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1.0 INTRODUCTION

This report describes the preparation of a completely revised
Section 5.4.

Affected charcoal facilities include both cooking (briquet)
and industrial charcoal manufacturing processes which produce
charcoal from a carbon source in either a continuous or batch process.
Industrial charcoal can be made by the same method and at the same
time as cooking charcoal; therefore, this segment of the industry
is included. It is estimated that activated carbon production
comprises 10 to 15 percent of charcoal briquet and activated carbon
production.

Determination of actual emissions from both batch and continuous
type processes has been a major problem. Most reported emissions
have been based upon published emission factors. These emission
factors, in turn, have been based upon experimental lab work and/or
data obtained from charcoal plants which were operated primarily
for the recovery of wood chemicals, with charcoal production being
of secondary interest.

Products of charcoal manufacture are divided into five
categories: charcoal, noncondensible gases (CO, COp, CHs and
CoHg), pyroacids (primarily acetic acid and methanol), tars and
heavy oils, and water.3 Products and product distribution are
variable depending on raw materials and carbonization parameters,
It is important to note that the extent to which organics and
carbon monoxide are naturally combusted before leaving the retort
varies from plant to plant. Uncombusted tars may solidify to form
particulate emissigns, whereas uncombusted pyroacids may form
aerosol emissions.

The manufacture of charcoal without emission control can
result in the emission of any of the products of pyrolysis of
carbonaceous materials. Over 200 products of’¥ood pyrolysis have
been identified, and the list is not complete.,” Literature sources
quantified uncontrolled emissions, either by estimate or by sampling,
for uncontrolled emissions of: particulate, carbon monoxide,
methanol, acetic acid, methane, nitrogen oxides and nonmethane
gases. These species are found in the uncontrolled emissions of
both batch and continuous charcoal manufacture.




2.0 PROCEDURE FOR REVISION OF CHARCOAL MANUFACTURING
EMISSION FACTORS

The procedure for deriving new emission factors is outlined
below. Basically, emission factor data were extracted from the
existing AP-42 data base (references 1 and 2) and critically
examined; test results and material balances were obtained from new
references, and histograms were constructed utilizing both the
existing data base and the new information available (references
3-9). Examination of reported data used to determine the revised
emission factors is contained in Sections 2.2 through 2.6.

2.1 Conversion of Units

Test results and material balances performed were expressed in
both metric and English units. Histograms used in this documentation
are scaled to units of g/kg {kg/MT). Arithmetic averages determined
from these histograms are further converted to units of 1b/ton for
publication in the revised AP-42 section. The following conversion
factors are used:

: |
(9/kg) (KL (&) = yg/mr
MT 107 g

Ton {short, 2,000 1b-mass) = 907.4 kg
Metric ton (MT) = Ton (short, 2,000 1b-mass) x 1.102

2.2 Particulate Emissions

Information available concerning particulate emissions was
extracted from each reference and converted to units of g/kg.
Material balance and laboratory studies were performed in some of
the literature (references 1, 6, 8, 10) and several test results
were available (references 7 and 9).

The kilns tested were Missouri-type kilns, and no control
devices were utilized. EPA Method 5 was used to test for partic-
ulates. Sampling uncontrolled batch kilns with multiple stacks
proved difficult due to the low intermittent flow through these
exhaust stacks. Sampling must be done over the entire burn cycle
to arrive at an overall average emission per unit of production for
a batch process. Also, instead of sampling each emitting stack
each day, the test procedure cited in references 6 and 8 required
compositing samples from all eight emitting stacks into one daily
sample. In other words, by sampling each emitting stack in turn
with the same sampling apparatus and without sample cleanup between
stacks, samples from the individual stacks would be automatically
combined for a daily average.

= =




A significant portion of particulate emissions from wood
charcoal production is wood tars and oils. These materials will
pass through the EPA Method 5 filter and condense in the first
water impinger of the Method 5 train. EPA Method 5 currently does
not include procedures for recovery and quantification of these
materials.

A histogram was plotted, and an arithmetic average of 133 g/kg
(kg/MT) was obtained (Figure 1) based on data points determined as
follows:

Reference 1, page 4-31

Particulates (tars, oils) are estimated to be approximately
5 percent by weight of the total raw material feed.

8,000 1b raw mat. . (0.05 particulates) _ 400 1b

ton charcoal raw mat. ton - 200 9/kg
Reference 5, page 50
h
200 1b tar 454 ¢ 2.2 1by _
560 15 charcoaT X (15 ) * Fg ) = 208 9/kg

Reference 6, page 6

126.4 1b 454 g ton 2.2 1by _

fon charcoaT * (75 * (Zo00 15! X g ) = 63 9/k9
144.7 1b 454 g ton 2.2 1b, _

ton charcoal (p—) * (2,000 75) X | kg ) =72 9/kg
160.5 1b 454 g ton 2.2 1by _

fon charcoal * CT6) * (Zo00T5) * Fg ) = 80 e/kg

Reference 7, page 306

6
193 x 105 1b/yr 454 g ton 2.2 1by _
575000 ton/yr charceal * o) X (7000 75! X Fkg ) = 176 9/kg

Reference 8, page b

4.23 1b/hr(24 hr/day) (21 days) 454 q ton 2.2 1by _
I8 ton charcoal x (55=) x (zm00 76! ¥ Gkg ) = 59 9/kg

Reference 9, page 28

803 tons tar 2,000 1b yr _ )
yr o) (3,357 Tor) = 416.4 1b/ton = 208.2 g/kg
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Charcoal Briquetting3

Charcoal is crushed, mixed with a binder solution, pressed
and dried. This composition results in a briquet of approximately
90 percent charcoal. Briguetting operations can control particulate
emissions with centrifugal collection (65 percent control) or
fabric filtration (99 percent control).

The industrial survey controlled particulate emission factor
of 1.25 x 10-3 1b particulate/1b briquet was converted to an
uncontrolled emission factor assuming 95 percent control efficiency
and & briquet containing 90 percent charcoal as follows:

1.25 x 1o-3 LB parziculate coantrolled ( 1b brigget ‘(2,000 15}(20 1y uneonsrelied {451bc}( o0 \(3;3_$2) = 26 g/kg

iz Ariguet B.7 1o charcoail Ton iD controkied 1,000 1B/

2.3 Nonmethane Volatile Organic Compounds {NMVQCs)

NMVOCs consist of both noncondensibles {ethane, formaldehyde
and unsaturated hydrocarbons) and condensibles (methanol, acetic
acid and pyroacids). :

The acetic acid and methanol emissions reported in the current
AP-42 section were based on information contained in reference 1,
page 4-34. Emissions data were derived from an engineering analysis
performed to determine byproducts of the pyrolysis of hardwood.
Emissions estimates of 76 kg/MT (152 1b/ton) and 116 kg/MT (232 1b/ton)
were determined for methanol and acetic acid, respectively.

Reference 3, page 59

NMVOC emissions are reported as volume percent ethane and
unsaturated hydrocarbons. To convert to a mass emission and emission
factor, several assumptions were made: (1) a molecular weight of
35.1 g noncondensibles per mole noncondensibles was calculated
based on an "average" noncondensible composition table (page 59),
and (2) a noncondensible emission factor of 25 g noncondensibles per
31 g charcoal produced (reference 4).

120 moles nonccadensisles

2.72 soles unsatuyraced hvdrocarbon

3.99 moles arhane ( 30 3 azhane ) ( nole noncondensible 3( 25.0CC 7 neoncondensible - 21 gs%
cole nigher hydrocarbon 35.1 g nconcondensibie/ 3l kg charcoal 5/

28 g unsatyrated hvdrocarbtons Sols noncgndensible 35,200 g _noncondensizie

123 moles noncondensiblea (:ola unsacurated tydracarson / (JS.; H nanscndaas:blg) \ 21l k3 zharemal ) = 17 §/%3

Reference 5, page 50

. 190 1b pyroacids « (454 g) % (2.2 1b)

960 1b charcoal T kg ) = 198 9/kg
30 1b_ethane 454 2.2 by .
560 Th charcoaT * CTp— X ("1§5‘“) = 31 g/kg




Reference 7, page 306

6

73 x 107 1b methano1[yr (454 g ton 2.2 1by _

548,000 ton/yr charcoal * ) x (o015 X { ) = 67 g/kg
112 10° 1b acetic acid/yr (454 9) & (ot (2 2 1b,
548,000 ton/yr charcoal 2,000 1b

2.4 Methane VOCs

References, 1,5,7 and 9 reported methane emissions in units
which required differing conversions to achieve a compatible g/kg
format. Reference 1, for example, assumes the volumetric makeup
of the noncondensible gas to be 53 percent carbon dioxide, 27 percent
carbon monoxide and 15 percent methane. To determine the weight
and emission rate of these constituents, the weight of a pound
mole of the constituent gas was multiplied by the total weight of
the flue gas and by the volumetric percentage of the constituent
and divided by the weight of a pound mole of the flue gas. A
methane emission factor of 50 g/kg was determined.

Reference 5, page 50

55 1b methane (454 g) (2 2 1b)
960 1b charc0a1

= 57 g/kg

Reference 7, page 306

48 x 106 1b methane/yr (45449) ( ton ) x (2 .2 1b)
248,000 ton charcoa]/yr 2,000 1b

= 44 g/kg

Reference 9, page 28

222 tons

2,000 1b r 115 1b
yr X ton ) x (3,357 ton) X

Based on the methane emissions reported for references 1,5,7
and 9, an arithmetic average of 52 g/kg was obtained.

= 58 g/kg

2,5 Carbon Monoxide

Reference 1 assumes the volumetric makeup of the noncondensible
gas to he 27 percent carbon monoxide. To determine the weight and
corresponding emission rate, the same procedure was followed as is
outlined under reference 1, methane VOCs (2.4). Accordingly, a
carbon monoxide emission factor of 160 g/kg was obtained from
reference 1.

= 102 a/kg
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Reference 5, page 50

172 1b CO 454 g 2.2 1by _
960 Tb charcoal X (b ) X (g ) = 179 9/kg
Reference 9, page 28
691 tons 2,000 1b yr - 358 1b _
X o ) X s T ens) T Tten - 179 9/kg

“Based on the emissions estimates obtained from references 1,
5 and 9, an arithmetic average of 172 g/kg was determined.

2.6 Nitrogen Oxides (reference 3, page 62}

The uncontrolied emission factor for nitrogen oxides was
calculated assuyming that no oxides of nitrogen were formed by
thermal fixation of air and that all fuel nitrogen was oxidized to
NO. Thermal fixation of air is excluded since the normal operating
temperatures of charcoal manufacture (approximately 500°C) are not
high enough to promote NO formation.

Nitrogen oxides formed from wood nitrogen were calculated

assuming all of the 0.14 percent nitrogen in wood was oxidized to NO.

With the assumption that 4 kg of wood are needed to produce 1 kg of
charcoal, the uncontrollied emission factor is derived as follows:

0.14 g N (30 g NO) < (4,000 g wood

100 g wood X ‘T& g N kg charcoal) - 12 9/kg

_ S
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3.0 EMISSION FACTOR RATINGS

Very few data are available to characterize emissions for
charcoal manufacture. Most estimates found in the literature were
derived from material balance calculations based on laboratory wood
pyrolysis studies.

Field sampling data for particulates is available; however,
the results are of questionable value because of the improvisational
sampling techniques utilized. Sampling uncontrolled batch kilns
with muitiple stacks proved difficult due to the low intermittent
flow through these exhaust stacks. Velometers used were affected
by ambient winds and possibly by the flue gas constituents. Sampling
must be done over the entire burn cycle to arrive at an overall
average emission per unit of production for a batch process. Also,
instead of sampling each emitting stack each day, the test procedure
cited in references 6 and 8 required compositing samples from all
eight stacks into one daily sample. The necessary modifications of
the sampling technique cast doubt on the representative nature of
the resulting data.

The emission factors were derived from a larger data base than
previously existed. However, source tests performed were based on
new methodology, and it is not known how representative laboratory
and pyrolysis studies are of actual operating conditions within
both batch type and continuous type kilns. Therefore, the derived
emission factors will retain the C-rating established for the
current section.
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