule (D)(3)(b) and (D) (3)(c)
and will not be covered by this Engineering Cuide.

(Bubbl e variances are available to all existing surface coating
operations pursuant to OAC Rul e 3745-35-03 (E)(2)(d). For

cal cul ati ons of em ssion reductions necessary to denonstrate RACT
equi val ence for a bubble variance, see Exanple IV. Please note
that unli ke the bubble contained in OAC Rul e 3745-21-09 (D), RACT
equi val ence for a bubble variance nust be cal cul ated on a
constant-solids basis).

EXAMPLE |

The foll ow ng cal cul ati ons show how to determ ne "l bs VOC gal
coating, excluding water."

Coating fornul ation:

44. 0% by vol une solids
56. 0% by volune volatiles

67% of the volatile portion is water or exenpt organic
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conpounds
33% of the volatile portion is VOC
7.36 | bs/gal = density of the VOC for purposes of this exanple

Category: Coil coating line; emssion limtation of 2.6 |bs
VOC/ gal of coating, excluding water

Step 1: Determ ne the percent by volunme of VOC and water in the
coating (skip this step if coating does not contain
wat er or exenpt organi c conpounds):

.56 gal volatiles x .33 gal VOC = .185gal VOC = 18.5% VOC
gal coating gal volatiles gal coating

.56 gal volatiles x .67 gal water = .375 gal water = 37.5% water
gal coating gal volatiles gal coating

Restated, the coating fornulation is:
44. 0% by vol une solids
18. 5% by vol une VOC
37.5% by volune water (or exenpt organic conpounds, if
appl i cabl e)

Step 2: Determ ne the | bs/gal of coating, excluding water:
General forml a:

gal VOC/gal coating x |bs VOO gal VOC

1-[(gal water + gal exenpt organic conpounds)/gal coati ng]

.185 gal VOC x 7.36 |bs VOC
gal coating gal VOC = 2.18 I bs. VOC/ gal, excluding water
1 - .375 gal water
gal coating

Therefore, this is a conpliance coating.

EXAMPLE 1 |

The foll ow ng cal cul ati on shows how to determ ne the daily,
vol unme- wei ght ed average of VOC em ssions froma coating |ine.

Category: mscellaneous netal parts; extrenme performance coating
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emssion limtation of 3.5 I bs VOC/ gal |l ons coati ng,
excl udi ng water.

Coati ng usage:

E GPD
Coat i ng (I bs VOCJ gal , - H20 (gallons/day Total GPD
A 2.5 20 97
B 4.3 15
C 3.5 45
D 3.0 17
CGeneral Formul a:
E= (E)(GD, ) + (E)(GD) + ...... (E)(GPD,)
GPD t ot al
wher e:
E = the daily, volune-weighted VOC content in |bs
VOC/ gal | on of coating, excluding water
E,..., = the VOC content of each individual coating in |bs

VOC/ gal | on of coating, excluding water

GPD,...n = gallons/day of each individual coating, excluding
wat er

GPD 4 = total nunber of gallons/day (all coatings enpl oyed
in the coating line)

m
I

(2.4)(20) + (4.3)(15) + (3.5)(45) + (3.0(17)
97
3.33 I bs. VOC/ gallon coating, excluding water

Therefore, the coating line is in conpliance on a daily, vol une-
wei ght ed average basi s.

(Note: The GPD val ues should represent the real usage for a day
and not sinply an average daily usage based on the annual usage
di vided by the nunber of operating days in a year. Calculations
for several days may have to be performed in order to determ ne
the "worst case" daily, volunme-wei ghted average).

EXAMPLE 111

The followi ng calculations are used to determ ne the equival ency
of an alternative emssion limtation based on transfer
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efficiency.
Exi sting formnul ation:

55. 0% by vol une solids
45. 0% by vol unme VOC

7.40 | bs/gal - density of VOC
50% transfer efficiency (TE)

Category: Autonobile and light duty truck top coat I|ine;
emssion limtation of 2.8 | bs VOC/ gal, excluding

wat er
Step 1: Determ ne | bs VOC/ gal, excluding water:
.45 gal VOC x 7.4 |lbs VOC
gal coating gal VOC = 3.33 I bs VOC gal
coating, excluding
1 - 0%water (or exenpt wat er *

or gani ¢ conpound)
*The fornmulation is not a conpliance coating.

Step 2: Determ ne the | bs VOC/ gal coating (including water or
exenpt organi ¢ conpounds)

.45 gal VOC x 7.4 Ilbs VOC = 3.33 | bs VO gal

coating
gal coating gal VOC
Step 3: Determ ne | bs VOC/ gal solids:

3.33 Ibs VOO gal coating = 6.05 | bs VOO gal solids
.55 gal solids/gal coating

Step 4: Determ ne | bs VOC/ gal solids applied:

6.05 Ibs VOO gal solids = 12.10 | bs VOC/ gal solids
.50 transfer efficiency applied

Next, conpare the value from Step 4 to the all owabl e em ssions
Renmenber, the 2.8 Ibs/gal Iimt is based on a TE of 30%

Step 5: Det erm ne conplying coating fornul ati on

2.8 Ibs VOGO gal coating = .38 gal VOC/ gal coating
7.40 | bs VOO gal VvVOC

Therefore, the nodel (conplying coating)fornulation is:
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38% by vol une VOC

63% by vol unme solids

7.40 | bs/gallon - density of VOC
30% transfer efficiency

Step 6: Determ ne | bs VOC/ gal solids:

2.8 Ibs VOC/ gal coating = 4.53 | bs VOC/ gal solids
.62 gal solids/gal coating

Step 7: Determ ne | bs VOC/ gal solids applied:

4.5 I bs VOC/gal solids = 15.10 I bs. VOO gal solids applied
.30 transfer efficiency

The nodel conpliance coating has 15.10 | bs VOO gal solids
applied, and the existing coating has 12.10 | bs VOC/ gal solids
applied. Therefore the existing coating is in conpliance, based
upon a higher transfer efficiency. The alternative em ssion
limtation and correspondi ng coating applicator TE shoul d be
stated in the special terns and conditions of the PTO for the
coating line.

kkhkkkkikkhkk*k

The follow ng equation can also be used in determning the
acceptability of an alternative emssion |limtation based on
transfer efficiency:

L. =E.L,,
E, (p-Lo) + El,

wher e
E. = transfer efficiency for equival ent VOC
em ssi on [imt, in %
E, = transfer efficiency for original VOC em ssion
[imt, in %
L. = equi valent VOC emssion limt, in |bs per
gal | on, excl udi ng wat er
L, = original VOC emssion limt, in |bs per

gal | on, excl udi ng wat er

= density of organic solvent, in I bs per gallon
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| f the VOC content of the proposed coating material is |less than
L. for a given transfer efficiency, the proposed coating materi al
is in conpliance.

For the above exanpl e,

L. = (50)(2.8)(7.40) = 3.73 I bs VO gal ,
(30)(7.40-2.8) +(50)(2.8) excl udi ng wat er

From Step 1 above it can be seen that the existing coating
mat erial contains 3.33 | bs VOC/ gal coating, excluding water.
Since 3.33 is less than 3.73, the existing coating is in
conpliance, based upon a 50% transfer efficiency.

EXAMPLE |V

The follow ng calculations illustrate how to determ ne RACT
equi val ence for a "bubbl e" variance.

Exi sting coating fornmul ation:

35. 0% by vol une solids

55. 0% by vol une VOC

10. 0% by vol une water

8.1 Ib/gal - density of VOC

228 gal l ons coating/ day maxi mum - per PTO application

Category: Paper coating line; emssion limtation of 2.9 |bs
VOC/ gal , excl udi ng wat er

Step 1: Determ ne | bs VOC/ gal |l on of coating, excluding water:
.55 gal VOC x 8.2 Ibs VOC
gal coating gal VOC = 4.96 | bs VOC/ gal coating,
1 - .10 gal water excl udi ng wat er*

gal coating
*Note, this fornmulation is not a conpliance coating.
Step 2: Determ ne the | bs VOC/ gal | on coati ng:

.55 gal VOC x 8.1 Ibs VOC = 4.46 | bs VOC/ gal coating
gal coating gal VOC

Note: Do not subtract the water. This calculation is not
to establish an em ssion factor; it is used only for
determ ni ng actual em ssions.

Step 3: Determ ne the percent solids for a conplying coating
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(excl udi ng water or exenpt organic conpounds):

2.9 I bs VOC/ gal coating = X gal VOC x 8.10 |bs VOC
gal coating gal VOC

X gal VOC = 2.9 Ibs VOO gal coating = .358 gal VOC
gal coating 8.1 |bs VOC/ gal VOC gal coating

1 gal coating (solids and VOC) - .358 gal VOC = .642 gal solids
gal coating gal coating

Therefore, the conplying coating fornulation is:

35. 8% VOC
64. 2% sol i ds

Step 4: Determ ne the | bs VOO gal solids for the existing
(nonconpl yi ng) coating and a conplying coati ng:

Nonconpl yi ng:
.55 gal VOC x 8.1 Ibs VOC

gal coating gal VOC
.35 gal solids/gal coating

12.73 | bs VOC/ gal solids

Conmpl yi ng:

. 358 gal VOC x 8.1 Ibs VOC

gal coating gal VOC = 4.52 I bs VOC/ gal solids
Step 5: Det erm ne the maxi num anount of nonconplying em ssions

per day fromthe use of the existing coating:

(12.73 - 4.52) Ibs VOC x .35 gal solids x 228 gal coating
gal solids gal coating day

= 655 | bs VOO day
Therefore, any "bubble" variance nust provide offsetting
em ssions of 655 | bs VOO day or nore in order to neet the RACT
equi val ence requirenent.
6732-6754

November 30, 1984
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