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1.0 INTRODUCTION

The Clean Air Act Amendments (CAAA) of 1990 established new
requirements for state implementation plans (SIP) for many areas
that have not attained the national ambient air quality standards
(NAAQS) for ozone. These requirements include an expansion of
the applicability of reasonably available control technology

•(RACT) to sources of volatile organic compounds (VOC) small~r

than those previously covered by the u.s. Environmental
Protection Agenc~ (EPA). _They also require that certain
nonattainment~reasreduc~"VOC emissions below the existing RACT,
requirements to ensure ~ntinual progress toward attainment of
the ozone NAAQS. In addition, certain areas require a
demonstration through atmospheric dispersion modeling that VOC
emission reductions will produce ozone concentrations consistent
with the ozone NAAQS.

To help the States identify the kinds of voe control that
could be used to help meet these and other requirements, the 1990

Amendments also require EPA ~o publish alternative control
technology (ACT) documents for a variety of VOC sources. This

document was produced in response to a request by the bakin1
industry for Federal guidance to,assist in providing a more'
uniform information base for State decision-making_ The,
information in this document pertains to bakeries that produce
bread, rolls, buns, and similar prOducts, but not those that
produce crackers, pretzels,_ sweet goods, or- baked foodstuffs, that
are not yeast-leavened. In this document, bread refers to yeast­

leavened pan: bread, rolls, buns" or similar- yeast-leavened
products unless otherwise noted •
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1.1 OBJECTIVES

One objective of this document is to provide information on
the baking process, potential emissions from baking, and
potential emission control options for use by state and local air
pollution control agencies in their analysis of new and existing
bakeries. This can be accomplished by identifying the cost
effectiveness of controls for each oven in their area and
comparing to other facilities or industries to jUdge where money
might be spent-most wisely to lower emissions in the air shed.
Another important objective of this document is to provide a
predictive equation similar to an existing industry-derived
equation (described in Section 1.2), but for total VOC, using ":
recently gathere~ ellission test':,data.

, .~"

1.2 OVERVIEW OF THE BAKERY INDU~TRY

About 600 large commercial bakeries produce breadstuffs in
the united states.' Because bread is perishable and delays in
distribution to retail outlets are undesirable, bakeries are
usually located in or near population centers. Because
population correlates with vehicular travel and other vec
emission sourc~s., bakeries, are frequently located in ozone
nonattainment areas.

About 23 bakery ovens in the united states currently have
emissio.n control devices.. instal~ed.· Some- of these are located in
States or districts that have ~+es specific to bakeries (such as
California's Bay Area and South;t:oast). The other controlled
bakery ovens are located in ozon~ nonattainment areas where RACT
is required for. major stationary/sources, in ozone attainment
areas SUbject to prevention of significant deterioration (PSD)
review, or at bakeries electinq~o control vec emissions for

....

other reasons.
The primary voe emitted fro# bakery operation is ethanol.

In yeast-leavened breads, yeast~etabolizes sugars in an

1~2
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anaerobic fermentation, producing carbon dioxide that is larg~ly

responsible for causing the bread to rise. Besides the carbon
dioxide, equimolar amounts of ethanol and small amounts of other
alcohols, esters, and aldehydes are produced.

The primary emission source at a bakery is the oven.

Because the ethanol produced by yeast metabolism is generally
liquid at temperatures below 77°C (170OF), it is not emitted in

appreciable amounts until the dough is exposed to high
temperatures in the oven. Although high concentrations of vee
exist in the proof boxes that are often used to raise the panned
dough, the low airflow through those boxes minimizes emissions.

The requlation~of vee emi~sions from bakery ovens is t
recent development. Three major stUdies, detailed, in section 'I

/ I

2.3.2, have been conducted~o establish an emission factor for:
quantifying vee emissions from bakeries.

The first, Commercial Bakeries as a Maior Source of Reactive
Volatile Organic Gases, was conducted in 1977 under an EPA
contract.' Ethanol emissions were calculated as 1.0 lb/ton of
bread for straight dough and 11.2 lb/ton of bread for sponge
dough.

The second stUdy was performed by the Bay Area Air Quality
Management District (BAAQMD) in San Francisco.' After early
tests showed that ethanol was the primary vee emitted, a total of
16 ovens were tested using aqueous impingers and gas
chromatography/flame ionization. Ethanol emissions were
calculated to range from 0.6 to 14.0 lb/ton of bread.'

The third study was performed by the American Institute of
Baking (AlB).' This study was intended to explain the wide rang'e
of emission factors reSUlting from the BAAQMD stUdy and to
provide a mathematical model for predicting ethanol emissions
from bakeries. Statistical analysis suggested that the factors
correlating best with ethanol emissions were yeast concentration
and total fermentation time, and that the relationship w~s

described as:

1-3
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where
EtOH = 0.40425 + 0.444585 (yt)

,p) • i);~ I;: If .~ ..

.. ,,"."

".,...

) ..

EtOH = pounds ethanol per ton of baked bread
y - ~aker's percent yeast
t = total time of fermentation

This formula includes a little known correction for the,addition
of spiking yeast where:

yt == (Yi x til + (5 x t.)
and

Yi - baker's percent yeast in sponge
~ • total time of fe~ntation in, hours
S' = baker's percenty.•ast added to doU\h
t. = proof time +. f+oo~ time

/'

The "percent yeast in spc5"nqe" am;t"percentyeast added to douqh"
are "in terms of baker's percent ~f yeast to the nearest tenth of
a percent. The "total time of f~rmentation" and "proof time +

floor time" are the fermentation,.times in hours to the nearest
tenth of an hour.

1.3 CONTENTS OF THIS DOCUMENT

Typical bakery processes, equipment, operating parameters,
emission sources, emission stre~ characteristics, emission
estimates, techniques for determtninq emissions and requlations
currently affectinqVOC emission~.,from bakeries are described in
Chapter 2.0. Chapter 3.0 present:S emission control techniques
that are generally used, emission control techniques that may be
effective but ,are not in general,ue, and emission control
techniques that involve transfer of technoloqy from other
industries. Chapter 4.0 presents: capital and annualized costs of
controllinq emissions for the control techniques identified as
feasible in Chapter 3.0, quidancJ'?'oD methods of, estimating the

".'.::'".,
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costs of alternative control techniques, and environmental and
tanergy impacts.
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2.0 INDUSTRY DESCRIPTION, PROCESSES, AND EMISSIONS

This chapter presents a description of the baking industry,
regulations currently affecting the industry, and information on
typical bakery unit operations including processes, equipment~

operating parameters, emission sources, and emission stream
characteristics.

2.1 INDUSTRY DESCRIPTION

The baking,~ndustry in/the United States is large and
decentralized. In 1990 tPQre were 2,636 commercial bakeries in
the United States. I As shown in Table A-1, located in Appendix

A, 854 bakeries produced white pan bread, 980 produced buns and
soft rolls, 1,097 produced variety bread, and 713 produced hearth
bread and rolls. 2 These four types of baked goods constitute the
bUlk of the baked goods considered in this document. As shown. in
Table A-2

3
, of Appendix A, the top 100 bakery companies operated

618 plants with sales ranging from $30 million to $2.6 billion in
1990.

4
Aggregate sales from these 618 bakeries was $89.S

billion.
5

Consumer expenditures for bakery food in 1990 ranged

between 9 and 11 percent of all dollars spent on food consumed at
home, with from $209 to $259 spent per year per household. 6 Per
capita bread consumption in 1990 was 49.93 lbs, and was predicted
to increase 2.2 percent annually through 1996. 7 Table A-3, in
Appendix A, presents the national distribution of bakeries by
type, region, and State. 8 Because bread is perishable and
distribution delays are undesirable, the location of bakeries I

tends to correlate with popUlation and are inlarqer cities in
all states.

2-1



2.2 UNIT OPERATIONS

The following descriptions are aggregate and composite, and i

not necessarily descriptive o~ a particular operation.
Production volumes, for example, fluctuate by daily orders,
holidays, and seasonal fluctuations.

'..

Dough Processes

'". ;
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Bread production at large commercial bakeries is a highly
automated process. When operating at full capacity, a single
large bread bakery may produce u~ to 300,000 pounds of over 100
different varieties of bread and'other bakery products per day •
All physical mixinq and blending'of ingredients, as well as the
working and dividing of th~-doughs, is performed mechanically.
Most dough batches are c06~eyed through each step of the process,
from the initial dividing through the final slicing and bagging,
with minimal handling.

Four basic douqh processes are used by commercial bread
bakeries: sponge and dough, straight dough, liquid ferments, and
no-time dough. The sponge and dough and liquid ferment methods
are used most often by large commercial bakeries. Straight
'doughs are used for a few types ~f variety breads.

Bread in its simplest form requires four ingredients:
flour, water, yeast, and salt. A~tributes SUch as loaf volume,
crumb softness, grain uniformity;\silkiness of texture, crust
col'or, flavor and aroma, sOftnes.t'retention, shelf life, and,
most important, nutritive value ~an all be improved by the
addition 'of appropriate optional ~:tnc;redients. The materials that
are either required or may be optlonally inclUded in the
production of various sta~dardized bread products are legally
defined by the Food and Drug Admipistration (21 CFR Part 136).9

A representative formulafor,t:white pan bread is shown in _
<'t~·"

Table 2-1. 10 Two terms used ~~ughout the document Which are

'" .......
,.• 1: ..
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Table 2..1. Representative White Pan Bread Formula-

Ingredients Sponge %. Dough (Remix) %. Total % in
Formula .

Essential
Flour 65.00 35.00 100.00Water 37.00 27.00 64.00Yeast 2.75 2.75Salt • 2.1 2.1

Optional
0.5-0" iYeast food ...

OJ50,,, .. . ,

Sweeteners (solids) / 7.25 7.,25Shortening ,.,
2.3 2.3Dairy blend
2.0 2.0Protease enzyme 0.25 0.25Emulsifier

0.50 0.60Dough strengthener 0.50 0.60Preservative
0.20 UQ

182.35• % equals baker's percent
~eference 10
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unique to the bakery industry are "baker's percent" and
"fermentation time". The baker's percent of an ingredient in a
bread formula refers to the weight of that ingredient per 100

Ibs. of flour in the formula. For a given formula, the baker's
percent of all the ingredients will total to more than 100

percent as the flour alone equals 100 baker's percent. Table 2-1

presents a bread formula and the baker's percents (or weights) ofl
each ingredient. The total weight of flour in the formula is lOa!
Ibs., the total weight or baker's percent of yeast is 2. 75 • The i

baker's percents of all the ingredients in this formula totals t~
, i

182.35 baker's percent. Fermentation time refers to the period
of time the yeast is fermenting I: The clock for fermentation tim
starts when the yeast comes i.n contact with water (Whether it is

.#.. • I

in a brew or dough) which pan s~pply it with nutrients needed fo
reproduction. The clock'stops W:hen the bread enters the oven.

As about 50 percent of whi~~ pan bread produced in the
,"._J

United states is made by the sponge and dough process, the
formula in Table 2-1 is shown in its adaptation to that
procedure. In the straight dough method, a somewhat,higher yeast
level (about 3.0 percent or more) is generally used, and all of
the listed ingredients are processed as a single batch. It
should also ,be kept in mind that'individual bakers introduce
minor quantitative, variations in/their formulations and that the!
values shown represent weighted averages.

In the'sponge and dough me~od, the major fermentative
action takes place in a preferme~t, called the sponge, in which
normally from 50 to 70 percent ~~ the total dough flour is
subjected to the physical, chemi6al', and biological actions of
fermenting yeast. The sponge is;subsequently COmbined with the
rest of the dough ingredients to receive its final physical
development during the dough mix~:I'lg or remix stage. l1

":\..,

, The mixed sponge is dischartj,ti!d into a greased trough
to ferment in a special fermenta~ion room. The sponge
fermentation time normally lasts?J4 •5 hours, but may vary from 3.is

,:1\', .

j

.'

,'~~:'.....
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hours for sponges incorporating 75 percent of the total flour to
5 hou~s for sponges with only 50 percent of the total flour.
Increased yeast levels bring about a noticeable reduction in
feZ'lllentation time. 12

The fully fermented sponge is returned to the mixer and
mixed into the final dough, which receives additional
fermentation for a short floor time (no more than 45 minutes
under average conditions). 13

The straight dough method is a single-step process in which
all the dough ingredients are mixed into a single batch. The
quality of the flour, the temperature of the mixed dough and thf'
amount of yeast uS7~",will -~ete~ne the fermentation time. 14 Th
dough is fermented for per10~ of 2 to 4 hours, with the actual
practice time being generaJ:!y close to 3 hours. 15 Once
fermentation begins, the completion schedule is inflexible. 16

About 70 years ago, efforts to simplify the sponge and douVh
method of breadmaking resulted in a stable ferment process that
replaced the sponge with a liquid., flour-free ferment. 17 The
basic stable ferment was made of up to 70 percent water, and
small amounts of yeast, yeast food, malt, sugar, nonfat dry milk,

• i

and salt. 11 The resultant suspension was fermented at a constant
temperature for 6 hours under gentle" agitation. The mature
ferment was then either used immediately in whole or in part for
doughmaking, or it could be stored for about 48 hours, in a
stable condition, by cooling. 19

since the 1950's, the stable ferment process has ~een

subjected to a number of modifications and the resultant ferments
are variously referred to as liquid sponges, liquid ferments,
preferments, brews or broths, and continuous mix.~

Although many variations on the original list of ingredients
exist, flour-free ferments are currently often made up of 82
percent water, and small amounts of sweeteners, yeast, salt, an9­
buffer salts to control the pH. 21 These ferments undergo

2-5
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fermentation for 1 to 1.5 hours while being mildly agitated; the
mature ferment is used or cooled. 22

In qeneral, ~e ~ime required for the proper fermentation of
liquid ferments depends primarily on the level of flour in the
ferment. Flour-free ferments, given an appropriate set
temperature, require about 1 hoqr of fermentation, whereas
ferments containing 40 percent flour need 2 to 2.5 hours to reach
the end point. D

Attempts to reduce the time required before the final proof
have taken two directions: (1) mechanical dough development
obtained by intensive hiqh-speeq mixing of dough for a short
time, and (2) chemical dough de~lopment in which the dough is
treated with apprQpriate red~ci~g agents and oxidants and mixed

¥ . -..).~. .

at conventional speeds. Both a~proaches, in effect, eliminate
the bulk fermentation stag~'tha~represents about 60 per cent of
the total time in the traditioniil breadmaking process. 24 . These
doughs are ",often called no-time ~OU9hs.

The elimination of bulk fermentation time by mechanical
dough development usually means that these doughs require an
increase in the yeast level of 0,,5 to 1.0 percent and a decrease

-; .
of 1.0 to 2.0 percent in the amo~t of added sweeteners. The
production time from the start o-~ mixing to the end of baking may
be reduced to less than 2 hou.rs.~

_.~<~~, '

Chemically developed doughs 'are qenerally referred to as
short-time doughs if they are s~j,ected to bulk fermentation forA(
periods of 0.5 to 1 hour, and no~time doughs if they are, taken
directly from the mixer to the d~Vider with no more than 15
min~tes of floor time. 3 These dJti9hs require an increase in the
yeast level of 0.5 to 1.0 per ce~t and a decrease of 1.0 per cent

';"::1'.•;.,

in the amount of/added sweeteners~ After an average fermentation
time of 30 minutes, ebe yeast sl~ may be cooled or mixed as a
straight dough.» The producti~n;jtime from the start of mixinq to

/ii\,',·
th~ end of baking may be reduced~:to less than 3 hours. 2I

.. ~
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Following fermentation, the dough produced by any of the
above processes is divided, rounded and made up into pieces of
proper weight for intermediate proofing, moulding, final proofing
and baking. Dividing and rounding operations SUbject the dou,h
to considerable physical abuse.~ The rounded dough balls are
given a brief rest period in an intermediate or overhead proofer.
Proofers are cabinet areas off the floor of the bakery which are
protected from drafts. The actual proof time in practice can.
last anywhere from 30 seconds to 20 minutes, although it willi
usually fall within a range of 4 to 12 minutes.» On leaving the
intermediate proofer, the dough pieces enter a moulder in whi~h

I

they are shaped anq moulded..info a cylindrical loaf form and ~en

deposited in the· baking pan;:l' I.

After the dough is geposited in the baking pan, it is ready
for final proofing in a proof box. Proof times in practice
generally'"fall within a range of 55 to 65 minutes. For the mCltst
part, panned dough is proofed to volume or height rather than for
a fixed time. 32

After final proofing,. the dough is baked in an oven. MOdern
ovens are generally designed to convey the baking loaf through a
series of zones in which it is exposed for definite time periods
to different temperature and humidity conditions. The first
stage of baking, at a temperature of about 240°C (4000 F) lasts
about 6.5 minutes. The second and third stages of baking
together last some 13 minutes at a constant temperature of about
2380 C (460° F). The final zone is maintained at a constant
temperature of 221 to 238° C (430 to 460° F) and the loaf baked
for about 6.5 minutes. D

While these temperatures and durations of the individual ·
baking phases are representative of conventional baking practice,
considerable deviations are encountered. Factors such as oven
design, weigbt or volume of product, crust character and color,
level of residual crumb moisture and others. all have a bearing on
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./
actual baking temperature and time. Product size in particular
is an important determinant of bakin'll time.~

These are only the basic processes. Each bakery employs
variations of these basic processes to suit its production
equipment, which is further varied for each individual type of
product.

2.2.2 Equipment

2.2.2.1 Mixers. Various mixinq devices are used to combine
the douqh ingredients. These devices vent inside the bakery and
are sources of minimal volatile ',orqanic compound (VOe)

emissions." ..
. ~" ' .-

2.2.2.2 FermentatioJk,fesse~~. These are typically vats in
brew processes and tubs in sponq$ processes. The yeast
reproduces here if under aerobic conditions; it qenerates carbon
dioxide 'llas, liquid ethanol, and other products if under
anaerobic conditions. The rooms housin'll these vats are humid and
warm, and are desi'llned to have minimal air chan'lles.

2.2.2.3 Intermediate Proofers. Intermediate proofers are
used to relax dou'llh pieces for 3>.1:0 12 minutes36 after dividin'll
and roundinq and before they are,'moulded into loaves.
Intermediate proofers are qenera~ly operated under ambient
co~ditions. The intermediate pr~of time is usually between 4 and

I,·,

12 minutes. 37

2.2 .2.4 Proof Boxes. proof.,;.boxes are Where some doughs are i

allowed to proof (rise) after beinq panned. The proof box is a I

relatively larqe chamber, fabric~~ed of well insulated panels and'
equipped with temperature and h~dity controls. The three basic

~ .. '.

control factors in final proofinq:, are temperature, humidity, and
time. In practice, temperatures Vithin the ran'lle of 32 to 54° C



(90 to 1300 F) and relative humidities of 60 to 90 percent a~e
encountered, with proofing temperatures of 41 to 43° e (105 to
1100 F) being most prevalent for bread doughs. 3• Onder the

influence of the elevated temperature, the yeast activity in the
dough is accelerated and the loaves expand under the increasing
pressure of carbon dioxide produced by the yeast until its
thermal death in the oven." eare is taken to minimize exhausts
from these rooms, thereby minimizing the cost of heating and.
humidifying them. Although significant voe concentrations have
been measured in proof boxes, the small flow of air through them
indicates small voe 'emissions. 40 -

"i .. - ", ._~

,. ", r '

2.2.2.5 Ovens. Large)bakeries typically operate from one to
four ovens of varying si&~, each one suited to produce certain '
types of breads, buns, rolls, and other bakery products. All'
known ovens burn natural gas, although some are equipped to burn
propane as a standby fuel. Approximately 85 to 90 percent are
directly fired41 by long ribbon burners across the width of the
oven. Indirectly fired ovens use gun burners and separate burner
and oven exhausts, allowing for the use of fuel SUch as

Idistillate oil. Indirectly fired ovens tend to be found in areas
where natural gas is not available, and often are adapted for
higher heat input after natural gas becomes available by jetting
(drilling) the fire tubes. This modified oven is sometimes
referred to as a semi-indirect-fired oven.

Generally, large commercial bakeries operate one very large
oven for baking high-volume products SUch as White and wheat I

breads. Most bakeries also have one or more smaller ovens for
producing buns, rolls, and short-run specialty breads. There are
three basic configurations of large ovens:

• Tunnel Oven: Doughs are conveyed along the length of the
oven from the front entrance to the
rear exit. Generally, the oven has two or
more exhaust stacks (see Figure 2-1).
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• Lap Oven:

1'1
II

I
~j

!:
"i

conveyor is "lapped" so that doughs are,lPoth
loaded and removed at the front of the oven,
after travelling the length of the oven and
back. Usually the oven has two or three
exhaust stacks (see Figure 2-2) .

• Spiral Oven: conveyor path is spiraled so that doughs:
circle the oven latitudinally several times.
The oven requires only a single exhaust ~tack

(see Figure 2-3).
Ovens are often equipped with a purge stack for exhausting

residual gases in the oven prior to burner ignition. The damper
for this stack is normally closed prior to baking. Emissions
from these purge stacks should be very minor, and for the
purposes of contr~ devices-a~d permitting, they will presumably
be treated in tile' same way,-::/ other minor emission sources.

Many ovens are also~~ippedwith comfort hoods on eith~

end. These devices collect air emissions from the oven that
might otherwise vent to the bakery interior. Comfort hoods that
rely on fans rather than on convection to exhaust emissions have.
a greater potential for emissions.

When an oven is first installed, it takes approximately 2
weeks to adjust it~ and balance the airflows before it is ready
for production. TurbUlence in the exhaust airflow can cause
unstable or extinguished burner flames and non-uniform lateral
heat distribution throughout the zone. This may result in
uneven, improperly baked bread with poor texture, crumb
characteristics, and flavor, as well as other undesirable
characteristics.

Some bakeries have additional baking equipment for
producing such miscellaneous items as mUffins, croutons, and
breadsticks. This equipment differs substantially from bread'
ovens and was not within the scope of this document.

2.2.2.6 Cooling Boxes. After baking, bread is conveyed to
an area.to cool. Cooling may take place either on a spiral

2-11



, .. :

i,
i '.

i : .

I', ,
, :

. ;
" :

.' i.

Purge
Stack

Front
Exhaust

Figure 2-2. Single-lap oven.

2;;'12

Rear
Exhaust

I



.~ .

Exhaust

Rgurt! 2..3,. Spiral oven.

2-13



conveyor or on a multi-tier looped conveyor suspended from the
ceilinq. coolinq conveyors mayor may not be enclosed.

2.2.2.7 packaging. After coolinq, the bread is packaqed for
shipping. Some bread products are sliced before packaging.
These processes are highly mechanized.

2.2.3 operating Parameters

The oven is separated into several temperature zones to
control the bakinq process. In the initial zones of the oven,
the loaf rises to its final volume (oven sprinq) and the yeast is
killed , halting the fermentatiorireactions. In the middle zones,
excess moisture and "'ethanol a'rEr'driven off. In the final zones,

.,.," ' I .-

the crust is browned and they"sides of the loaf become firm enough
• ,.J" ," " ,

for slicing. The bakl.nq process': is complete when the temperature
at the center of the loaf reaches approximately 90 to 94°C (194
to 201Gp'). 43

The operator can adjust the oven temperature to compensate
for differences between batches and bread varieties based on
visual inspection and experience. The temperature in each zone
is controlled by adjusting the burner 'heat output with
temperature controllers and manu~lly adjusting the exhaust
dampers. Constant temperature and laminar flow of exhaust gases
must be maintained across the width of the oven.

The entire baking process ijvery sensitive to upset. By
law, white pan bread must weigh ;t1e amount stated on the package
without exceeding 38 percent moisture."

All equipment must be extre~ely reliable to maintain high
bread quality while maintaining 4.... tiqht, continuous production
schedule. For example, panned dgugh and bread are usually
transported from one process to ~riotner, such as from baking to
cooling, by mechanical conveyor belts. A conveyor shutdown may
cause the bread in the oven to remain too lonq in the oven and to

" ,':'
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overheat. If the loaves about to go into the oven are delayed,
they may rise above the size that will fit in the bread bags.

Each process unit depends on the smooth operation of the
preceding un~t, and a breakdown in one process may affect dough
not scheduled for baking for several hours. For example, even a
minor malfunction of the bag twist-tie machine can result in the
loss of dough in the proof box. This dough cannot be baked and
stored or stored at temperatures low enough to retard proofing
because there are rarely provisions for storage at any
intermediate stage in processing. One cost of installing control
equipment on a bakery oven is the loss of production time Whilr
rebalancing the hea~flow in,_~e oven after installation of the
control equipmen't'.' ,//' , '

As bread is produced~or human consumption, bakeries are
required by health and safety regulations to maintain strict
sanitary cbnditions. In addition to daily cleaning, most
bakeries are shut down for cleaning and maintenance one or two
days per week.

2.3 AIR EMISSIONS

The major pollutants emitted from bread baking are VOC
emissions, chiefly the ethanol produced as a by-product of the
leavening process, which are precursors to the formation of
ambient ozone. Under aerobic conditions, yeast uses sugars adcled
to the dough or converts starches in the dough to sugars for
nutrients supporting the generation of new yeast cells. Oxygen
consumption during yeast reproduction produces an anaerobic
environment. Under anaerobic conditions, yeast ferments sugars,
creating carbon dioxide, ethanol, and other by-products by the :
enZYmatic conversion of sucrose ,to glucose to pyruvic acid to
acetaldehyde to ethanol. The yeast fermentation 'of 100 Ibs of I

sugar (from either added sugar or sugar converted from starch by
I

the yeast) produces 49 Ibs ethanol, 47 Ibs carbon dioxide, and :4
Ibs of glycerol, organic acids, aldehydes, and various minor
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compounds.~ These compounds are responsible for the
characteristic flavors and aromas of bread. -The e~anol formed
in the douqh is vaporized and emitted from the oven durinq the
end of the bakinq process when the internal crumb temperature
reaches the boilinq point of ethanol. Emissions of criteria
pollutants arisinq from cOmbust~on (oxides of nitroqen, oxides ofl
sulfur, and carbon monoxide) are comparatively small from the
typically natural qas-fired ovens.

A few types of bread, such as corn bread and soda bread, are
chemically leavened with baki~q powder. An acid/base reaction
releases carbon dioxide, raising the dough without ethanol
formation. However, since the trace organic flavorinq agents are
also not formed, the resultinq b~ead products taste different
from conventional breacis. .~'~

" ..

2 .-3.1 Emission Sources

The primary source of voe emissions at a bakery is the oven.
screeninq measurements taken at mixers, fermentation vessels,
comfort hoods, proof boxes, oven exhausts, cooling area exhausts,
and packaging areas suggest that greater than 90 percent of voe
emissions are from the oven.-

2.3.2 Emission stream Characteristics

,:i:

;,,~ .

Most studies of emissions f~om dough and bread have been
investiqate fla"or constitueJ:1ts,:;'~atherthan to evaluate air
pollution concerns.QM Several s~Udies, however~ have been
conducted to characterize bakery~ir emissions. They are
described below.

to

-;. -

2.3.2.1 cmpm.ercial Bakeries As a Major Source of Reactiye
Volatile Organic Gases. This stUdy, performed under an EPA
contract in 1977, represents the ·first attempt at estimatinq

~';' . ".
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ethanol emissions.~ Four loaves of bread were prepared,

fermented, and baked in a small electric oven under a tent to
capture emissions from each stage of the breadmakinq process.
Emissions were measured at 0.5 lbs ethanol per 1000 lbs bread I for
the straight dough process and 5.6 lbs ethanol per 1000 lbs b~ead

for the sponge dough process. Over 90 percent of the ethanol,was'
emitted during the baking. Several other emission factors,
ranging from 5 to 8 lbs ethanol per 1000 lbs bread, were also .
calculated from various theoretical considerations for comparison

purposes.
The dough formulas used differed considerably from standard

industry recipes in,. both relattve quantity and type of
ingredients used....." sweeteneyand yeast concentrations were both
relatively high, and a s~~dard commercial baking grade of yeast
was not used to make the test loaves •

. ,,,~o .. 1

2.3.2.2 Bay Area Air Quality Management District (BAAOMD)
Study.- This 1985-1986 stUdy entailed source testing of bakery
ovens.~ In its attempt to develop more realistic emission
factors, the BAAQMD performed at least one source test using
BAAQMO Method ST-32 on every bread, bun, and roll oven at each of
the seven large commercial bakeri~s within the Bay Area. A total
of 16 ovens were tested, with some tested several times under
different operating conditions. Source emission factors,
expressed in pounds of ethanol per thousand pounds of bread, were
calculated for each test performed. The results obtained ranged
from 0.3 to 7.0 lbs of ethanol per 10QO lbs of bread baked. Tije
reasons for this variation of ethanol emissions we;re not "
reported.

2.3.2.3 American lnst!tute of Bating lAIB) Study. This 19187
study examined the ethanol emissions data collected by the
BAAQMO. 5• The purpose of this study was to explain the wide

fluctuations in levels of ethanol measured durinqthe BAAQMD
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survey and to look for correlations in the levels measured. The
AlB was requested to study the relationship between the test
results and process parameters that. may affect emissions. The
parameters studied included yeast and sweetener concentrations,
fermentation time, type of process (sponge dough vs. straight
dough vs. brew), type of product. (white bread, buns, sourdough
bread, variety), and baking conditions (time and tempera~ure). A
linear relationship was found b$tween emissions (lbs ethanol per
1000 1bs bread) and the product of the initial yeast
concentration a~d total fermentation and proof time. The dough
process type (sponge, straight, and liquid brew) also had a small
influence •

To confirm this relationsh~p, AlB derived a mathematical
modei based on the source test data. Using the formula developed
based on this DlQt:le1'" (see paqe/l~"i&), an ethanol emission factor
.can be estimated for each.J'~ie~r.. of bread, and ethanol emissions
from an oven baking breads of tije varieties for which the formula

"'(,-

is applicable can be quantified by multiplying the product mix by
the appropriate emission factors.

2.3.2.4 South Coast Air ouality Management District CSCAQMDl
studY. This 1988 survey was initiated by the SCAQMD's RUle
Development Office to quantify ethanol emissions and determine
the number, types, and characteristics of bakery ovens operating
in the District. 52 The stUdy was. carried out using a
questionnaire designed by SCAQMQ,', ~nd distributed to bakery
operators by the newly formed S~~thern California Baker's Air
Quality Association. Informati~~ on bakery operations was
supplied by the major bakeries i~ ~e Di~trict. The quantity of
ethanol emissions reflected in apswers to the questionnaire was
estimated by the bakery owners u$,ing the AlB formula. Resu1ts
from the questionnaire indicate that there were 24 major'bakeries
operating 72 ovens in the Distric:lt. Total bread production in
the District was 446,700 tons pe~~year and total ethanol

',;.'
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emissions there were calculated as 4.1 tons per day. Average
emission rates were calculated as 2.5 lbs ethanol per 1000 lbs

bread produced.
The SCAQMD' s Emissions Inventory Unit also attempted to:.

quantify ethanol emissions generated by bread bakeries. Based on
their report, the total voe emissions from bakeries in the South
eoast Air Basin was 2442 tons per year or 9.4 tons per day.

2.3.2.5 Current study. Because of increasinq regulatory,
concern for certain constituents emitted in small quantities
(such as acetaldehyde) from bakery oven exhausts and the need to
predict total ·vee ~issions".,(~ther than just ethanol emissions)

.' .',. r

from common bak~nq paramete78'; emission data were qathered.
Sampling and analysis wa~erformed usinq EPA Test Methods lS (to
quantify total organic carbon) and 25A (to speciate the
constituents of the exhaust gas) at four typical bakeries on lS
different products with varying yeast concentrations and
fermentation times. Products sampled were selected to provide a
ranqe of yeast concentrations and fermentation 'times similar UO
the AlB study and representative of the baking industry. A
mUltiple step-wise linear regression was performed on the proQess
parameters and emission rates. The resultinq data is summari~'ed

in Appendix B, and indicates that total vee from bakery ovens can
i

best be described as:

vee E.F. = 0.95Y j + O.195tj - 0.515 - 0.S6t, + 1.90
where

vee E.F. = pounds vee per ton of baked bread
Yj = initial baker's percent of yeast to the nearest t~th

of a percent
t j = total yeast action time in hours to the nearest tenth

of an hour
S - final (spike) baker's percent of yeast to the nearest

tenth of a percent
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voe Emissions tons/yr = VOC:E.F. x BP x k

t. = spikinq time in hours to the nearest tenth of an
hour

Although it appears that by chanqinq a bread formula and

increasing the amount of final yeast (S), it would be possible to
obtain low or even a negative value for voe emission estimates, a
product of high quality would not be produced." Where no final
yeast is added, the formula condenses to:

voe E.F. =- 0.95Yi + 0.195t; + 1.90

This predictive equation can be used for quantifying voe
emissions from bakery' ovens;."'~ ~ baker knows the yeast. , ,

concentrations and yeast. a~n times tor each variety baked.
Those values can be inse~d int~ this equation and pounds of voe
per ton of bread baked can be ·calculated. This number is
multiplied'by the tons of bread baked durinq a qiven time period,
and the product is pounds of VOCemitted from the Oven for that
Particular product for the qiven time period (typically per
year). The followinq equation demonstrates this calculation:

where

voe E.F. = lbs voe emissions/ton of bread-produced
BP == bread production in ton~/yr

k == conversion constant (tony2000lb)

2.3.2.6 Other StUdies. Numerous other studies of bread
emissions or constituents have be~n performed'but are primarily
qualitative. These inclUde Rothe~54 Wiseblatt and Kohn,"

··c·

Hironaka," El-Samahy,57 HakuljUkow~;~1 Harkova," and others. These
. . ~. .

works discuss the relat.ive affect~"of baking parameters SUch as
proof temPerat.ure and baking time,'),on ratios of aldehydes to
al~ohols and other similar relatidnships. While of interest in

1
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efforts directed at narrowing the range o~ species for which to
analyze and minimize emissions throuqh process mOdification,
these studies relate only slightly to the quantification and
control of total voe emissions from bakery ovens.

2.4 SUMMARY OF CURRENT AIR EMISSION REGULATIONS

2.4.1 BAAOMP

BAAQMD in 1989 adopted Regulation 8 RUle 42 (Appendix 0),
effective January 1, 1992, requiring 90 perqent reduction of

iethanol emissions from large.C\Ommercial bakeries. The requla1;:ion
exempts chemica!lYleavened~~edgoods; miscellaneous baked
goods such as croutons, mfffins, crackers, and breadsticks;
bakeries producing less than 100,000 lbs per day of bread,
averaged ~onthly; and ovens emitting less than 150 lbs per day of
ethanol. Ovens operatinq before January 1, 1988, are exempt if
they emit no more than 250 lbs per day of ethanol. Emissions are
estimated using the AlB formula and measured using BAAQMD Method
ST-32.

2.4.2 SCAOMD

SCAQ~ in 1990 adopted RUle '1153 - Commercial Bakery ~ve1's
regulating voe emissions from bakery ovens with a rated heat
input capacity of 2 million BTU per hour or more (Appendix E).
The rule requires 95· percent reduction of voe emissions by
JUly 1, 1992, from new ovens emitting more than 50 lbs per day of
vae, 95 percent reduction of vae emissions by July 1, 1994, from
ovens operating before January 1, 1991, that emit 100 or more :ibs
of voe per day, and 70 percent reduction ofVOe emissions by JUly
1, 1993, from ovens operatinq before January 1, 1991, that emit
between 50 and 100 Ibs vae per day. Emissions are estimated
using the AlB formUla and measured using EPA Test Method 25, or
SCAQMD Test Method 25.1.
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2.4.3 New Jersgy

The state of New Jersey regulates VOC emissions from
bakeries accordinq to the New Jersey Administrative Code Title 7
Chapter 27 Subchapter 16.6 "Source Operations other than Storaqe
Tanks, Transfers, Open Top Tanks, Surface Cleaners, Surface
Coaters and Graphic Arts Operations." This rule limits VOC
emissions to between 3.5 and 15 lbs per hr. Emissions estimates
and measurement are by approved methods.

2.4.4 Other Areas

Several other State and local agencies regulate one or more
v. ~'.... "} .'.:"

of the constituents Ofbake2.'oV:F!n emissions under a general
approach such as the regu)tBtionpf hazardous air pollutants. In
the state of washington, The Puqet Sound Air Pollution Control
Aqency lim1ts ethanol emissions to levels that will not cause
ambient concentrations greater than 6000 uq/~.~ Compliance
determination is by ambient modelinq. The state of North
Carolina limits acetaldehyde emi~sions to levels that will not
cause ambient concentrations qreater than 27 mq/~.61 This type
of standard is not known to have been used to require emission
reductions by a control device a~ a bakerY.

2.4.5 Prevention of Significant Deterioration

Areas in attainment with Na~ional Ambient Air Quality
Standards (NAAQS) and suDject to'prevention of significant
~eterioration (PSD) regulations t,ypically evaluate significant
increases in emissions of voe frdm a modification to an existinq
,bakery or a new bakery (to the eX1:entthat either is considered a
major PSD source, i.e., 250 tons per year) by using either the
AIB formula or a source te~t qenefated at a similar facility •

2-2,2
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Under PSD, the level of significance is a 40 tons per year (tpy)
increase.

2.4.6 New Source Review

Areas in nonattainment with ozone NAAQS and subject to new
source review (NSR) regulations typically evaluate increased
emissions of vee from a significant modification to -an existing
bakery or a new bakery by using either the AIB formula' or a
source test generated at a similar facility. Under NSR, the
level of significance is a 40 tpy increase in areas classified as
marginal or moder~te. Hodifipations in areas classified as
serious, severe";'o'r extrem,./~e subject to more stringent levels
for determining a siqnif~ant emissions increase. While not the
subject of this document, the EPA is developing quidance as to
how this 'review will be implemented. The major source cutoff for
new sources ranges from 100 tons per year in an area classified
as marginal ozone nonattainment to 10 tons per year in an a~ea

classified as extreme ozone nonattainment. Several bakeries,
including an existing bakery in Atlanta, GA, and a new bakery in
Denver, PA, have been required to install voe emission control
devices as a result of NSR regulations.

2.4.7 Monitoring and Enforceability

Careful record-keeping by any source of air emissions is
essential to the determination of compliance for that source.
This is particularly true of vee sources since the ozone standard
related to vee emissions is of short duration compared to other
criteria pollutants. Continuous emission monitoring (CEM) is one
method used to record emission rates. However, other
alternatives are available that may be less burdensome. These
include but are not limited to permit limits based on verifiable
quantities, temperature increase across catalysts, hot wire
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thermistors, and various flow-based alt.rnatives to classical
CEK.

i
l

j

j
.~

-j

"',. ~''''''---''l'

....
:/,.

".'.:1

~ . ','



1.

2.5 REFERENCES

Gorman Publishing. Gorman Red Book, 1991. Chicago. February
1992. p. 18.

2. Ref. 1, pp. 24-29.

3. Ref. 1, pp. 24-29.

4. Ref. 1, pp. 24-29.

5. Ref. 1, pp. 24-29.

6. Food Survey Pinpoints Consumer's Bakery Buyinq Habits.
Bakery. p. 20. September, 1991. p. 20.

Ref. 1 , P • 30 •

7.

8.

Anonymous. Per Capita Bread Consumption
Percent tJ1rough •96. Knl'~nq and Baking
1991. p. 1." /,F

/"

to Increase 2
News. January 15,

9. Pyle:r,.1'" E. J., Bakinq Science &: Technology, Sosland
Publishing Company. Volume II, 1988. p. 590

10. Ref. 9, p. 591.

11. Ref. 9, p. 595.

12. Ref. 9, p. 596.

13. Ref. 9, p. 651.

14. Ref. 9, p. 653.

15. Ref. 9, p. 592.

16. Ref. 9, p. 593.

17. Ref. 9, p. 683.

18. Ref. 9, p. 684.

19. Ref. 9, p. 683.

20. Ref. 9, p. 684.

21. Ref. 9, p. 687.

22. Ref. 9, p. 686.

23. Ref. 9, p. 687.

2-25



1
~~. :

:'~' .

2.5 References (continued)

24. Ref. 9, p. 699.

25. Ref. 9, p. 700.

26. Ref·. 9, p. 703.

27. Ref. 9, p. 704.

28. Ref. 9, p. 706.

29. Ref. 9, pp. 709-718.

30. Ref. 9, pp. 718-719.

31. Ref. 9, pp. 719-723.

32. Ref. 9, p. 733.
... ~' ... "1

33.: Ref. 9, p. "41.
34. Ref. 9, p. 742.

35. Parrish, c. Radian Corporation. Site survey at FOX/Holsum
bakery. February 28, 1992.

36. Letter from Anne GieseCke, ABA to Martha, Smith, EPA.
October, 20, 1992.

37. Ref. 36.

38. Ref. 9, p. 731.

39. Ref. 36.

40. Ref. 35.

41. Telecon. Sanford, W., RTI,W:ith Lanham, W., Lanham Bakery
Solutions. May 5, 1992., Dir~ct and indirect firinq of bakery
ovens.

Ref. 36.

Ref. 36.

Ref. 36. . '.: ..
".: ::~,;:::

42.

43.

44.

45. Sanderson, G., G. Reed, B. ~ruinsma, and E. J. Cooper. Yeast
Fermentation in Bread Bakin~~American Institute of Bakinq
Technical BUlletin. Manhattepi, Kansas. V.12:4. December
1983.

;- ..,



"i "

',j "

,~ "

~ ~

"

•

2.5 References (Continued)

46. Ref. 35.

47. Rothe, M. Aroma von Brot. Berlin, Akademie-Verlag. 1974. iPP.
10-14.

'J "

48. wiseblatt, L., F. E. Kohn. Some Volatile Aromatic CompoUnds
in Fresh Bread. Washington, D.C. Presented at 44th annual
meeting of the Quartermaster Food and container Institute
for the Armed Forces. Washington, D.C. May 1959. pp. 55-66.

49. Henderson, D. Commercial Bakeries as a Major Source of
Reactive Volatile Organic Gases. u.S. Environmental
Protection Agency. San Francisco. December 1977. 18 pp.

Report for
Large Commerci~l

District. San '

eutino, J., s .... OWen • Tec:luJical Assessment
Regulation a..,' RUle 42-o,~..9anic Compounds ­
Bakeries. Bay Area Ai~jQuality Management
Francisco. July 27,1'f'89. 34 pp.

51. Stitley, J. W., K. E. Kemp, B. G. Kyle, and K. KUlp. Bak~~

Oven Ethanol Emissions - Experimental and Plant survey
Results. American Institute of Baking. Manhattan, Kansas.
December 1987.

50.

52. South Coast Air Quality Management District. Rule 1153 ­
Commercial Bakery Ovens. El Monte. November 26, 1990.

53. Doerry, WUlf T., American Institute of Baking, to Giesecke,
A., American Bakers Association. October 8,1992. Proposed
predictive formula.

54. Ref. 47.

55. Ref. 48.

56. Hironaka, Y. Effects of Fermentation Conditions on Flavout
SUbstances in French Bread Produced by the straight Dough
Method. Journal of Japanese Society of Food Science and
Technology (Yamaguchi, Japan). 1985.

57. El-Samahy, S. K. Aroma of Egyptian "Baladi" B~ea:'d. Getreicle,
Mehl-und-Brot. Zagazig, Egypt. 1981.

58. Maklyukov, V. I. Influence of Various Baking Methods on the
Quality of Bread. Baecker-und-Konditor. Moscow. 1982.

,59. Markova, J. Non-enzYmic Browning Reaction in Cereal
Products. Sbornik-Vysoke-Skoly-Chemcko-Technologicke-V­
Praze. Praque. 1972.

2-27



. ..

',~ "
,; /

2.5 References (Continued)

60. Telecon. Sanford, W., RTI, with Pait, J., Puqet Sound Air
Pollution Control Agency. February'7, 1992. Bakery.
requlations.

61. North Carolina Administrative Code Title lSA Chapter 2
Subchapter 2D.1104 •

.... ~""1,
;/'

/'

L
i
"

•J
j,

.;'""" .'.
: .' -~-,': '.:' '.



J ,I
"

'" :

'.<. "

'"j

/1

,"

.,1,;

j

,:.'

1
:.1
1

[
1
;~

3.0 VOC EMISSION CONTROL DEVICES

Control technologies such as thermal oxidation, catalytic
oxidation, carbon adsorption, scrubbing, condensation,
biofiltration, and process changes were considered for reducing
VOC emissions from commercial bakery ovens. Devices under
development or not demonstrated were not considered, although
some show promise for the future.

This chapter describes emission control techniques

potentially apPli~~ble to ~Q~ from bakeries and identifies ~e

control techniques to be e~Iuated in Chapter 4.0. These control
techniques are grouped .ytto two broad categories: combustion
control devices and noncombustion control devices.

3.1 COMBUSTION CONTROL DEVICES

3.1.1 Direct Flame Thermal Oxidation

3.1.1.1 Control Description. Direct flame thermal
oxidation, also called thermal OXidation, is the process of
burning organic vapors in a separate combustion chamber. One
type of thermal oxidizer consists of a refractory-lined chamber
containing one or more discrete burners that premix the organic
vapor gas stream with the combustion air and any required
supplemental fuel. A second type of oxidizer uses a plate-type
burner firing natural gas to produce a flame zone through Which
the organic vapor gas stream passes. Supplemental fuel,
generally natural gas, may be added to the bakery oven exhau$t to
make the mixture combustible if the oven exhaust has a heatimq
value of less than 1.9 MJ1m3 (50 BtuIft3) , I as is usually the case
in bakery ovens. Supplemental fuel' consumption can be minimized

3-1



by installing a heat exchanger to recover heat from the exhaust
gas to preheat the incoming gas.

Thermal oxidizer exhaust gas is mainly carbon dioxide and
wat.er. Good design and operation limit unburned hydrocarbons and
carbon monoxide emissions to very low levels. These desiqn
considerations include residence time, temperature, and
turbulence in the oxidizer chamber.

3.1.1.2 Effectiveness and Agglicability of Thermal oxidation
to Bakery Ovens. Oxidizers are most effective at controlling
exhaust streams with relatively high concentrations of organics.
When the oxidizer t.emperature is maintained at 870.ac (1600~)

and a residence time of 0.75 seconds, over 98 percent of the
, ... ' ~"" '1',
unhalogenated orqa-nic compoun¥'in the was'te stream can be
converted to carbon dioxi~~"nd,water.U Although voe
concentrations in' bakery exhausti can fluctuate, a thermal
oxidizer can,):)e desiqned to aChieve reduction efficiency greater
than 98 percent. 7

Although effective at voe removal, the high cost of
supplemental fuel for thermal oxidizers usually makes some fOrlll

of heat recovery desirable in applications having gas exhaust
with heating values similar to bekery ovens. Thermal oxidation
is a technically feasible but relatively expensive technique for
the control of v~C emissions ·from bakery ovens and was not
evaluated in Chapter 4.

3.1.2 Regeneratiye Oxidation

3.1.2.1 control Description. , Regenerative thermal oxidation
is a variant of 'thermal oxidation (see Figure 3-1). The inlet
gas first passes 1:hrouqh a hot· cB,t-amic be~ thereby heating the
stream (and cooling the bed) to its ignition temperature. If the
desired temperature is not attain~ble, a small amount of
auxiliary fuel is added in the coitbustion chamber. The hot gases

1
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then react (releasinq energy) in the combustion chamber and Whilt
passinq throuqh another ceramic bed, thereby heatinq it to the
combustion chamber outlet temperature. The process flows are !

then switched, now feedinq the inlet stream to the hot bed. Thi
cyclic process affords very hiqh energy recovery (up to 95%).

Reqenerative thermal oxidizers are available with either
sinqle or multiple beds. When a sinqle bed is employed, the bed
is used both as a COmbustion chamber and a reqenerative heat­
recovery exchanqer. Combustion of the air pollutant occurs in
the midsection of the sinqle ceramic bed. When the multiple beds
are used, the combustion chamber is separate from the heat
transfer beds and is equipped with a burner to provide
supplemental heat w~en needed •

... " ~'"'' '1

3.1.2.2 Ef'fectiyeness,at1d Applicability of Regenerative
J

Oxidizers to Bakery Ovent: VOC reduction efficiencies qreater
than 98 percent are aChievable.' Reqenerative oxidizers are a
feasible ""control technique for control of VOC 'from bakery ovens,
and one is installed at a bakery in the United States. The cost
effectiveness of a reqenerative oxidizer is evaluated in Chapter
4.

3.1.3 Catalytic Oxidation

3.1.3.1 Control DeScription. A catalytic oXidizer is
similar to a thermal oxidizer ~eept that combustion of the
exhaust gas takes place in the presence of a catalyst (see Figure
3-2). This al~ows the oxidizer to be operated at lower
temperat~es, ranqinq from 320 to 650°C (600 to 1200 ~),9

conseqUently reducinq NO~ formation, supplemental fuel
' .
consumption, and associated operatinq costs. Temperatures below
this ranqe slow the OXidation reactions resultinq in lower
destruction efficiencies. Tempe~atures above this ranqecan

."/'

cause premature catalyst failure. Where catalytic oxidation of
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vapor streams with a high organic content can produce
temperatures above 650 OC (1200 OF), catalytic oxidizers can be
suitable after dilution of those streams with fresh air.

Catalysts are typically composed of a porous inert substrate
_plated with metal alloy containing platinum, palladium, copper,
chromium, or cobalt, and require an extremely clean exhaust
stream. In early bakery applications, there was some concern
that trace compounds and fine particulates may foul the catalyst,
reducing the efficiency. However, a catalytic oxidizer installed
in 1987 on a large bakery oven in the Bay Area has been running
trouble-free- for five years. 10 Although no test results are
available at this time, advances in catalyst technology may
eliminate the need for a preburner, thereby lowering costs. At
least one bakery is currently evaluating such a system. ll

. ~_ .. ' '...·l .
., ~. .,

.,~ , .

3.1.3.2 Effectiveness ~'APPlicabilityof catalytic
Oxidizers to Bakery 'ovens:"'" VOC :reduction efficiencies greater

'than 98 percent are achievable. 12.13 Catalytic oxidation is,
considered to be technically and economically feasible. Of the
23 known ,existing oxidizers on bakery ovens, 21 are of a
catalytic design. 14

3.2 NONCOMBUSTION CONTROL DEVICES

3.2.1 Carbon Adsorption.

3.2.1.1 Control Description. A carbon adsorption unit
consists of one or more beds of activated carbon, which adsorb
organic compounds from the exhau~t stream. The organic ~apors

adhere to the large surface area.and when 'the bed becomes
saturated, steam is passed through it to regenerate the carbon.
The steam/organic vapor mix is th~n condensed and"either sent for
disposal or distilled to recover the organic compounds.

,.~
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3.2.2 Scrubbing
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3.2.1.2 Effectiveness and Applicability of Carbon Adsorp~ion

to Bakery Ovens. Carbon adsorption is very effective in removing
low concentrations of voe, with efficiencies greater than 95
percent. However, there are several problems with adapting this
technoloqy to a bakery oven. Ethanol, the primary organic galS in
oven exhaust, has a high affinity for carbon and is difficult' to. "

strip from the carbon beds. Incomplete stripping lowers bed
capacity and reduces abatement efficiency. Fats and oils in the
exhaust may clog the carbon pores, reducing capacity and bed
life. The resulting ethanol/water mixture would require further
treatment and disposal. Because of these problems, carbon
adsorption is not considered for reduction of VOC emissions from

~,--""-"1

bakery ovens. ,." / "

~.,

3.2.2.1 Control Description. Scrubbing is the absorption of
gaseous pollutants by liquid. In a packed tower scrubber, a fine
water mist is sprayed countercurrent to the exhaust flow in the
presence of packing material with a large surface area to
maximize liquid/gas mixing. Soluble organic compounds are
absorbed by the water and the water/organics mixture is either
treated for recovery of the organics or sent for disposal.

3.2.2.2 Effectiveness and ApPlicability of Scrubbing to
Bakery Ovens. Since ethanol is readily soluble in water"
scrubbers are technically feasible as a control device for voe
removal in-some' applications. SUbstantial quantities of water
would be required to handle the exhaust gas from bakery ovens:
that would either present a massive wastewater disposal problem
or require the installation of large-scale wastewate~ treatment
that does not simply release the ethanol to the ambient air Or
cause other cross-media emissions transfer, or ethanol recove~

equipment. Due to the high costs of wastewater treatment and

3-7
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ethanol recovery, scrubbing is not considered feasible as a
technique for VOC reduction from bakery ovens.

3.2.3 Condensation

3.2.3.1 control Description. Condensation is the process by

which pollutants are removed by cooling the qases below the dew
point of the contaminants, causinq them to condense. Two types
of condensation devices are s~face condensers and contact
condensers.

Surface condensers are generally of a shell-and-tube design
in which the coolant (usually w~ter) and vapor phases are
separated by the tube wall and do not contact each other.

contact condeJ'1!5ers, coof""v~~ors by sprayinq a',relatively cold
liquid into the gas stream~h~y are generally more efficient,
inexpensive, and flexible"than:'$urface condensers, but typically
produce large amounts of wastewater if the condensate cannot be
recycled, ~~d therefore, are not considered appropriate for
bakeries.

3.2.3.2 Effectiveness and Applicability of Condensation to
Bakery OVens. Condensing the voe gas stream emitted by baking
would require freon-chilled coils to cool a very wet gas stream
from 120 to 10°C (250 to 50 lip). Water would freeze on the
coils, insulating them,ther~byreducinq"the abatement efficiency
of the system. Fats and oils w~l1ld condense more readily,
exacerbating any potential sanitation problems in the ductwork.
However" the resulting condensed' liquid.: would': present a disposal
problem. Condensers are ~sually"associatedwith airflows less
than 2,000 ft3/min,15 ancl most older ovens are operated at
substantially hiqher airflows. Condensation is not considered a.
technically feasible option for controlling voe emissions from
bakeries because most ovens are·. bperated at an airflow hiqher
than desirable for condensers, the cost of refriqeration is hiqh,



the value of the vee recovered is low, and the potential for
wastewater disposal problem is high. Condensers have been no~

been demonstrated to be effective vec control devices on bake~

OVf.!ns.

3.2.4 Biofiltration

3.2.4.1 control Description. Biofilters are a relatively
new, unproven technoloqy, used in Europe for odor control and in
the United states on processes (such as yeast production) which
discharge gases at near ambient temperature. 16 The exhaust stlfesm

is passed through ~"bed of-seil, which absorbs the organic i

compounds. M1crEorganisms ~~allY present in the soil break
down the organics into ca~on dioxide and water. The beds must
be monitored and kept damp to prevent crackinq or insult to the
microorqariIsms. This system appears to have several advantaqes
not offered by other control options. The capital costs are low
enouqh to permit the installation of separate beds for each s~ack

of a multi-stack oven. This avoids any flOW-balance problems and
minimizes the expense of additional ductinq. Annual operating:
expenses are minimal, and inclUde minor bed maintenance and
electricity for the exhaust fan. only.

3.2.4.2 Effectiveness and Applicability of Biofiltration to
Bakery Ovens. Because the qas stream temperature. from a bakery
oven is higher than the temperature which soil microorganisms can
tolerate, biofiltration has not been demonstrated to be a
feasible control technique for bakery ovens. Even if this
temperature problem were solved by cooling the gas stream (bY
scrubbing, for example), the wastewater and fats condensation
problems' associated with most cooling strategies are siqnific~nt,

and sufficient space for these soil beds-is unavailable at ma~
bakeries in the United states. The effectiveness of '

biofiltration as a technique fbr vee reduction from bakery ov~s



is not known. Therefore, biofiltration is not considered in
Chapter 4.

3.2.5 Process and FOrmulation Changes

3.2.5.1 Control Description. The AlB study demonstrated
that shorter fermentation and lower yeast percentages'do reduce
the amount of ethanol emitted. However, these changes also
af~ect the taste, texture, and quality of the finished product.
It is not known if comparable products can be produced using low­
ethanol formulations.

By substituting chemical leavening (bakinq powder) for the
yeast, bakers can produce breadwitho)1t any ethanol formation or
emissions. Exa~plEas'o'f su~I~re~dS include corn bread and Irish
soda bread. However, by ~1minating the fermentation reactions,
the chemical leavening proctass also prevents formation of the
various ag~nts responsible for the flavors and aromas of
conventional yeast-leavened bread. Chemically leavened breads
have their own distinct flavor which may not be acceptable to
consumers as a sUbstitute.

Much research has been done to find ways to enhance the
flavor of bread prepared with short fermentation time,n but none
has been successful. II. A major yeast manufacturer is currently
testing an additive intended to shorten fermentation time and
thereby lower voe emissions,19 bU1:: initial tests have not provided
consistently acceptable products~20

3.2.5.2 iffectiveness and Agl'licabil.itv of Prgcess and
FOrmulation Changes to Bakery Ovens. Process and formulation
changes can be effective in reducing or nearly eli~inating VOC
emissions from bakery ovens. Ho~~ver, no modified yeast,
additive, ~r enzyme that lowers foe emissions has been
demonstrated to provide taste acj~ptable.. 1:0 .the baking industry
and consumers in the United stat~s. Although future prospects

'.~..."'~~<....
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are promisinq, process and formulation chanqes are not curren~ly

feasible as a means of sUbstantially reducinq bakery voe
emissions.

... ",.­
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4.0 IMPACT ANALYSIS OF ALTERN~TIVE CONTROL TECHNIQUES

This chapter presents the cost effectiveness of various
control strateqies based on a set of model bakinq lines. This'
approach identifies a range of oven sizes and dough formulas
typical for the industry and derives VOC emissions and the
resultinq costs of control for an oven. Of tpe control methods
described in Chapter 3.0, oxidation is the most feasible and
widely used, and the control devices selected for cost analysit

are catalyti~ ~~d.:~9,:t!nerati~..-fxidizers. The cost anal~s~s w1s
performed uSJ.nq bhe OAQPS co~rol Cost Manual, Fourth EdJ.tJ.on. 11

Exam~le calculations are !pvAppendix C. .
Because the parameters affecting bakery oven emissions va~y,

a ranqe of-parameters such as yeast concentration, proofing time,
oven heat input, and air flow were used, and the resulting values
for cost per ton of voe removed and oven heat in~ut and air flow
are displayed as summary graphs.

4.1 MODEL OVENS AND voe EMISSIONS

Due to the number of bakery ovens and wide variation in
process parameters affecting emissions, models were used to
represent typical baking lines. The models are not intended to
represent all bakeries, nor any specific bakery, but rather to
summarize the ranqe of process parameters encountered at
commercial bakeries in current operation. Nine different size
ovens and three different dough formulas we~e used in the
modelin9~ This approach provides 27 different representative
model baking lines for analysis (see Table 4-1). The paramete~

chosen are optimized in some respects and may not reflect the !

mode of operation of some bakeries. For instance, many bakerie~
do not operate 24 hours per day, their schedule being driven by
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TABLE ~1. MODEL OVENS

..

BnlId lllitW , spike Y Ac:dcIa 3pib voe~ vee
c.. O¥=Sia PracIucIian YaI& Yelit TillIe 'I'm. F-aor Emissicasb

N~. 1r/8Tt1/br Ct9Iyr,a m (S) (ti) (a) Ob!f!an) (teIyr)

I 2 5._ 1.25 0 IS 0 4.4 13
2 3 1,654 US 0 1.63 0 4.4 19

i 3 4 11.53' 1.25 0 1.63 0 4.4 254 5 14423 2.25 0 1.63 0 4.4 32
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'1.. I' ,.
". ?'10 2 5.769 CJ.5 5.67 1.3, 5.4 16

II 3 "e4 -"'-4 0.5 5.67 U, SA 23
12 4 11.53' .. 0.5 5.67 1.31 5." 31
13 ,..,..... ' 5 14.4ZJ 4 0.5 5.67 1.3, 5.4 39
14 6 17.301 4 0.5 5.67 1.3, 5.4 47
15 7 20.1'% 4 0.5 5.67 1.3, 5.4 55
16 ,

23JI77 .. 0.5 5.67 1.3' 5.4 62
17 9 25,9Q .. o.s 5.67 1.31 5.4 70
\I 10 21,146 4 0.5 5.67 1.31 5.4 71

19 2 5.769 4.25 0 5.15 0 6.9 20
20 3 1,654 4.25 0 5.15 0 6.9 30
21 4 II"", 4.2S 0 5.15 0 6.9 40
22 5 14423 4.2S 0

'. ~:
5.105 0 6.9 SO

23 6 17.301 4.25 0 5.15 0 6.9 60
24 7 2D,192 4.25 0 5.15 0 U 70
25 1 23.077 4.25 0 ',' 5.15 0 6.9 10
26 9 25.962 4.25 0 5.15 0 6.9 90n 10 2s.a46 4.25 0 5.15 0 6.9 100

•~ 520 Blt1IIbbrad lIIIIi 6000 bri)'rpnxluctiGft
•~ aIcuIawiI &am prlIdiajve faIada
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orders, holidays, and seasonal variations. In the case of
bakeries operatinq less than 24 hours per day, the decrease in
hours means a decrease in emissions, but since the control de~ice

need not be operated when the oven is not bakinq, fuel and other
operatinq costs are also reduced. Selection of the bakery
process parameters is discussed below.

4.1.1 vee Emission Factors

In the absence of sPecific source tests, the emission of
VOC's from bakery ovens is best described by a formula relatinr
yeast concentration~~nd.tot~~~ast action.times (mixinq, I

proofing, floor, "'ltd ferment~ion times) to VOC emissions as
described in Chapter 2.0./~ccordinq to this study and the AlB
study on bakery oven ethanol emissions,2 parameters such as douqh
type (sponge, straiqht, brew), suqar concentration in the dough,
oven type, and bread type do not appreciably affect voe
emissions. In this study four bakeries were tested. The
bakeries were chosen to test a wide variety of products
indicative of the ranqe in the industry. In this model, values
for initial yeast (~), total yeast action time (~), final yeast
(S), and spikinqtime (t.) that are known to result in a

marketable product were chosen. These values reflect the ran9~
iof values found in the douqhformulas that were tested in this!

stUdy and, therefore, represent a reasonable range of the
industry.

4.1.2 even- Type and Number of stacks

Model ovens were assumed to be directly fired by natural gas
and have only one stack. Because indirectly fired Ovens make ~

Ia small portion of the known ovens, they are not considered.
Since the products of combustion would presumably not enter th1
control device in indirectly fired ovens, the flow rate to thei
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control device for indirectly fired ovens would be lower and the
control device may be smaller, lowering control costs. Oven
desiqn (spiral, tunnel, tray) is not thought to affect emis~ion
levels.'

Because adjustments to exhaust stack dampers in a multi- ,
stack oven will change the air;;flow distribution and, therefore, I
the distribution of emissions from individual stacks, the need tJ
treat the exhaust from one or more stacks must be examined on a
case-by-case basis. 4 Such a si~e~specific engineering analysis
is beyond the scope of this document. The analysis in this
chapter assumes that each contr9l technology would require an
exhaust system ducting sUfficient stacks in mUlti-stack ovens

through a single ~,~.num t~~'lCO!trbl device, in order to achieve
the required'level of 'emis~dn teduction. An estimate for the
increased capital cost o~additt~nal stacks is $40,000 per

..Y" "'~'stack.' '

4.1.3 Oven Heat Input

OVen heat inputs from 2 to
i
l0 MBtu/hr were selected in

increments of 1 MBtu/hr. ,This ill representative of the range of
heat inputs for commercial bakery ovens. This analysis assumes a
linear relationship betwetan heat input, oven airflow, and bread
production, and Uses heat input,:,as the independent variable;
however, the physical quantity aetually most affecting control
device cost is airflow.

4.1.4 Oven Operating Time

All ovens were assumed to operate 24 hours per day, five
days a week (6000 hours per year)! and represents common practice
in the commercial baking indus~•

4-4
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4.1.5 Control Devices

Of the approximately 23 ovens currently controlled, 21 use
catalytic oxidizers, one uses a thermal oxidizer, and one use~ a
regenerative oxidizer.? Cost effectiveness analyses were
generated for catalytic and regenerative oxidizers.

4.1.6 FlOW Rates

Flow rates are estimated by the same mathematical model used
by the SCAQMD. 8 Flow rates are calculated as a function of h~at

input. Assumillg 7 ~,7' ~lb ai~'Ufed in combustinq 10,000 Btu of!
. ,", I " ,

natural qas, 11~'percentth,ereticalair as supplied, O.OSOS Ib
air per cubic feet,' and~dinq the resulting value to the 10
percent moisture10 potentially evaporated from, the White bread,
dough, flow'rates can be calculated. 1I The percent moisture loss
will vary for other products. The values so derived were doubled
to compensat~ for the increase in t"emperature and moisture. 12

4.1.7 Bread Production

Bread production is assumed to be

'input. The common design value of 520
used13 (see Table 4-1).

4.1.S DestructignEfficiency

a linear function of h~at

Btu per pound of bread lis
I

A destruction efficiency ~f 9S per cent is assumed,
consist~nt with EPA policy.14 The EPA policy maintains that 9S:
percent destruction efficiency is reasonable for oxidation ba~~d

on the results of emission tests at incinerators in several
industries. Certain existing control devices may have been
designed for a ,lower control efficiency, such as 95 per cent.
,state or local agencies considerinq control of bakery voe

4-5
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emissions should consider allowinq facilities to continue to use
these devices rather than requirinq immediate replacement.

4.2 COSTING METHODOLOGY GENERAL ASStlMPTIONS

The followinq assumptions were made in estimatinq control
costs:

• All costs are presented in 1991 dollars;
• The factor method used is nominally accurate to within± 30 per cent;
• The site is readily accessible by rail or road;
• Control devices are dedicated tosinqle ovens (oneoXidizer per oven);
• Costs of cOmbininq mUltiple stacks are not included;
• There is no salvaqe value" for the used control equipment

at the end of its s~:r;vicei',life;
• No site pre:p~tlon.o~'qli:Yi1 enqineerinq cost other than

the amoUn'C'''allowed ~~~e OAQPS Control Cost Manual is
included (site-spec~c c,()sts such as roof reinforcementis not included); and' '.

• Utilities are available at the site.
.' ,~ , "''''-

4.3 COST ANALYSIS

Tables 4-2a and 4-2b summarize the parameters, total capital
investment, utility costs, and total annual cost used in the cQst
analyses for catalytic and reqe~erative oxidization.

4.4 COST EFFECTIVENESS

Tables 4-3a and 4-3b summarize the cost-effectiveness of
catalytic and reqenerative oXidation as control technoloqies for
bakeries. As reflected in the tables, the teChnoloqies become

'more cost-effective as the size of the oven increases. The cost
of control decreases per ton of V9C removed and per pound of
bread produced as the oven size (ind therefore, production

(capacity) increases.,:/

Figures 4-1 and 4-2qraphically summarize the relative oost­
effectiveness-of catalytic andreqenerative OXidation. The

4-6
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TABLE 4-2& COST OF CATAtmc OXIDATION-
Total Capital ital

Case Investment Natural Gas Usage BlectricityUsage ADn.,.u Cost
No. ($) (sefiD) (5iyr) (kWb/yr) (S/yr) (§'Yr)

I 584,000 1.5 51,800 11,000 $700 536,000
2 5106,000 2.3 $2.,700 16,500 51,000 $42,009
3 5124,000 3.0 $3,600 ~ooo 51,300 547,000
4 S14O,000 3.8 S4,500 27,600 51,600 552,000
5 5155,000 4.6 55,400 33,100 $2,000 556,000
6 5169,000 "'",,, . 5~3 S6,JOO'1 38,600 $2,300 560.000F
7 5182,000 ".' c·

6.1 ;;' 44,100 $2,600 563.000
8 5194,000 6.8 , 00 49~600 $2,900 568.000
9 5206,000 7.6 ~,59,ooo 55,100 $3,300 $12,000

10 .' ····S8"4,000 1.2 51,400 11,000 $700 536,000
11 5106,000 1.8 $2,100 16,500 51,000 $41~OOO
12 5124,000 2.3 52,800 22,000 51,300 ~OOO
13 5140,000 2.9 SJ,500 27,500 51,600 551.000
14 5155,000 3.5 54,200 33,100 52,000 555~OOO
IS 5169,000 4.1 $4,900 38,600 52,300 559,000
16 5182,000 4.7 55.600 44,100 ' 52,600 563;000
17 5194,000 5.3 56,300 49.600 52,900 567,000
18 S206.000 5.9 S7,ooo 55,100 S3.300 $70.000

19 S84.000 0.7 S800 11,000 $600 S3Sr20 SI06,Ooo 0.9 SI,IOO 16,soo 51.000 $40 00
21 S124.oo0 1.2 51,500 22,000 SI,3oo $4500022 S14O,000 1.5 SI,800 27,500 51.600 S49POO23 S155.000 1.9 52,200 33,000 SI,900 S53~OOO
24 S169.0oo 2.2 S2,600 38,500 S2,3oo, 557.0002S S182,000 2.S 52.900 44,000 $2.,600 . S60~00026 S194,000 2.8 $3,300 49,500 SUOO 564.00027 S205,Ooo 3.1 $3.700 55.000 53,200 $67 0
• Costs in this table arc in 1988 dollars. Total Capital Investment can be multiplied by 1.06 to ret1ect 1992 doll

For updating Total Annual Costs, current utility rates'should be verified with utility compaDies and the appropri.
COJTeCtion applied. The additiODB1 cost for more thaD ODe stack has NOT beca used in this calculation. Although
this cost would be based on oven size and other site-specific characteristiCS, an increase in capital cost ofS40,OOO

per stack can be used. This woUld translate to an annual cost of$40.000 multiplied by a capital recovery factor (CRF)
of0.1628 and would equal 56,512.00.
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TABLE 4-2b. COST OF REGENERAllVE OXIDATIONa

Total Capital
Total

Case Investment Natural Gas Usage Electricity Usage Annual Cost
No. (S) (seOn) (SOT)' (1cWb!W (S/yr) (S/yr)1 SI97.000 4.4 $5.200 10.000 S600 m.0002 5218.000 6.6 S1~800 15.100 S900 $74.0003 $134.000 8.7 S10;4oo 20,100 SI.2oo S85.0004 $248,000 10.9 S13.ooo 25.100 SI.500 . S91.oo05 $259.000 13.1 .S15,600 30.100 51.800 S96.0006 5270.000 15.3 518,200 35.100 $2.100 S101.0007 5279.000 17.5 520,700 40.200 $2.400 S106,0008 5287,000 19.7 523"00 45.200 52,700 S110.ooo.!'.•9 5295.000 21.8 525.900 50.200 53.000 S115.000

SI97.980'
~/"" ""~""'7 .,

10
4.~·S4.g00 10.000 S600 $71,00011 . 5218,000 6. $7,200 15,100 S900 $78,000L__ ":":',

12 5234.000 8.0 .59.S00 20,100 SI.200 S84,OOO13 5248,000 10.0 510.300 25,100 SI.500 590,000
.: .1,-+"

14 $259,000 12.1 514.300 30.100 51,800 595.00015 $269.000 14.1 S16.700 35,100 $2.100 S99,OOO16 5279,000 16.1 519.100 40.100 52,400 SI04,OOO17· $287,000 18.1 521,500 45.200 52,700 5108,00018 5295,000 20.1 523,900 '50.200 53,000 S113,OOO

19 5197.000 3.5 $4,100 ID.Ooo S600 571.000

20 . 5218,000 4.4 . 56,200 15,000 S900 577,000

21 . $234,000 6.9 S8,200 20,000~1,200 583,000

22 5248,000 8.6 510,360 25,000 51.500 588,000

2J . . $259,000 10.4 SI2,3QO 30,100 51,800 S93,000

24 5269,000 12.1 514,400 35,100 52,100 597,000

25' 5279;000, 13.8 516,400" 40,100 $2.400 5101,000

26 5287,000 15.5 518.590 45,100 $2,700 S105,000

27 5295,000 17.3 S20,50l) 50,100 53,000 5109,000
a Costs in this table ate in 1988 dollars. Total Capital"Investment can be multiplied by 1.06 to retlect 1992

doUars. For updating Total Annual Costs,currcnt ut'!llty rates should be verified wid! utility companies .­
and the appropriate corTectiOll applied. The additiottal cost for more than one stack: bas NOT been
used in this calculation. Although this cost would ·bC based on oven size and other site-specific

characteristics an increase in capitaleost ofS40,OOO/per stack: can be used. This wOuld translate to an
amwaJ costofS40,OOO multiplied by a capital recovery factor (OF) of0.1628 and would equal 56.512.00.
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TABLE 4-3a.. COST EFFECTIVENESS OF CATALYTIC OXIDATION AT BAKERY OVENS,

Case VOC Emissions VOC Reductions Bre8d Productioa Cost Eft"ectiVCllCiSS

(toJ&Iyr) •
,No. (tonslyar) (IbIyr) (SItoa VOC) CS:1Ib bread)

1 13 12 11,538.000 $2,945 0.0031
2 19 18 17,308.000 $2,274 0.0024
3 25 2S 23,076,000 S1,913 0.0020

'4 32 31 28.846,000 'SI,684 0.0011
5 38 37 34,616,000 SI,524 0.0016
6 44 43 40,384,000 SI,404 0.0015
7 5\ 49 46,154.000 SI,311 0.0014
8 57 5S 51,924,000 51,236 0.0013
9 63 ,-- ~t" 62--~'-"'" 57,692.000 SI,I73 . 0.0013• ".' "

,

It' ../ ..
10 11,538,000 $2,364 0.0031.;/' ..

II 1"-21" 23 17,308,000 S1,819 -Q.0024
12 - "'H.Jl 30 23,076.000 $1,526 Q.oo20
13 39 38 28,846,000 Sl,340 (too18
14 47 45 34,616,000 $1,210 0.0016
IS 5S 53 40,384,000 S1,113 0.0015
16 62 61 46.154,000 S1,037 0.0014
17 70 68 51,924.000 $976 O~0013

18 78 76 57.692,000 S925 0.0012

19 20 20 11,538,000 , $1,797 0.0031
20 30" 29 17,308,000 S1,372 0.0023
21 40 39 23,076,000 S1,145 0,0019
22 50 49 28,846,000 SI,OOI 0.0017
23 60 59 34.616,000 $901 0.0015
24 70 69 40,384,000 S82S 0,0014
25 80 79 46;154,000 $767 0,0013
26 90 88 51,924,000 $720 0.0012
27 • 100 98 57,692,000 $681 °f012a Emissions calculated from predictive formula.
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Figure 4-1

Cost Effectiveness of Catalytic Oxidation on Bakery OVf!,ns
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Figure 4-2

Cost Effectiveness of Regenerative Oxidation Cln Bakery Ovens
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minimum, averaqe, and maximum cost per ton of vee removed is
labeled on each qraph. These cost-effectiveness curves can b~

used to evaluate the cost of vee removal for an individual oven.
Because it is rare that an oven is dedicated exclusively to

the bakinq of one product, the voe emissions for each product
typically baked in an individual oven must be estimated. These
individual product estimates are multiplied by their annual
production tonnaqe and then summed to reflect actual total
emissions from the oven. This sum should then be divip.ed by the
sum of the individual annual production tonnaqes. This quotiEjnt
is in pounds of vee emissions per ton of bread. For example:

(4.4
(5.4
(7.0

Ib/ton)
lb/ton)
Ib/ton)

_.._,/- - ..... . ._'-";'-'..';-y
(10,gO tons/yea~ =

l2000 tons/y~) =
_.. " ~ ...

(5000 tons/year) =

(8000 tons/year)

4400 lb/yr
10800 lb/yr
35000 Ib/yr

50200 lb/yr = 25 tons/yr

(50200 lb/yr)/(8000 tons/yr) = 6.3 Ib/ton

4-13 --
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Table A-1. Number of Bakeries by Product Category ~nd Number of Employees-

ppry99

Products Produced ~umbe(>Df Employees
,,

1-19 20-49 60-99 100-249 250-499 500-1000 TOTAL

White pan bread 75 289 152 ~t- 195 92 51 854-

Buns/soh rolls
.

118 264 173 ~1t9 90 46 980....
Variety breads 147 443 197 182 84 44 '.097

Hearth breads/rolls' 114 337 129 80 38 15 1'3
-Gorman PublishIn . Gorman~e-d Book, 1991.-cnlca 0.1 eorua 1992. • 2~1.-29.
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Table A-2 Top too
Regional Contribudon To Sales (")1

1990
..DkCoqlmy Ah• Plaatl Employee. Roulu NoIlheut '. Southea. Midwoll Soulbwoll Well OBidl,

(milS) i

"I. N.billlo BlInd. USA, 1,600 9 9.500 . ••600 10 15 30 IS 20 0
BiKwtDlv.'

,.

1. CoDtlnenlll Blkin. Co.... 1.836 37 21,400 7.000 13 12; 45 5 2S 0
"

3; KooblerCo.' 1.495 10 9.757 NA .8 19 ... <1.. SO 6 7 0
~

4. c.mpboll T....d.Inc•.., 1.400 53 10,000 5.100 0 45 IS 2S 15 0

5. Geoonl Fooda Baldna 1.100 17 9.600 NA NA NA NA NA NA NA
Coa•• Inc.'" <;

'\,

6. Ia~Onlllo Babino. Corp.' 1.079 29 14,800 4,000 0 ~6 j 19 10 15 0

7. Flowonlndullrio" 782 18 9.500 1.500 0 loi I 0 0 0 0...
S. Peppodd,e Finn. lno.... 581 7 5,000 1,500 51 18 18 7 5 0

9. Su.....l.Billluill. Inc.' 540 5 3,800 NA NA NA NA NA NA NA

10. S.ra Leo Bateryi" 502 6 1.550 NA 10 20 30 10 10 0

11. CPC InIomatiOl\lIInc. Boll 500 II 4,800 1.000 30 20 10 IS 10 5
Fooda"klD'~

11. IAnee, lao. 446 1 5.911 2.441 10 59 8 13 0 0
..

13. MelZ BItlDJ Co.' 434 21 6,500 1,443 0 0 96 0 4 0.
. 14. Welton Batedn, Ltd.it 420 12 3.600 709 0 0 0 0 0 100

IS. McICH BWoa Co. 395 1 3.700 500· 11 41 16 16 4 0

16. Fmo-l.Iy, Inc.' 360 . 5 16,000 10,000 IS 2S 15 IS 10 0

11. Rich Prodocla COIp.' 350 8 1.785 NA 16 13 30 11 19 0

18. StroohmlM Bm.. Co.'" 341 10 4,500 600 100 0 0 0 0 0

19. CuliDlt. Ioc. 330 .~ 1.700 320 5 n ·0 0 0 .9f..
-~ -- ..



Table A-2 (continued)

····,·:'·.. :·t
0\

1990
Raak Company Alo flllIII Employeel Routel Nodheut SO\UheaIt Midwetl Soulhwoll Well CaaadI

(milS) '.
;

20. 111. Kropr Co.' 311 6 2,500 0 \ 0 34 57 , 0 0

21. WyDdhamBaldnj:Co. Ino. 300 8 2,700 700 10 SO 10 20 10 0
J

22. Muld-MuqllCll, Inc.' 268 l' 3,750 1,280 0 , 0 0 0 0 100

23 rCIIof1'iun"" 229 1 1,200 0 20 20 25 20 15 0
,

24. slrewlYSIoN', Babl)' 225 7 900 0 0 ,20 0 8 72 0
Dlv.'

25. Mi'I. Smllh'. pmzea 218 6 1,357 0 25 "", 10 45 10 10 0
Food..

26. CoIpcuIIo PoodI, LId.' 200 5 950 270 4 'fO 6 0 0 90

1'5
-..j

27.lDtetbab PoodI,IDo. 4 2,000 10 10 10 30 0 40 0

2.;~1I)' BlaDJ;a;~*~'~' .'.
"'~ .'~ .~

....

191 1
-

1,100 500 80 15 5 0 0 0

29. Mn;. Baird'. Babdeat 115 11 3,000 650 0 0 0 100 0 0

30.NOdbeaIi Food..
..

IS' 7 1,000 110 80 10 0 0 0 0

31. CouDIr)' Homo Babl)', i57 5 1,600 40 31 14 34 6 15 0
Joe.'

32. 1.1. NtUCID BaIdq Co.' lSI 4 1,300 450 100 0 0 0 0 0.
33. A1frc4 Ni~tIe. 8abl)C 150 5 2,000 500 10 2 18 0 0 0

34.~WIYCookie. 140 9 '00 600 20 10 SO 10 10 0

3S. Gal'. SeauJo Preoeh 140 2 2,100 350 0 0 0 0 as IS
BaIdoaCo.'

36. HlZOIwood F.IDII 140 3 800 NA 10 25 21 18 16 0
Babriu,Ioc.'

'.

37. Loader'. Ba,ol Babry 140 4 700 80 35 IS 40 0 10 0

38. MeGlynn Babrioa' 140 3 1,500 NA 5 5 70 0 10 0

'.

..



Table A-2 (continued)

1990
a.ntComplRy aiel P11U11a Employoo. Routo. NOIIhuIl SouthOIl MldWfll Southwell WCII ClnI'"

(milS) .
39.....11OD.1nc. 136 I 900 0 30 Ii 30 30 5 5 0

40. Chrlltlo Brown Co. 129 5 1,450 0 0 0 0 0 0 100

41. GeocI Stuft'liaWy 120 3 1.600 400 0 0 0 0 100 0

42. DrIb BabriN'
.

115 3 1,521 503 97 3 0 0 0 0

43. SID FmacllCO Freacb 110 10 1,525 300 5 0
'\~-c~

15 5 75 0"
BrodCo.'

44. Southern Bakerin.Inc.' 102 3 982 246 0
"

100 0 0 0 0

45. Mothor'. Clb 01; CooIdo 100 I NA 0 0 '\~ i
0 0 100 0

Co.·
)

46. NewlyWocI FoodI.Iac.' 100 3 410 0 50 30 .. 10 0 10 0

47. SdImldtBaldna Co•• In;.' 100 4 1,400 400 10 90 0 0 0 0

48. Mlultm Food. 92 7 600 2~ 0 0 0 35 65 0

49. LowlJ Brol. Bakodu. 1nG.' 90 7 1,600 280 0 30 70 0 0 0

50. M;GlviD Food•• lid.' 15 3 1.000 200 0 0 0 0 0 100

51. Schwehol BaIdOl Co.' 81 3 1,100 300 30 0 70 0 0 0

52. Smilh·. Babry.Inc.' 81 2 610 128 0 100 0 0 0 0

53. Tho BachDilo Co. 80 3 525 33' 96 I I 0 I I

54. PorfeetlOD BllCUh Co•• Inc. 80 5 950 400 0 0 100 0 0 0

55. Kern'. 01; AlIIt». Babrie" 79 4 1.100 362 0 100 0 0 0 0

56. KIollOnDlD Baklna Co.' 76 5 830 170 0 20 80 0 0 0

57. Unltod Stale. (Fnoz) 76 4 980 235 0 0 0 0 100 0
BanI')"

cS8. AlphI-IlJ~' .. 15. ~ 900 -- -- 130 1 n ._--

B3 2 I 0".

..
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Table A-2 (continued)

, l

.. ',," t...,:.•... 'r
: ClO

1990
Rlak CompaIlJ ..Ici "'11II Employee. RouIC• NOdhoail SouIhcIIi MfdwuI Southwell Woll CaDadI

(mil$)
'.

,

5SI'. MlplohUnr.IDo. 75 2 700 50 \ 20 50 20 5 5 0

60. p.....t.opa'o 1IIbry.1Do.' 13 1 500 200 100 0 0 0 0 0
,

451. M.l"t. BItery' 13 1 5110 300 100 l. 0 0 0 0 0

61. Mph. Bell BIlkcry' 70 1 220 0 0 ..... ~ 0 0 0 100 0,
63~ Bib-Uno ProduolI,lno. 70 1 750 0 15 " 20 15 15 15 0

,
64. 00t4 Medal Bahry' 70 1 320 11 100 0 0 0 0 0

'6S~ J 01; J lout Food. 70 3 900 20 43 \~ .·11 30 :1 13 0

66.·GiID1FoodJ; lac., Bahq 67 1 419 0 0 "\. -$100 0 0 0 0
.Div.' ''-

'.. :> 4 cf ,~::O:.' .. ~. .... .;: <:-"-
.. .. : ~ ~.

•GI.~t'JlI~1~··.' .. 60 ~., . .··.·1,000 .. 300 ....... O' 0 100 0 0
',.' ~..-

. ' " . '. .''.;VIo ell Pnaeo- 60 13 900 110 17 34 20 3 16 0

69. PRIb SIIrtBllbric... 57 5 410 0 0 20 0 80 0 0

70. Pet, lao. Blhry 55 4 432 0 25 41 26 6 2 0
Oporadou'

71. &lIOm Bahdll,LId" 54 6 615 215 0 0 0 0 0 100.
'11. Awmy Batedc" 52 1 540 30 26 20 26 12 11 5

l
73. GlOllcn Bltm,Co.' 52· 1 657 143 0 0 100 0 0 0

74. PAntll. BIItJoa Co•• Inc.' 51 .. 675 200 0 100 0 0 0 0

15. AJnoricID Bmd Co.- 50 3 800 15 0 100 0 0 0 0

.16. Douala DoUahl, LId. 50 2 340 0 30 0 0 0 0 10

11. Fuch. Batina Co.' 50 2 610 18S 0 100 0 0 0 0

18. Gourmcl Blhr, Inc. 50 8 350 0 2 1 0 1 I 95

79. W.ldcmilD Bahdcl, Inc.' SO I 615 215 0 100 0 0 0 0
.

. ,



Table A-2 (continued)

1990
1luIk Company alu P11n11 EmploYOOI Routel Northull SOUlhull MJdwflt Southwut Well c:=a..da

(fIIU$)

10. CnoldD'Oood lkkerllno. 49· I 370 0 0 \ 100 0 0 0 0

I •. Bcn·. Umitedt 46 2 500 .00 0 0 0 0 0 100

12. Moyer'. Babdu.Inc.' 44" 4 481 70 10 30
,

20 30 10 0

13. SchuJzo 4: Burch BilCuil 42 I 700 0 0 25 ' 75 0 0 0
Co. "'-.:.-;-e-

.,
,.

14. Mn. AJilOn·. Cooldo Co. 40 2 375 27 20 20 45 5 10 0

15. Edward'. BatlRl Co. 31 1 200 0 IS l\ 40 10 20 IS 0

16. Fink BankinJ CoJp.' 31 1 420 99 100 ~... O j 0 0 0 0

17. New Southwell 8ItIna 35 I 200 0 0 ~ ~,
0 60 0 0).

Co.'
-..,J

II. Publix SUPIJ' Mntoli Inc.' 35 1 320 0 0 100 0 0 0 0

I'. Soaoau·. Bald... Co.' 35 1 ISO 0 70 20 10 0 0 0

90. GoDDOlIi Blklua: Co.' 35 3 325 75 0 0 100 0 0 0

, .. PIIn-O-Gold HollUm 33 2 500 100 0 0 100 0 0 0
BltlnaCo.' •

92. Slodlna Food"IDe.' 32 I NA NA NA NA NA NA NA NA

93. Buna Unlimilod,lno.' '. 31 3 225 NA 0 30 35 0 ,25 0

, ... Vonlce Batcryt 31 1 353 65 0 0 0 0 5 95

'5. Brida:ford Food. Corp. 30 4 200 0 IS IS 25 IS 30 0

'6. Im,maIionIIBatlna: 30
.

2 300 100 0 20 0 10 70 0

97. Luceroo Foodl, LIi.' 30 3 300 0 0 0 0 0 0 100

98. Modem Mlid Food 30 3 375 NA 20 35 45 0 0 0
Producli,lnc.'

I 99. PioneCl' Panch Baldoa' 30 I 350 80 0 0 0 0 100 0
1



Table A-2 (continued)

•

1990
....CoqJuy ..lea Pliall EmpIoycu ItouIoI NOIIItcIIi SOUIheuI MJdwc. SauIhwo. WI. ODIlIa(milS) '.

' ..

IOO.1loyII CIb Co., loCI. 30 I 300 NA \13 51 16 0 15 5
[iOJ'JIIIo • UOImIn.Rlc BooX, IVY • ChIcISO. l'4bmlry IWZ. pp,4-19

'Subaidial)' ofRJR. NlbllCO,loCI.
'SublidJuy ofRl'1IOD PwiIII, loCI.
·SubJidIuyof Ullitod BlIICUIII PLC
"SUblidilry ofADheuIOI'-BtueIa.Ino.
hludelEnlaMIIDQ'i, loCI •• 0r0wNt Foodl Co., Cluil. 'nllhorerBltln,Co.
lSublidilry of Cimpbell Soup, Incl.
iBublldEuy ofO. P. Iodulldel,mo.
tsubJldJIry ofSira Leo Coqt
Jsublldilry of Georp W.1I00 LId.
"Sublldilry of Papll Co•• mo.
kludel oDly Tallyon Co. bltery 11Io1
"'Purchlled by Culin1r, boo. 31,' 1990
"'FDllDidy willi 85N Groupo
"Wbolelllo bltery ..101 only, peadl..,1IIo 10 YIJIIIZItl BatlDJ
"O~~21inJ1!~P~~J;h,I., .,-ii';';'
'Primiiili prOdUibIa bmdliDii 10111ti;~- .Jt>,-..

o

i '

..



Table A-3. Plants By Bakery Type, Region and State-
" :: ."

Cookie &
R i Grocery Multi-Unit Crackerl

e9 on Wholesale Chain . Retail Frozen Food Tota

••r!.II!ll~~~:::;· :.: ·~·:~~::····:·:·:::::_Jlif_ll_tt.~~fl~IIII;!~I~~.
,

Connecticut 26 0 5 7 3$
'I

Dist. of 6 1 2 0 9
Columbia

Maine 17 0 0 1 11

Massachusetts 54 2 12 17 8~

New 7 0-___.;, 1 1 ~
Hampshire

~,,,,.-

"

,t!':, ~ ,

New· Jersey 80 ,.," 8 30 118
""

New York 169 1 19 29 218

pennsylvania 123 1 16 36 17.

Rhode Island 12 0 0 1 13

Vermont 5 0 0 2 7

Total 499 5 63 724 69'

Illinois 91 3 16

Indiana 31 3 4

Iowa 15 0 2

Michigan 56 5 16

Minnesota 31 3 7

Missouri 27 2 2

Ohio 66 5 18

Wisconsin 38 5 10 "

Total 355 26 75

I

30 140
18 5fS

4 2:

19 96
9 50

7 38

25 114

10 6~

722 578

'"
..-

A-ll



Arizona 25 1 0 3 29

New Mexico 6 0 1. 3 10

Oklahoma 13 0 2 3 18

Texas 87 5 6 25 123

Total 131 6 9 34 180

II ."

I
i
I

[ , ..
I,

Total

Cookie &
Crackerl

Frozen Food
Multi-Unit

Retail

:'··'1

··i!f: -_... --- -- .'"

0 0 3 17

1 0 6 20

0 0 0 2

1 4 13 91

0 3 19 51

0 2 6 14

0 3 1 21

2 ......... _., 8 4 46

2 /J 0 1 9

;~ 3 11 46

0 1 4 13

0 5 11 44

1 2 6 41

0 1 2 8

7 32 87 423

A-12

Grocery
Chain

Table A-3 (continued)

•

Region Wholesale
..

<,:.~.'.~.
,',.,i!i+;-' •

...:::..

Alabama 14

Arkansas 13

Delaware 2

Florida 73

Georgia 29

Kentucky 6

Louisiana 17

Maryland 32
"

Mississippi 'B

North Carolina 32

South Carolina 8

Tennessee 28

Virginia 32

West Virginia 5

Total 297



•

Table A-3 (continued)

Region Wholesale
Grocery
Chain

Multi-Unit'
Retail

Cookie &.
Crackerl

Frozen Food Total

Colorado 21 1 1 6 29

Kansas 14 2 0 4 20

Montana 2 0 0 1 3

Nebraska 10 0 1 2 13

North Dakota 6 0 1 2 9

South Dakota 4 0 3 1 8

Utah 17 ~!.~l'~· 2- ........;...,·, 3 6 28
\ .

"

~/Total 74 9 22 110
~,

Alaska 5 1 0 0 6

California 212 9 26 65 312

Hawaii 20 0 3 6 29

Idaho 4 0 0 0 4

Nevada 8 0 0 0 B
Oregon 26 1 4 10 4j

Washington 32 1 3 8 4 4-

Total 307 12 36 89 444

ppry99

Cookie &.
Grocery Multi-Unit Crackerl

Region Wholesale Chain Retail Frozen Food Total

Puerto Rico 3 0 '2 6 11

Canada 154 2 9 34 199

Total no. of 1,820 63 235 518 2,636
plants

-Gorman Publishin • Gorman Red Book 1991. Chica o. Februa 1992. . 24-29.

A-13
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Bakery Oven Tes. Results

:,-. _~.h ~.- • ~ .:.,,;;,.: ._:~.

.....
TCIlIDNInbcr 2 ) .. 5 6 7 • 9 10 II, 12 I) I" IS . II 11 I' 19 20

~.-
~

~ YeuI(Y In B") HO 192 292 2.11 2.92 2.11 US 2.10 1.00 2.10 18 \ 2.10 ".00 1.50 2.10 150 ".00 2.10 UO UJ

f"1IIII YNsI (S in B") 0.00 0.25 0.25 0.25 0.25 0.25 0.00 0.00 0.00 0.00 1.00 , 0.00 0.50 0.00 1.00 US 0.15 1.00 0.00 0.00

Yeast ActlaaTi.... (1l.1n) 5.01 1.52 H' U) H' ).u us 2n U7 ~ ).5'2.97 5.11 J.U 1.17 ).92 UJ U UJ 1.6)

SpikfnlTIme (Is In In) 0.00 0.52 0.51 0.51 0." 0.51 0.00 0.00 0.00· 0." 0.,.,' 0.00 1.11 0.00 ....J 1.11 1.20 I.2J 0.00 0.00

81b Time (Blln min) 1'.0 1.J 11.0 22.0 20.0 100 It.o 10.5 11,0 IH ~ J 11.0 20.) 9.0 1'.0 20.5 U 1'-' 1O.J 1'-'

'.' 81k. Temp (BFIn"F) 4O!f 110 W ..10 ..10 110 )90 405 ....2 ..SO j' ..SO "10 SOD 40P <CO) ..21 J90 40S J90
.....

I~Wiler (H2O In8") ..U SO., 54 60 II 11.5 " 51 64 ott 411 .. 51 91.5 104 55.1 56 51 56

Supr15., in B") 11 1.9 16 0.) 0 II • II 17 0 9.6 0 0 I" ".7 IS 11.5 11 II 11

OvcnTwe I I I I I I 2 2 I 2 I 2 I 2 1 2 I 2 I I

I'roc:cu I ) ) ) I ) I I I I ) I ) I ) I ) I 1 2

Sample Time (miD) 50 50 50 50 50 50 SO 60 50 60 SO 60 IS SO 60 SO 50 60 JS JS

BJc-' PrOlfucc4 (Ib) 10.9. 1617 .4]1 ,n5 I4J. 9211 1521 S46J 1145 5116 14]1 4164 6m ..,11 4tH J609 2111 l!llI'l 511 11.

VOC meawod (lbIhr) <COlI4O 30.4119 3006. 216., 26160 25."JI 11.150 15.4n 1...01 IJ.On 12.611 12.616 1154. 11....11 1,4" 6194 4.290 UII 2.629 2.041

Y·II 17.192 10.269 10461 1.11.. 10.46) un 21 .••• 1601 11000 1.140 9.1U UOl 22.661 UOO •.•61 9.192 Io.m 10.oao 5.111 UlS

Y..I-tS·.. 17.192 IOJ9. 10609 '.501 10609 •.49 21.1•• 7.601 11.000 7.'40 10.)66 '.JOl 2U!I 1100 11.161 11.115 11.0]) lUll 5.111 ).6lS

VOC~ (IbJ1on mid) 6.261 6611 5'19 5.002 5.1.6 ".595 UII 5.66J 1.659 ".562 1504 un 5n9 ..065 )091 ).114 1542 u •• 5.919 J.J16

VOC-RTI predided (1bJIon kcId) 6.21 ".10 ".n ".26 4.15 4.26 496 SID 5.11 5.12 ".19 J.IS u. 4.)) 2..... 191 ".10 1.10 5.56 4.36

EIOH·Al8 prcuticled (1bJIon ....CIII) '.11 5.01 512 4.19 Sl2 4.1' 101.. 1.19 1.96 1.19 J.OI ".1 1019 ]I) 626 5.6' 5.11 5.41 2.95 2.04

SoIuIian or,___.b
U) 4.•0 4.15 4.26 4." 4.26 6.96 5.10 J.11 5.12 ...19 5.15 H. 4.n 2..... 2.9' ....0 J.lO S.56 <1.16

EPA
Text Box
The link to the left of this box provides access to a spreadsheet which replicates the table on this page, duplicates several calculations and also includes regression results that duplicate the results which are believed were used as the basis of predictive equation for VOC emissions found on page 2-19 of this report and in the AP-42 Section.

RMYERS
Text Box
Click here to go to Page 2-19

RMYERS
Text Box
The ETOH results presented in this table are based upon the AIB developed equation shown on Page 1-4 of this document.

RMYERS
Text Box
Click here to go to Page 1-4


App B Table

				Replication of Table with calculations by Excel

												Bakery Oven Test Results

				Test ID Number		1		2		3		4		5		6		7		8		9		10		11		12		13		14		15		16		17		18		19		20

		Initial Yeast		(Yi in B%)		3.5		2.92		2.92		2.37		2.92		2.37		4.25		2.8		3		2.8		2.73		2.8		4		1.5		2.8		2.5		4		2.8		3.5		2.25

		Final Yeast		(S in B%)		0		0.25		0.25		0.25		0.25		0.25		0		0		0		0		1		0		0.5		0		3		1.25		0.75		1		0		0

		Yeast Action Time		(ti in Hours)		5.08		3.52		3.58		3.53		3.58		3.53		5.15		2.72		5.67		2.8		3.58		2.97		5.67		5.13		3.17		3.92		2.53		3.6		1.63		1.63

		Spike Time		(ts in Hours)		0		0.52		0.58		0.53		0.58		0.53		0		0		0		0		0.58		0		1.38		0		1.43		1.67		1.2		1.23		0		0

		Bake Time		(Bt in min)		18		7.5		17		22		20		20		19		20.5		17		12.5		21		11		20.3		9		18		20.5		6.9		19.5		20.5		19.5

		Bake Temp		(BF in deg F)		409		370		405		410		410		370		390		405		442		450		400		450		410		500		409		403		427		390		405		390

		Water		(H2O inB%)		49.5		50.8		54		60		61		63.5		55		53		64		49		65		49		61		53		93.5		104		55.3		56		53		56

		Sugar		(Sgr in B%)		8.2		7.9		16		0.3		0		9		8		11		17		0		9.6		0		0		14		4.7		15		13.5		12		11		12

				Oven Type		1		1		1		1		1		1		2		2		1		2		1		2		1		2		2		2		1		2		1		1

				Process		1		3		3		3		3		3		1		3		1		3		3		3		3		1		3		1		3		3		2		2

		Sample Time		(min)		50		50		50		50		50		50		50		60		50		60		50		60		85		50		60		50		50		60		35		35

		Bread Produced		(pounds)		10898		7687		8438		9225		8438		9225		3527		5465		6745		5716		8438		4764		6799		4711		4836		3609		2818		1997		513		718

		VOC Measured		(pounds / hour)		40.94		30.499		30.068		27.687		26.76		25.431		17.75		15.473		14.807		13.038		12.678		12.676		12.548		11.489		7.475		6.894		4.29		3.782		2.629		2.047

		Table Presented		Yi * ti		17.792		10.269		10.463		8.374		10.463		8.357		21.888		7.607		17		7.84		10.366		8.307		22.667		7.7		8.867		9.792		10.133		10.08		5.717		3.675

		Table Presented		Y*ti + S*ts		17.792		10.398		10.689		8.507		10.609		8.49		21.888		7.607		17		7.84		10.366		8.307		23.358		7.7		13.167		11.875		11.033		11.313		5.717		3.675

		VOC EF Measured  (Presented)		( #/ton Bread)		6.261		6.613		5.939		5.002		5.286		4.595		8.388		5.663		3.659		4.562		2.504		5.322		5.229		4.065		3.091		3.184		2.542		3.788		5.979		3.326

		VOC E.F. Predicted (Presented)		( #/ton Bread)		6.23		4.8		4.75		4.26		4.75		4.26		6.96		5.1		5.87		5.12		4.19		5.15		5.38		4.33		2.44		2.98		4.8		3.7		5.56		4.36

		ETOH-AIB Predicted (Presented)		( #/ton Bread)		8.31		5.03		5.12		4.19		5.12		4.18		10.14		3.79		7.96		3.89		5.01		4.1		10.79		3.83		6.26		5.68		5.31		5.43		2.95		2.04

																																														Std Dev		0.3154284486

		The information below are calculated results of select lines in the above table.  Differences in the values presented are believed to be due primarily to rounding but some may be due to typographical or calculational errors in the original table.

		Calculated		Yi * ti		17.78		10.2784		10.4536		8.3661		10.4536		8.3661		21.8875		7.616		17.01		7.84		9.7734		8.316		22.68		7.695		8.876		9.8		10.12		10.08		5.705		3.6675

		Calculated		Y*ti + S*ts		17.78		10.4084		10.5986		8.4986		10.5986		8.4986		21.8875		7.616		17.01		7.84		10.3534		8.316		23.37		7.695		13.166		11.8875		11.02		11.31		5.705		3.6675

		VOC EF Measured (Calculated)		#/ton Bread		6.2610876613		6.6126794155		5.9390060836		5.0021680217		5.2856127044		4.5945799458		8.3876760231		5.6625800549		3.658759575		4.5619314206		2.5041479023		5.3215785055		5.229102319		4.0646005802		3.0913978495		3.1837073982		2.5372604684		3.7876815223		5.9788823912		3.3261374188

		VOC E.F. Predicted (Calculated)		#/ton Bread (Calc)		6.2156		4.7857		4.7458		4.25655		4.7458		4.25655		6.94175		5.0904		5.85565		5.106		4.1828		5.13915		5.36385		4.32535		2.41835		2.9657		4.77885		3.6942		5.54285		4.35535

		Predicted /Measured Ratio				0.9927348627		0.7237157133		0.7990899375		0.8509410283		0.8978713094		0.9264285419		0.8276130338		0.8989541782		1.6004467853		1.1192627704		1.6703486228		0.9657190991		1.0257687979		1.0641513021		0.7822836522		0.931524047		1.8834684336		0.9753195928		0.9270712547		1.3094317677		Average P/A		1.0586072365

		ETOH-AIB Predicted (Calculated)		#/ton Bread (Calc)		8.3089713		5.031668514		5.116228581		4.182600081		5.116228581		4.182600081		10.1351041875		3.79020936		7.96664085		3.8897964		5.007216339		4.10141886		10.79420145		3.825331575		6.25765611		5.6892541875		5.3035767		5.43250635		2.940607425		2.0347654875





Regression Results

				This is the Appendix B table transposed to allow regression of the presented data.

				Test ID Number		Yi in B%		S in B%		ti in Hours		ts in Hours		Bt in min		BF in deg F		H2O inB%		Sgr in B%		#/ton Bread (Calc)

				1		3.5		0		5.08		0		18		409		49.5		8.2		6.2610876613

				2		2.92		0.25		3.52		0.52		7.5		370		50.8		7.9		6.6126794155						SUMMARY OUTPUT

				3		2.92		0.25		3.58		0.58		17		405		54		16		5.9390060836

				4		2.37		0.25		3.53		0.53		22		410		60		0.3		5.0021680217						Regression Statistics

				5		2.92		0.25		3.58		0.58		20		410		61		0		5.2856127044						Multiple R		0.6864673038

				6		2.37		0.25		3.53		0.53		20		370		63.5		9		4.5945799458						R Square		0.4712373592

				7		4.25		0		5.15		0		19		390		55		8		8.3876760231						Adjusted R Square		0.3302339884

				8		2.8		0		2.72		0		20.5		405		53		11		5.6625800549						Standard Error		1.2378386359

				9		3		0		5.67		0		17		442		64		17		3.658759575						Observations		20

				10		2.8		0		2.8		0		12.5		450		49		0		4.5619314206

				11		2.73		1		3.58		0.58		21		400		65		9.6		2.5041479023						ANOVA

				12		2.8		0		2.97		0		11		450		49		0		5.3215785055								df		SS		MS		F		Significance F

				13		4		0.5		5.67		1.38		20.3		410		61		0		5.229102319						Regression		4		20.4832222662		5.1208055666		3.3420290333		0.0381034303

				14		1.5		0		5.13		0		9		500		53		14		4.0646005802						Residual		15		22.9836673271		1.5322444885

				15		2.8		3		3.17		1.43		18		409		93.5		4.7		3.0913978495						Total		19		43.4668895933

				16		2.5		1.25		3.92		1.67		20.5		403		104		15		3.1837073982

				17		4		0.75		2.53		1.2		6.9		427		55.3		13.5		2.5372604684								Coefficients		Standard Error		t Stat		P-value		Lower 95%		Upper 95%		Lower 95.0%		Upper 95.0%

				18		2.8		1		3.6		1.23		19.5		390		56		12		3.7876815223						Intercept		1.8972082527		1.5076046636		1.2584255664		0.2274733246		-1.3161750074		5.1105915128		-1.3161750074		5.1105915128

				19		3.5		0		1.63		0		20.5		405		53		11		5.9788823912						Yi in B%		0.9542200074		0.449792685		2.1214662651		0.0509518132		-0.0044904021		1.9129304169		-0.0044904021		1.9129304169

				20		2.25		0		1.63		0		19.5		390		56		12		3.3261374188						S in B%		-0.5052423173		0.6262480846		-0.8067766269		0.4324017318		-1.8400585063		0.8295738718		-1.8400585063		0.8295738718

																												ti in Hours		0.1954479218		0.2474411408		0.7898764173		0.441908396		-0.3319603828		0.7228562264		-0.3319603828		0.7228562264

																												ts in Hours		-0.8641058028		0.7883341218		-1.0961162011		0.2903148509		-2.5444002006		0.816188595		-2.5444002006		0.816188595

																												RESIDUAL OUTPUT

																												Observation		Predicted  #/ton Bread (Calc)		Residuals

																												1		6.2298537213		0.0312339401

																												2		4.7958617622		1.8168176532

																												3		4.7557422894		1.1832637942

																												4		4.2643541793		0.7378138423

																												5		4.7557422894		0.5298704151

																												6		4.2643541793		0.3302257665

																												7		6.9592000813		1.4284759417

																												8		5.1006426207		0.5619374342

																												9		5.8680579914		-2.2092984164

																												10		5.1162784544		-0.5543470339

																												11		4.19550875		-1.6913608476

																												12		5.1495046011		0.1720739043

																												13		5.3771908323		-0.1480885134

																												14		4.3311861025		-0.2665855223

																												15		2.4371959357		0.6542019138

																												16		2.9743045373		0.2094028608

																												17		4.7927128232		-2.2554523548

																												18		3.7045443371		0.0831371851

																												19		5.5555583912		0.423324

																												20		4.3627833819		-1.0366459631
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EPA
File Attachment
This link provides access to an Excel spreadsheet replicating this table and presenting the regression results.
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OAQPS Control Cost Analysis for CataMlc Incinerators

Section 3.4.1 • Steps Common to Regenerative and Catalytic Units

Step 1. Estebliah Design Specification.
Enter the following data oorresponding to the weste gas:
Voluinetric Flow Ratti. scfm (77 degrees F, 1 attnl
1."",.",ture. prehearer in"t. Twi
(Aaaume balance oxygen composition)
Chemical Composition of Combustibles
enter nsmflS here - > eth""",

ac.tBldflhyd.

447.008Cfm
100.00 deg. F

1.939.00 ppmv
19.39 ppmv

please use two most combustible
compounds. If less than two,
please enter 1's to avoid
division by zero errors

Heating Value of Combustibles
ethllltOl
acetaidflhVde

En,.,. hours per veer of op.",tio"
,'~-' ~,,,-- - .....;".,~

Enter the following data specific to theinc~
Duired Control EHieiencv (bNi to assume >0.901
Combustion Chsmber Out/et Temperature
Daired PerefHllt'Energy Reeowuy. dacimel

(choose: O. 0.35, 0.50, or 0.70)

Step 2. Verify that the oxygen content of the waste gas exceeds 20%.
Air Content ,.
Oxygen Content ,.

2,407.00 neg.del.h sub c, BTU/scf
2,149.00 neg.del.h sub c, BTU/scf

8,000.00 hours/yaar

0.98
700.00 deg. F

0.7

99.80 Vol. %
20.86 percent

Step 3. Calculete the LEL and the Percent of the LEL of the gas mixture
Enter the LEI. of the following eompounds:

ethMol
ecetBJdflhYde

sum of x sub i, i equals 1 to n

Lower Explosive Umit of the mixture equals:
Percent LEL of the mixture equals:

If greater than 25%, dilution air should be added
to avoid fire Insurance regulations

3.25 vol. %
3.97 vol. %

1.958.39

34,997.41 ppmv
5.80 percent

32.500.00 ppmv
39,700.00 ppmv

Step 4. Calculate the volumetric heat of combustion of the waste gas stream

heat of combustion, ethanol
acetaldehyde

2,407.00 _BTU/scf
2,149.00 BTU/scf

Heat of combustion for the mixture is

Assuming waste gas is principally air (molecular
weight 28.97, densltv 0.0739 Ib/scf), then

Heat of combustion per pound of incoming gas is

4.71 BTU/scf

- 63.72 BTUllb

For catalytic applications the heat of combustion must normally be less
than 10 BTU/scf (for VOC's In air).

C-2



Section 3.4.3. Steps Speclflc to Catalytic Units

Step I5c. Establish desired outlet temperature of the C8tIlIyst bed. Tfi

En,., eet./y8t btHI outt.t t""'P•
...ume 3OQ.800 deg. F for 90-915% destruction efficiency
maximum temp. of 1200 deg. F should not be exceeded

Step 8c. Calculate waste gas temperature at prehelltitr exit

Define the following tempel'BtUres:

Two. VOC stream leaving heet exchanger"
Twl. waste ga inlet temperature
Tlo. flue t8mper$Ure after heet exchenger
Tfi. oatalyst chamber outlet temperature

x - to be oalculated
thermal efficiency of heat exchanger _

Two is therefore calculated to be:

Tfo is therefore calculated to be:

Step 70. Calculate tha auXiliary fu~ ~~t.. Clef ' ........,.,.7
Ent., the BUXOitJ", fuel h"';;" eombU8tion ;/

for methane...... 21.502 BTUnb.......
el80 for methane, rho .. O.04Qt(ib_/scf -,

Qat is therefore calculated to be:
this must tMt'. pgSitive nUmber for burner flame stability

900.00 deg. F

x deg. F
100.00 deg. F
x deg. F

900.00 deg. F

0.70

660.00 deg. F

340.00 deg. F

21.502.00 neg. del. h sub c
sub af. BTUnb.

0.70 so1m

SumlMry of Variabl. V.luedon
Strum subscriptj rho sub j asubj Cpm sub j T sub j

Ib/tlcf scfm ITU"-F deg. FIN - Sensible Heat
Auxiliary Air a n/a nte n/a nlaAuxiliary Fuel af 0.0408 0.70 not used 17 for methaneWasta Gas wo 0.0738 447.00 0.248 660.00 for air
OUT ~ Sensible Heat
Weste stream Ii 0.0738 447.70 0.248 900.00 assuming

Primarily air
:.".;',"

a;c

wo

Energy Bal.nce around CombU8tor
IN - Sensible Heet. rho-a-Cp-m-Tref)

Auxiliary Air
Waste Gas

OUT - Sensible Heat
Waste Stream

OUT· Loss..

ten percent of total energy Input ",
GENERAnON ·ht.eetof Combustion. rho-Q-fneg.clel.h sUb,o)

Waste Gas wot ,
AUXIliary Fuel af<~::,

Step 8c. Verify thet auxiliary fuel requirement Will stabilize burner flame

Five percent of Total Energy Input equals;
Auxiliary FUel Energy Inplltequals:

C-3 -"

Velue.
BTlJ/min

0:
4,176

6,753

675

2.105
617

338 BTUlmin
1S17 BTUlmln •."i

,
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If Aux. Fuel Energy Input is greater than 5% Total Energy Input.
burner flame should be stable.

Step 9c. Estimate the inlet tamperature to the catalyst bed. Tri

Tri is caloulated to be:

Delta T (temperature rise across catalyst bed) equals:

674.91 deg. F

225.09 dsg. F

Step 10e. Calculate total volumetric flow rate of gas through the incinerator. Qfi

Flue Ges Row Rate. Qfi. equals:

Step 11 e. Calculate the volume of catalyst in the catalyst bed.

Given Qfi and nominal residence time.
catalyst voluma can be calculated.

First. edjust Qfi to petro-chemical industry Qfi(60) ...
convention of 60 deg. F. 1 atm.

't/",.- .,.~,..,
Input t:ata/y8t space 'villo,r;ityInper minute
Precious metal catalysts vary: 166.67 to 1.~inute

/
Voluma of catalyst bed therefora aquals: ""-

,-, ,......... '

Section 3.5.1 • Estimating Total Capital Investment

Scopa of Cost Correlations

447.70 scfm

433.53ofm

·500/min

0.87 oubic feat

...

Incinaretor Type
Fixed·bed Catalytic
Ruid-bad Catalytic

Total (flua)
flow. scfm

2.000-50.000
2.000-25.000

packaged
packagad

If Qfi is outside these parameters for the specific incinerator type.
this costing formulation may not be usad.

Section 3.5.1.1 - Equipment Costs. EC

Catalytic Incinerators

Total flue gas rate, Qfi
haat recovery factor

Fixed-Bed and Monolithic CatalYtic Incinerators
Heat Recovary Equipment Cost , ec
(percant) 1988 dollars

o $31,169
35 $46,727

.50 $36.518
70 $42.118

447.70 sofm
70 pareant

delta P
in. Watar

o
4
8

15

Ruid.a.d Cetalytlc Inclneratcn
Heat Racovery
(percant)

o
35
50
70

Equipment Cost. EC
1988·dollars

$90,710
$94.936
$93,674
$92,496

C-4

delta P
in. Watar

o
4
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Section 3.5.1.2 • Installation Costs

Choose Equipment Cost bned on Catalytio
rndneretor type and Heat Recovery percent
WId .",.,bae ."u/pm."t cu.t IEC) hen->

Section 3.5.2· Estimating Total Annual COlt

Section 3.5.2.1 - Direct Annual COq

$44,410

Annual Fuel CGst:
fMe'fl'liino assUmed to be combustor fuen

. Rate of fuel usage
Annual Fuel Cost, in $JYr, equals

En,., th_ delta P, fixed-bed eatlllytie incinfll'llto 16}:
En"" the dfll,. 1', f1uid-bH eetBJytic IncineretfN 1tJ.10}:
En"" the dfllte P IbaH on hot rtlCOVtHY} .

/from 3.5.1.1, BOW}
Number of hours/yeer of operation:
En,.,. th_ combinH moto,1fan effieiMey Idecimel}:
En"" the cost PfII' IcIIowsn hoUl' of IIIfH:triclty:
En,., neturel gtI8 unit cost In list:/:

Fixed-Bed:Power (fanl, in -kilo·!(V,dr"~~~
Fluid-Bed: Power (fanl, in kil&watt8, equels

Electricity Cost. $/yr. equals

.. -.,.;:.;,j)

/"
~ ,. . .

6 in. Water
8 in. Water

15 in. Water

6000 hours/year
0.6

0.059 '/kWh
0.0033 $/scf

1.83 kW
2.01 kW

$649 per yeer
$711 per yeer

0;70 scfm
$835 per year

..
Fixed-bed
Fluid-bed

I ,

To'" C.pitallnveidment

Table 3·8. pege 3-52. OAQPS Control Cost Manual (EPA 450/3-90-006. January 19901
Capital Cost Factors for Catalytic Incinerators

DIrect eost.
Purchesed Equipment Costs

. Incinerator (ECI + aUxiliary equipmant
Instrumentation·
Salas Tax
Freight
Purchesed Equipment Cost, PEC

Direct Installation Costs
Foundation and supports
Handling and erection
Eleotrical
Piping
Insulation for ductwork
Painting
Direct In.taBation Cost

Ente, Site PrepBnltion Costs
En"" Suildings Costs

Total Direct Cost, DC

Indirect eo.t. (installnon,
Engineering
Construction or field expenses _.-

c-s

'44,410 8S estimatad.A
'4,441 A· 0.10
'1,332 A· 0.03
$2,220 A· 0.05

'52,404 B "" 1.18 • A

I
I

i I
! ,

'--



Contractor fees
Start-up
Performence test
Contingencies
Totallndireet Cost, IC

Total capltalln_tment = DC + IC

$5,240 B' 0.10
$1.048 B' 0.02

$524 B' 0.01
$1.572 B' 0.03

$16,245 B' 0.31

$84,370 B' 1.61 + SP + Bldg.

Total Annulli Coe1
Table 3.10 page 3-54. OAQPS Contral Cost Manual (EPA 45013-90-006, January 1990)
Annual Costs for Catalytic Incinerators

Cost Item

Total Capital Investment (from previous table)

Suggested
Factor

Unit Cost

$84,370

Catalytic
fluid-Bed

Direct Annual Costa, DC
Operating Labor

Operator
Supervisor

Opflnlring materials

, . 0.5 hrs1.P11it ,',
15Wo1 op.ratar ;/

/

$4,860 •
$729 •

$0

Malntenanc.
Labor
Material

. -, ,.-- - 0.5 hrslshift
Equals Maint. Labor

$ 14.26/hour $5,348 •
$5,348 •

Catalyst Replacement Every 5 yfHHS $3500lcu.h. (metal oxideJ $607

Utilities
Natured Ges, $(scf
Electricity, $/kWh

Total Direct Cost, DC

Indirect Annual Coa'M, Ie
Overhead

Admin. charges
Property taxes
Insuranc.
Capital recovery

Total Indirect Costs, IC

Total Annulli Coat

Sixty percent of sum
of op.. supv.. &. maint.
lebor &. maint. mat'l

TCI' 0.02
Tel • 0.01
Tel • 0.01

CRF (TCI • 1.08 • (Cat. Costll

TAC = DC + IC

$
$

0.0033
0.059

per scf
p.r kWh

$835
$649 Fixed-bed

$18,375

$14,340

$1,687
$844
$844

$13,522

$16,897.

• $35,272 per year

• based on user-provided hours/year of operation
CRF: The capital recovery factor, CRF, Is a function of the catalyst or equipment life ltypically, 5 and 10
years. raspectivaly) and the opportunity cost of the capital Ii•••• interest ratel. For example, for 8 10 year
equipment life and a 10% interest rate, CRF '" 0.1628.
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OAO'S Control Cost Analysis for Regenerative Incinerators

Section 3.4.1 • Steps Common to Regenerative and Catalytic Units

Step 1. Establish Design Specifications
Enter the following datil corresponding to the waste gas:
Volumetric Flow Rete, sofm (77 degrHS F. 1 atmJ
TllmpflTlJture, preh..,., inhIt, Twi
(Assume balanoe oxygen compositioni
Chemical Composition of Combustibles
ent", nllllUlS h.,.e - > ethenal

acetaldehyde

447.00 scfm
100.00 deg. F

1,939.00 ppmv
19.39 ppmv

please use two most combu~tible
compounds. If less than two,
please enter 1's to avoid
division by zero errors

Heating Value of Combustiblea
ethanol
at:fltll/dehyde

En,., the numb.,. ofh~~~'ppel'iltion: - .........-'"l
,,.-,, ;:('

Enter the following data specific to the incinerato'
DfIShd ClJntrol Efflciency (best to lJSSum8 > OJ
Combustion Chembllr OUtillt TtHrIplN'8ture "".
Desired Pen:ent EnfUf1'l RecovlN'Y, decimlll

".~~se 0, 0.35, 0.50, 0.70, or 0.95

Step 2. Verify that the oxygen content of the waste gas exceeds 20%.
Air Content ­
Oxygen Content -

2,407.00 neg. del. h sub c, BTUlscf
2,149.00 neg. del. h sub c, BTUlscf

6000 hourslyear

0.98
1,600.00 deg. F

0.70

99.80 Vol. %
20.86 percent

Step 3. Calculate the LEL and the Percent of the LEL of the gas mixture
EntIN' the LEL of the foHowing compounds:

IIthllnol
aclltsldehyde

sum of x sub i, i equals 1 to n

Lower Explosive Limit of ths mixture equals:
Percent LEL of the mixture equals:

it greater then 25%, dilution eir should be added
to avoid fire insurance regulations

3.25 vol. %
3.S7 vol. %

1,958.39

34,997.41 ppmv
5.60 percent

32500 ppmv
39700 ppmv

Step 4. Calculate the volumetric heat of combustion of the waste gas stream

heat of combustion, ethanol
aceteldehyde,

2,407.00 BTU/sct
2; 149.00 BTUlscf

Heat of combustion for the mixture is

Assuming waste gas is principally air (molecular
weight 28;S7, density 0;0739 Ib/scn. then

Heat of combustion per pound of incoming gas is

Section 3.4.2· Steps Specific to Regenerative Units

Step St. Establish incinerator operating temperature, Tfi

operating temperature (comb. chember outlet temp.,

Step St. Calculate waste gas temperature at preheater exit

C-7

4.71 BTU/scf

63.72 BTUnb

1,600.00 deg. F
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D.fin. the following t.mperetu....:
Two, VOC etreem l8IMng heat exchanger
Twl, Wute au inlet tempeqture
Tfo, flue temp.rature efter heat exohanger
Tfl, incinerator operetlng tempereture

x - to be calculated

thermal efficiency of heat exchanger _

Two ie therefore calculated to be:

Tfo is therefor. calculated to be:

Step 7t. Calculate the euxiliery fuel r.quirement, Qaf

Enter IlUxiHsry fum hfNJt of combustion
for methene, use 21,502 BTUnb
"eo for methen., rho .. 0.0408 Ib./scf

•

x dog, F
100.00 dog. F
x deg. F

1,600.00 d.g. F

0.7

1,150.00 deg. F

550.00 deg. F

21,502.00 neg. del. h sub c -­
8ub sf, BTUnb.

3.45 8Clm

· .
, .
-.-
· ~

Qat is therefore calculated to be:

Summery of Varieb~ V"u~":' ,.,
Stream '.,rllUMonpt j

IN • Seneible Heat
Auxiliary Air , e
AUxiliary Fuel at
Wast. Gas wo

"".c'.--'

.-......:,.,~ :".
rhosubj' QsUbj
Ib/eof/ ecfrn

4:: n(a
0.0408 3.45
0.0739 447.00

Cpm subj
BTUII-F

n/a
not us.d
0.255

T subj
deg.F

n/e
77.00 for mathane

1,150.00 for air

energy B8lanca around Comb_tor subecript
IN· Sensible H.et, rho·Q.Cp-m-Trefl

AuxiDlIry Air a
Waste Gae wa

OUT • S.nllible He.t
Waste Stream fi::

OUT· Los....

ten parcent of total en.rgy input
GENERATION -Heat of Combuetion, rho-Q-Cneg.d.l.h sUb 01

WasteG.. ~:.
Auxiliery Fuel a6

St.p 8t. Verify that auxiliary fuel requirament will stabilize burner fl,,"e

OUT - Sensible Heat
Waste stream fi 0.0738 450.45 0.255 1,600.00 assuming

primerilV air

Value,
BTUlmin

0
9,038

12,928

1,293

2,105
3,029

j

·,i
f
!r"" ....
i

Five percent of Total Energy Input equeis:
Auxiliary Fuel En.rgy Input equals:

If Aux. Fuel Energy Input is greater than 5% Total. Energy Input,
burner flame should be stable..,,!

Step St. Calculate Total Volumetric Flow Rate of au through inciner.or, Qfi
·~I \'"

Flue Gas Flow Rate, QfI, equale:

Section 3.5.1 • Estimating Total Capital Investment

646 BTUlmin
3,029 BTUlmin

450.45 8Clm



Scope of Cost Correlations

Incinerator Type
Thermal - regen.
Thermal· reoup.

Totel (flue)
flow, scfm
5OQ.50,OOO

10,000.100,000
field-erected

packaged

"~~
,

"i·
i
: I

If Qfi is outside these parameters for the speciflc incinerator type,
this costing fonnulation may not be used,

Section 3.5.1.1 - Equipment Costs, EC

Regenerative Incinerators

Total flue gas rate, Qfi
heet recovery factor

Heat Recovery
(percent)

o
35
50
70

95

Section 3.5.1.2 - InstallatiOAo€losts

Equipment Cost , EC
1988 dollars

$43,403
~/,,,,-. '64,749' .......:'-,-,

$18,872 ./'
$98,321 /

/'
8225,812

450.45 scfm
0.1

delta P
in. Water

o
4
8

15

35

(

Choose Equipment Cost based on Haat
Recovery percent and
Enter bae equipmflflt cost {EC} here - >

Section 3.5.2 - Estimating Total Annual Cost

Section 3.5.2.1 - Direct Annual Costs

Enter the delta P for a regflflerstive incinerstor (41:
Enter the deJtB P {baed on heet recoveryl

fftom 3.5. 1.1. abovel
Number of hours/year of operation:
Enter the eombined mGtorHan efficiflflcy (det:imell:
Enter the cost per kilowatt, hour of electfit:ity:
Enter natural ga unit cost in I/sr:f:

Power (fan), in kilowatts, equals

Electricity Cost, $/yr, equals.
'Annual Fuel Cost:

(Methane assumed to be combustor fuel)
Rate of fuel ueage

Annual Fuel Cost, in $/yr, equals

$103,671

4 in. Water
15 in. Water

6000 hours/year
0.6

0.059 $/kWh
0.0033 $/scf

1.67 kW

$591 per year

3.458Cfm
$4,102 per year

..

Totel c.pltallnYMtment
Table 3-8, page 3-52, OAQPS Control Cost Manual (EPA 450{3-9Q.OOS, January 1990)
Capital Cost Factors for Regenerative and Catalytic Incinerators

Direeteo..
Purchased Equipment Costs

C-9
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Inoinerator (EC) + aUxi6ary equipment
IMtrumentAldon .
Sal.. Tax
Freight
Purchllaed Equipment Coat. PEC

Direct Installation Costs
Foundation and supporta
Handling and ereotion
Electrical
Piping
Insulation for ductwork
Painting
Direct lnataJlation Coat

Entflr Site Ptwpemtion Costs:
Enter BuDdings COIlts:

TatAll Direct Cost. DC

IndlNet Coate Iin8teU8tlon)

~=:~:n ~r~e~.;ps';'es '. ",.""

Contractor fe. /-
Start-up
Perfarmanae tsst " ',
Cantingenoiss
Totellndlrect Coat. IC

~"<-,,~'

Total Cepitallnvatment =DC + Ie

". .
$103.871 e8 estlmated.A

$10.387 A • 0.10
$3.110 A • 0.03
$&.184 A • 0.05

$122.332 B-1.1S·A

$9.787 B· 0.08
'17.128 B • 0.14

$4.893 B· 0.04
$2.447 B • 0.02
$1.223 B • 0.01
$1.223 B • 0.01

$38.899 B • 0.30

$0 As required. SP
$0 Aa required. Bldg.

$159.031 B • 1.30 + SP + Bldg.

$12.233 B • 0.10
$8.117 B· 0.05

',12.233 B· 0.10
12.447 B • 0.02
'1.223 B • 0.01
$3.670 B • 0.03

$37.923 B • 0.31

$198.954 B • 1.61 + SP + Bldg.

TOUI' Annual Cod

Table 3.10 pags 3-54. OAQPS Control Cost Manual (EPA 46013-90-006. January 19901
Annual Costs for Regenerative and Catalytic Ihcinsratars,

Total Capitellnvestmant (from previous tablel $198.954

Cost Itam

DiNct Annual eo.ta. DC
Operating Lebor

apemtor
Supervisor

OpfUllting materials.

• Maintenance
Labor
Materiel

Utilities
Naturel Ges. $/scf
Electricity. $/kWh

Totel Direct Coat. De

indirect Annua' COats. 'e
Overhead

Suggeated
Factor

0.6 h,.;m,ih
15% of operator

Q;.ShTS/shih
Equal to Maint. labor

Sixty percent of sum of

Unit Cost

I 12.S6/iiour
- /'"

.,";

; 14.26/hiJur

$ , 0.003:1 per sot
• 0.059'; per kWh

'.:,
. '..

Regenerative

$4.880
$729

$0.

$5.348
$5.348

$4.102
$591

$20.976

$9.770



.' ~<:', , ........1 '
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.49,713

.3,939

.1,970

.1,970
.32,064

$70,689

TCI - 0.02
TCI - 0.01
TCI - 0.01
CRF -TCI

TAC .. DC + IC

operating, supv., &. maint.
labor &. maint. matarials

/

Administrative charges
Property taxes
Insuranoe
CapiteJ racovery

• based on user.providad hours/year of operation
CRF: The capital recovery factor, CRF, i8 a function of the equipment life (typically 10
years) and tha opportunity cost of the capital (i.a., interest rata). For example, for a 10 year
equipment life and 8 10% intarest ma, CRF - 0.1628.

Tml Annual Colt. TAC

TobIlndlract CostlI. IC
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REGULATION 8

ORGANIC COMPOUNDS

RULE 42

LARGE COMMERCIAL BREAD BAKERIES

INDEX

~2-100 GENERAL

~2·101

~2·110

~·111

~2·112
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REGULATION 8

ORGANIC COMPOUNDS

RULE 42

LARGE COMMERCIAL BREAD BAKERIES

(Adopted September 20, 1989)

8-42-100 GENERAL

8-42-101 Description: The purpose of this rule is to limit the emission of precursor organic
compounds from bread ovens at large commercial bread bakeries. .

8-42-110 exemption, SmaD "kerl..: This rule shaU not apply to bakeries whose total
production of bread, buns, and, rolls per operating day is less than 45.450 kg
(100,000 POundS), averaged overall operating days In any one month.

8-42-111 exemption, Low Emitting Ovena: Ovens demonstrated to the satisfadion of the
APCO to emit less than 682 kg (150 pounds) of ethanol per operating day
averaged over a perlodot one year shall be exempt from the requirements of
Section 8042-301. '"

8-42-112 exemption, ~lfllngOve~requirementsof Section 8-42.303 shall riot apply
to over1Sv JNhi6h comm..ry~..,..opl:'ratlon prior to January 1, 1988 and which are
demonstrated to the ~onof the APCO to emit less than 113.7 kg (250
pounds) of ethanol per~ng~,~, averaged over a period of one year.

8-42-113 exemption, MI8C8llaneau. ..tel" Produeta: This rule does not apply to
equipment used exctusively tor the baking of bakery Products other than bread.

"., ',1,(,..ns, and rolls. Such products il'1c1ude, but are not limited to, muffins, croutons.
breadstlcks, and crackers.

8-42-114 exemption, Chemically Leavened Produeta: This rule does not apply to
equipment used exclusively for the baking of bakery products leavened chemically
in the absence of yeast.

,8-42-200 DEFlNmONS

8-42-201 APProved Em....on Control ~m: A system for redUcing emISSions of
Precursor organic compounds to ,the atmosphere COnsisting of a centrol device,
which has been approved by the APCO and Which 'satisfies the following
conditions: ',i •

201.1 The control device ,shall jchfeve the' COntrol efficiency Specified in the
applicable standard.$ section at all times during normal operation of the
eqUipment being controlled.

201.2 The coI'ection system shal'~nt all exhaust from the oven stack or stacks to
the CQntrol device during nqrmal operation.

8....2·202" Baselln." Em,..tone The average', amount of precursor organic compounds
emitted per operating day from anJ:JV8n between January 1, 1988 and December
31, 1988. EmiSsions shall becalCU(4ted in accordance With Section 8-42.602.

8-42-203 Breed: A Perishable foodstuff prepared from a dough whose primary ingredients
are flour, sugar, salt~ water; and y~ and which is, baked into loaves. buns, or
rolls.,;,.

8-42-204 Fermentation Time: Elapsed time between adding yeast to the dough or sponge
and placing the loaves i,.o the'oven/expressed in hours.

September 20,1989



.... eom..._ B_ BlI""" Ani· bak8ry producing~ !han 45.454 ig
(100.000 pounds) of breads. buns. and rolls per day; ~
Leaven: To raise a dough by causing gas to thoroughly permeate it. '
Vast Percentage: Pounds of yeast per hundred pounds of totSl- recipe f1oljlr.
expressed as a percentage.

8-42-300 STANDARDS

8-42-3~1 New and Modified BMary Ovena: Effective January 1, 1989. a person Subject to
this rule shatl not operate the following equipment unless the requirements of
Section 8-42-302 are met:
301.1 Any newly constructed oven commencing operation after January 1. 1989.
301.2 Any newly constructed oven replacing an existing oven and commencing

operation after January 1, 1989.
301.3 Any existing oven which has been modified. with modifications compl~ted

after January 1, 1989, at a cost exceeding SO% of replacement cost of the
oven.

301.4 Any oven with a Change in production after January 1, 1989, resulting in ~n
emission increase. averaged over a 30 day period, of 68.2 kg (150 pound,)

• per operating day above the baseline emissions.' ,
8-42-302 Emla.1on c.,ntrarRequ~ New and Modified Ovena: All new an~

modified-owns shafl be ~red to vent all emissions to an approved emission
control system capable Qf.Nducilng emissions of precursor organic compounds by
90% on a mass basis•./"

8-42-303 Emlaalon COntrol Requlreme"" Exllllng Owna: Effective January 1. 1992. all
Jxisting ovens which commenced operation prior to January 1. 1989. shall !

.' '< reqUired to vent emissions to a control system meeting the following standards:
303.1 Emission collection system shall capture all emissions of precursor organi •

compounds from all oven stacks. '
303.2 ' Collected emissions shall be vented to an approved emission control devi '

which has a destruction efficiency of at least 90% on a mass basis.
8042-304 Del~ Compliance, ExIatIng Owna: In lieu of comptying,with the requirement$

of Section 8-42-303, an appUcant may elect to repjace those ovens subject tell
Sedion 8-42-303 with new ovens m"ting the requirements of Section ~2-302 by
January 1, 1994. SUch election must be made by January 1, 1991, subject to
approval of the APCO. In approving such an election, the APCO may require th.
posting of a bond and may impose permit conditions on the existing sUbject oven~
in order to assure compliance wittI the January 1., 1994 instaJiation of new ovens.

8~-400 ADMINISTRAnVE REQUIREMENTS

8-4200401 Compliance Schedule: Any person subject to the requirements of Section 8-42.'
303 of this rule shall comply with the following increments of progress:
401.1 By January 1,1990: Submit a statIJs. report to the APCOstating the optionsi

under consideration for retrofitting or replacing existing ovens.
401.2 By January 1,1991: Submit a plan describing the methods proposed to be

used to COmply with 8-42-303.
401.3 By March 31. 1991: Submit a completed· application, for any Authority to i

. Construct necessary to comply with these requirements.
401.4 By January 1, 1992: Be In fUll compliance with all applicable requirements.

8-42~ Deleyed Compliance Schedule: Any person seeking to compty With this rule
under Section 8-42-304 shall comply with the following increments of progress: '
402.1 By January 1, 1991: SUbmit a plan describing the methods proposed to be i,

used to comply with 8-42-302.

September 20. 1989,
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8-42-600

8-42-601

8-42-602

4022 By January 1, 1992: Submit to the APCO a status report on the purchase of
the new ovens.

402.3 By January 1, 1993: SUbmit a completed application for any. Authority to
Construct necessary to comply with these requirements.

402.4 By January 1, .1994: Be in full compliance with all applicable requirements.
MANUALOFPAOCEDUAES

.i

Determination of Eml.'ona: emissions of .organics shall be measured as
prescribed in the Manual of PrOcedures, Source Test Procedure ST.32.
Em...." C.lauletlon Proceclurea: If emiSsion measurements conducted in
accordance with Section 8-42~1 are not available for a specific bakery prOduct,
oven emissions shall be caJculatecl using the emission factors in Table l.

. .,.
Yt =- (yeast percentage) • (fermentation time).;. ,,' . .

If yeast is added in 2 steps, 'yt • ((mitial yeast Pircentage) • (total fermentation time) +
(remaining yeast percentage) • (remaining ferm.ntation time»).

r

i
1
~L .
1 - , ~2'5 September 20,1989
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(Adopted January 4, 1991)
RULE 1153. COMMERCIAL BAKERY OVENS

(a) Applicability

This rule controls volatile organic compound (YOC) emissions from commercial
bakery ovens with a rated heat input capacity of2 million BTU per hour or tnore
and with an average daily emission of50 pounds or more of VOe.

(b) Definitions·

For the purpose of this rule the following definitions shall apply:

(1) AVERA<:'E ~AIL: EMISSIONS is the produd of the total cal+,dar
y~ ~~i:Is (in toDS1YJar), divided by the number of days the ove~ was
employed for produ~ during that year.

(2) BAKERYO~an oven for baking bread or any other yeast leavened
_' _< ,,_ products by convection. .

(3) BASE YEAR is the calendar 1989 or any subsequent calendar year in
which the average daily emissions are SO pounds or more per day.

(4) EMISSIONS are any voe formed·and released from the oven as a result
of the fermentation and baking processes ofyeast leavened products.

(5) EXEMPr COMPOUNDS are -any of the following compounds which

have been determined to be non-precursors of ozone:
(A) Group I (General)

chlorodifluoromethane (HCFC-22)
dichlorotrifluoroethane (HCFC-123)
tetrafluoroethane (HFC-134a)
didJIorofluoroethane (HCFC-14tb)
chIorodifluoroethane (HCFC-142b)

(B) Group-U (Under Review)
methylene chloride
1,1,1-trichloroethane (methyl chloroform) .
tritluoromethane (FC-23)
trichlorotrifluoroethane (CFC-t13)
dichlor0di8uoromethane (CFC-12)
trichlorofluoromethane (CFC-tt)
dichlorotetralfuoroethane (CFC-114)
chloropentafluoroethane (CFe-llS)

.- 1153-1



Rule 1153 (Cont.)

(6)

(7)

(8)

(9)

(10)

(Adopted Jainial)' 4,1991)

(d) Compliance Schedule

No person shall operate a· bakery OVOIi'subject to this'rule unless the following'
..';,."..

incremenu of progress are met: .;,~i:,

(1) For bakery ovens subjec:t to su~~ph(c)(l)(A):

(A) By Jamwy 1, 1992, suint required applications for permits to
coDStn1Ct. and operate. ':-

1153.%
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Rule 1153 (CoDt.) (AdoptedJaauary 4, Ip91)

(B) By July 1, 1993, demonstrate compliance with subparagraph
(c)(I)(A).

(2) For bakery ovens subject to subparagraph (c)(l)(B): "

(A) By January 1, 1993, submit reciUired applications for permits to
constrUd and operate. ,

(B) By July 1, 1994, demonstrate compliance with subparagmph
(c)(I)(B).

(3) For bakery ovens subjed to subparagraph (c)(2) be in compliance by
July 1, 1992 or by the d8.te of installation, whichever is later.

(e) Alternate Compliance Schedule

The subp~pJi{d)(l)and1d)(f2) compliance deadlines may be postpone~ by
one year if th;'owner of a b~!)' oven elects to replace the existing oven wi~ a

new one. Such election. be made by January 1, 1992 via a compliance plan
su~~..!!ed to, and subjed to approval of, the Executive Officer or his designee.

In approving such an election, the Executive Officer may impose interim

conditions or control measures on the existing oven in order to assure

compliance pending the installation or construction of the .new, replacement
oven.

(0 Exemptions

The provisions of paragraphs (c) and (d) do not apply to any existing bakery

oven that emits less than 50 pounds of VOC per operating day on an

uncontrolled basis. Daily VOC emissions. shall be determined according to ~e

calculation procedures of Anachment A, or according to any test meth~ds
specified in paragraph (h).

(g) Recordkeeping Requirements ..

Any person operating a bake!)' oven subjed to this rule ,and claimjng an

exemption under paragraph (f) shall maintain a daily record of operations,

including, but not limited to, the amount of raw material processed, ye~t

percentage, fermentationUme, and the type of produd baked. Such records

sha1I be retained in the owner's or operator's files for a period of not less th;m
two yean.,

1153·3
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Rule 1153 (Coai.) (Adopted J8D1I8I)' 4, 1991)

'(h) Test Methods

EPA Test Method 25, or SCAQMD Test Method 25.1, or any other method
determined to be equivalent and approved by the. Executive Officer or his
designee, may be used to determine comp6ance with this rule.

I
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Rule 1153 (CooL) (Adopted JaOWll)' 4, 1"1)

I

l :

ATrACHMENT A
~ -

-. .. .
Yt Pounds VOC/tOD Yt PoundsVOC ton

.Bakea Product

1.0 0.8488 16.0 7.5176 "
1.5 1.0711 16.5 7.7399
2.0 1.2934 17.0 7.9622
2S 1.5157 17.5 8.1845
3.0 1.7380 18.0 8.4068
3.5 1.9603 18.5 8.6291
4.0 2.1826 19.0 8.8514
4.5 2.4049 19.5 9.0737
5.0 .;.,~. -. "2.6272--..,.,--..-., 20.0 9;!959
5.5 ,,;'" .. / 28495', - 20.5 9.5182
6.0 3~/ 21.0 9.7405
6.5 3 _ . 21.5 9.9628
7.0 3.5163 22.0 10.1851
7.5 .'-" ,....... 3.7386 22.S 10.4074
8.0 3.9609 23.0 10.6297-
8.5 4.1832 23.5 10.8520
9.0 4.4055 24.0 11.0743

- ·9.5 4.6278 24.5 11.2966
10.0 4.8501 25.0 11.5189
10.5 5.0724 2S.5 11.7412 ,

11.0 5.2947 26.0 11.9635
11.5 5.5170 26.5 12.1857 !

12.0 5.7393 27.0 12.4080 .
12.5 5.9616 27.5 12.6303
13.0 6.1839 28.0 12.8526
13.5 6.4061 28.5 13.0749
14.0 6.6284 29.0 13.2972
14.5 .6.8507 29.5 13.5195
15.0 7.0730 30.0 13.7418
15.5 7.2953

• Yt =(y~ercentqe) x (fermentation time)
Ifyeast is d~ in 2 steSs, Yt = (initial~east percentage)

• ~tOtal fermentation time + (remain;ng east percentage)
• remaining fermentation time)

1153-5
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