10.7 Charcoal
10.7.1 Process Description*

Charcoal is the solid carbon residue following the pyrolysis (carbonization or destructive
distillation) of carbonaceous raw materials. Principal raw materials are medium to dense hardwoods
such as beech, birch, hard maple, hickory, and oak. Others are softwoods (primarily long leaf and slash
pine), nutshells, fruit pits, coal, vegetable wastes, and paper mill residues. Charcoal is used primarily
as afuel for outdoor cooking. In some instances, its manufacture may be considered as a solid waste
disposal technique. Many raw materials for charcoal manufacture are wastes, as noted. Charcoal
manufacture is also used in forest management for disposal of refuse.

Recovery of acetic acid and methanol byproducts was initially responsible for stimulating the
charcoal industry. As synthetic production of these chemicals became commercialized, recovery of
acetic acid and methanol became uneconomical.

Charcoal manufacturing kilns generally can be classified as either batch or continuous multiple
hearth kilns; continuous multiple hearth kilns are more commonly used than are batch kilns. Batch
units such as the Missouri-type charcoal kiln (Figure 10.7-1) are small manually-loaded and -unloaded
kilns producing typically 16 megagrams (Mg) (17.6 tons) of charcoal during a 3-week cycle.
Continuous units (Figure 10.7-2) produce an average of 2.5 Mg per hour (Mg/hr) (2.75 tons per hour
[tong/hr]) of charcoal. During the manufacturing process, the wood is heated, driving off water and
highly volatile organic compounds (VOC). Wood temperature rises to approximately 275°C (527°F),
and the VOC distillate yield increases. At this point, external application of heat is no longer required
because the carbonization reactions become exothermic. At 350°C (662°F), exothermic pyrolysis ends,
and heat is again applied to remove the less volatile tarry materials from the product charcoal.

Fabrication of briquettes from raw material may be either an integral part of a charcoal
producing facility, or an independent operation, with charcoal being received as raw material.
Figure 10.7-3 presents a flow diagram for charcoal briquette production. Raw charcoal is first crushed
to pass through an approximately 3 millimeter (0.12 inch) screen aperture and then stored for
briquetting. The charcoal is then mixed with a binder to form a 65 to 70 percent charcoal mixture.
Typical binder solutions are 9 to 10 percent by weight solutions of cornstarch, milostarch, or
wheatstarch. Sawdust or other materials may be added to obtain faster burning or higher temperatures.
Briquettes are then formed in a press and dried at approximately 135°C (275°F) for 3 to 4 hours,
resulting in a product with a 5 percent moisture content. This process generates a briguette of
approximately 90 percent pyrolysis product.

10.7.2 Emissions And Controls**?

There are five types of products and byproducts from charcoal production operations: charcoal,
noncondensible gases (carbon monoxide [CO], carbon dioxide [CO,], methane, and ethane), pyroacids
(primarily acetic acid and methanol), tars and heavy oils, and water. With the exception of charcoal, all
of these materials are emitted with the kiln exhaust. Product constituents and the distribution of these
constituents vary, depending on raw materials and carbonization parameters. Organics and CO are
naturally combusted to CO, and water before leaving the retort. Because the extent of this combustion
varies from plant to plant, emission levels are quite variable. Some of the
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Figure 10.7-1. The Missouri-type charcoal kiln.’
(Source Classification Code: 3-01-006-03.)
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Figure 10.7-2. The continuous multiple hearth kiln for charcoal production.*
(Source Classification Code: 3-01-006-04.)
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Figure 10.7-3. Flow diagram for charcoal briquette production.?
(Source Classification Code: 3-01-006-05.)
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specific organic compounds that may be found in charcoal kiln emissions include ethane, methane,
ethanol, and polycyclic organic matter (POM). |f uncombusted, tars may solidify to form PM
emissions, and pyroacids may form aerosol emissions.

The charcoal briquetting process is also a potential source of emissions. The crushing,
screening, and handling of the dry raw charcoal may produce PM and PM-10 emissions. Briquette
pressing and drying may be a source of VOC emissions, depending on the type of binder and other
additives used.

Continuous production of charcoal is more amenable to emission control than batch production
because emission composition and flow rate are relatively constant. Emissions from continuous
multiple hearth charcoal kilns generally are controlled with afterburners. Cyclones, which commonly
are used for product recovery, also reduce PM emissions from continuous kilns. Afterburning is
estimated to reduce emissions of PM, CO, and VOC by at least 80 percent. Control of emissions from
batch-type charcoal kilnsis difficult because the process and, consequently, the emissions are cyclic.
Throughout a cycle, both the emission composition and flow rate change. Batch kilns do not typically
have emission control devices, but some may use after-burners.

Particulate matter emissions from briquetting operations can be controlled with a centrifugal
collector (65 percent control) or fabric filter (99 percent control).

Emission factors for criteria pollutant emissions from the manufacture of charcoal are shown in
Table 10.7-1. Table 10.7-2 presents factors for emission of organic pollutants from charcoal
manufacturing.

Table 10.7-1 EMISSION FACTORS FOR CHARCOAL MANUFACTURING--
CRITERIA POLLUTANTS AND CO,?

EMISSION FACTOR RATING: E

Ib/ton
Source Total PMP NO, CO VOC CO,
Charcoal kiln® (SCC 3-01-006-03, -04) 310¢ 24¢ 290 270° 1,100
Briquetting" (SCC 3-01-006-05) 56' ND ND ND ND

& Factors represent uncontrolled emissions. SCC = Source Classification Code. ND = no data.
Emission factors units are Ib/ton of product. One Ib/ton = 0.5 kg/Mg.

Includes condensibles and consists primarily of tars and oils.

Applicable to both batch and continuous kilns.

References 2,6-7.

Reference 3. Based on 0.14 percent nitrogen content of wood.

References 2,6-7,11.

References 2-3,6.

For entire briquetting process.
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Table 10.7-2. EMISSION FACTORS FOR CHARCOAL MANUFACTURING--
MISCELLANEOUS ORGANIC POLLUTANTS?

EMISSION FACTOR RATING: E

Source Pollutant Emission factor, Ib/ton
Charcoal kiln® (SCC 3-01-006-3, -04) M ethane® 110

Ethane® 52

M ethanol® 150

POM' 0.0095

& Factors represent uncontrolled emissions. SCC = Source Classification Code. Emission factors units
are Ib/ton of product. One Ib/ton = 0.5 kg/Mg.
Applicable to both batch and continuous kilns.
References 2,6.

Reference 2.

b
C
4 References 3,6.
e
f

Reference 7.
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