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Particulates: The WHO concludes that “the weight of evidence from numerous
epidemiological studies on short-term responses points clearly and consistently to
associations between concentrations of particulate matter and adverse effects on human
health at low levels of exposure commonly encountered in developed countries” (AQG,
2000). However, the AQG states that the available information for particulate matter does
not allow a guideline value to be made below which no effect would be observed. The
WHO working group concluded that fine particulate matter (PMas) is strongly associated
with mortality and hospital admissions and referenced the US National Morbidity,
Mortality, and Air Pollution Study (NMMAPS) and the Air Pollution and Health a
European Approach (APHEA) study, among other sources, as providing the scientific
evidence (WHO, 2003).

2.3.2 Europe

A cost-benefit analysis for Clean Air for Europe (CAFE) has calculated the total
health impacts for the 25 members of the European Union (EU25) for the baseline 2000
to 2020 (CAFE-CBA, 2005). The report studied the mortality and morbidity by ozone
and particulates and is based on 1997 meteorological data.

Ozone: In 2000, approximately 21,000 premature deaths (acute) are estimated to
have occurred in EU25 as a result of ozone concentrations (CAFE-CBA, 2005).

Particulates: In 2000, approximately 288,000 premature deaths (chronic) are
estimated to have occurred in EU25 as a result of particulate concentrations. Particulate
concentrations have a greater impact than ozone concentrations. Also, PM concentrations
result in more cases of annual morbidity effects than ozone (CAFE-CBA, 2005).

2.3.3 United States

Ozone: The US EPA published an Air Quality Criteria Document (AQCD) for
ozone in 1996 that provided the scientific basis for the current National Ambient Air
Quality Standard (NAAQS) for ozone set in 1997. In January 2005, the US EPA
published a revised AQCD (first external review draft) to take into account the large
number of new scientific studies that have been conducted since 1996. The AQCD
considered a large number of toxicological, controlled human exposure and
epidemiological studies in their review. It referenced epidemiological studies conducted
in the US, Canada, Europe, Asia, Latin America and Australia. The AQCD concludes
that “the toxicology suggests that there is a plausible mechanism for the epidemiologic
findings” and “the newly available epidemiological studies support the general
conclusion that ozone is causally related to respiratory-related mortality and morbidity”
(Ozone, 2005).

Particulates: The US EPA published an AQCD for particulate matter in 1996
that provided the scientific basis for the current NAAQS for particulate matter set in
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1997. The AQCD was revised in October 2004 to take into account the large number of
new scientific studies that have been conducted since 1996. On January 31, 2005, the US
EPA Office of Air Quality Planning and Standards (OAQPS) published a draft Staff
Paper, which evaluated the key studies and scientific information contained in the
AQCD. The Staff Paper, considering the scientific evidence and associations between
ambient concentrations of particulate matter, in particular fine particulates (PM,s), and
mortality and hospital visits, recommends that the fine particulate NAAQS be lowered
(Particulate, 2005).

2.3.4 Canada

Scientific studies indicate that there are significant health effects associated with
particulate matter and ozone including chronic bronchitis, asthma, and premature deaths.
Environmental effects include reduced visibility due to particulates and crop damage and
greater vulnerability to disease in some tree species due to ozone.

The Canadian Government Order adding ozone and its precursors to the List of
Toxic Substances in Schedule 1 of CEPA, 1999 states that “particulate matter and
ground-level ozone are the main ingredients of smog and cause serious health effects for
Canadians including thousands of premature deaths, hospital admissions and emergency
room visits every year” (CanadaGazette, 2005).

Ozone: In 1998, ozone was identified as a priority for Canada Wide Standards
(CWS). This resulted in the federal, provincial, and territorial health and environment
departments agreeing that the Science Assessment Document would form the basis for
the development of a CWS for ozone (NAAQO Ozone, 1999). The Science Assessment
Document states that “there is sufficient evidence to conclude an association exists
between ambient levels of ozone and human mortality, respiratory hospitalizations and
several other health endpoints” (NAAQO, Ozone Science, 1999).

Particulates: The Science Assessment Document for particulates forms the basis
for the CWS for particulate (NAAQO, Particulate 1999). The addendum to the Science
Assessment Document states that “there is no clear evidence of a “threshold” level for the
positive associations between particulate matter and both daily mortality and
hospitalization rates. That is, any increase in ambient particulate matter is associated with
a potential increase in mortality and hospitalization rates”, and “the weight of evidence
from the epidemiology studies indicates that exposures experienced by populations in
developed countries are of sufficient adverse health consequences to have an impact on
public health” (NAAQO PM Addendum, 1999).

A report prepared for Toronto Public Health estimates that approximately 1,700
non-traumatic mortalities and 3,000 to 6,000 excess hospital admissions are related to air

pollution in Toronto each year (Pengelly, 2004).
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because of their negligible photochemical reactivity [for list see Appendix 4]” (Reg.127,
2005).

2.5 Literature Review

An extensive review of literature was undertaken for the preparation of this
report. Literature sources include government websites, corporate websites, and non-
governmental organization websites, which are listed in the Reference section of this
report. Since this area is dynamic and evolving, the literature review focused around
website-related materials.

2.6 Summary

Smog (ground-level ozone and particulates) and smog precursors are considered
by Canada and Ontario, as well as many other jurisdictions around the world, to be a
serious health concern.

For the automotive manufacturing sector, VOC (a precursor to ozone) are
generally recognized as any organic compound that participates in atmospheric
photochemical reactions and that are found in paint formulations and related products,
excluding methane and acetone. A common definition among jurisdictions would be
helpful in ensuring consistent comparisons of VOC emissions and paint shop
performance.

The following section will discuss current ambient air quality related issues.
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In Germany, current and historical air quality information on the five criteria air
contaminants (O3, PM, NOy, SO, and CO) is provided by the German Linder and the
Federal Environmental Agency (German Air Quality, 2005). The number of days of
particulate matter and ozone exceedances at each station is also provided. Note that the
PM|o maximum daily limit is 50 pg/m? (24-hour average) and the limit may not be
exceeded more than 35 days per year. The ozone maximum daily limit is 60 ppb (8-hour
average).

3.2 Asia

China monitors air quality at 84 major cities. The highest pollution index reading
of 451 for Beijing in 2004 occurred on February 19 and was due to PM,o, which
corresponds to a concentration greater than 500 pg/m’® (24-hour average) (AirNow
International, 2005), (China, 2005). Hong Kong has 14 stations measuring ambient
particulate matter (PMjo). The highest 24-hour PM;q reading was 257 pg/m® and the
annual average was 81 ug/m3 in 2003. Ozone is measured at 11 stations. The highest 1-
hour value concentration was 303 pg/m’ (151 ppb) in 2003. Most readings of ozone and
particulate matter in 2003 met the Hong Kong’s air quality criteria (AirNow
International, 2005). Japan and Korea also provide near real-time air quality data
(AirNow International, 2005), (Korea, 2005).

3.3 North America

In the US, a cross-agency government website (AirNow, 2005) provides current
and historical air quality index information, ozone and particulate matter concentrations
for each state, as well access to a number of webcams and descriptions of recent pollution

episodes.

Air quality in the Mexico City Metropolitan Area is provided in near real-time for
ozone and particulate matter. Maximum I-hour ozone concentratlons less than 216 pg/m>
(110 ppb) and 24-hour PM,o concentrations less than 150 pg/m represent good air
quality (less than 100 IMECA units) (AirNow International, 2005) (Mexico, 2005).

Canada, in cooperation with US federal and state governments, can now produce
maps of near real-time readings of ozone in Eastern Canada and Eastern US, Vancouver-
Puget Sound and Western Canada and Western US on the AirNow website. “Canadian
data are provided by participating provinces to Environment Canada's Meteorological
Service of Canada, where they are collated and transferred to the US EPA in South
Carolina, which creates the merged maps. Information on ozone levels in other provinces
may be added later” (AirNow, 2005). Figure 3.3 shows the AirNow map available for

Canada.

11
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3.4 Summary

Near real-time and historical air quality data are available in many jurisdictions in
Europe, Asia, and North America. Air Quality Ontario (Air Ontario, 2005) provides near
real-time and historical data. The website provides an Air Quality Index value and
indicates which pollutant (ozone or particulate) is contributing to the reading. Air Now
(AirNow, 2005) is a cross-agency US website that includes Environment Canada and the
Ontario Ministry of the Environment as partner agencies. The website provides near real-
time and historical ozone data for western and eastern Canada and the US.

A 2002 Canadian summary of ambient PM» s and ozone concentrations reported
that the 98" percentile daily maximum PM; s concentration in Ontario ranged from 23-41
U g/m and that the 4™ highest daily maximum 8-hour ozone concentrations in Ontario
ranged from 59-108 ppb (PM-Ozone Report, 2004).

Ambient air standards have been developed by government agencies in response
to their concern regarding the health effects of smog and smog precursors discussed in
Chapter 2, and the current ambient air concentrations of ozone and particulate matter
discussed in this Chapter. An analysis of regulatory ambient air standards will be
discussed in the next section.

15
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4 Analysis of Regulatory Air Standards

This section will review selected ambient air standards in Europe, Asia, the US
and Canada as they relate to ground-level ozone and particulate matter emissions.
Sources of VOC emissions including those from the automobile and light duty truck
manufacturing sector in Canada will be discussed in Section 5.

4.1 World Health Organization

The WHO Air Quality Guidelines are the international reference on the adverse
health effects of exposure to different air pollutants. The ambient air AQG for ozone is 60
ppb based on an 8-hour average (AQG, 2000). The AQG states that the available
information for particulate matter does not allow a guideline value to be made below
which no effect would be observed; therefore, the AQG provides dose response values
for particulate matter instead of an air standard.

4.2 The 1979 Geneva Convention on Long-range Transboundary
Air Pollution

The United Nations Economic Commission for Europe (UNECE) 1979 Geneva
Convention on Long-range Transboundary Air Pollution is the first international legally
binding agreement to manage air pollution on a regional basis. The Convention is in
response to environmental concerns of the 1960’s and an emerging understanding of the
relationship between sulphur emissions in continental Europe and the acidification of
Scandinavian lakes. In the 1970’s, several studies confirmed that air pollution could
travel thousands of kilometers before deposition and damage occurred. The Convention
entered into force in 1983 and has been ratified by 49 governments, including Canada
and the US (LRTAP, 1979). According to Mr. Pierre Pinault, Transboundary Air Issues,
Environment Canada, Canada’s signing and ratification reflected Canada’s early concern
of sulphur emissions and acidification of lakes largely as a result of US air emissions and
the Canadian Government’s support for what was at the time primarily a European
initiative (phone interview conducted on March 24, 2005). The LRTAP includes eight

specific protocols:

The 1984 Protocol on Monitoring of Long-range Transmission of Air Pollutants
The 1985 Protocol on the Reduction of Sulphur Emissions by at least 30%

The 1988 Protocol concerning the Control of Nitrogen Oxides Fluxes

The 1991 Protocol concerning the Control of Emissions of VOC

The 1994 Protocol on Further Reduction of Sulphur Emissions

The 1998 Protocol on Heavy Metals

The 1998 Protocol on Persistent Organic Pollutants

The 1999 Protocol to Abate Acidification, Eutrophication & Ozone

® NG AW
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4.4.2 The US Clean Air Act

The Clean Air Act (CAA) was passed in 1963 and revised in 1970 to include a
national air pollution control program. The most significant amendments occurred in
1990, which are referred to as the 1990 Clean Air Act (CAA, 1990). The amendments
addressed “three major threats to the nation's environment and to the health of millions of
Americans: acid rain, urban air pollution, and toxic air emissions” and also established a
national permitting program and improved enforcement (CAA, 1990). The CAA requires
EPA to set NAAQS, which it has done for six principal criteria air pollutants - ozone,
particulate matter, carbon monoxide, sulfur dioxide, nitrogen oxides, and lead (NAAQS,
2005). The ozone and particulate standards are discussed below.

The 8-hour NAAQS for ozone is 80 ppb. To achieve this standard, the 3-year
average of the 4™ highest daily maximum 8-hour average ozone concentration at each
monitor must not exceed 80 ppb. The 1-hour NAAQS for ozone is 120 ppb. Note that the
I-hour standard will not apply to an area one year after the effective date of the
designation of that area for the 8-hour ozone NAAQS. The 24-hour PM, s NAAQS is 65
ug/m*. To achieve this standard, the 3-year average of the 98" percentile of 24-hour
concentrations at each monitor must not exceed 65 ug/m>. The annual average PMs
NAAQS is 15 ug/m To achleve this standard, the 3-year arlthmetlc mean concentration
must not exceed 15 ub/m The 24-hour PM o NAAQS is 150 ug/m The annual average
PM ;o NAAQS is 50 ug/m

4.4.3 National Ambient Air Quality Objectives & Canada Wide Standards

The Canadian National Ambient Air Quality Objective (NAAQO) for ozone of 82
ppb, 1-hour average, was established in 1976 and confirmed in 1989. The NAAQO for
total suspended particulate is 70 and 120 ug/m based on annual and 24-hour averages,
respectively. In January 1998, the CCME (with the exception of Quebec) signed the
Canada-Wide Accord on Environmental Harmonization and Canada-Wide Standards.
The Environment Ministers made a decision that air standards will be developed through
NAAQO or CWS, not both. As a result, future development of ozone and particulate
matter standards will be through the CWS process.

In June 2000, the federal, provincial and territorial governments, except Quebec,
signed the CWS for particulate matter and ozone (CWS, 2005). For fine pamculate
matter (PM, s) the CWS is 30 pg/m’, 24-hour averaging time, based on the 98" percentile
annual ambient measurement, averaged over 3 consecutive years, to be achieved by 2010.
For ozone, the CWS is 65 ppb, 8-hour averaging time, based on the 4™ highest annual
ambient measurement, averaged over 3 consecutive years, to be achieved by 2010.

21
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Canada and the US amended the Air Quality Agreement (Ozone Annex, 2000) to
include the reduction in the transboundary flow of ozone and precursor emissions (NOx
and VOC). The US Clean Air Act is the enabling legislation that establishes National
Ambient Air Quality Standards (NAAQS) for criteria contaminants including ozone and
particulate matter. The Canadian Council of Ministers of the Environment (CCME) has
endorsed the Canada Wide Standards (CWS) for ozone and PM, to be achieved by 2010.
The Ontario Ministry of the Environment’s Anti Smog Action Plan (ASAP) established a
45% reduction target for VOC emission by 2015 from 1990 levels and seeks to achieve
these targets through the voluntary action of industrial emitters.

A review of ozone and particulate ambient air standards for a number of
jurisdictions in Europe, Asia and North America is provided in Appendix 5 and
sumrnarized below:

@ 1-hour ozone standards range from 60 ppb (Japan, and China residential areas) to
120 ppb (US and Hong Kong). Canada and Ontario’s 1-hour ozone standards are
82 and 80 ppb, respectively.

@ 8-hour ozone standards range from 60 ppb (WHO, EU target, Japan, and China
residential areas) to 80 ppb (US and Mexico). Canada’s 8-hour ozone standard is
65 ppb (to be achieved by 2010).

o Of the jurisdictions studied, there are two 24-hour PM; 5 standards, the US at 65
ug/m3 and Canada’s at 30 pg/m’ (to be achieved by 2010). [The US is the only
jurisdiction (of those researched) that has an annual PM; s standard at 15 pg/m’.]
(Mexico has proposed the same 24-hour and annual PM3; s standards as the US).

a  24-hour PMlo standards range from 50 p.g/m (EU, and China residential areas) to
250 uD/m (China industrial areas). Canada and Ontario’s PM standard is 120

g/m’ for total suspended particulates.

o Annual PMlo standards range from 40 l,lg/m (EU and China residential areas) to
150 pg g/m’ (Chma industrial areas). Canada and Ontario’s PM standards are 70
and 60 p.g/m respectively for total suspended particulates. Japan is the only
jurisdiction (of those researched) with a 1-hour PM g standard of 200 p c,/m

It is important to note that there is a continuous process, particularly in Europe
and North America, of collecting data on ambient concentrations of PM and ozone,
reviewing new science on health effects, setting policy and revising air standards as

required.

A review of the 2002 Canadian summary of ambient PM,s and ozone
concentrations, reported in Chapter 3, indicates that daily max1mum PM, 5 concentrations
in Ontarlo exceed the 24-hour PM> s standard of 30 ug/m (the Ontario range was 23-41
ug/m?), and that the 8-hour ozone concentrations exceed the 8-hour ozone standard of 65
ppb (the Ontario range was 59-108 ppb). However, it is important to note that the
Canadian particulate and ozone standards are to be achieved by 2010. The next section
will discuss the sources of VOC emissions.
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that all major sources (any source that emits or has the potential to emit 100 tons or more
per year of any criteria air pollutant) obtain an operating permit. The CAA also requires
that new major stationary sources and major modifications to stationary sources obtain a
permit before starting construction. Construction permits in nonattainment areas, defined
as an area where the air quality exceeds the NAAQS, are referred to as NAA permits.
Permits in attainment areas are referred to as prevention of significant air quality
deterioration (PSD) permits. Best Available Control Technology (BACT) is the emission
control level required for sources in attainment areas. The Lowest Achievable Emission
Rate (LAER) is required on sources in nonattainment areas.

Under the CAA, EPA is required to regulate large facilities that emit one or more
of 188 listed hazardous air pollutants (HAPS). Large facilities are those that have the
potential to emit 10 tons/year or more of a listed pollutant or 25 tons/year or more of a
combination of pollutants. These facilities will require that maximum achievable control
technology (MACT) be employed.

6.4.1 New Source Performance Standards

New Source Performance Standards (NSPS) are emission standards established
under the CAA for criteria pollutants emitted from stationary sources. For surface coating
in the automobile and light duty truck manufacturing sector, VOC emissions standards
are specified in Title 40: Protection of Environment, Part 60: Standards of Performance
for New Stationary Sources, Subpart MM: Standards of Performance for Automobile and
Light Duty Truck Surface Coating Operations (Title 40, Part 60, Subpart MM).

Subpart MM requirements apply to the prime-coat (electrodeposition or elpo),
guide-coat (surfacer or primer) and topcoat (basecoat and clearcoat) surface coating
operations in automobile and light duty truck assembly plants. The requirements apply to
construction, reconstruction and modifications occurring after October 5, 1979, and state
that no owner or operator shall discharge VOC emissions greater than the following
standards listed in Table 6.2 expressed as kg of VOC per liter of applied coating solids
(ACS) (Subpart MM, 2005).

Table 6.2 US EPA New Source Performance Standards
for Automotive Surface Coating

Process Standard Standard
(kg of VOC /L of ACS) (Ib of VOC / gal of ACS)
Electrodeposition 0.17 1.41
Primer 1.4 11.64
Topcoat 1.47 12.22

35





















M.Eng. Project - D. M. Yates, P.Eng. McMaster University - Civil Engineering

Table 6.7 Summary of VOC Emission Limits for Automotive Surface Coating

VOC Emission Limits (g/m®)

Truck cabins, Trucks and

Cars vans and SUVs vans
UNECE & EC - New 45 55 70
UNECE & EC - Existing (2007) 60 75 90
Germany — New & Existing 35! 45 70
Taiwamn 110 na’ na
Mezxico - New 55 60 75
Meyxico - Existing (1999) 85 90 100
Mexico - Existing (2006) 55 60 75
Canada - New (1997) 55 60 75
Canada - Existing (2005) 55 60 75

Table 6.8 US NSPS versus BACT VOC Emission Limits for Surface Coating

Process NSPS (Standard) BACT Permit Limits
(kg of VOC/L of ACS) (kg of VOC/L of ACS)
Electrodeposition 0.17 0.01-0.03
Primer 1.40 0.00-0.76
Topcoat 1.47 0.62 —0.98

! Facility Permit values can be higher than the Standard depending on when the permit was issued.
2 “na” means information was mot available during writing of this report
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7 Automobile and Light Duty Truck Manufacturing
and Best VOC Management Practices

Globally automobile and light duty truck manufacturing is the world’s biggest
industry employing 8 million people, producing approximately 60 million vehicles in
2004 and generating approximately $US 1.5 trillion in annual sales. Global production
capacity is approximately 70 million vehicles per year (McAlinden, 2004). This
overcapacity is putting pressure on an already very competitive business. This section
will describe the automobile and light duty truck sector, identify best VOC management
practices and suggest best practices for Ontario.

7.1 Global Manufacturing

Global manufacturing is roughly split equally between North America, Europe
and Asia. North America produced approximately 16.2 million vehicles per year in 2003.
The US is the largest producer in North America and largest in the world at
appreximately 12.1 million vehicles per year. Europe produced approximately 20 million
vehicles per year in 2003. Germany is the largest producer in Europe at approximately
5.5 million vehicles per year. Asia produced approximately 17.9 million vehicles per year
in 2003. Japan is the largest producer in Asia at approximately 10.3 million vehicles per
year and the second largest producer in the world, behind the US. The rest of the world
produced approximately 6.4 million vehicles per year in 2003. The 10 largest automobile
manufacturing countries in 2003 are shown in Figure 7.1 (VDA, 2005).

China has seen the largest growth in the last 3 years. China moved from g™
position in 2001 (behind Canada) with approximately 2.3 million vehicles produced to 4t
position in 2002 with approximately 3.3 million units produced and has increased
production to 4.4 million vehicles produced in 2003 (VDA, 2005).

Canadian production has fallen from approximately 3 million vehicles produced
in 2000 to approximately 2.5 million vehicles produced in 2004 (VDA, 2005) (CAPC,
2005). Canadian production is predicted to increase to 2.66 million vehicles in 2005
(Keenan, 2005). However, production is forecast to decline over time to an estimated 2.4
million vehicles produced in 2011 (CSM, 2005).

General Motors is the world's largest manufacturer of automobiles and light duty
trucks at 8.6 million vehicles produced in 2003, followed by the Toyota Group at
approximately 7.1 million vehicles produced in 2003 and Ford at approximately 6.7
million vehicles produced in 2003. Of the 8.6 million vehicles that GM produced in 2003,
approximately 5.3 million were produced in North America and approximately 1.8

million were produced in Europe.
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7.2 Canadian Manufacturing

There are six automobile and light duty truck manufacturers in Canada operating
12 assembly plants all located in Ontario between Windsor and Oshawa. The six
manufacturers, CAMI, DaimlerChrysler, Ford, General Motors, Honda, and Toyota will
be briefly discussed in this section.

CAMI Automotive

CAMI is a joint venture between Suzuki Motor Corporation and General Motors
of Canada Limited. CAMI began assembling vehicles in approximately 158,000 m> of
floor space in their facility in Ingersol in 1989. CAMI has a production capacity of
approximately 250,000 vehicles per year and is currently producing the GM Equinox
(CAMI, 2005).

DaimlerChrysler Canada

DaimlerChrysler has assembly facilities in Windsor and Brampton. The Windsor
assembly plant, built in 1928, produces the Dodge Grand Caravan, Chrysler Town &
Country and Chrysler Pacifica in approximately 372,000 m® of floor space. Their
Brampton assembly plant, bu1lt in 1986, produces the Chrysler 300 and Dodge Magnum
in approximately 274,000 m? of floor space (DaimlerChrysler, 2005).

Ford Motor Company

Ford has assembly facilities in Oakville and St. Thomas. The Oakville assembly
plant produces the Freestar minivan. The plant opened in 1953 and has approximately
360,000 m” of floor space. The St. Thomas assembly plant produces the Crown Victoria
and Grand Marquis. The plant opened in 1967 and has approximately 242,000 m” of floor
space (Ford, 2005). The Oakville Truck Plant is currently closed; however, it is expected
to re-open.

General Motors of Canada

General Motors has three assembly plants in Oshawa. The Car 1 assembly plant
produces the Chevrolet Impala and Monte Carlo. The Car 2 assembly plant produces the
Buick Allure and Pontiac Grand Prix. The facility, opened in 1953, occupies
approximately 687,500 m? of floor space producing approximately 600,000 vehicles per
year. The Truck assembly plant builds the Chevrolet Silverado, GMC Sierra and Sierra
Denali full-size, light duty pick-up trucks. The 1965 facility occupies approximately
288,000 m? of floor space producing approximately 300,000 vehicles per year (GM,
2005).

Honda of Canada Manufacturing

Honda has two assembly plants located in Alliston. Total production capacity is
approximately 390,000 units annually. Plant 1 started production in 1986 and currently
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Phosphate: The zinc phosphate process includes multiple cleaning stages, an
activating rinse, zinc phosphate, sealant rinse, and multiple deionized water rinses. The
phosphate process prepares the body for the following paint processes and provides the
first layer of corrosion protection. This process is not considered a source of VOC
emissions.

Electrodeposition: This process, also known as electrocoat, e-coat, elpo or prime
coat, applies a corrosion resistant primer to the body. Typically, the body is submerged in
a lead free water-based paint/water bath in a dip tank. Electrical charges in the paint and
body are used to deposit the paint onto the body. This process is considered a low
contributor to VOC emissions from the paint shop. New installations in North America
typically abate the emissions from the dip tank and curing oven. Considering the low
VOC emissions from the painting process, abatement is typically installed to control
odours and toxic emissions.

Primer: This process, also known as primer-surfacer, surfacer or guidecoat,
applies the layer of paint that joins the corrosion-protected body to the topcoat paint
layers. The primer smoothes out surface irregularities, improves stone-chip performance,
and helps to protect the body from visible and UV light. Primers can be solvent-borne,
water-borne or powder. VOC emissions can range from virtually zero, for powder
coatings, to fairly significant for water-borne and solvent-borne coatings. New
installations in North America typically abate the emissions from the spray booth and
curing oven if solvent-borne or water-borne primers are used. Powder coatings do not

require abatement.

Topcoat: This term applies to the last painting process that provides the colour
(basecoat) and final gloss and protection (clearcoat). Basecoat paint provides the colour
and can be either water-borne or solvent-borne. VOC emissions from the basecoat
process can be significant. Clearcoat provides the last layer of paint and provides the high
gloss finish appearance, etch and scratch resistance, and environmental protection.
Clearcoats are typically solvent-borne (one plant in Germany use a powder/slurry and one
uses a powder clearcoat). The application of clearcoat paints are typically the largest
source of VOC emissions from an automotive paint shop. New installations in North
America typically abate the emissions from the basecoat heated flash (intermediate
curing ovens), automatic zones of the spray booth and topcoat ovens.

The electrodeposition, primer and topcoat processes described above are shown
diagrammatically in Figure 7.3 without any abatement of emissions.
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Table 7.2 Examples of Various Paint Technologies

Country Manufacturer/Plant Primer Basecoat Clearcoat
Hyundai, Alabama (2004)" Water Water Solvent
Honda, Alabama (2002) Water Water Solvent
Nissan, MS (2001) Water Water Solvent
USs GM Delta, MI (2001) Powder Water Solvent
GM, OK (1999) Powder Water Solvent
GM, Flint (1999) Water Solvent Solvent
BMW, SC (1999) Water Water Solvent
Ford, Michigan (1998) Water Water Solvent
GM Car | & 2 (early-1980's)” Water Solvent Solvent
Canada GM Truck (mid-1980’s) Water Water Solvent
GM Car 1 & 2 (2006) Powder Water Solvent
GM Opel Antwerp (1984)° Water Solvent Solvent
GM Opel Azambuja (2000) Water Water Solvent
GM Opel Bochum (1986) Water Water Solvent
GM Opel Eisenach (1992) Water Water Water
GM IBC - Luton Solvent Solvent Solvent
Europe GM Ellesmere Port (1990} Water Solvent Solvent
GM Poland (1998) Water Water Solvent
GM Opel Riisselsheim (1992) Water Water Solvent
GM Saab Trollhittan Water Water Solvent
GM Zaragoza (1982) Water Solvent Solvent
DaimlerChrysler Sindelfingen Water Water Powder/Slurry
BMW Dingolfing Water Water Powder

! For US Plants, the date in brackets represents the Air Permit date.

2 For Canadian Plants, the date in brackets represents the approximate date of installation.
3 For European Plants, the date in brackets is the date of the last major upgrade to the paint shop.
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o

The Draft EU BREF reports that in Europe, VOC em1551ons from 65 automotive
paint shops range between approximately 5 and 106 g/m’ (the median value is
approximately 45-48 g/m?). The average VOC emissions from German automotive paint
shops are assumed to be in the 35-45 g/m range and this corresponds to an average
solvent consumption of approximately 2 5 to 4 kg/vehicle. This roughly calculates to an
average painted surface area of 71-89 m”. While the BREF reports that the BMW plant in
Dingolfing, the Opel plant in Eisenach and the DaimlerChrysler plant in Rastatt have
VOC emissions that are approaching 10 g/m?, it also states that for many automotive
paint shops in Europe VOC emission range between 60 and 120 g/m* (BREF, 2004).

A comparison of VOC emissions from automotive paint shops by region,
company and plant is presented in Table 7.3. Data were generally obtained through
corporate and/or industry websites (GM data for Oklahoma, Oshawa and Europe were
obtained from websites and GM sources). The base year for comparison is 2002 or 2003
as indicated in Table 7.3. Surface areas, when provided or calculated from the available
data, ranged from 85 m? to 142 m’. This is higher than the calculated surface area range
from the BREF data (BREF, 2004). However, this is expected to some degree to account
for larger North American vehicles. Where surface area is not known or cannot be
calculated, it has been assumed to be 100 m”. This is felt to be a reasonable assumption
for comparative purposes. Individual plants included for comparison all represent large
production volume shops. The smallest is the GM IBC (Isuzu) facility in Lutton, England
at 84,000 vehicles produced in 2003.

A review of the data 1nd1cates Nissan’s average VOC emission rate across all
facilities i is reported to be 45 O/m Volvo reports that they have achieved an emxssnon rate
of 23 g/m?. This is as a result of their facility in Goteborg, Sweden achieving 16 g/m” and
their facility in Ghent, Belgium achlevmo 25 g/m>. GM’s facilities in Germany have
vVOC emlssmns ranging from 26 — 39 g/m” and their Saab facility in Sweden is achlevmg
23 g/m>. Toyota’s facilities in Europe (3 plants) are reported to average 36 g/m’ and they
report that their facilities in the US achieved an average emission rate of 22 g/m’. Ford’ s
North American facilities reportedly achieved an average ermssnon rate of 29 g/m’.
Honda’s three facilities in Japan are reported to average 33 g/m The GM facility in
Oklahoma has an emission rate calculated at 11 g o/m

World class performance would appear to be a VOC emission rate in the 20’s and
30’s (g/mz), which is found in each region: Europe, Asia and North America.
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7.3.4 Best Available Technology

The US EPA publishes a list of automotive paint shops representing Best
Available Control Technology (BACT) (Appendix 7), (RBLC, 2005). In the US, BACT
in the newer shops appears to be: (1) water-borne primer, water-borne basecoat and
solvent-borne clearcoat with ovens abated with regenerative thermal oxidizers (RTOs)
and automatic zones of the clearcoat spray booths abated with carbon concentrators and
RTOs, or (2) powder prime, water-borne basecoat and solvent-borne clearcoat with ovens
abated with RTOs and automatic zones of clearcoat spray booths abated with carbon
concentraiors and RTOs.

The European experience with Best Available Techniques (BAT) is not as mature
as the US experience. New installations in EU25 are expected to employ BAT, and
existing facilities will be required to comply by 2007. Guidance on what constitutes a
BAT for various industrial sectors is provided in BAT reference documents (BREFs).
The draft BREF for automotive surface coating states that substitution of solvent-based
paints, paint application methods and abatement should be considered, and also lists
technologies which would be applicable in Europe as well as in North America.

Canada and Ontario do not have a specific requirement to apply BAT. However,
it is implied in the VOC emissions limits for surface coating in the CCME New Source
Performance Standards and Guidelines for the Reduction of Volatile Organic Compound

Emissions from Canadian Auto OEM:s.

General Motors is currently replacing its existing Oshawa Car plant paint shop as
the existing shop reaches the end of its economic life. The new paint shop, currently
under construction and scheduled to be operational in 2006, is expected to reduce VOC
emissions to less than approximately 15 g/m?, establishing a new bench mark for‘ .the
province that will represent Ontario BAT when operational in 2006. This fgcxhty,
constructed to the new GM template for North America, will achieve this significant
reduction in VOC emissions through the use of powder prime, water-borne basecoat, and
electrostatic bell paint application of paint and abatement of ovens, heated flash and the
automatic zones of the clearcoat spray booth. Figure 7.7 provides a simplified schematic

of the new GM Oshawa BAT paint shop.

GM reported that the new paint shop represents an investment of $US 659 million
(note that it is equivalent to two large automotive paint shops as it is servicing the
Oshawa Car Plants 1 and 2) and has argued that the most cost-effective environment.al
improvements can only be made at the replacement of a paint shop at the end of its

economic life (normally 20-25 years).
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8 Summary, Conclusions and Recommendations

Smog (in simple terms, the combination of ground level ozone and particulates) is
considered by Canada and Ontario, as well as many other jurisdictions around the world,
to be a serious health concern. In response, governments have established regulations and
programs to control and reduce the emission of particulates and the ozone precursors
(oxides of nitrogen and volatile organic compounds). The painting process in the
manufacture of automobile and light duty trucks is viewed as a significant source of VOC
emissions. The Ontario Ministry of the Environment is currently reviewing industrial
sources of VOC emissions including those from automotive manufacturing in order to set
policy for future reductions. This project report contains a review of the pertinent issues
including regulatory standards and best practices, and it contains recommendations for
best practices for VOC management for the automotive sector in Ontario.

Air Quality: Near real-time air quality data are available in many jurisdictions in
Europe, North America, and Asia to inform citizens of local air quality and to alert
citizens to “smog” days. In 2002, Southern Ontario was exposed to 4™ highest daily
maximum 8-hour ozone concentrations from 59-108 ppb.

Air Standards: 8-hour ozone standards range from 60 ppb (WHO, EU target,
Japan, and China residential areas) to 80 ppb (US). Canada’s 8-hour ozone standard is 65
ppb (to be achieved by 2010). The Ontario ambient air ozone concentrations described
above significantly exceed the 8-hour ozone CWS of 65 ppb (to be achieved by 2010).

Sources of VOC Emissions: Canadian anthropogenic emissions of VOC are
approximately 2,600 kt per year. Ontario contributes approximately 650 kt per year.
Ontario industry contributes approximately 71 kt per year, and Ontario’s six (6)
automobile and light duty truck manufacturers account for approximately 10 kt per year.
This represents approximately 1.5% of Ontario’s anthropogenic total.

Surface Coating Standards: Canada and Europe have VOC surface coating
standards for the automotive painting operations expressed as a function of surface area
coated (i.e. for cars the European standard is 45 g/m” and the Canadian guideline is 55
g/m ). The US New Source Performance Standard (NSPS) is expressed as a function of
the volume of applied coating solids (ACS) (i.e. for cars and light duty trucks the topeoat
standard is 1.47 kg/L ACS). The two approaches cannot be directly compared. In addxtfon
to the NSPS, the US also requires that new or modified paint shops meet BACT, resulting
in more stringent VOC limits than the NSPS. Europe has just introduced a BACT concept
effective in 2007. Canada has no such requirement although the CCME new source
performance standard (i.e. 55g/m2 for cars) is based on BAT economically achievable.
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8.1 Conclusions

Smog events continue to occur in Southern Ontario and maximum ozone
concentrations exceed the Canada Wide Standards. Ontario’s automotive sector, while
perceived as a significant contributor to VOC emissions at 10 kt per year, contributes
only 1.5% of Ontario’s 650 kt annual emissions. Canada’s current VOC guideline for
automotive surface coating at 55 g/m” is less stringent than Europe’s new standard at 45
g/m2 or Germany’s at 35 g/mz. However, Canadian manufacturers have made significant
reductions since the early 1990’s and are now achieving VOC emissions, on average,
approximately equal to 36 g/m>. GM’s new paint shop for its Oshawa Car Plant is
expected to achieve approximately 15 g/m” in 2006. Therefore, it can be concluded that
through a combination of voluntary (ASAP), regulatory (air permitting), and corporate
initiatives (emission objectives and a common “template” design for new paint shops),
Ontario’s automotive manufacturers are achieving VOC emission performance found in
the most stringent European jurisdiction (Germany) and with new installations (GM
Oshawa) are approaching US EPA BACT standards.

8.2 Recommendations

The Ontario Ministry of the Environment should continue with its current
approach of using the ASAP program and air permitting to control VOC emissions from
Ontario’s automotive manufacturers. Through voluntary actions, the sector has
demonstrated significant VOC reductions, and the current performance of the sector is
equal to, if not better than, competitive jurisdictions worldwide. This is remarkable
considering this performance has been achieved in the spirit of cooperation and good
operations without excessive regulations.

The Ontario Ministry of the Environment should consider, in consultation and
cooperation with the Canadian Council of Ministers of the Environment (CCME) and the
automotive manufacturing sector, updating the New Source Performance Standards and
Guidelines for the Reduction of VOC Emissions from Canadian Automotive OEM
Coating Facilities (1995) as the document is now 10 years old, and the new facility and
existing facility emission requirements have become the same in 2005.

This project work provides the automotive sector in Ontario and the Ontario
Ministry of the Environment with a better understanding of the competitive nature of the
global automotive manufacturing business as well as Canada’s and Ontario’s position in
the world with respect to the management of VOC. It also demonstrates the effectiveness
of voluntary actions in this sector and clearly states the performance of the Ontario
automotive sector compared to competing jurisdictions. It is hoped that the consideration
of these findings will assist in developing sound and effective policy for future VOC
reductions from the Ontario automotive sector.
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1,1,2,3,3-pentafluoropropane (HFC-245ea)
1,1,1,2,3-pentafluoropropane (HFC-245eb)
1,1,1,3,3-pentafluoropropane (HFC-245fa)
1,1,1,2,3,3-hexafluoropropane (HFC-236ea)
1,1,1,3,3-pentafluorobutane (HFC-365mfc)
chlorofluoromethane (HCFC-31)
1-chloro-1-fluoroethane (HCFC-151a)
1,2-dichloro-1,1,2-trifluoroethane (HCFC-123a)
1,1,1,2,2,3,3,4,4-nonafluoro-4-methoxy-butane (C4F9OCH3 or HFE-7100)
2-(difluoromethoxymethyl)-1,1,1,2,3,3,3-heptafluoropropane
((CF3)2CFCF20CH3)
1-ethoxy-1,1,2,2,3,3,4,4,4-nonafluorobutane (C4F9OC2HS5 or HFE-7200)
2-(ethoxydifluoromethyl)-1,1,1,2,3,3,3-heptafluoropropane
((CF3)2CFCF20C2H5)
methyl acetate
1,1,1,2,2,3,3-heptafluoro-3-methoxy-propane (n-C3F70CH3 or HFE-7000)
3-ethoxy-1,1,1,2,3,4,4,5,5,6,6,6-dodecafluoro-2-(trifluoromethyl) hexane (HFE-
7500)
1,1,1,2,3,3,3-heptafluoropropane (HFC 227ea)
and methyl formate (HCOOCH3)
and perfluorocarbon compounds which fall into these classes:
(i) cyclic, branched, or linear, completely fluorinated alkanes,
(ii) cyclic, branched, or linear, completely fluorinated ethers with no
unsaturations,
(iii) cyclic, branched, or linear, completely fluorinated tertiary amines with no
unsaturations, and
(iv) sulfur containing perfluorocarbons with no unsaturations and with sulfur
bonds only to carbon and fluorine.
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(z.8) 1,1,1,3,3-pentafluoropropane (HFC-245fa);
(z.9) 1,1,1,2,3,3-hexafluoropropane (HFC-236ea);
(z.10) 1,1,1,3,3-pentafluorobutane (HFC-365mfc);
(z.11) chlorofluoromethane (HCFC-31);
(z.12) 1-chloro-1-fluoroethane (HCFC-151a);
(z.13) 1,2-dichloro-1,1,2-trifluoroethane (HCFC-123a);
(z.14) 1,1,1,2,2,3,3,4,4-nonafluoro-4-methoxy-butane (C4FoOCH3);
(z.15) 2-(difluoromethoxymethyl)-1,1,1,2,3,3,3-heptafluoropropane
((CF3).CFCF,0CH3);
(z.16) 1-ethoxy-1,1,2,2,3,3,4,4,4-nonafluorobutane (C4FsOC-Hs);
(z.17) 2-(ethoxydifluoromethyl)-1,1,1,2,3,3,3-heptafluoropropane
((CF3).CFCF,0C>Hs);
(z.18) methyl acetate and perfluorocarbon compounds that fall into the
following classes, namely,
i.  cyclic, branched or linear completely fluorinated alkanes,
ii. cyclic, branched, or linear completely fluorinated ethers with no
unsaturations,
iii.  cyclic, branched or linear completely fluorinated tertiary amines
with no unsaturations, or
iv.  sulfur containing perfluorocarbons with no unsaturations and with
sulfur bonds only to carbon and fluorine.
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Appendix 3 CCME Guideline Definition of VOC

Any organic compound which participates in atmospheric photochemical reactions.
That is, any organic compound other than the following, which have been excluded

because of their negligible photochemical reactivity:

methane,

ethane,

methyl chloroform,

methylene chloride,

CFC-113 (trichlorotrifluoroethane),
CFC -114 (dichlorotetrafluoroethane),
CFC-115 (chloropentafluoroethane),
CFC-11 (trichlorofluoromethane),
CFC-12 (dichlorodifluoromethane),
CFC-22 (chlorodifluoromethane),
FC-23 (trifluoromethane),

HCFC-123 (dichlorotrifluoroethane),
HCFC-141b (dichlorofluoroethane),
HCFC-142b (chlorodifluoroethane), and
HFC-134a (tetrafluoroethane).

Note for the purpose of this standard, acetone has been excluded.
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chlorofluoromethane (HCFC-31);

1-chloro-1-fluoroethane (HCFC-151a);

1,2-dichloro-1,1,2-trifluoroethane (HCFC-123a);

1,1,1,2,2,3,3,4,4-nonafluoro-4-methoxy-butane (C4F9OCH?3);

2-(difluoromethoxymethyl)-1,1,1,2,3,3,3-heptafluoropropane

((CF3)2CFCF20CH3);

1-ethoxy-1,1,2,2,3,3,4,4,4-nonafluorobutane (C4F9OC2H5);

= 2-(ethoxydifluoromethyl)-1,1,1,2,3,3,3-heptafluoropropane
((CF3)2CFCF20C2H5);

* methyl acetate and perfluorocarbon compounds which falls into these classes:

(i) Cyclic, branched, or linear, completely fluorinated alkanes;

(ii) Cyclic, branched, or linear, completely fluorinated ethers with no

unsaturations;

(iii) Cyclic, branched, or linear, completely fluorinated tertiary amines with no

unsaturations; and

(iv) Sulphur containing perfluorocarbons with no unsaturations and with

sulphur bonds only to carbon and fluorine.

Owing to the numerous VOC species, it is not possible to give an all inclusive list
of atmospherically important VOC. A list of VOC compounds based on Carter’s 23 list
of ozone forming potential contaminants, not including those in the forementioned
USEPA exclusion list, is available from the Ministry of the Environment’s Public
Information Centre upon request.
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