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1.0 Introduction

The purpose of all Emission Estimation Technique (EET) Manuals in this series is to assist
Australian manufacturing, industrial and service facilities to report emissions of listed substances to
the National Pollutant Inventory (NPI). This Manual describes the procedures and recommended
approaches for estimating emissions from facilities engaged in surface coating operations.

Surface coating industries covered by this Manual include facilities primarily engaged in the
application of paint (both waterborne and solvent based), powders, abrasive blasting, and other
industrial surface treatments. Electroplating, anodising, and galvanising activities are covered by
separate Manuals.

EET MANUAL.: Surface Coating
HANDBOOK: Surface Coating
ANZSIC CODE : 2764

This Manual was drafted by the NPI Unit of the Queensland Department of Environment and
Heritage on behalf of the Commonwealth Government. It has been developed through a process of
national consultation involving State and Territory environmental authorities and key industry
stakehol ders.
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2.0 ProcessDescription and Emissions

There are three basic steps in most surface coating operations. surface preparation, painting, and
equipment cleaning. Table 1 presents alist of some of the typical emissions generated and the steps
are described separately below.

Tablel1- Raw Material Inputsand Emissions Generated from Surface Coating

Operations
Typical Process Typical Raw Material Emissions of NPI-Listed
Used Substances
Surface preparation and Clean blasting grit, Particulates as PM 1
abrasive blasting solvents, detergents, acids | (including lead and other
and caustic soda listed metals), spent solvents
in paint sludge, solids, and
wastewater
Painting Paint, lacquer, varnish, Individual and total volatile
primers organic compoundsin
coatings and thinners.
Equipment cleaning Solvents, thinners Individual and total volatile
organic compoundsin
coatings and thinners, spent
solvents, and wastewater

Source: Queensland Department of Environment and Heritage, 1998.

2.1  Surface Preparation

Very few surfaces can be painted without some form of preparation. Proper surface preparation is
essential to ensure adequate adhesion, durability, and dependability of the coating. Without a
properly cleaned surface, even the most expensive coatings will fail to adhere or prevent corrosion.

Surface preparation involves two steps:

(1) removing the old finish; and
(2) cleaning the surface for the new finish.

Processes used to accomplish these results include cleaning the surface with a detergent or solvent,
and solid-medium or bead blasting. Detergents remove most surface dirt and residue. Solvents can
remove oils and greases and can be used to strip paint as well. Vapour degreasing and acid or
caustic baths can be used to clean surfaces. Solid-medium or bead blasting (abrasive blasting)
involves removing the surface with hard pellets or beads. The impact of the pellets or beads causes
the paint on the surface to flake off.

Abrasive blast cleaning produces high volumes of waste, often containing lead and other metals
(see Table 4). Generally, where expendable abrasives are used, the spent abrasive is contaminated
with the old paint residue. Cleaning of recyclable abrasives produces a smaller waste stream, but
often has the contaminants present at higher concentrations. Where air extraction with filtration of
the exhaust air is used with a containment (or blast room), the dust collected may also contain NPI-
listed substances such as lead and other heavy metals.

2.2  Painting
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Painting involves the application of decorative or protective materials onto the surface of a
substrate. Substrates vary in form, from whitegoods to motor vehicles and construction materials.
These decorative or protective materials can be in the form of a primer, sealant, finish coat, or
another type of material such as an anti-corrosion coating. The coating material will have different
components and properties depending on its intended use. Paint will usually consist of a binder, a
pigment, a solvent or thinner, and adrier. Paint may also be solvent- or water-based.

Most paint spray-gun operations take place in a paint booth. A pressurised spray gun applies the
paint as a fine mist or aerosol. The spray gun is passed over the surface of the part to be painted
until the coating is of the proper thickness. A pressurised spray gun will usually transfer
approximately 50 percent of the paint to the surface. The rest of the paint that misses or bounces off
the surface, is termed overspray. The booth usually has a system that is used to remove paint
aerosols and volatiles from the air. In many operations, the exhaust will also have a dry filter to
collect solids.

Essentidly, all of the VOCs emitted from the surface coating facilities are from the solvents that are
used in the paint formulations, to thin paints at the coating facility, or for clean-up purposes. All
unrecovered solvent can be considered potential emissions. Monomers and low molecular weight
organics can be emitted from those coatings that do not include solvents, but such emissions are
negligible.

2.3  Equipment Cleaning

Paint spray guns, brushes, booths, and other equipment must be cleaned after each use in order to be
used again. Water and detergents are used for cleaning equipment that applies water-based coatings,
while solvents are used to clean equipment used for applications of solvent-based paint. Paint
thinner is used to clean the spray gun and nozzles and to prevent clogging.

The first step in undertaking emission estimation for a surface coating operation is to identify the
emission points. An effective means of evaluating points of emission for NPI-listed substancesis to
draw a process flow diagram identifying the operations performed, input of materials and NPI-listed
substances, and the waste sources and emissions resulting from the operation of each process.
Figure 1 below illustrates possible sources of emissions from atypical surface coating operation.
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Figure 1 - General Processesin Surface Coating Operations
Adapted from: USEPA AP-42 Section 4.2 1996.
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3.0 Estimating Emissions

After al the NPI-listed substances and emission sources at the reporting facility have been
identified, the procedures for estimating emissions can proceed. The usual approach initialy entails
estimating emissions from emission sources across a facility for all substances triggering a
threshold and then, based on the disposal method used, determining whether emissions from a
particular emission source are to air, water, land, or an off-site disposa facility. (The off-site
transfer of NPI-listed substances, including listed substances contained in wastes, does not require
reporting, but may nevertheless require characterisation and estimation if emissions are being
estimated from a mass balance).

Estimates of emissions of listed substances to air, water and land should be reported for each
substance that triggers a threshold. The reporting list and detailed information on thresholds are
contained in The NPI Guide at the front of this Handbook.

In genera, there are four types of emission estimation techniques (EETS) that may be used to
estimate emissions from your facility.

The four types described in The NPI Guide are:

» sampling or direct measurement;

* mass balance;

» fuel analysisor other engineering cal culations; and
» emission factors.

Select the EET, (or mix of EETS), that is most appropriate for your purposes. For example, you
might choose to use a mass balance to best estimate fugitive losses from pumps and vents, direct
measurement for stack and pipe emissions, and emission factors when estimating losses from
storage tanks and stockpiles.

If you estimate your emission by using any of these EETS, your data will be displayed on the NPI
database as being of ‘acceptable reliability’. Similarly, if your relevant environmental authority has
approved the use of EETs that are not outlined in this handbook, your data will also be displayed as
being of ‘acceptable reliability’.

This Manua seeks to provide the most effective emission estimation techniques for the NPI
substances relevant to this industry. However, the absence of an EET for a substance in this
handbook does not necessarily imply that an emission should not be reported to the NPI. The
obligation to report on al relevant emissions remains if reporting thresholds have been exceeded.

You are able to use emission estimation techniques that are not outlined in this document.
You must, however, seek the consent of your relevant environmental authority. For example,
if your company has developed site-specific emission factors, you may use these if approved
by your relevant environmental authority.
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You should note that the EETs presented in this manual relate principally to average process
emissions. Emissions resulting from non-routine events are rarely discussed in the literature, and
thereisagenera lack of EETsfor such events. However, it isimportant to recognise that emissions
resulting from significant operating excursions and/or accidental situations (eg. spills) will aso
need to be estimated. Emissions to land, air and water from spills must be estimated and added to
process emissions when calculating total emissions for reporting purposes. The emission resulting
from a spill is the net emission, ie. the quantity of the NPI reportable substance spilled, less the
quantity recovered or consumed during clean up operations.

The usage* of each of the substances listed as Category 1 and 1a under the NPl must be estimated
to determine whether the 10 tonnes (or 25 tonnes for Total Volatile Organic Compounds, VOCs)
reporting threshold is exceeded. If the threshold is exceeded, emissions of these Category 1 and la
substances must be reported for all operations/processes relating to the facility, even if the actual
emissions of the substances are very low or zero.

* Usage is defined as meaning the handling, manufacture, import, processing, coincidental production or other uses of
the substances.

lists the variables and symbols used in the equations and examples throughout this Section.
It indicates the level of information required in applying the EETs illustrated.

Table2- List of Variablesand Symbols

Variable Symbol Units

Annual emissions of pollutant i Expyi | Kg/yr

Total emissions of pollutant i per hour E; kg/hr

Concentration of pollutant i Ci parts per million volume dry,
ppmvd, or mg/m°

Vapour molecular weight MW kg/kg-mole

Overall control efficiency for pollutant i CE; %

Flow rate through exhaust ventilation system FR dr%/ cubic metres per second,
m°/s

Molar volume M cubic metres (m°)/kg-mole

Total quantity of substance used in the reporting Q L/yr

year

Density of product D kg/L

Emission factor for pollutant i EF; kg/units

Gas-phase mass transfer coefficient for VOC Ki m/sec

Speciesi

Vapour pressure of material loaded P kPa

Partial vapour pressure of VOC speciesi P, kilopascals, kPa

Liguid mole fraction of VOC speciesi m mole/mole

True vapour pressure of VOC speciesi VP kPa

Liguid mass fraction of VOC speciesi Z; kg/kg

Molecular weight of VOC speciesi MW, kg/kg-mole

Average molecular weight MW, | kglkg-mole

Vapour mass fraction of VOC speciesi Xi kg/kg

Table2- List of Variablesand Symbols cont’
Variable Symbol Units
Vapour mole fraction of VOC speciesi, Yi mole/mole
Saturation factor S dimensionless
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Initial partial pressure of VOC speciesi (P)r. | kPa
Final partial pressure of VOC speciesi (P)r2__ | kPa
Activity factor AF units/hr
Number of kg-moles of gas displaced An kg-moles/cycle
Number of cycles per year CYC | cycleslyr
Volume of free space in the vessel \ m°
Initial gas pressurein vessel Pay kPa
Final gas pressure in vessel Pay kPa
Evaporation rate of pollutant i W, kg/sec
Duration of spill HR hr/event
Surface area of spill or tank area m’
Vapour pressure of pollutant i Pyapi kPa
Universal gas constant R 8.314 kPa* m’/(kgmol * K)
Mass percent of speciesi in total mixture Xi mass %
Volume percent of speciesi in total mixture Yi volume %
Number of cleaning unitsin use NU cleaning units
Diffusion coefficient for VOC speciesi D; ft/sec
Batch time H hr/batch
Initial temperature of vessel T1 degrees K
Final temperature of vessel T2 degrees K
Wind speed U km/hr
Annual operating hours OpHrs | hr/year
Concentration of VOC speciesi in the cleaning Cis mass %
solvent
Gas-phase mass transfer coefficient for VOC Ki m/sec
Speciesi
Number of batches per year B batches/yr
Amount of pollutant i entering the process, Amount | kg/yr

1N;
Amount of pollutant i leaving the process as a Amount | kg/yr
waste stream, article or product out;

Source: Queensland Department of Environment and Heritage, 1998.

able 3[summarises the most reliable EETs to use for specific NPI-listed substances from surface
coating operations.
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Table3- Summary of EET Rdiability for Surface Coating Processes

Process (and Likely Most Reliable Alternative EETs
Emissions) EET Available

Surface Preparation (PM 1o Emission Factors Source Testing
containing lead and other Engineering Calculations
NPI-listed metals)
Painting (Total VOCs and Mass Balance Source Testing
speciated organics Engineering Calculations
(including toluene, xylenes, Emission Factors
ethylbenzene)
Equipment Cleanup (Total Mass Balance Source Testing
VOCs and speciated Engineering Calculations
organics (including toluene, Emission Factors
xylenes, ethylbenzene)

Source: Queensland Department of Environment and Heritage, 1998.

3.1  Emissionsfrom Surface Preparation

Abrasive materials contain small amounts of NPI listed metals. gives typical metal content
of some abrasives used in Australia. . The use of such abrasives must be included in the threshold
determinations for the use of these substances (see the NPI Guide for threshold information). The
waste material may be transferred to an appropriate facility in which case it is not reportable, but the
metal content of any spills will be reportable as an emission to land. When using such abrasives
information on the metal content should be sought from the supplier.

It is uncertain how much of the abrasive and the abraded surface coating materias actually become
airborne during the abrasive blasting process. Conservative estimates are 10% for both abrasive
material and abraded paint. The total amount of old paint removed by abrasive blasting can be
estimated from the thickness of the coating (possibly in the range 0.1 to 0.6 mm) and the surface
areatreated. The amount of a metal species in the abraded material can be estimated from data on
the composition of the original surface coating material.

Equation 1]is used to calculate emissions using[Table 4]
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Equation 1
Expy.i

where:
Expy,i
A
OpHrs =
Ci
10°

PEM

A * OpHrs* (Ci/10°) * (PEM/100)

emissions of pollutant i emitted as particulate
matter, kg/yr

activity rate of usage of abrasive

material, kg/hr

total annual hours of abrasive blasting

operations, hr/yr

content of metal speciesi in abrasive
material, ppm

conversion for the proportion of speciesi
in the abrasive material used, ppm
assumed percentage of abrasive material
emitted to air as particul ate matter

Table4 - Metal Content of Common Australian Abrasives

Metal (ppm)
Abrasive Pb As Cr Zn Co Ni Cu
GMA Garnet 6 10 3 5 4 2 2
Sted Grit 638 62 1315 110 51 830 2750
Copper Slag 263 690 66 1480 715 1 6630
Ex Mt Isa
Copper Slag 286 10 26 3600 635 210 5310
Ex Whyalla
Copper Slag 2690 |95 315 12400 | 140 74 4880
Ex Pt Kembla
Copper Slag 3680 | 1230 225 15500 | 140 30 4070
Ex Newcastle

Source: Morris and Salome, 1996.
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illustrates the use of Equation 1.

Example 1 - Calculating Emissions from Abrasive Blasting

This example illustrates how Equation 5 can be used to calculate emissions of particulate lead from
a ship’s compartment where abrasive blasting activities are being conducted. The following data is

given:

Abrasive material containing 2690 ppm of lead (from|[Table 4) is used at the rate of
10 kg/hr for atotal of 500 hours in a year. Approximately 10% of the abrasive material becomes
airborne during the abrasive blasting process.

Lead emissions to atmosphere are then calculated as follows:

Ekpy,Pb

A * OpHrs* (Cpe/10°% * (PEM/100)
10 * 500 * (2690/10°%) * (10/100)
1.34 kg/yr of lead emitted as particulate matter

Vent or other outlet testing is relatively uncommon for abrasive blasting activity at port facilities or
on vessels in Australia. As a result, emissions test data for these facilities and vessels is generdly
only available in the form of monitoring results conducted by the port or shipping operator for
compliance with Worksafe Australia Exposure Standards for Atmospheric Contaminants in the
Workplace Environment. This data may be used in conjunction with exhaust system flow rates to
calculate particulate metal emissions from aroom, building, ship, or other vessel.

Equation 2]uses data from to calculate emissions of materias (eg. metals).

Equation 2
Expy.i

where;

Expy.i

FR
3600
OpHrs =
Ci

10°

(FR* 3600 * OpHrs* C;)/10°

emissions of listed metal or PM 1o speciesi, kg/yr
flow rate through exhaust ventilation system, m%/sec
conversion factor, sec/hr

exhaust system operating hours, hr/yr

concentration of metal or PM1o speciesin pg/m®
conversion factor, ug/kg

Surface Coating
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Example 2)illustrates the application of

Example 2 - Calculating Emissions from Abrasive Blasting

This example illustrates how is used to calculate emissions of particulate lead from a
ship’s compartment where abrasive blasting activities are being conducted. The following data is

given:

the building exhaust flow rate (FR) is 5.1 m*/sec
the exhaust system operates (OpHTrs) for 500 hr/yr,

Occupational hygiene data indicates that the concentration of lead in the building (C) is
5 880 pg/m® (Air monitor result from the use of a personal sampler while abrasive blasting using

Copper Slag from Port Kembla containing 2690 ppm. Data taken from [Table 5).

Lead emissions to atmosphere are then calculated as follows:

Expy,po

(FR* 3600 * OpHrs* C;)/10°
(5.1* 3600 * 500 * 5 880)/10°
54.0 kg Pblyr

Table5 - Lead Content of Abrasivesand Atmospheric L ead Exposures

Lead Content of

L ead Exposure from

L ead Exposure from

Abrasive Abrasive Personal Air TSP High Volume
(ppm) Samplers Samplers

(Hg/m3) (Hg/m?)

GMA Garnet <6 < 480° < 27

Steel Grit 68 < 480° 175

Copper  Slag 263 2720 na

Ex Mt. Isa

Copper Slag 286 < 480° 632

Ex SA

Copper  Slag 2690 5880 na

Ex Pt Kembla

Zinc Slag 3680 9160 na

Ex Newcastle

Zinc Slag 3680 3240 na

Ex Newcastl€e®

T Detection limit using High Volume TSP sampler
1 Detection limit using Personal sampler.
8§ The zinc-slag run was repeated with the blast room air extraction system turned on.

It would be expected that this uncontrolled emission figure would be considerably reduced by

appropriate control devices such as bag filters.

Surface Coating
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3.2  Emissionsfrom Painting

Painting operations emit VOCs to the atmosphere through evaporation of the paint vehicle, thinner,
or solvent used to facilitate the application of the coatings. The main factor affecting VOC
emissions from painting operations is the volatile content of the coatings, which averages around 15
percent for water-based coatings, and over 50 percent for solvent-based coatings. Most, if not all, of
the volatile portion of the coating evaporates during or following application. To diminish these
emissions, paint manufacturers have reduced the VOC content of coatings in recent years. In
addition, air pollution control equipment, (eg. activated carbon adsorption of hydrocarbon
emissions, or destruction of hydrocarbons in an afterburner), is available for use in some
applications.

The technique for calculating VOC emissions from painting operations is quite straightforward. For
each type of coating fluid used in painting, the quantity of coating used is multiplied by the VOC
content of the coatings to obtain the total VOC emissions from the use of that coating. If any types
of air pollution control equipment are in use, then the VOC emissions estimated are reduced,
reflecting the efficacy of the control device. To report speciated VOCs such as toluene or xylenes,
the same technique is used, although only the quantity of coating used is multiplied by the
individual content of the VOC being reported.

The technique is expressed by

Equation 3
Expy.voc = > [Q* pvoci * (VOCi/100) * (1 - CE; / 100)]
where:
Expy,voc = total emissions of VOCs from painting operations, kg/yr
Q = total quantity of coating used in the reporting year, L/yr
Pvoci = density of VOC typei, kg/L (from
VOC; = proportion of VOC typei in total VOC, weight %
(from [Table 7|to [Table 10)
CE; control efficiency for pollutant i, %

i pollutant type

illustrates the application of this equation.
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Example 3 - Estimating VOC Emissions from Painting

Purchasing records indicate that a surface coating operation consumed 9 300 litres of one particular
type of primer during the NPI reporting year. The MSDS for the primer shows that the product
density is 1 kg/L with 28 percent by weight toluene and 54 percent by weight methyl ethyl ketone
(MEK). The facility estimates that 80 percent of the primer was used in a paint booth with an
afterburner fitted that typically destroys 98 percent of VOCs. The remaining 20 percent of primer
was applied for retouching and other work outside the booth. Emissions can be estimated using
The VOC content data is expressed in weight percent hence the density of the coating
liquid needs to be taken into account in calculating the VOC; figure.

Q = 9300L/yr
V OCholuene = 28 %
VOCM EK = 54 %
p = 1kg/L
CE = 98 %
Ekpy,toluene = 2 [Q * Pvoci * (VOCi/100) * (1 - CEi / 100)]
= [(9300* 1* (80/100)) * (28/100) * (1 - (98/100))] +
[(9300* 1* (20/100)) * (28/100) * (1 - (0/100))]
= [(2083)* (1-(98/100))] + [(521) * (1 - (0/100))]
= 563 kg toluenel/yr
Ekpy,MEK = 2 [Q * Pvoci * (VOCi/].OO) * (1 -CE/ 100)]
= [(9300* 1* (80/100)) * (54/100) * (1 - (98/100))] +
[(9300* 1* (20/100)) * (54/100) * (1 - (0/100))]
= [(4018)* (1-(98/100))] + [(1004) + (1 - (0/100))]
= 1084 kg MEK/yr
Expy,voc = Expy,toluene T Expy,MEK
= 563 + 1084
= 1647 kg VOClyr

Painting Emissions - Data I nputs

To estimate total and speciated VOC emissions from painting operations, four data inputs are
required:

(1) thetype of coating used;

(2) the quantity of coating used;

(3) an uncontrolled emission factor; and

(4) an air pollution control efficiency factor (if applicable).

Coatings include paint, varnish and shellac, lacquer, enamel, and primer. The paint shop operator
and purchasing records should be able to provide information on the types of coatings used, and the
paint manufacturer could provide details on the VOC content and VOC speciation profile of paint
products used.
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Air pollution emission control equipment, such as activated carbon adsorption or afterburner
destruction of the vapours, is sometimes used in painting operations. Information on the
demonstrated effectiveness of these control methods should be obtained from the equipment
manufacturer, before calculating emissions for NPI reporting.

The quantities of each type of coating used are usualy available in litres. Material and Safety Data
Sheets (MSDS) or coating manufacturers and suppliers should be consulted to obtain the volatile
content, expressed in terms of kilograms per litre of organic solvent or VOC. If this information is
not available, the default values in Table 6 should be used to obtain total VOC content, and
[Table 8| [Table 9] and[Table 10/to obtain the speciation profiles for various surface coatings.

Table 6 - VOC Content of Common Surface Coatings

Surface Coating VOC Content (kg/L)
Paint (solvent-based) 0.672
Paint (water-based) 0.156
Enamel 0.420
Lacquer 0.732
Primer 0.792
Varnish and Shellac 0.396
Thinner 0.883
Adhesive 0.528

Source: Queensland Department of Environment and Heritage, 1998.

Table 7 - VOC Speciation Profilefor Solvent-Based Paints

CASR No. NPI-Listed Weight %
Substance (total = 100%)

110-82-7 Cyclohexane 0.52
141-78-6 Ethyl acetate 2.04
67-64-1 Acetone 1.27
78-93-3 Methyl ethyl ketone 0.54
108-10-1 Methyl isobutyl ketone 0.36
1330-20-7 Isomers of xylene 8.17
108-88-3 Toluene 37.87
100-41-4 Ethylbenzene 0.54
All other VOCs 48.69

Source: USEPA 1992. VOC / PM Speciation Data System - Version 1.50
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Table8-VOC Speciation Profilefor Primers

CASR No. NPI-Listed Weight %
Substance (total = 100%)
1330-20-7 Isomers of xylene 2.68
108-88-3 Toluene 44.31
All Other VOCs 52.01
Source: USEPA 1992. VOC / PM Speciation Data System - Version 1.50
Table9 - VOC Speciation Profilefor Enamels
CASR No. NPI-Listed Weight %
Substance (total = 100%)
110-82-7 Cyclohexane 2.27
141-78-6 Ethyl acetate 8.96
67-64-1 Acetone 5.57
78-93-3 Methyl ethyl ketone 2.36
108-10-1 Methyl isobutyl ketone 1.57
1330-20-7 Isomers of xylene 23.09
108-88-3 Toluene 15.9
100-41-4 Ethylbenzene 2.36
All Other VOCs 37.92
Source: USEPA 1992. VOC / PM Speciation Data System - Version 1.50
Table 10 - VOC Speciation Profile for Water-Based Paints
CASR No. NPI-Listed Weight %
Substance (total = 100%)
71-43-2 Benzene 5.52
75-09-2 Dichloromethane 0.36
Other VOCs not listed 94.12

Source: USEPA 1992. VOC / PM Speciation Data System - Version 1.50

3.3  Emissionsfrom Equipment Cleaning

VOC emission factors for parts cleaning in cold cleaners, open-top vapour degreasers, or conveyor
degreasers are presented in[Table 11]. Emission factors for cold cleaners and vapour degreasers are
in units of tonnes VOC/yr/unit or kg VOC/hr/m® Emission factors for vapour and non-boiling
conveyor degreasers are presented only in units of tonnes VOC/yr/unit. If using emission factors
based on the surface area of the exposed solvent, use

Surface Coating 15



Equation 4
Expy,voc

where;

Expy,voc

ERvoc

area
OpHrs =

ER/oc * area* OpHrs

= VOC emissions from a cold cleaner or open-top vapour
degreaser, kg/yr

= VOC emission factor for cold cleaners or open-top

vapour degreasers, kg/hr/m?

= surface area of solvent exposed to the atmosphere, m?

hours per year that the cold cleaner or vapour degreaser

isin operation, hr/yr

If using emission factors based on the number of cleaning units, use

Equation 5
Expy,voc

where;

Expy,voc

ERvoc =

= EF\/oc* NU * 1 000

= VOC emissions from a cold cleaner, an open-top vapour
degreaser, or a conveyor degreaser, kg/yr
VOC emission factor for cold cleaners, open-top

vapour degreasers, or conveyor degreasers,

tonne/yr/unit

NU =
1000 =

number of cleaning unitsin use, units
conversion factor, kg/tonne

Speciated VOC emissions from parts cleaning may be calculated using

Equation 6
Ekpy,i =

where:

Ekpy,i =
Expy,voc

Cis =

Expy,voc * Cig100

emissions of VOC speciesi from parts cleaning, kg/yr

= VOC emissions, calculated using Equation 4{or [Equation 5,
kglyr

concentration of VOC speciesi in the cleaning solvent,

mass %
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Table 11 - Solvent Emission Factors

Type of Activity Uncontrolled Organic
Degreasing Measure Emission Factor 2
All® Solvent consumed 1 000 kg/tonne
Cold cleaner
Entire unit © Unitsin operation 0.30 tonne/yr/unit
Waste solvent loss 0.165 tonne/yr/unit
Solvent carryout 0.075 tonnelyr/unit
Bath spray evaporation 0.06 tonne/yr/unit
Entire unit Surface area and duty
cycle? 0.4 kg/hr/m?
Open top vapour
Entire unit Unitsin operation 9.5 tonne/yr/unit
Entire unit Surface area and duty
cycle® 0.7 kg/hr/m?
Conveyorised vapour
Entire unit Unitsin operation 24 tonnelyr/unit
Conveyorised non-boiling
Entire unit Unitsin operation 47 tonnelyr/unit

Source: USEPA, 1995.
&100% non-methane VOC.

® Solvent consumption data will provide a more accurate emission estimate than any of the other factors presented here.

¢ Emissions generally are higher for manufacturing units and lower for maintenance units.

4 For trichloroethane degreaser.

© For trichloroethane degreaser. Does not include waste solvent losses.

All emission factors are rated E. See Section 4.4.
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Example 4 - Calculating Emissions from Equipment Cleaning

This example shows how total and speciated VOC emissions from a cold cleaner may be calculated
using [Equation 4] Equation 5] and[Equation 6, and the emission factors from [Table 11 based on the
surface area of the exposed solvent. First, total VOC emissions are calculated using [Equation 4}

EFvoc 0.4 kg/hr/m?
area 1.2 m?
OpHrs= 3000 hr/yr

Ekpy,VOC = EF\/OC * area* OpH Is
04* 1.2* 3000
1 440 kg/yr

Next, total VOC emissions are speciated using the concentration of VOC species |,

(mass %) and

Expy,voc = 1 440 kg/yr
Ci = 99% trichloroethane in cleaning solvent
Ekpy,TCE = Ekpy,VOC * Ci/100

= 1440* 99/100

= 1 425.6 kglyr

VOC emissions are calculated from several cold cleaners using and an emission factor
from[Table 11

ER/oc = 0.30 tonnes/yr/unit

NU = 5 units

Expy.voc = ER/oc* NU* 1000
= 0.30* 5* 1000
= 1 500 kg/yr

34  Other Surface Coating Emission Sources

As shown in earlier sections, surface coating activities produce other emission sources for NPI-
listed substances. These may include:

. emissions from materia loading;

. heat-up emissions,

. emissions from spills;

. surface evaporation emissions;

. wash and rinse waters from equipment cleaning; and
. emissions from empty chemical containers.

Emissions from these sources may aready have been accounted for, depending on the emission
estimation techniques used. These items (and others of a similar facility-specific nature) should be
included in the development of a process flow diagram.
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The contribution of the above sources of emissions, such as cleaning out vessels or discarding
containers, should be small when compared with process losses. If data is unavailable for these
sources (or any monitoring data on overall water emissions), facility operators should assume up to
1 percent of total vessel content may be lost during each cleaning event. For example, if a facility
discards the empty drums that have not been cleaned, calculate the emission as 1 percent of normal
drum content. If the drum is transferred off-site to a landfill or to a drum recycler, then the
reportable substance is also transferred off-site and therefore does not require reporting. If however,
the drums are washed before disposal, this may contribute 1 percent of the content to the facility’s
wastewater loading.

This section details emission estimation techniques for calculating emissions from some of these
Sources.

34.1 Material Loading Emissions

VOC emissions resulting from the addition of materials to mixers, grinding equipment, and thinning
tanks may be calculated using aloading loss equation. The equation, shown below as|Equation 7} is
related to tank loading but can be applied to any tank or vessel loading (NPCA, 1995). This
equation may also be applied to estimate product filling losses.

Equation 7
Expy,voc = 0.1203* (S*P*MW*Q) / T
where:
Expy,voc = total VOC loading emissions, kg/yr
S = saturation factor (dimensionless); see[Table 12
P = vapour pressure of the material loaded at temperature T, kPa
MW = vapour molecular weight, kg/kg-mole
Q = volume of material loaded, 1 000 L/yr
T = temperature, K
0.1203 = constant, {(kg-mole * K) / (kPa* 1000L)}

Calculation of VOC emissions using is based on the following assumptions:

» the vapours displaced from the process vessel are identical to the vapours from the materials
being loaded;

» the volume of the vapour being displaced is equal to the volume of material being loaded into
the vessdl;

» the vapour within the headspace of the vessel is saturated at room temperature and remains at
room temperature during loading; and

» al solvent additions are coincident at a constant temperature (in reality, solvent is generaly
added in stages).

Table 12 - Saturation (S) Factorsfor Calculating Organic Liquid L oading Emissions

Transport Carrier Mode of Operation S Factor

Road and Rail Submerged loading of a clean cargo tank 0.50

Tankers Submerged loading: normal service 0.60
Submerged loading: vapour balance service 1.00
Splash loading of a clean cargo tanker 1.45

Surface Coating 19



Splash loading : normal service 1.45

Splash loading: vapour balance service 1.0
Marine Vessels Submerged loading: ships 0.2

Submerged loading: barges 0.5

Source: USEPA AP-42, 1995,

If multiple NPI-listed solvents are used in a paint, or other surface coating, product the vapour

pressure (P) will need to be calculated using

Equation 8
P = SR

where:
P = vapour pressure of material loaded, kPa
P = partial pressure of VOC speciesi, kPa

P, may be calculated using Raoult’s Law (for ideal solutions), or Henry’s Law constants (when
gases are dissolved at low concentrations in water). Raoult’s Law is givenin

Equation 9
Pi = m;i * VP
where:
P, = partial vapour pressure of VOC speciesi, kPa
m = liquid mole fraction of VOC speciesi, mole/mole
VP = true vapour pressure of VOC speciesi, kPa

P: may be calculated using Henry’ s Law constants and

Equation 10
P, = mi * H;
where:
P, = partial vapour pressure of VOC speciesi, kPa
m = liquid mole fraction of VOC speciesi, mole/mole
Hi = Henry's Law constant for VOC speciesi, kPa

The liquid mole fraction of VOC speciesi (m;) may be calculated if the liquid weight fractions of
all species are known using

Equation 11
m; = (Zi / MWi) /Z (Zi / MWi)

where:
m = liquid mole fraction of VOC speciesi, mole/mole
Z; = liquid mass fraction of VOC speciesi, kg/kg

Surface Coating 20



MW; = molecular weight of VOC speciesi, kg/kg-mole

The vapour molecular weight (MW) will also need to be calculated if multiple solvents are used for
asingle cleaning event. [Equation 12 shows this calcul ation.

Equation 12
MW = (i * MW))
where:
MW = vapour molecular weight, kg/lkg-mole
Yi = vapour mole fraction of VOC speciesi, mole/mole
MW; = molecular weight of VOC speciesi, kg/kg-mole

The vapour mole fraction is calculated using|[Equation 13

Equation 13
Vi = P, /| P
where:
Yi = vapour mole fraction of VOC speciesi, mole/mole
P; = partial pressure of VOC speciesi (calculated using
Equation 9|or [Equation 10} kPa
P = vapour pressure of the material loaded (calculated using

Speciated VOC emissions are calculated using

Equation 14
Expyi = Expyvoc * Xi
where:
Epyi = loading emissions of VOC speciesi, kg/yr
Expy,voc = total VOC loading emissions (calculated using
[Equation 7), kg/yr
Xi = vapour mass fraction of VOC speciesi, kg/kg

The vapour mass fraction of VOC speciesi (x;) is calculated using

Surface Coating 21



Equation 15

X = yi * MW; /| MW
where:
Xi = vapour mass fraction of VOC speciesi, kg/kg
Vi = vapour mole fraction of VOC speciesi (calculated using
Equation 13), mole/mole
MW; = molecular weight of VOC speciesi, kg/kg-mole
MW = vapour molecular weight (cal culated using [Equation 12),

kg/kg-mole

illustrates the use of through to Emissions are calculated by
following Steps 1 through 8.

Example 5 - Calculating Material L oading Emissions

A mixing vessel is cleaned with a solvent mixture at the end of each day. The following datais given:

» theyearly consumption of the solvent mixture (Q) is 600 000 litres;
» thecleaning solvent is a 50/50 mixture (by weight) of toluene and n-heptane;
» thesolvent mixtureis splash loaded into the vessel (S = 1.45 from [Table 12

;and

» thetemperature of the solvent is 298 K (25°C).

The following Steps 1 through 8 below cal culate emissions.
Step 1. Apply Equation 11]- Calculation of Liguid Mole Fraction (m;)

Component | Liquid Mass Molecular Liquid Mole Fraction, m;
[ Fraction,zz | Weight, MW, (mole of i/mole of liquid)

(kg of i/kg of (kg of i/kg-

liquid) mole of i)

Toluene 0.50 92 (z I MW)/Z(z/ MW))
(0.5/92)/[(0.5/92) + (0.5/100)]
=0.52

n-Heptane 0.50 100 (z I MW) ! Z (z ] MW))
(0.5/100)/[(0.5/92) +(0.5/100)]
=048

Step 2: Apply Equation 9]- Calculation of Partial Vapour Pressure (P)

Component | Liquid Mole Vapour Partial Vapour Pressure, P,
[ Fraction, m; | Pressure, VP, (kPa)
(mole of (kPa)
i/mole of
liquid)
Toluene 0.52 4.0 m * VP=0.52* 4.0
=2.08
n-Heptane 0.48 6.2 m * VP=048* 6.2
= 2.98

Step 3: Apply Equation 8]- Calculation of Vapour Pressure (P)

P =

>R
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2.08 + 2.98

5.06 kPa
Step 4: Apply Equation 13- Calculation of Vapour Mole Fraction (y;)
Component Partial Total Vapour Vapour Mole Fraction, y;
[ Vapour Pressure, P (mole of i/mole of vapour)
Pressure, P; (kPa)
(kPa)
Toluene 2.08 5.06 P/ P =208/5.06
=041
n-Heptane 2.98 5.06 P/ P =298/5.06
=0.59

Step 5: Apply Equation 12]- Calculation of Vapour Molecular Weight (MW)

MW = (i * MW))
= (0.41* 92) + (0.59* 100)
= 97 kg/kg-mole
Step 6: Apply Equation 15]- Calculation of Vapour Mass Fraction (x;)
Component | Vapour Mole Molecular Vapour Vapour Mass
[ Fraction,y; | Weight, MW, Molecular Fraction, x; (kg
(mole of (kg of i/kg- Weight, MW of i/kg of
i/mole of mole of i) (kg of vapour vapour)
vapour) /kg mole of
vapour
Toluene 041 92 97 Yi* MW; /MW
=0.41* 92/97
=0.39
n-Heptane 0.59 100 97 Yi* MW; /MW
= 0.59 *100/97
=0.61

Step 7: Apply Equation 7]- Calculate Total VOC Emissions (Expyvoc)

Expy,voc

= 0.1203* (S*P*MW*Q) / T
0.1203 * (1.45* 5.06 * 97 * 600) /298
172.4 kg VOClyr
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Step 8: Apply Equation 14]- Calculate Speciated VOC Emissions (Ejpy,)

Component i VOC Vapour Mass Speciated VOC Emissions, Eypy;
Emissions, Fraction, X; (kg of i)
Expy.voc (kg of i/kg of
(kg VOCs) VOCs)
Toluene 172.4 0.39 Epyvoc * X =172.4* 0.39
=67.23
n-Heptane 172.4 0.61 Expyvoc * X =172.4* 0.61
=105.16

3.4.2 Heat-Up Emissions

Heat-up losses that occur during the operation of high-speed paint dispersers and similar types of
dispersing equipment may be estimated by application of the Idea Gas Law and vapour-liquid
equilibrium principles. Emissions are cal culated using the following assumptions:

e coversare closed during operation, but it is possible for vapours to be vented during operation;

* no materia is added during heat-up;

» thedisplaced gasis aways saturated with VOC vapour in equilibrium with the liquid mixture;

» the moles of gas displaced from the vessel result from the expansion of gases during heat-up and
an increase in VOC vapour pressure; and,

» thevapour pressure of the mixers never rises above 101.3 kPa.

cal culates emissions from heat-up operations.

Equation 16
Expy.voc = ([2(P)r2/ (1013 - Z(P)ry)] + [Z(P)r2/ (101.3 - 2(P)v2)]) / 2} *
(An* MW, * CYC)
where:
Expy,voc = VOC emissions from material heat-up in the process
equipment, kg/yr
P)r = initial partial pressure of each VOC speciesi in the

vessel headspace at the initial temperature T1, kPa

(calculated using [Equation 9|or [Equation 10)

P2 = final partial pressure of each VOC speciesi in the vessel
headspace at the final temperature T2, kPa; (cal culated

using [Equation 9|or Equation 10)

An = number of kg-moles of gas displaced, kg-mole/cycle
MW, = average vapour molecular weight, kg/kg-mole
CyC = number of cycles per year, cycles/yr

The term An may be calculated using [Equation 17
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Equation 17
An

where:

Pay
Pa
T1
T2

= V/IR* ((Pa/TL) - (Pa/ T2))

number of kg-moles of gas displaced, kg-mole/cycle
volume of free spacein the vessel, m®

universal gas constant at 1 atmosphere of pressure,
8.314 kPa* m*/(kg mol * K)

initial gas pressure in vessel, kPa

final gas pressure in vessel, kPa

initial temperature of vessel, K

fina temperature of vessel, K

Pa; and Pa, can be cal culated using [Equation 18|and [Equation 19,

Equation 18
Pa;

Equation 19
Pa

where:

Pay
Pay
(P)m1

(P)T2

Speciated VOC emissions would be calculated using a modified version of asshownin

Equation 20
Ekpy,i

where:

Eicpy.i
(P11
(P2
An

MW,
CYC

101.3- = (P)nt

101.3- > (P)r2

initial gas pressure in vessel, kPa

final gas pressure in vessel, kPa

partial pressure of each VOC; in the vessel headspace,

KPa, at the initial temperature T1 (calculated using
quation 9pr Equation 10)

partial pressure of each VOC; in the vessel headspace,

kPa, at the final temperature T2 (calculated using
Equation 9|or Equation 10)

I [T

= {([(P)re/ (101.3 - (P)T)] + [(P)r2/ (101.3 - (P)12)]) / 2} *
(An* MW, * CYC)

= VOC speciesi emissions from material heat-up in the
process equipment, kg/yr

= partial pressure of VOC speciesi in the vessel headspace

at theinitial temperature T1, kPa; see Equation 9]or Equation 10|

= partial pressure of VOC speciesi in the vessel headspace

at the final temperature T2, kPa; see Equation 9|or Equation 10|

= number of kg-moles of gas displaced, kg-mole/cycle; see

average vapour molecular weight, kg/kg-mole

number of cycles per year, cycles/yr
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illustrates the use of through to Emissions are calculated by

following Steps 1 through 6.

to [Equation

20]

Example 6 - Calculating Heat-Up Emissions

This example shows how heat-up losses from a disperser are calculated using
Supporting  equations
Equation 10) are also used in this example.

from  Section

34.1

(Equation 9

A 3000 litre, high-speed disperser contains 2 000 litres of paint. The following datais given:

» the paint consists of 20 percent by weight toluene, 30 percent by weight methyl ethyl ketone
(MEK), and 50 percent by weight pigments and non-volatile resins,

* theinitial temperature (T1) of the mixtureis 298 K (25°C);

o thefina temperature (T2) of the mixtureis 313 K (40°C);

» the approximate molecular weight of the paint mixture is 85kg/kg-mole;

« the average vapour molecular weight (MW,) is 75 kg/kg-mole, calculated using

 the mixer goes through the given temperature cycle with this paint formulation
25 timeslyr, CYC; and

« thevolume of free spacein the vessel is3000-2000L =1000L or 1 m®

Step 1: Apply Equation 11]- Calculation of Liquid Mole Fraction (m;)

Component | Liquid Mass Molecular Liquid Mole Fraction, m;
[ Fraction,z | Weight, MW, (mole of i/mole of liquid) &
(kg of i/kg of (kg of i/kg-
liquid) mole of i)

Toluene 0.2 92 (z/MW) /1 Z(z | MW;))
= (0.2/92)/((0.2/92)+(0.3/72)+(0.5/85))
=0.18

MEK 0.3 72 (z I MW) /1 Z (z | MW))
= (0.3 /72)/((0.2/92)+(0.3/72)+(0.5/85))
=0.34

Step 2: Apply Equation 9] Calculation of Partial Vapour Pressureat Initial

Temperature[(P)14]
Component | Liquid Mole Vapour Partial Pressureat T1, (P)r1 (kPa)
[ Fraction, m; | Pressure, VP,
(mole of @ 25°C
i/mole of (kPa)
liquid)
Toluene 0.18 4 m; * VP,
= 0.72
MEK 0.34 1331 m; * VP,
= 453

Step 3: Apply Equation 9] Calculation of Partial Pressure at Final

Component | Liquid Mole Vapour Partial Pressureat T2, (P)r2
[ Fraction, m; | Pressure, VP, (kPa)
(mole/mole) @ 40°C
(kPa)
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Toluene 0.18 8 m; * VP,
= 144

MEK 0.34 25.86 m * VP,
= 8.79

Step 4: Apply Equation 18Jand Equation 19|- Calculation of Initial Pressure (Pay)

and Final Pressure (Pay)

Pay

Pay

101.3- 2 (P)m1
101.3 - (0.72 + 4.53)
96.05 kPa

101.3- = (P)r2
101.3 - (1.44 + 8.79)
91.07 kPa

Step 5: Apply - Calculation of kg-moles Gas Displaced (An)

The volume of free space in the vessel (V) is 3 000 litres - 2 000 litres = 1 000 litres or 1 m°.

An

VIR* ((Pa./ T1) - (P / T2))

(1/8.314) * ((96.05/ 298) - (91.07 / 313))

3.77 * 10° kg-moles/cycle

Step 6: Apply Equation 16]- Calculation of Total VOC Emissions (Evoc)

Expy,voc

{([Z(P)r2/101.3 - Z(P)ra] + [Z(P)12/101.3 - Z(P)12] / 2} *
(An* MW, * CYC)
{((5.25/ (101.3 - 5.25)) + (10.23/ (101.3 - 10.23)) / 2} *
3.77* 10°* 25* 75
0.590 kglyr

Step 7: Apply Equation 20}- Calculation of Toluene Emissions (Eioiuene)

{([(P)r2/ (1013 - (P)ra)] + [(P)r2/ (101.3 - (P)r2)]) / 2} *

Ekpy,tol uene

An* MW,* CYC

{((0.72/ (101.3- 0.72)) + (144 / (101.3 - 1.44))) / 2} *
3.77* 103* 25* 75

0.076 kg/yr
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3.4.3 Spill Emissions

A vaporisation equation can be used to estimate the evaporation rate of aliquid chemical spill if the
size area of the spill isknown or can be estimated.

Equation 21
Ei = (MW; * K; * area* P, * 3600* HR)/(R* T)
where:
E; = emissions of VOC speciesi from the spill, kg/event
MW; = molecular weight of VOC speciesi, kg/kg-mole
Ki = gas-phase mass transfer coefficient for VOC speciesi,
m/sec
aea = surface area of spill, m?
P; = partial pressure of VOC speciesi (if apure chemical is

spilled) or the partial pressure of chemical i (if amixture
of VOCsis spilled) at temperature T, kPa; the partial
ressure of VOC speciesi (P;) may be calculated using
Fquation 4|or Equation 5|

3600 = 3 600 sec/hr

HR = duration of spill, hr/event

R = universal gas constant at 1 atmosphere of pressure,
T = temperature of the liquid spilled, K

The gas-phase mass transfer coefficient (K;) may be calculated using

Equation 22
Ki = (0.00438 * (0.62138* U)%"®* (Di/(3.1* 10™))?3)/3.2808
where:
Ki = gas-phase mass transfer coefficient for VOC speciesi,
m/sec
U = wind speed, km/hr
D; = diffusion coefficient for VOC speciesi in air, ft¥/sec

Diffusion coefficients (D;) can be found in chemical handbooks and are usually expressed in units
of square centimetres per second (cm?/sec). If a diffusion coefficient is not available for a particular
NPI-listed chemical, the gas-phase mass transfer coefficient (K;) may be estimated using
23.
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Equation 23
Ki = (0.00438 * (0.62138 * U)%"8* (18/MW;)"?)/3.2808

where;

Ki

gas-phase mass transfer coefficient for VOC speciesi,
m/sec

wind speed, km/hr

molecular weight of VOC speciesi, kg/kg-mole

U
MW,

illustrates the use of [Equation 21 and [Equation 23. Emissions are calculated by
following Steps 1 and 2.

Example 7 - Calculating Spill Emissions

Methyl ethyl ketone (MEK) is spilled onto the ground outside a building. The following data is
given:

» the spill is not detected for 1 hour; it takes an additional 2 hours to recover the remaining MEK;
the duration of the spill (HR), therefore, is 3 hours,

* theaverage wind speed (U) is 33.6 km/hr ;

» the ambient temperature (T) is298 K (25°C);

« the surface area of the spill (area) is 11 m?;

* themolecular weight of MEK (MW,) is 72 kg/kg-mole

» thepartial pressure of MEK (P,) at 298 K (25°C) is approximately 13.31 kPa

Step 1: Using Calculate the Gas-Phase Mass Transfer
Coefficient (K;)

(0.00438 * (0.62138 * U)>"8 * (18 /MW; )¥3)/3.2808
(0.00438 * 21°78 * (18/72)Y3)/3.2808
0.0093 m/sec

Step 2: Using Calculate Emissions (E;)

Ki

Ewmex (MW* K; * area* P, * 3600 * HR)/(R* T)
(72* 0.0093 * 11 * 13.31* 3600 * 3) / (8.314 * 298)

424.80 kg/spill
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3.4.4 Surface Evaporation Emissions

Emissions from surface evaporation during paint and other coating mixing operations can be

estimated using [Equation 24

Equation 24

Epyi = [(MW; * K;* area* P,* 3600* H)/(R* T)] * B
where:

Expyi = emissions of VOC speciesi, kg/yr

MW; = molecular weight of VOC speciesi, kg/kg-mole

Ki = gas-phase mass transfer coefficient for VOC speciesi,

m/sec
aea = surface area of tank, m?
P, = vapour pressure of VOC i (if apure chemical is used) or

the partial pressure of chemical i (if amixture of VOCsis
used) at temperature T, kPa; the partial pressure of VOC
speciesi (P)) may be calculated using [Equation 9|or [Equation 10)

3600 = conversion factor, sec/hr

H = batch time, hr/batch

R = universal gas constant at 1 atmosphere of pressure,
T = temperature of the liquid, K

B = number of batches per year, batches/yr

Equation 22| or|[Equation 23 can be used to estimate K;. Total VOC emissions would equal the sum
of all VOC species emissions.

illustrates the use of [Equation 23 and [Equation 24. Emissions are caculated by
following Steps 1 and 2.

Example 8 - Calculating Surface Evapor ation Emissions

This example estimates emissions from a mixing operation due to surface evaporation. The
following datais given:

» thebatchtime (H) is4 hours;

» the number of batches per year (B) is 550;

» theaverage wind speed (U) is 1.28 km/hr ;

» the ambient temperature (T) is298 K (25°C);

« the surface area of the mixing tank (area) is 8.75 m*

* the molecular weight of toluene (MW,) is 92 kg/kg-mole; and

» the partial vapour pressure of toluene (P) at 298 K (25°C) is approximately 4 kPa

Step 1: Using Calculate the Gas-Phase Mass Transfer
Coefficient (K)
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(0.00438 * (0.62138 * U)%"8* (18/MW;)?) / 3.2808
(0.00438 * 0.8°8 * (18/92)"%) / 3.2808
6.66 * 10™ m/sec

Step 2: Using Calculate Emissions (Expy,)

[((MW, * K; * area* P, * 3600* H)/(R* T)] * B
[(92* 6.66* 107 * 8.75* 4* 3600 * 4)/(8.314 * 298)] * 550
6 855 kg/yr

Ekpy,tol uene

35 M ass Balance

A mass balance approach may be used to estimate emissions when the quantities of a material used,
recycled, emitted, and disposed of are known. Emissions from surface coating for an uncontrolled
facility can be estimated by assuming that al VOCs in the coatings are emitted. For liquid
applications, such as wet chemica stations or coating/solvent application stations, usage figures
will generally be in litres. The difference (by mass) of the amount of a coating or liquid used and
the amount of the liquid recovered, either through product recovery or disposal, is assumed to equal
emissions to atmosphere.

Similarly, estimating emissions for speciated VOCs would require knowledge of the types of
coatings and solvents used and the weight percentages of listed materials in the coatings and
solvents. Annual usage may be based on gross purchase amount (in cubic metres). When operations
have severa formulas for different batches, a conservative emissions estimate for each listed
substance can be achieved based on the formula with the highest listed substance usage. This
approach is suitable for speciated organics (xylenes, toluene) because they are not involved in
chemical reactions and their usage rates may already be tracked for purchasing reasons.

Mass baance calculations for estimating emissions to air of NPI-listed substances can be

represented conceptually by

Equation 25
Eyi = Amount in; - Amount out;
where:
Expy,i = emissions of pollutant i, kg/yr
Amountin, = amount of pollutant i entering the process, kg/yr
Amount out; = amount of pollutant i leaving the process as awaste

stream, article or product, kg/yr

The term “Amount out” may actually involve severa different fates for an individual pollutant.
This could include the amount recovered or recycled, the amount leaving the process in the
manufactured product, the amount leaving the process in wastewater, the amount emitted to the
atmosphere, or the amount of material transferred off-site as hazardous waste or to landfill. A
thorough knowledge of the different destinations for the pollutant of interest is necessary for an
accurate emission estimate to be made using the mass balance approach.

The amount of a particular substance entering or leaving a facility is often mixed within a solution
as a formulation component or as a trace element within the raw material. To determine the total
weight of the substance entering or leaving the process, the concentration of the substance within
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the material is required. Using this concentration data, can be applied as a practical
extension of [Equation 25

Equation 26
Ekpy,i = [Qin * Cin - Qpr * Cpr - Qrec * c:rec - Qwaste * Cwaste] / 106
where:
Expy, = emissions of pollutant i, kg/yr
Qiny Qprs Qrecy Quaste = guantity of raw material, product, recycled

material or waste respectively, that is
processed annually (generally expressed in
kg for solids, L for liquids)

Cin, Cpr, Crec) Cwaste = concentration of substancei in the raw material,
product, recycled material or waste respectively,
that is processed annually (generally expressed
in mg/kg for solids, mg/L for liquids)

10° = conversion from milligrams to kilograms.

Example 9illustrates the application of

Example 9 - Using a Mass Balance for L ead Emissions

A manufacturer uses a particular paint in the production of a specialist product. The paint contains
amounts of lead (Pb). The facility uses 110,000 litres of paint per year to manufacture 1,000,000
items, to each of which 0.1 litres of paint is applied. The concentration of lead initially in the paint
is9g/L. A water scrubber is used from which 3,000 litres of sludge is removed annually. The
concentration of lead in the sludge from the scrubber is 12 g/L. The sludgeistransferred offsiteto a
treatment facility. 1.5% of the supplied paint is retained in the drums which are returned to the
manufacturer. Assuming the paint applied to the items has the same concentration of lead as the
source material and there are no other recycling activities taking place, annual emissions to air

could be determined using

[Qin * Cin - Qpr * Cpr' Qrec * Crec - Qwaste* Cwaste] / 106

[110 000 * 9000 - 1 000 000 * 0.1 * 9000 - 110 000 * 9000 *
1.5/100 - 3000 * 12 000] / 10°

39 kilograms of Pb emitted to air per year.

Expy,po

Where a facility uses a listed minera acid or base, with this acid or base being effectively
neutralised in use or during wastewater treatment (to a pH of 6 to 8, as required by most State and
Territory effluent standards), no emission quantities should be reported. If the acid or base is itself
transformed into another listed substance, however, the quantity of this substance coincidentally
produced must be determined to assess if a threshold value has been reached. For example, sulfuric
acid often yields hydrogen sulfide in effluent streams, which isitself a listed substance and require
reporting where annual emissions total 10 tonnes or more.

Wastewater treatment may precipitate the reportable chemical in a dudge. Facilities are often
required to obtain data on the concentration of metals or other substances in sludges as part of their
licensing requirement and this data can be used to calculate the emissions as kilograms of sludge
multiplied by the concentrations of the substance in the sludge. Although listed substances in
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sludges transferred off-site do not require reporting, determining this loss can assist with
determining other process losses or may require reporting if the sludge is disposed of on-site.

For many chemicals used and emitted during chemical processes, some degradation in treatment
may occur so that not al the chemical is transferred to the sludge. Facilities can estimate the
amount of reportable compounds in the sludge by using measured data, or by subtracting the
amount biodegraded from the total amount removed in treatment. The amount of removal can be
determined from operating data, and the extent of biodegradation might be obtained from published
studies. If the biodegradability of the chemical cannot be measured or is not known, reporting
facilities should assume that all removal is due to absorption to sludge.
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4.0 Emission Estimation Techniques: Acceptable Reliability and
Uncertainty

Severa techniques are available for calculating emissions of NPI-listed substances from surface
coating operations. The best emission estimation technique (EET) to use will depend on the
emission source being evaluated, and available data, and resources. Emissions to atmosphere,
wastewater, and via solid wastes are likely to be the primary emission points to consider. If water is
treated on-site, sudges or other wastes containing listed substances may be created. Other
emissions may come from either discarded containers or samples, vessel washings, or from
volatilisation to the air. Facility operators should ensure that all emissions are accounted for when

reporting.

4.1 Direct M easur ement

Because vent or other outlet testing is relatively uncommon for Australian surface coating facilities,
emissions test data for these facilities are generaly only available in the form of monitoring results
for NPI-listed substances conducted for compliance with Worksafe Australia Exposure Standards
for Atmospheric Contaminants in the Workplace Environment. However, while this data may be
used in conjunction with exhaust system flow rates to calculate total VOCs or speciated organic
solvent emissions from a room, floor, or building, concentrations are often below detection limits
due to high ventilation flow rates.

4.2 M ass Balance

Calculating emissions from a surface coating facility using mass balance appears to be a
straightforward approach to emission estimation. However, it is likely that few Australian surface
coating facilities consistently track material usage and waste generation with the overall accuracy
needed for application of this method. Inaccuracies associated with individual material tracking, or
other activities inherent in each material handling stage, can result in large deviations for total
facility emissions. Because emissions from specific materials are typically below 2 percent of gross
consumption, an error of only £ 5 percent in any one step of the operation can significantly skew
emission estimations.

4.3  Engineering Calculations

In the absence of other data, engineering cal culations may be used to estimate emissions from some
surface coating processes. For example, for any process that involves transfer of a chemical species
from the liquid phase to the vapour phase, the saturation (equilibrium) vapour pressure and exhaust
flow rate from the process can be used to establish the upper limit of emissions from that process.
Thisis aconservative approach because of the assumption that the airflow is saturated.

Surface Coating 34



4.4 Emission Factors

Emission factors are used to estimate emissions based on known relationships between process rates
and emission rates. The use of emission factors to estimate emissions from surface coating
operations is an appropriate approach for NPI reporting. Development of an accurate emission
factor will require detailed knowledge of the process conditions and chemical usage rates during the
time period for which emissions are known.

Emission factors are available for surface preparation, painting, and equipment cleaning operations,
and are based on the results of source tests performed on individual facilities. The reader should
recognise that, in most cases, emission factors adopted for the NPl are averages of available
industry-wide data with varying degrees of reliability. Emission factors are, however, an acceptable
technique for estimating emissions for the NPl where estimations of emissions are required to
guantify medium to long-term emission trends.

Basically, an emission factor is the pollutant emission rate relative to the level of source activity. It
is usualy expressed as the weight of a substance emitted multiplied by the unit weight, volume,
distance, or duration of the activity emitting the substance, (eg. kilograms of total VOCs emitted to
air per square metre of substrate coated).

Every emission factor has an associated emission factor rating (EFR) code. This rating system is
common to EETs for al industries and sectors and, therefore, to all Industry Handbooks. They are
based on rating systems developed by the United States Environmental Protection Agency
(USEPA), and by the European Environment Agency (EEA). Consequently, the ratings may not be
directly relevant to Australian industry. Sources for all emission factors cited can be found in
Section 5.0 of this Manual. The emission factor ratings will not form part of the public NPI
database.

When using emission factors, you should be aware of the associated EFR code and what that rating
implies. An A or B rating indicates a greater degree of certainty than a D or E rating. The less
certainty, the more likely that a given emission factor for a specific source or category is not
representative of the source type. These ratings notwithstanding, the main criterion affecting the
uncertainty of an emission factor remains the degree of similarity between the equipment/process
selected in applying the factor, and the target equipment/process from which the factor was derived.
The EFR system isasfollows:

- Excellent

- Above Average
Average

- Below Average
- Poor

- Unrated

CmoOw>

Surface Coating 35



50 References

Eastern Research Group. July 1997. Introduction To Sationary Point Source Emission Inventory
Development Volume 11: Chapter 1. Morrisville, NC, USA.

Economopoulos A. P. 1993. Assessment of Sources of Air, Water, and Land Pollution. A Guide to Rapid
Source Inventory Techniques and their Use in Formulating Environmental Control Srategies. Part One:
Rapid Inventory Techniquesin Environmental Pollution. World Health Organisation, Geneva, Switzerland.

EMEP/ CORINAIR. 1996. AIR: Atmospheric Emission Inventory Guidebook. Solvent and other Product Use
- Printing Paint Application European Environment Agency, Copenhagen, Denmark.

Morris Howard and Salome Fred. Occupational Exposures and Hazardous Wastes from Abrasive Blast
Cleaning. Paper presented at the 13" International Corrosion Conference, Melbourne, 25-29 November
1996.

Noyes, Robert, Editor. 1993. Pollution Prevention Technology Handbook. Noyes Publications, Park Ridge,
NJ, USA.

NPCA. 1995. Emissions Estimation Guidance Manual for the Paint and Coatings Industry (Second Edition).
National Paint and Coatings Association, Inc., Washington, DC, USA.

USEPA. March 1988. Title 111 Section 313 Release Reporting Guidance, Estimating Chemical Releases
From Formulation of Agueous Solutions, Office of Pesticides and Toxic Substances, EPA 560/4-88-004f.
Washington, DC, USA.

USEPA. January 1995. Compilation of Air Pollutant Emission Factors, Volume 1: Sationary Point and Area
Sources, fifth edition, AP-42. Section 4.2 Surface Coating, Section 4.6 Solvent Degreasing. United States
Environmental Protection Agency, Office of Air Quality Planning and Standards. Research Triangle Park,
NC, USA.

USEPA. October 1997. Compilation of Air Pollutant Emission Factors, Volume 1. Sationary Point and
Area Sources, fifth edition, AP-42. Section 13.2.6 Miscellaneous Sources - Abrasive Blasting. United States
Environmental Protection Agency, Office of Air Quality Planning and Standards. Research Triangle Park,

NC, USA.
http://www.epa.gov/ttn/chief/ap42.html |

USEPA. January 1990. Section 313 Reporting Issue Paper : Clarification and Guidance for the Metal
Fabrication Industry, Office of Toxic Substances, EPA 560/4-90-012. Washington, DC, USA.

USEPA. October 1992. VOC / PM Speciation Data System - Version 1.50. United States Environmental
Protection Agency, Office of Air Quality Planning and Standards. Research Triangle Park, NC, USA.

The following Emission Estimation Technique Manuals referred to in this Manual are available at
the NPl website (htto:/www.npi gov.ad) and from your local environmental protection authority (see
the front of the NPI Guide for details):

* Emission Estimation Technique Manual for Combustion in Boilers;

* Emission Estimation Technique Manual for Combustion Engines;

* Emission Estimation Technique Manual for Fuel & Organic Liquid Storage;
* Emission Estimation Technique Manual for Galvanizing; and

* Emission Estimation Technique Manual for Electroplating and Anodising.
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