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FOREWORD

When energy and material resources are extracted, processed,
converted, and used, the related pollutional impacts on our
environment and even on our health often require that new and
increasingly more efficient pollution control methods be used.
The Industrial Environmental Research Laboratory - Cincinnati
(IERL-Ci) assists in developing and demonstrating new and
improved methodologies that will meet these needs both efficient-
ly and economically.

This report contains information on air emissions from the
charcoal manufacturing industry. This study was conducted toO
prcvide a better undevrstanding of the distribution and character-
istics of emissions from charcoal mapufacture. Further informa-
tion on this subject may be obtained from the Food and Wood
Products Branch, Industrial pPollution Control Division.

pavid G. Stephan
Director
Industrial Environmental Research Laboratory
‘ Cincinnati
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PREFACE

The Industrial Environmental Research Laboratory (IERL) of the
U.S. Environmental Protection Agency (EPA) has the responsibility
for insuring that pollution control technology is available for
stationpary sources to meet the requirements of the Clean Air Act,
the Federal Water Pollution Control Act, and solid waste legisla-
tion. If control technology is unavailable, inadequate, or
uneconomical, then financial support is provided for the develop-
ment of the needed control techniques for industrial and eztrac-
tive process industries. Approaches considered include: process
modifications, feedstock mcdifications, add-on control devices,
and complete process substitution. The scale of the control tech-
nology programs ranges from bench-~ to fuil-scale demonstration
plants.

IERL has the responsibility for investing tax dollars in programs
to develop control technology for a large number of operations
fmore than 500) in the chemical industries. As in any technical
program, the first question to answer is, "Where are the unsolved
problems?" This is a determination which should not be made on
superficial information; consequently, each of the industries is
being evaluated in detail to determine if there is, in EPA's judg~
ment, sufficient environmental risk associated with the procass

to invest in the development of control technology.

Monsanto Research Corporation has contracted with EPA to investi-
gate the environmental impact of various industries which repre-
sent sources of pollution in accordance with EPA's responsibility
as outlined above. Dr. Robert C. Binning serves as Program
Manager in this overall program entitled, "Source Assessment,"
which includes the investigation of sources in each of four
categories: combustion, organic materials, inorganic materials,
and open sources. Dr. Dale A. Denny of the Industrial Processes
Division at Research Triangle Park serves as EPA Project Officer.
Reporte prepared in the Source Assessment Program are of two
types: Source Assessment Documents and State-of-the-Art Reports.
The major difference between the two is the quantity and quality
(reliability) of the data reported.

Source Assessment Documents contain data on emissions from spe=-
cific industries gathered from literature, government agencies,
and cooperating companies. Emissions sampling and analysis are
also performed by the contractor when the available information
does not adequately characterize the source emissions. The

iv




intent of these documents is to provide all of the information
necessary for IERL to ducide whether emissions reduction is
required.

' gtate-of-the-Art Reports contain information on emissions from

specific industries gathered from literature, government agencies,
and cooperating companies. However, no emissions sampling of
industries is conducted by the contractor in a state-of-the-art
study. Data quality available may be poor and, if so, this is
called out in the report. The intent of the report is to provide
an overview of the industry and to indicate where data are lack-
ing. Results of such studies aid EPA in deciding if further,
indepth study of the industry is warranted. Such repcrts have
potential utility to government, industry, and other researchers
having specific needs and interests.

This state-of-the-art study was urdertaken to provide information
on air emissions from charcoal manufacturing. The study was
initiated by IERL-RTP in July 1975 with Dr. R. A. Venezia of the
Industrial Processes Division at RTP serving as EPA Task Officer.
Project responsibility was transferred to IERL-Cincinnati in
October 1975, and Dr. H. Kirk Willard of the Food and Wood Prod-
wsts Branch of the Industrial Pollution Control Division served
as EPA Task Officer until the study was completed.
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ABSTRACT

This document reviews the state of the art of charcoal manufac-
ture. Information collected from literature, government agencies,
and industrial sources was used to evaluate process chemistry,
process technology, industry populaticn and geographical distribu-
tion, airborne emissions and environmental effects, control
technology, and future trends in the industry. :

Charcoal is the solid material remaining following the pyrolysis
of carbonaceous materials, primarily hardwoods. It is produced
in both batch and continuous facilities and then briguetted. 1In
1975 an estimated 590,000 metric tons of charcoal were produced
to satisfy its primary use as a recreational fuel. Charcoal
production is concentrated in the southezustarn quadrant of the
United States, with Missouri dominating production.

Emissions estimates were made for the following species: partic-
ulate, carbon monoxide, methanol, methane, hydrogen, polycyclic
organic materials, nitrogen oxides, and other gases. For cri-
teria pollutants, controlled emissions from charcoal manufacture
are estimated to range from 0.03% to 0.05% of the total national
emissions of these pollutants. Source severity (the ratio of a
calculated maximum ground level concentration from a representa-
tive source to a defined allowable concentration) values for
controlled emissions from batch kilns range from 0.016 to 3.7,
for continuous furnaces from 0.00%7 to 4.6, and for briquetting
operations from 0.27 to 1.6, The affected population for
charcoal manufacture in controlled facilities ranges from 0 per-
sons to 247 persons.

This report-was submitted in partial fulfilliment of Contract
68~02-1874 by Monsanto Research Corporation under the sponsorship
of the U.S. Environmental Protection Agency. This report covers
the period July 1975 to October 1977.
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Q/acTu

constants (Appendix B)
_H2/2C2
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hazard factor: for criteria emissions, F is the
ambient air quality standard; for noncriteria
emissions, F is a reduced TLV

emission height

stack height

emission rate

source severity

threshold limit value

short-term averaging time (3 min)
averaging time

wind speed

average wind speed

downwind dispersion distance from source of emission
release

horizontal distance from centerline of dispersion
3.14

standard deviation of horizontal dispersion
standard deviation of vertical dispersion

downwind ground level concentration at reference
coordinate (x, y)

average ground level concentration
maximum ground level concentration of a pollutant

. time-averaged maximum ground level concentration of

a pollutant
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CONVERSION FACTORS AND METRIC PREFIXESa

CONVERSION FACTORS

To convert from To ) Multiply by
Degree Celsius (°C) Degree Fahrenheit tﬁ = 1.8 té + 32
Degree Kelvin (K) Degree Celsius t& = tﬁ ~ 273.15
Joule (J) British thermal unit 9.479 x 107"
Kilogram (kg) Pound~mass (lb-mass

avoirdupois) 2.205
Kilogram (kg) . Ton (short, 2,000 lb-mass) 1,102 x 1073
Kilometer? (km?) Mile? 3.860 x 107!
Meter (m) Foot 3.281
Meter? (m3) Foot 3 3.531 x 10!
Metric ton Pound-mass 2.205 x 103
Metric ton Ton {(short, 2,000 lb-mass) 1.102

METRIC PREFIXES

Prefix Symbol Multiplication factor Example
Giga G - 10° 163 =1 x 10° joules
Kilo k 103 1 kg =1 x 103 grams
Mega M 106 1 MJT =1 x 10% joules
Milli m 103 =1 x 1073 meter

aStandardefor Metric Practice.
E 380-76%, IEEE std 268-1976, American Society for Testing and
Materials, Philadelphia, Pennsylvania, February 1976. 37 pp.

1 mm

ANSI/ASTM Designation:
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» _ SECTION 1

s INTRODUCTION

Although the primary current use of charcoal is as a recreational
cooking fuel, its manufacture has a long and iuteresting history
in the United States. In the Colonial period, charcoal was pro-
duced as a fuel for iron smelting. As metallurgical charcoal
requirements peaked toward the end of the 19th century, byproduct
recovery of acetic acid and methanol for the synthetic organic
chemical industry became important to the growth of charcoal pro-
duction. Production of acetic acid and methanol stimulated
growth into the 20th century with charcoal becoming the byproduct
until more efficient and less expensive acetic acid and methanol
synthesis routes were commercialized. Subsequently, charcoal
production declined until all acetic acid and methanol recovery
plants had ceased operation. Then charcoal once again became the
primary product. Demand for charcoal as a recreational fuel has
poosted production to an estimated 590,000 metric tons? annually,
greater than the previous peak production of 500,000 metric tons
in 1909.

. Charcoal manufacturing is not a homogeneous industry. It uses a

PR variety of raw materials and operating practices. However, pro-
duction can be generally classified into either batch or con-
tinuous operations. Batch units are small, manually lcaded and

) unloaded kilns producing typically 16 metric tons of charcoal

A during a 3~wk cycle, while continuous units produce an average of
2.5 metric tons/hr of charcoal. Both of these processes, as well
as the general process chemistry, are described in detail.

This report discusses air emissions from the manufacture of char-
coal. Emission points within the manufacturing process are

identified, types and quantities of emissions are delineated, and
characteristics of air pollutants are listed. State and national

e emissions of criteria pollutants from the charcoal industry are
£ compared to total state and national emissions from all sources.
= : The maximum average ground level concentrations of emissions from

typical charcoal plants are compared to a corregponding ambient

air quality. The effect of control technology is also discussed.
- Possible future trends in the industry are delineated. '

41 metric ton equals 10% grams; conversion factors and metr%c
. system prefixes are presented in the prefatory pages of this
S report.
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SECTION 2 ' :

SUMMARY

Charcoal is manufactured by the pyrolysis of carbonaceous mater-
ials, primarily hardwoods, in batch kilns or continuous furnaces.
This document examines air emissions from the basic manufacturing
processes and from the formation of charcoal briquets. The
manufacture of activated carbon is not included because it repre-
sents a declining fraction of total charcoal plus activated
carbon production.

Estimated 1975 production of charcoal was 590,000 metric tons
with an estimated distribution of 55% manufactured in continuous
furnaces and the remaining 45% manufactured in batch kilns. On a
number basis, this production represents an estimated 1,330 batch
kilns and 16 continuous furnaces. There are also an estimated

32 charcoal briquetting plants in the United States. Charcoal
production is located primarily in the southeastern quadrant of
the United States. Missouri produces an estimated 45% of
national production. :

L iring the manufacturing process, emissions of particulate, car-

bon monoxide, hydrocarbons, hydrogen, and nitrogen oxides are

released to the atmosphere. Table 1 presents the range in uncon- :
trolled emission factors for these species, estimated national : :
emigssions from the charcoal industry based on the current appli-

cation of control technology, and the percent contribution of

charcoal production to total national criteria emissions from all
sources. Ranges are reported for emission factors because of the

poor quality of the input data. Table 2 shows the estimated
contribution of charcoal manufacture to the emission of criteria
pollutants on a state-by-state basis for states in which charcoal
production was identified.

For use in assessing the environmental impact of charcoal manu-
facturing, representative emission sources were defined for batch
kilns, continuous furnaces, and briguetting operations. 'A rep-
resentative batch kiln produces approximately 200 metric tons of
charcoal annually, and there are 12 kilns at a typical charcoal
batch plart. Every kiln has eight emission stacks each approxi-
mately 4.6 m high. A representative continuous furnace is
defined as having an average annual production rate of approxi-
mately 20,000 metric tons. Each furnace has one emission point
a stack 21 m high. An average briquetting facility processes
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TABLE 1. MASS EMISSIONS FROM CHARCOAL MANUFACTURE

Percent of

B : Uncontrolled emission Total annual national

. factor, a/kg controlled emissions emissions
. o Charcoal in 1975, from all t
. ! Emission species manufacture Briguetting metric_ tons sources ‘
« ! particulate® : 28 to 40n 7 to 42 6.6 x 10% to 8.3 x 10*  0.04 to 0.5 4 ]
! Carbon monoxide . 160 to 179 -z 3.6 x 10" to 4.0 x l0* 0.04 to 0.04 ;
! Methanol 67 to 76 -c 1.5 x 10" to 1.7 x 10* l d.a i
; heetic acid, 102 to 116 ¢ 2.3 x 10 to 2.6 x 10% 0.2 to 0.27" f
' Other gases 7 to 60 -¢ 1.6 x 103 to 1.4 x 10* § . 1
- : Methane 44 to 57 e 9.9 x 107 to 1.3 x 10% - !
S j Hydrogen 0.5 to 2 =S 1.2 x 102 to 4.5 x 107 -9 i
: : Nitrogen oxides 12 o 7.3 to 10° 6.02 :
Eh. i Polycyclic organic materials v.004 - 0.90 -9 {

3controlled emissions were determined based op the following assumptions: 25% of batch kilns
have B5% efficient afterburning, 100% of continuous furnaces have 95% efficient afterburning,
and 100% of briguetting plants have 95% efficient particulate control.

bIncludes tar, oil, and pyroacids.

SNo information available.

dThe caleulation rounded to one significant figure yields the same number for high and low end
of the range.

[ eMethanol, acetic acid, and other gases summed and compared to national hydrocarbon emissions. f

Includes compounds identified in the literature as "higher hvdrocarbons™ (assumed to be non-
. \\ methane noncondensibles), ethane, formaldehyde, and unsaturated hydrocarbons (e.q.. ethyleue).

Inot applicable.

TABLE 2. ESTIMATED CONTRIBUTION OF CHARCOAL PRODUCTION
-t ! TQ STATE TOTAL CRITERIA EMISSIONS ;

|

i Percent of emissions

i Partic~- Carbon Hydro- Nitrogen
'

State ulate monoxide carbons oxides E
~ Arkansas <]l to 6 <l 2 to 3 <1 E
California <1 <1 <l <1 '
Maryland <1 <l <1 <1 :
Minnesota <] <l ‘ <1 <1 i
Mississippi <1l to 2 <1 <l to 1 <1 B
Missouri 1 to 21 <] 5 to 6 <l ,
North Dakota - <l to 8 <1 5 to 6 <1 i
. Ohio <1 <] <l <1 !
s _ ' Oklahomna <1l to 2 <1 <l ' <1 t
= South Carolina <1 to 1 <l <1 <1 i
; Tennessee ' <1 <1 <1 <1 ;
ot Virginia <l to 1 <1 <1 to 1 <1 ;
S wisconsin <1 <1 <1 <1 :
%
) 3pased on the summation of methanol, acetic acid, poly- :
, cyclic organic materials, and other gases. :
3 E 3 é
X 4

hY Seos
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approximately 18,000 metric tons of briguets annually and has a
7.6 m emission height.

To evaluate the hazard potential of the representative sources,
the source severity, S, was defined as the ratio of the time-
averaged maximum ground level concentration of a pollutant,

Xmax, determined using Gaussian plume dispersion methodology, to
a hazard factor, F. For criteria emissions, F is the ambiert air
guality standard. For noncriteria emissions, F is a reduced
TLV®. Values for S, shown in Table 3, are based on both con-
trolled and uncontrolled emissions. '

TABLE 3. SOURCE SEVERITIES FOR REPRESENTATIVE

CHARCOAL MANUFACTURING PLANTS

Source severity, Sa'

patch kiln Continucus furnace driguetting
rmission spocies Uncontrolled cunt.ruuedb Yncontrolled Controlledc Uncontrelled Conuolledc
Purticulalcd 1.7 to 26 0.26 to 3.7 3.0 to 44 0.1% to 2.2 5.4 toe32 0.27 toel.i\
Carton monoxide 0.11 o 0.12 0.016 to 0.018 ©.19 to 0.22 0.0097 to 0.01} e @
Mathanol 1.2 to 1.4 0.19 to 0.2): 2,2 tp 2.5 0.11 to 0.12 “e e
Acetic acxdf 20 o 23 3.0 to 3.4 35 to ¥ 1.7 o 2.0 “e “e
Other gases 1.0 o B.5 3.2 te, 1.3 1.7 to_ 15 0.09 to 0.8 - -
Methane -9 g 9 ] -& e
9 9 9 9 e e
Hydrogen . - - - - “a “e
Nitroqgen oxides 2.8 3.0 4.2 4.6 e “a
Folycyclic organic materials 19 2.9 34 1.7 - -

a
Emissions assured copstant aver perlod of emission, batch 2,971 hr/yr, centinuous and brigquetting 8,000 hr/ye.
Also assumed one emiisior .0int por source.

o

Based on B5%V control efficiency for particulate, carbop menoxide, and hydrocarbons.
Based on 95V control efficiency for particulate, carbon monoxide, and hydrocarhons.
Includes tar, oil, and pyroacids.

No information.

- _m o _n

Includes compounds identified in the literature as “higher hydrocarbons™ (assumed to be nonmethane noncendensibles),
ethane, formaldcehyde, and unsatursted hydrocarbons le.g., ethylene).

guethane and hydrogen are simple asphyxiants, have no TLV or B and therafore no 5.

Affected population is defined as the population around a
representative plant that is exposed to an average ground level
concentration (¥) for which X/F is either greater than 0.1 or
greater than 1.0. Among the emissions from charcoal manufacture,
the largest population is affected by nitrogen oxides, followed
in decreasing order by particulate, acetic acid, polycyclic
organic materials, other gases, and methanol. For ¥X/F greater
than 1.0, the affected populations range from 0 to 11 persons,
for ¥/F greater than 0.1, the range is from 0 to 247 persons.
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control efficiency and application remain constant,
in emissions of 22% over the same period.

Batch kilns do not typically have emission control devices. How-
ever, some kilns utilize afterburners to reduce enissions. Con-
tinuous furnace charcoal production facilities are all believed
to use some level of afterburning to reduce emissions. After-
burning is estimated to reduce emissions of particulates, carbon
monoxide, and hydrocarbons by a minimum of 80%. Briguetting
operations can control particulate emissions with centrifugal
collection (65% control) or fabuic filtration (99% control).

The future growth in charcoal production is projected to be
approximately 4%/yr. This will result in a 22% growth in pro-
duction over the 5-yr period from 1973 to 1980, and, if emission

an increase

(YD




SECTION 3

SOURCE DESCRIPTION

SOURCE DEFINITION

Charcoal is the solid carbonaceous residue remaining following
the pyrolysis (carbonization or destructive distillation) of
carbonaceous raw materials. Raw materiesls can be almost any
carbonaceous material of either animal, vegetable, or mineral
origin, but medium to dense hardwoods such as beech, birch, hard
maple, hickory, and oaks are the principal commercial raw materi-
als (92% in 1961) (1, 2). Other raw materials include softwoods
(primarily longleaf and slash pine), nutshells, fruit pits, coal,
vegetable wastes, and papermill residues (1, 3«5).

Charcoal is used primarily as a recreational fuel, but in some

instances its manufacture may be considered as a solid waste dis-
posal technigue. As noted above, many raw materials for charcoal
manufacture are wastes, and charcoal manufacture is also used as

(1) Toole, A. W., P. H. Lane, C. Arbogast, Jr., W. R. Smith,
R. Peter, G. Locke, E. Beglinger, and E. C. 0. Erickson.
Charcoal Production, Marketing, and Use. Forest Products
Laboratory Report No. 2213, U.S. Department of Agriculture,
Forest: Service, Forest Products Laboratory, Madison, Wiscon-

" sin; Southeastern Forest Experiment Station, Asheville,

North Carolina; and Lake States Forest Experiment Station,
St. Paul, Minnesota, July 1961. 137 pp.

(2) Doying, II. G. Activated Carbon. 1In: Kirk-Othmer Encyclo-
pedia of Chemical Technology, Volume 4. John Wiley & Sons,
Inc., New York, New York, 1964. pp. 149-158.

(3) Panshin, A. J., E, §. Harrar, J. S. Bethel, and W. J. Baker.
Forest Products, Their Sources, Production, and Utilization.
McGraw-Hill Book Company, Inc., New York, New York, 1962.
PP. 404-424.

(4) Stamm, A. J., and E. E. Harris. Clemical Processing of Wood.
Chemical Publishing Co., Inc., New York, New York, 1953.
pp. 440-468.

(5) Nut Shells and Pits Reduced to Profit., Actual Specifying
Engineer, 26(4):91-92, 1971. :




an outlet for disposal of forest management refuse (6, 7). 1In
fact, charcoal manufacture has been responsible tor the elimina-
tion of some teepee burners used for disposal of wood waste (per-
sonal communication, Bruce L. Winter, Clorox Company. 26 August
1977).

Charcoal is produced batchwise or continuously by heating the raw
materials in kilns or furnaces with limited quantities of air.
Product charcoal is then either sold as raw bulk charceoal, made
into briquets, or activated by further heat treatment.

In 1975 an estimated 80% to 90% of charcoal was briquetted (per-
sonal communication, R. Massengale, Missouri Conservation Depart-
ment, 31 July 1975), an increase from 69% in 1961 (8). Activated
carben production comprised 14% of charcoal briquet and activated
carbon production in 1972, a decline from 18% in 1967 (9, 10).
Therefore, this assessment of charcoal manufacture includes the
carbonization and the briquetting processes but not production of
activated carbon. '

PROCESS DESCRIPTION

Chemistry

The elemental composition of wood, regardless of species, is
approximately 50% carbon, 6% hydrogen, and 44% oxygen on an ash-

free, moisture-free basis; the approximate chemical formula is
CyHgOzg (11). Nitrogen, sulfur, and ash content are all

(6) Hamilton, L. S., and F¥. Fontana. Arnot Forest's Portable
Steel Charcoal Kiln. Northern Logger, 18(1):19, 35, 1569.

(7) Boldt, C. E., and C. Arbogast, Jr. Charcoal Kiln Operation
for Improved Timber Stands. Forest Products Journal, 10(1):
42-44, 1960.

(8) Charcual and Tharcoal Briquette Production in the United
States, 1961. U.S. Department of Agriculture, Washington,
D.C., February 1963. 33 pp.

.(9) Gum and Wood Chemicals, SIC 2861, Preliminary Report, 1972
Census of Manufacturers, Industry Series. MC72 (P)-28-F-1,
U.S. Department of Commerce, Washington, D.C., January 1974.
¢ pp.

(10) Industrial Inorganic Chemicals Not Elsewhere Classified,
SIC 2819, Preliminary Report, 1972 Census of Manufacturers,
Industry Series. MC72(P)-28A-4, U.S. Department of Commerce
Washington, D.C., December 1973. 14 pp.

(11) Rieck, H. G., Jr., E. G. Locke, and E. Tower. Charcoal,
Industrial Fuel from Controlled Pyrolysis of Sawmill Wastes.
The Timberman, 46 (2):49-54, 1944.
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typically below 1%, while moisture content on a dry wood basis
for hardwoods ranges from 40% to 99% (normally 50%) (4, 12-14).

Hardwood charcoal is manufactured by a four-step pyrolysis proc-
ess. Heat is applied to the wood, and as the temperature rises
to 100°C, water and highly volatile hydrocarbons are distilled
off. The wood temperature remains at approximately 100°C until
the moisture content of the wood has been removed, at which time
the volume of distillate production declines and the wood temper-
ature begins to climb. During the next stage, the wood tempera-
ture rises with heat input to approximately 275°C, and hydrocar-
bon distillate yield increases. As the third stage begins in the
vicinity of 275°C, external application of heat is no longer
required since the carbonization reactions become exothermic.
puring this stage, the wood temperature rises to 350°C, and the
bulk of hydrocarbor distillates are produced. At approximately
350°C, exothermic pyrolysis ends, and during the final stage,
heat is again applied, raising the wcod temperature to 400°C to
500°C to remove more of the less volatile, tarry materials from
the product charcoal (3, 1l1).

Wood, being a complex organic material, yields a wide variety of
products upon the application of heat. A generalization of the
pyrolysis of wood can be expressed as follows:

2Cy pHg 0ng — 3C1gH 0z + 28H;0 + 120, + aco + 2C3H,02 +  CH3OM + Cz3H2204

(wood) (charcoal) (water) (earbon (carbon (acetic  (methansl) (wood tar) (]_)
dioxide) monoxide) acid)

This reaction is exothermic, and the heat evolved is approxi-
mately 6% of the total heat of combustion of the wood (11).

products of charcoal manufacture are divided into four categories:
charcoal, noncondensible gases, pyroligneous liquor, and insolu-
ble tars. Products and product distribution are variable depend-
ing on raw materials and carbonization parameters. Consequently,
numbers presented as product yields are ranges or typical values.
A laboratory carbonization of dry hard maple gives an indication
of the relative breakdown of products: 31% charcoal, 25%

(12) Kanury, A. M., and P. L. Blackshear, Jr. Some Considera-
tions Pertaining to the Problem of Wood-Burning. Combustion
Science and Technology, 1(5):339-355, 1970.

(13) Air Pollution Control for Missouri Charcoal Kilns. Sverdrup
& Parcel and Associates, Inc. Prepared for The Missouri Air
Conservation Commission, February 1971. 29 pp. ’

(14) Gallagher, F. P. Utiliration of Off Gases from Herreshoff-
Furnace Charcoal Production. In: Proceedings of the 11th
Biennial Conference of the Institute for Briquetting and
Agglomeration, Sun Valley, Idaho, 1969. PpP. 27-29.

8




r -

noncondensible gases, 39% pyroligneous liquor, and 5% insoluble
tars (15).

Charcoal is the solid carbonaceous residue remaining following
the pyrolysis of wood. It is a complex combination of carbon and ;
hydrocarbons with composition dependent on distillation tempera- '
ture as indicated in Table 4. Charcoal produced at 400°C has a |
volatile content of 15% to 25%. The volatile fraction in the
product charcoal decreases with increasing distillation tempera-
ture as evidenced by the declining charcoal yields with increas-
ing temperature presented in Table 4.

TABLE 4. AMOUNT AND COMPOSITION OF CHARCOAL PRODUCED
AT DIFFERENT MAXIMUM TEMPERATURES (4)

Yield of

charcoal

on the
Distillation Composition of charcoal, % dry weight
temperature, °C Carbon Hydrogen Ooxygen of wood, %

200 52.3 . . 6.3 41.4 91.8
250 70.6 " 5.2 24.2 €5.2
300 72.2 4.9 21.9 51.4
400 ' 77.7 4.5 18.1 40.6
500 89,2 3.1 = 6.7 31.0
600 92,2 - 2.6 5.2 29.1
700 92.8 2.4 4.8 27.8
800 95.7 1.0 3.3 26.7
990 26.1 0.7 3.2 26.6
1,000 -96.6 0.5 2.9 26.8
1,100 96.4 0.4 3.2 26.1

Distribution of noncondensible gaseous products varies widely
because of the sensitivity of product distribution to carboniza-
tion operating parameters. Average noncondensible gas composi-
tion ranges are presented in Table 5. The heating value of the
noncondensibles is aporcximately 11 MJ/m3 (4, 16).

The condensible portion of wood pyrolysis products is divided

into two fractions: water-soluble pyroligneous liquor and insolu-
ble tars. Pyroligneous liguor is an 80% to 90% aqueous solution
with major hydrocarbon components of acetic acid and methanol.

(15) Wood Chemistry, Volume 2, Second Edition. L. E. Wise and
E. C. Jahn, eds. Reinhold Publishing Corporation, New York,
New York, 1952. pp. 826-851.

(16) Riegel's Handbook of Industrial Chemistry, Seventh Edition.
J. A. Kent, ed. Van Nostrand Reinhold Company, New York,
New York, 1974. pp. 475-479.

9




TABLE 5. COMPOSITION RANGE FOR NONCONDENSIBLE .
PRODUCTS OF CHARCOAL MANUFACTURE (3, 16, 17)

Percent of

Product . noncondensibles
Carbon dioxide 50 to 60
Carbon monoxide _ 22 to 33
Methane 3 to 18
Hydrogen i 1l to 4
Higher hydrocarbonsd 1l to 6

a"Higher hydrocarbons" are not defined
by Reference 16, but are assumed to be
nonmethane, noncondensibkle hydrocarbons.

Acetic acid is 4% to 7% of the condensible products (pyroligeneous

liquor plus insoluble tars), methanol is 3% teo 6%, and insoluble
tars are 8% to 13% (3).

The insoluble tars can be further divided into three categories:
light oils with boiling point below 200°C (aldehydes, ketones,
acids, and esters); heavy oils boiling above 200°C (containing

phenolic components); and pitch (16). Table 6 lists over 200 com-

pounds that have been found in the liquid products from the
destructive distillation of woed. :

Technology .

Batchwise Charcoal Production-- :
Charcoal was historically produced in pits or earthen kilns in

which seasoned hardwood, about 1.2 m long and 150 mm to 200 mm in

diameter, were piled in quantities of up to 90 cords. The woed

was ignited, and covered by an earthen enclosure to limit but not

prevent air. leakage to the wood. Approximately 20 days were
required to obtain yialds of 20% (1).

Kilns of a variety of designs, capacities, and materials of con-
struction are currently in operation, but the most common is the
"Missouri-type" kiln shown in Figure 1 (13, 18). This type of
kiln is constructed of concrete, typically processing 43 to 30
cords of wood per cycie. A typical cycle may be within the
following time frame:

]

[]

L]

(17) Hartwig, J. R. Control of Emissions from-Batch-type Char-
coal Kilns. Forest Products Journal, 21(9):49-50, 1971.

(18) Heflin, E. L., and R. Massengale. Migsouri Charcoal Direc-
tory. Missouri Department of Congervation, Jefferson City,
Missouri, April 1973. 10 pp.
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Figure 1. "Missouri-type" charcoal kiln (13).

l to 2 days load

5 to 8 days pyiolysis
10 to 14 days cool

1 to 2 days unload (19)

After the wood is manually loaded in the kiln, a fire is started,
usually at the bottom center of the kiln, by igniting easily com-
bustible materials placed at this point during the loading.
During ignition, a large amount of air is necessary for the rapid
combustion of the starting fuels to insure the heat level needed
for pyrolysis. This air is supplied through groundline ports in
the kiln side walls or through temporary openings under the kiln
door. In some cases, the kiln doors remain open until the burn

is adequately started.

Auxiliary ceiling ports in some kilns serve as temporary stacks
anrd aid ignition by causing greater amounts of air to be drawn
into the kiln through the air ports. They also aid remcval of
smoke from the kiln.

Ignition patterns are generally similar for all types of kilns.
During the first 5 min to 15 min, temperatures in the ignition

(19) Maxwzll, W. H. Stationary Source Testing of 2 Missouri-Type
Charcoal Kiln. Contract No. 68~02-1403 (PB 238 695), Envi-
ronmental Protection Agency, Kansas City, Missouri, August

1976. 178 pp.




area will rise rapidly to about 540°C. After much of the fuel
has been burned, the temperatures will quickly drop, often to as
low as 150°C. The extent of the temperature drop is closely
related to conditions of air supply and to the moisture content
of the charge. With the establishment of a suitable ignition
zone, however, the temperature gradually increases to about
280°C, and the ignition period is considered complete.

Satisfactory carbonization depends primarily on maintenance of
proper burning conditions in the pyrolysis zone. ‘sufficient heat
must be ¢enerated first to dry the wood and then to maintain
temperatures necessary for efficient carbonization. At the same
time, the burning must be limited so that only sufficient heat is
present to produce good charcoal. Temperature control is
attained by varying the size of the air port openings providing
air for combustion of wood volatiles.

For the production of good-quality charcoal, kiln temperatures
from about 450°C to 510°C are required. Prolonged higher tempera-
tures will reduce the yield of charcoal without necessarily
upgrading it for recreational use. If, on the other hand, pyroly-
gis tewperatures remain low, the charcoal may be too "smoky" for
domestic use, and larger than normal amounts of brands (partially
charred wood) will be produced.

The direction and rate of spread of the pyrolysis zone is associ-
ated with a number of factors, such as location of air ports and
stacks, volume and velocity of the incoming air, wood size and
moisture content, piling of the charge, and design of the kiln.
Pyrolysis generally proceeds at a faster rate at the upper part
of the charge, where higher temperatures are available for longer
periods of time. Less rapid pyrolysis takes place near the kiln
floor, where the average temperature usually is lowest. In the
"Missouri-type" kiln, combustion and carbonization progresses
from the top of the kiln to the floor and from the center to the
walls.

Burn progress can be determined by the color of the smoke from
the kiln or by determining the temperature along the vertical
distance of the steel doors. The pyrolysis is completed when
fire has reached the floor of the kiln as determined by view
ports (air intake ports) at the floor level. This may also be
indicated by a marked decrease in the volume of smoke and a color
change from grayish yellow to bluish white.

When pyrolysis has been completed, all air pdrts are sealed for
the start.of the cooling cycle. After the ports are sealed, the
stacks remain open until smcking has practically stopped to pre-

vent the development of gas pressure in the kiln. Stacks can usu-

ally be sealed from 1 hr to 2 hr after the air ports are closed.
The kiln is allowed to cool for about 10 days to 14 days before
removing the charcoal. vields of approximately 25% are achieved.
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"Missouri-type" kilns typically have eight exhaust stacks approxi-
mately 4.6 m high along the side walls of the kiln. Other types
of kilns have various numbers of exhausts. Pyrolysis time and
emissions vary with the kiln type and kiln capacity and among
different operators of the "Missouri-type" kiln, and are also
dependent on wood type and moisture content (1, 13).

Continuous Charcoal Production—=-.

An increasing percentage of charcoal is produced continuously
with the application of multiple hearth furnaces to charcoal

manufacture. Advantages of multiple hearth furnaces include:

« Lower labor requirements than kiln operations where manual
loading and unloading is needed. Only one man per shift is
required for continuous facilities.

« Consistent yield and quality charcoal with easy control of
product volatile and fixed carbon content.

» Feed of multiple forms of wood waste.
» Operation by "art" reduced to a minimum.
+ Off-gases easily collected for further processing (20).

An example of this type of facility is the Herreshoff multiple
hearth furnace (21) consisting of several hearths or burning
chambers stacked one on top of the other (Figure 2). The number
of hearths employed depends upon the process and the heat load.
The hearths are contained in a cylindrical, steel, refractory-
lined shell and are divided by refractory decks which function as
the floor of one hearth and the roof of the hearth below.

Passing up through the center of the furnace is a shaft to which
are attached two to four rabble arms for each hearth. 2s the
shaft turns (usually 1 rpm to 2 rpm), the hogged material resting
on the hearth floors is continually agitated, exposing fresh
material to the hot gases being evolved. A further function of
the rabble arms is to move material through the furnace. On
alternate hearths, the teeth are canted to spiral the material
from the shaft toward the outside wall of the furnace or from the
outside wall toward the center shaft. Around the center shaft is
an annular space through which material drops on alternate
hearths, while on the remaining hearths material drops through

(20) Gallagher, F. Use of the Multiple Hearth Furnace in the Pro-
duction of Charcoal from Wood Waste. In: Third Texas Indus-
trial Wood Seminar, Wood Residue Utilization, Texas Forest
Products Laboratory, Lufkin, Texas, 1969. pp. 13-20.

(21) Wastewater Engineering, Collection, Treatment Disposal. _
B. J. Clark and M. A. Ungersma, eds. McGraw-Hill Book Co.,
New York, New York, 1972. pp. 320.
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Figure 2. Herreshoff multiple hearth furnace (21).

From Wastewater Engineering: Collection, Treatment, Disposal
C'opyright© 1972 by McGraw-Hill, Inc.
Used with permission of McGraw-Hill Book Co.

holes in the outer periphery of the hearth floor. 1In this way,
material fed at the top of the furnace moves alternately across
the hearths at increasing temperatures until it discharges from
the floor of the bottom hearth.

. ~ Initial heat for startup is provided by oil- or gas~fired burners
mounted in the sides of the hearths. When furnace temperature
has been attained, the auxiliary fuel ceases, and combustion air

. is used to ignite the evolving wood gases to maintain furnace

. ' temperature. Combustion gases exit from the top hearth either to

_ stacks approximately 21 m in height (5, 22) or to ductwork for

C. transport to a boiler or air pollution control equipment.

Furnace temperatures range between 480°C and 650°C.

N (22) Anderson, E. A. New Ways in Wood Products. Forest Products
- Journal, 23(9):56~58, 1973.
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Charcoal exiting from the furnace is cooled by water sprays and
water jacketing on a cooler. These sprays are controlled auto-
matically by a temperature regulator set for a given charcoal
temperature. )

While the furnace can operate with any wood or wood waste or
combination of wastes, it is important that the material fed does
not have too great a size range so that carbonization will be
even throughout. Capacity for this type of unit averages

2.5 metric tons/hr of charcoal with a conversion efficiency of
approximately 25% (23).

For comparison, a 50-cord batch kiln produces approximately
16 metric tons of charcoal! over about a 3-wk cycle.

Lignite can be carbonized for charcoal manufacture in Lurgil -
carbonizers of conventional design. Crushed licnite is fed into
a drying section, which is the topmost of three vertically super-
inposed sections of the carbonizer shaft. Drying gas circulates
tnrough the drying section, countercurrent to the slowly downward
noving lignite. Standpipes at the bottom discharge the dried
material into the middle carbonizing secticn. The drying gas
maintains the drying section ac about 260°C. The carbonizing
section is where a portion of the volatile matter is driven off.
It operates at about 590°C. These gases and volatile products
are fed to a byproduct treatment auxiliary system. Some byprod-
uct gas from the carbonization is burned in a combustor; the hot
combustion producis are used to heat the carbonizing section.

The carbonized lignite is discharged into the cooling section
where the product is cooled by circulating cool gas and then
discharged to storage (24).

Charcoal Briguetting--

Fabrication of brigquets from raw charcoal may be an integral part
of a charcoal-producing facility, or the operation may be inde-
pendent with charcoal being purchased as raw material., Figure 3
presents a flow diagram for brigquet production.

Charcoal is first hammermilled or crushed to pass & 3.175 mm_ -
screen aperture and stored for briquetting. The charcoal is
mixed with a 9% to 10% (by weight) solution of binder (corn-,
milo-, or wheatstarch, or other) to form a 65% to 70% charcoal
mixture. Other materials such as sawdust may also be added to
effect faster burning or higher temperature (24). Briquets are

(23) Koch, P. Utilization of the Southern Pines, Volume IL.
Agricultural Handbook NO. 420, U.S. Department of Agricul-
ture, Pineville, Louisiana, 1272. PpE- 1499-1504.

(24) Giammar, R. D., R. B. Engdahl, and P. E. Barrett. Emissions

from Residential and Small Commercial Stoker-Coal-Fired
Boilers under Smokeless Operation. EPA 600/7-76-029, U.S.
Environmental Protection Agency, Research Triangle Park,
North Carolina, October 1976. PP. 63-64.
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Figure 3. Charcoal briquetting flow diagram-(l).
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then formed in a press and dried for 3 hr to 4 hr at approxi-
mately 135°C to obtain a product having a 5% moisture content.
This composition results in a briquet of approximately 90%
pyrolysis product. A 90% charcoal briquet was assumed For this
report. Tndustrial contacts suggested that the carbonized mater-
ial content of a charcoal briquet may pe lower (personal communi-
cation, A. W. Seeds, Charcoal Briquet Institute, 6 September
1977). Producticn equipment ranges in capacity frcm 0.9 to 9
metric tons per hour (1, 23). The dryer is assumed to have a

7.6-m stack.

INDUSTRY STATUS

A current, complete, and accurate characterization cf the char-
coal manufacturing industry is not available. The most recent
thorough investigation of the industry was conducted by the U.S.
Department of Agriculture Forest Service Division of Forest
Economics and Marketing Research in 1951 (8). Compilaticn of -
current information sources revealed inadequacies. ToO update and
elaborate .on the available data, an industry survey was attempted,
with limited success due to lack of industry response. The fol-
lowing is the best currently available, traceable characteriza-
tion of the charcoal manufacturing industry.
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L Source Population

The hest available source population data are presented in Appen-

dix A, which lists producer, location, and productlon or capacity. i
Not all sources have production data, but those having informa-

tion account for approximately 420,000 metric tons annual pro-

duction. The accuracy of these population data is questionable

; when compared with a 1972 charcoal industry analysis which lists

. : the four largest U.S. charcoal producers and their 1972 estimated

Rl market shares: Kingsford Co. (37%), a subsidiary of Husky 0il :

g Canada, Ltd. (15%), Great Lekes Carbon (7%), and a joint venture : ;
of Georgia-Pacific and Cook Industries (7%) (25). Combined, : K
these four producers manufacture approximately 66% of U.S8. char-
coal, but in Appendix A, they represent only approximately 23% : :
of the identified production. i

Estimates of 1975 charcoal production range from 132,000 metric A
tons to 825,060 metric¢ tons, with 590,000 metric tons being most i
representative (personai communication, A. W. Seeds, Charcoal !
Briquet Institute, 27 February 1976) (9, 20, 25-29). Although
the refrrences are not on a consistent basis and report either
brique: sales, charcoal sales, briquet production, charcoal '
production, briquet consumption, or charcoal capacity, 590,000
metric tons charcoal briquet production is considered a conserva- _
tive figure for this study. Assuming 90% of charcoal is bri- g
quetted and 90% of each briquet is charcoal, then apprcximately - :
590,000 metric tons of raw charcoal were produced. Of this ; :
590,000 metric tons, an estimated 55% is produced in continuous : )
multiple-hearth furnace facilities, while the remaining estimated '
45% is produced in batch kilns (personal communication, A. W.
Seceds, Charcoal Briquet Institute, 27 February 1976).

(25) Kingsford Company. The Wall Street Transcript, 37(5):29394-
29395, 1972. : .

(26) Hopper, T. G., and W. A. Marrone. Impact of New Source Per- o
formance Standards on 1985 National Emissions from Station- :
ary Sources, Volume I. Contract 68-02-1382, Task 3, U.S.
Environmental Protection Agency, Research Triangle Park,
North Carolina, October 1975. p. 34

(27) Rolke, R. W., R. D. Hawthorne, C. R. Garbett, E. R. Slater,
o T. T. Phillips, and G. D. Towell. Afterburner Systems Study.
. EPA-R2-72-062 (PB 212 560), U.S. Environmental Protection
. ‘ Agency, Research Triangle Park, North Carolina, August 1972.
' pPp. 289-306.

' : (28) Blyth, J. E., and R. Massengaie. Missouri's Primary Forest
) i Products Output and Industries, 1969. PB 226 468, U.S.
: Department of Agriculture, St. Paul, Minnesota, October 1973. ;
i p. 7.

. i (29) Fleyd, J. R. Screening Study Summary Report - Raw Charcoal
o ; Manufacture. U.S. Environmental Protection Agency, Research
~ Triangle Park, January 1976. 4 pp.
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Based on the representative source definition given in Section 4,
there is an estimated 1975 population of 1,330 batch kilns.
Although the number of kilns has been estimated to be lower, 750
kilns to 1,000 kilns (personal communhication, A. W. Seeds, Char-
coal Briguet Institute, 31 august 1977)., further calculations
requiring the number of batch kilns use the 1975 estimate of

1,330 kilns. There were also an estimated 16 continuous multiple-
hearth furnaces and 32 charcoal briquetting plants in the United
states (personal communication, A. W. Seeds, Charcoal Briquet
Institute, 31 August 1977).

current data are not available in the literature or from industry
concerning raw material breakdown, percentage of raw charcoal
briquetted, percentage of brigquets made from captive raw charcoal
sources, or the number of charcoal plants. The following is
conjecture on these topics based on information compiled in 1961
and trends in the industry. In 1961, 92% of the charcoal pro-
duced was derived from medium to dense hardwoods such as beech,
birch, hard maple, hickory, and oaks. With the application of
carbonization to the reduction of waste materials (e.g., fruit
pits and nut shells). the percentage has probably declined, but
the great majority of charcoal probably is still produced from
hardwoods. The percentage of raw charcoal that is converted to
briquets has been growing as charcoal has become more and more a
recreational fuel. 1In 1961, 69% of the charcoal produced was
briquetted, while the current figure is probably near the upper
end of the 80% to 90% range. piscussions of the number of char-
coal plants and percentage of captive charcoal used for briquet
production are clusely related. As stated above, the number of
production units has declined to 1,330 in 1975 from 1,977 units
in 1961. It is likely that the number of plants has declined by
the same percentage from 297 plants in 296l1l. 1In 1975 there were
only 32 briquetting plants, while in 1961 there were 50. The
approximate decline of 35% in the number of processing units,
charcoal plants, and briquetting plants since 1961, along with
the near doubling of production (298,000 metric tons in 1961
versus an estimated 590,000 metric tons in 1975) suggest a trend
toward larger facilities. Larger facilities probably would
devote more attention to securing sources of raw materials and
would therefore probably result in larger captive raw charceoal
production (61% in 1961) (8).

Geographical Distribution

As with the general population data, information on the regional
distribution of the charcoal manufacturing industry is limited.
The industry is located primarily in the southeast gquadrant of
the United States. Missouri is {he largest charcoal~-producing
state (54% of plants and 45% of available production data listed
in Appendix A). (18, 28). Table 7 lists the number of producers
and identified production by state as listed in Appendix A.
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TABLE 7. GEOGRAPHICAL DISTRIBUTION OF
CHARCOAL MANUFACTURERS

Number Identified
of production,
State producers metric tons
Alabama 3 -
Arkansas 16 40,000
California .3 23,000
Florida 1 -a
Georgia 1l -:
Kansas 1l -
Kentucky 1 -4
Il!inois 1 -4
Maryland 2 5,000
Minnesota 1 7,400
Mississippi 4 15,300
Missouri 85 190,000
New Jersey 1 -a
North Dakota 1 30,000
Ohio 4 49,000
Oklahoma 5 8,000
Orecon 2 -a
Pennsylvania 1 -a
South Carolina 1 9,720
Tennessee 8 10,700
Texas 5 -4
Virginia 1 28,200
West Virginia 6 -2
Wisconsin 1l 4,100
TOTAL 155 420,000"

dState production has not been reported.

Does not add due to rounding.
implies that 170,000 metric tons of pro-

Total

duction have not been reported.
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SECTION 4

EMISSIONS

CHARACTERIZATION OF EMISSIONS

The manufacture of charcoal without emission control can result
in the emission of any of the products of pyrolysis of carbona-
ceous materials. Over 200 products of wood pyrolysis have been
identified (see Table 6), and the list is not complzte. Infor-
mation on zmissions from the charcoal manufacturing industry was
obtained from the literature (3, 16, 17, 19, 27, 30-34), as
essentially the only available source of such data. Literature
sources quantified uncontrolled emissions, either by estimate or
by sampling, for uncontrolled emissions of: particulate, carbon
monoxide, methanol, acetic acid, methane, polycyclic organic
matter, and other gases. These species are found in the uncon-
trolled emissions of both batch and continuous charcoal manu-
facture. Similarly, particulate emissions from briquetting
operations have also been estimated in the literature.

very few data are available to characterize emissions from char-
coal manufacture. Most estimates found in the literature derive

(30) Compilation of Air Pollutant Emission Factors, Second Edi-
tion. AP42, U.S. Environmental Protection Agency, Research
Triangle Park, North Carolina, February 1972. p. 5.4.1.

(31) Keeling, B. F. Emission Testing the Missouri Type Charcoal
Kiln. Preprint of Paper 76-37.1 presented at the 69th
Annual Meeting of the Air Pollution Control Association,
Portland, Oregon, 1976. 6 pp. :

(32) National Emission Data System Point Source Listing = Char-
coal Manufacture. U.S. Environmental Protection Agency.
Research Triangle Park, North Carolina, 19 June 1975. 113 pp.

(33) Fernandez, J. H. Why Not Burn Wood? Chemical Engineering,
84 (11):159-16- , 1977.

(34) Control Technigues for Nitrogen Oxide Emissions ;rom
Stationary Sources. U.S5. Department of Health, Education,
and Welfare. Washington, D.C. NAPCA Publication No. AP-67

(PB 190 265), March 1970. 115 pp.
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from material-balance calculations based on laboratory wood i B
pyrolysis studies. When reported even field-sampling data from : :
"Migssouri-type" kilns are of questionable utility due to the A
improvisational sampling techniques utilized. The necessary mod- 1 :
ifications of the sampling technique cast doubt on the represen- | H
tative nature of the resulting data. ' ' :

=~ ' Uncontrolled emissions estimates, derived from the literature,
: presented in Table 8 do not distinguish between batch and con-
tinuous charcoal prodaction (personal communication, multiple

t industrial sources, and 13, 16, 17, 19, 27, 30-34). Although

"',f overall annual emissions might possibly be independent of pro- ;
L duction technique, the cyclic (batch) versus continuous emission ‘ ;
L rate and composition would be an important consideration in the : ?
T development of emission control. The "worst case" situation for '

the industry would be to consider that no emissions control is Z :
applied. It is, however, known that control techrology is

applied, even though the extent and efficiency of application
are undocumented. Estimated controlled emission factors are
presented in Table 8 based on the following assumptions: effi-
ciency of batch kiln afterburners of 85% (13, 17), efficiency of
continuous furnace afterburners of 95% (personal communication,
B. L. Winter, Clorox Company, 26 August 1977), aad efficiency of
particulate emission control for briquetting operation of 95%.
The accuracy of the emission estimates is uncertain at best.

e et

J

T

TABLE 6. RANGE OF EMISSION FACTORS FOR CHARCOAL ;
{(g/kg charcoal) :

Emission factor

Uncontrolled (:c:m\'.).'c.':l.let'.]a : %v
Emission species Charcoal manufacture Briguetting Batch kiln Continucus furnace Briquetting e
Particulateb 28 to 406 7 to 42 2.1 to 61 0.7 to 20 0.35 to 2.1 I
Carbon monoxide 160 to 179 -g 24 to 27 8.0 to 6.9 -g !
Methanol 67 to 76 “c 10 to 11 3.3 to 3.8 "¢ ;,
Acetic acid 102 to 116 “¢ 15 to 17 5.1 to 5.8 ~c i
Other gases 7 to 60 "c 1.0 to 9.0 0.4 to 3.0 “c ¥
Methane 44 to 37 “c 6.6 to 8.6 2.2 to 2.9 “e
Hydrogen e : 0.5 to 2.0 ¢ 0.08 to 0.3 0.03 to 0.1 "¢
—— L Nitrogen oxides 12 “c 13 13 "¢
Polycyclic organic materials 0.004 - 0.0006 0.0002 -

3controlled emission factors are estimates based on the following control efficiency assumptions: batch kiln
afterburners, 85%; continuous furnace afterburners, 95%; briquetting emizslon control, 95%.

bIncludes tar, oi}l, and pyroacids.
cNo information.

bl bk <R ot A P e 1

& Includes compounds identified in the literature as "higher hydrocarbons™ (assumed to be nonmethane nonconden- t
sibles), ethane, formaldehyde, and unsaturated hydrocarbons (e.g., ethylane).
. eUncqntrolled emission factor iz based on the assumption that all wood nitrogen, 0.14% {33), is oxidized and J7
no thermal fixation of air nitrogen (24). Controlled emission factor adds 3.23 x 1072 g/M7 (27) due to 4

¥ .
. thermal fixation of air in afterburning. H
f
)
¥
t
i
;
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POTENTIAL ENVIRONMENTAL EFFECTS

There are several app:daches to estimating the environmental
impact of air emissions from an industry. Each approach yields a
comparative value. These values are designed to answer the fol-
lowing questions: Do the emissions represent a potential hazard
to population? Do the quantities of emissions from the industry
represent a significant fraction of the total naticnal emissions
from all sources? Do the gquantities of emissions from the in-
dustry in a state where it operates represent a significant frac~
tion of emissions from all sources in that state? If emissions
represent a hazard potential, how large a population might be
affected? At what rate is the industry estimated to grow
(decline)? Considered in aggregate, the answers to these ques-—
tions reasonably describe the potential environmental impact of
industry emissions. Each of these evaluation criteria is dis-
cussed in turn below. ' '

In deriving the numerical answers to the above questions, it is

desirable to operate with a representative (typical or average)

production unit. This representative unit, or plant, is defined
as one with operating parameters and other quantitative charac-

teristics that are the average values for all plants within the

industry. Thus, in order to evaluvate the environmental effects

of charcoal production, it is necessary to define a representa-

tive (typical or average) charcoal production unit. Because of

the distribution of charcoal production between batch units and

continuous units, representative source definitions are required
for each type as well as for briquetting facilities.

A representative batch kiln as defined in Reference 13 is a 50-
cord "Missouri-type" facility producing 200 metric tons/yr

(16 metric tons/cycle) of .charcoal with a capacity of 280 metric
tons/yr. It produces airborne emissions from its open doors
during startup and from its eight uncontrolled exhaust stacks,
each 4.6 m high for the remainder of the cycle. A typical plant
has 12 kilns. The operaticn of this type of unit is described
in Section 3 (13). '

Continuous furnaces for charcoal production are of varied sizes.
A representative continuous furnace is defined as a Herreshoff-
type, multiple~hearth furnace with an average production rate.

It produces 2.5 metric tons/hr of charcoal for an estimated 8,000
hr/yr, yielding an annual production rate of 20,000 metric
tons/yr of charcoal (personal communication, A. W. Seeds, Char-
coal Briguet Institute, 31 August 1977). It has only one emis-
sion source, the stack, which is approximately 21 m high. The
operation of this type of unit is described in section 3 (5, 20,
22). Both batch and continuous units are assumed to be fed with
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i

hardwoods. The batch unit uses roundwood, while the continuous
facility uses hogged wood.

Definition of a representative brigquetting facility assumes that
_ each facility has only cne drying oven, the major potential emis-
T sion source. Thirty-two briguetting facilities annually produc-
R ing 590,000 metric tons of briquets yield an average facility
processing approximately 18,000 metric tons/yr of briquets (per-
. sonal communication, A. W. Seeds, Charcoal Brigquet Institute,
. : 27 February 1976). TIndividual brigquetting units produce 0.9 to
' 9 metric tons/hr of briquets. An emission height of 7.6 m is
assvmed. Briquetting is described in Section 3.

To evaluate the potential hazard of the emissions, the actual

(or estimated) concentration of each pollutant species in the
vicinity of the plant is compared with the concentration of the
species considered safe for prolonged exposure. If the numerical
value of this ratio is greater than 1.0, a hazard is considered
to exist. If the value is between 0.1 and 1.0, a hazard might

exist.

\ In practice, the ground level concentration of emission species

. downwind from the representative souxce is compared to the

- ambient air quality standard for the criteria pollutants,a or to
a reduced threshold limit value (TLV) for noncriteria emission
species. This comparison is defined as the source severity, S,
and given by: .

X
. max
§ =5 (2)
- " where Yﬁax = average maximum ground level concentration for
g ' each emission species
F = primary ambient air gquality standard for criteria
pollutants (particulates, sulfur oxides, nitrogen
oxides, and hydrocarbons)
or
F = TLV x =2 x - for noncriteria emission species
24 100’ - !
. and

8criteria pollutants are those for which air quality standards
: ‘ have been established or guidelines have been proposed. They
g - _ include carbon monoxide (CO), nitrogen oxides (NO,), sul fur

: oxides (sox), hydrocarbens, and particulate. ®
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"LV threshold 1limit value for each species

5% = ecorrection factor to adjust the TLV to a 24-hr
exposure level '

1 ;
100 = safety factor i
The value of Ymax for a representative source is defined as (35)
0.17
X = x EQ (3)
max max\t
2 0Q .
where ¥ = - (4)
max Teuh- ‘ : %
and Q = emission rate, g/s :
T = 3.14
e = 2,72 ,
u = average wind speed, 4.5 m/s (national average)
h = stack height, m '
to = short-term averaging time, 3 min
t = averaging time, min

The equation for Xmax (Equation 4) is derived from the gensral
plume dispersion eguation for an elevated point source, ground
level (z = 0) concentration, radially (y = 0) downwind from the
source, and for U.S. average atmospheric stability conditions (35).

A detailed derivation of severity equations is presented in
Appendix B. It was assumed that the stack height, h, was equal
to the emission height, H; i.e., that the plume rise was negligi-
ble. Table 9 presents the ranges of S for each emission species
for both controlled and uncontrolled representative sources.
Sample calculations ace presented in Appendix C.

The potential environmental impact of emissions from charcoal
manufacture can also be evaluated by comparing the nationwide
mass of each criteria emission from charcoal production to the
total nationwide mass of each criteria emission from all sources.
Actual national charcoal manufacture emissions cannot be calcu-
lated because of a lack of information regarding the applicatior
and efficiency of control technology. However, estimated nation-
wide emissions were calculated using the efficiencies of control

(35) Turner, D. B. Workbook of Atmospheric Dispersicn Estimates,
1970 Revision. Public Health Service Publication No. 999-
AP-26, U.S. Department of Health, Education, and Welfare,
Cincinnati, Ohio, May 1970. 84 pp.
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assumed earlier and the following assumptions for application of
control: 25% of batch kilns are controlled, and 100% of both
continuous furraces and briquetting plants are controlled.
Results are presented in Table 10 (36). -

TABLE 10. ESTIMATED NATIONAL EMISSIONS FROM CHARCOAL FRODUCTION
(metric tons) '

WNational emissions

Estimated charcoal industry emissions in l?'lsa from all sources

Species Bateh kilns Continuous furnaces Briquetting in 1972 (36)
Pa:ticulnteb 5,9 x 107 to 8.5 x 10% 4.6 x 102 to 6.6 x 10> 2.1 x 107 o L2 x 10° 17,872,000
carbon monoxide 3.3 x 10% to 3.7 x 10 2.6 x 10% to 2.9 x 103 -g 96,868,000
Methanol 1.4 x 104 to 1.6 x 10* 1.1 x 10 s 1.2 x lo? - d
Acetic acid 2.1 x 10% to 2.4 x 10° 1.7 x 10% to 1.9 x 12} - 25,045,000
Other gases 1.5 x 103 to 1.3 x 10* 1.1 x 102 to 9.8 x 102 - f J
Methane 9.2 x 10% ta 1.2 x 10 7.1 x 103 & 9.3 x 107 - -f
Hydrogen 1.1 x 102 to 4.2 x 102 8.1 x 100 to 3.3 x 10! - -
Nitrogen oxides 3.2 x 107 4.1 x 103 - 22,258, 00
Polycyclic organic materiale 2.8 0.7 - -

controlled emissions besed on assumptions preasented in the text.

o

Includesa tar, oil, and pyroacids.

[a]

Ko information.

-9

fotal national hydrocarbon emissiens.

Includes codgpounds identified in the literature as “higher hydtocarbons® (assymed to be nonmethane noncondensibles),
ethane, formaldehyde, and unsaturated hydrocarbons (e.g., ethylene).

fad

fnor. applicable.

Estimated emissions (based on controlled emission factors) are
responsible for an estimated 0.04% to 0.5% of national particulate
emissions, less than 0.1% of national carbon monoxide emissions,
0.02% to 0.2% of national hydrocarbon emissions, and less than
0.1% of national nitrogen oxide emissions. Estimated charcoal
emissions for 1975 were compared with total national emissions
from all sources for 1972.

The same evaluation procedure can be followed for each charcoal-
producing state for which production was identified by apportion-
ing state emissions according to each state's share of national
charcoal production. Results are given in Table 11. As above,
1975 charcoal emissions are compared to 1972 statewide total
emissions.

Using the average population density around a charcoal plant, one
can determine an affected population, defined as the number of

persons around & representative source exposed to emission concen-=
trations that cause the ratio of x/F to exceed 0.1 or 1.0. Plume

(36) 1972 National Emissions Report; National Emissions Data Sys-
tems (NEDS) of the Acrometric and Emissions Reporting System
(AEROS). EPA-450/2-74-012, U.S. Environmental Protection
Agency, Research Triangle Park, North Carolina, June 1974.
422 pp. ’
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TABLE 11. ESTIMATED CONTROLLED CRITERIA EMISSIONS BY STATE

Fracticm
af Fetimated controllod criteria amissiont, metric ton/yr
national Charcoal sanufacture emissjons 1975
[ ion All emissionc 1972 (36)
state v Farticulated Carbon conaxide Tiydrocarbont Witrogen onidee
6.2 x 107 to 8,9 x 107 gy M8z 1od to 3.9« 10) 3.8 x 103 to 5.4 x 20} 7.0 x 107
Arkansas ° .o o <}t to-6y O or <1 195,518 or 2% ta 3V T
calitornia 5 2ex10f to s txye? 2.0x100 to 22000 0 22x100 el 100 o 010 L
1,006, 152 or 8,737,667 7,160,710 1,681,139
7.8 3 10! ee 1.1 2 1093 412107 to 4.8 ¢ 10 o 4.8 u 10! to 6.8 x Yo w8 = lo! )
Waryland : 75, or <1y ' 1,761,604 or Tin 795,867 er €1t FyrT
1.2 2107 to 1.6 x 107 6.4 x 107 tp 7.2 5 107 7.0 2107 vo 1.0 w103 1.3 x 102
Minnesoty 2 766,230 or <18 170,749 or f1% 310,674 ar =1y ETTVCE 1%
macedesippl A 24210 to3axiol g, L3 1o sxio? L lsxlodteZlx 107 e e ae BZEIO
e 168,355 * 529,094 195,550 , 172,519
. 20x10° to 4.2 x 10" 1.6 x 10 to 1.8 % 10% 1.8 = 10" ro 2.5 x 10% 3,3 2300
Missouri 45 T N L T S or 1% to 216 B LY - er 1% —-—-—-‘n——---—-'“a or 5% to v 338, 300 or +1%
Horth DBakota N 47 x 102 to 672100 Lo o bR 0 tozp el L 29z 100 to 4.1 x16) gl o, S:l 102 O
96,378 ® 18,679 * 70,709 ws,708 °F
7.6 x 10% to 1.1 = 10% 4.2 x10% o 4.7 3300 4.6 x 10) to .6 x 107 .6 x 102
Ohio 2 — 1766056 °F 1 3,708,719 or «1% 1,153,493 ap <18 To101,470 °F 1t
Ok tal 2 paxw0? et awded o, Taxtoiwelx 108 L gy Bebx 102 e 1.2 g 108 0 .5 x 107 0
rooa 93,595 1,456,627 o 41,359 722,87
1.5 107 to 2.2 x 107 8.4 z 107 0 9.5 x 10% 9.3 x 167 to 1.3 x 30} LIx 007
South Carolina 2 e o 88,767 = or Yiv to 1% o 333,168 or %1% 567,813 or 1% %77, 544 or <1v
1.7 x 10% ta 2.4 x 127 9.2 x 10% &0 1.0 x 107 1.0 x 107 to 1.5 & 10} 1.9 10f
Tenneasce 3 309,704 or <y 1,465,251 or <1% - Toz,528 e =1t a6, OF MY
virginia N 44x10? o633 de? 0 24x 10 to 2.7 200 L 27k 10 go vmxdod o x 107
9 77,494 1,546,031 < 69, 416 329,308 °F
6.4 10! to 9.1 x 107 3.5 % 102 eo 4.0 x 102 3.9 x 107 to 5.6 x 107 7.2 x 0}
'R o LI AL R S el fOEE 1 LU .
tcoazin : 311,558 oF <y 1,587,869 or <1 573,930 or it 8,505 o7 M

'Bued on Appendix A.
Includes tar, oil, and pyroacids.
'cugth.nm. acetic Acid, and other gases surmed and compared to state hydrocarbon amicaionn.

dispersion calculations (Equation 5.13, Reference 30) determine
the two downwind distances for which the ratio equals 0.1 or 1.0
(see Figure 4). These two distances are used to calculate an

_annular area around the representative sources. The affected

population is calculated by multiplying these areas by the aver-
age population density around a charcoal plant. The average
population density used (11 persons/km?) was the average for the
21 charcoal~producing counties in Missouri (18), the largest
charcoal-producing state (45%). Results of these calculations
using controlled emission factors are presented in Table 12.
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Figure 4. General distribution of X/F as a function of
distance from the source, showing the two
general roots to the plume dispersion equation.

TABLE 12. AFFECTED POPULATION AROUND CONTROLLED REPRESENTATIVE
CHARCOAL MANUFACTURINC SOURCES

Affected Eogulation, nunber of persons
Batc iln Continuous furnace Briquetting

Emission £>0.1 $>1.0 £>0.1 $1.0 %0.1 %1.0
particulate’ . <1010 0 to <1 6 to 147 0 to 11 2 to.l2  <l.
Carbon monoxide 0 0 0 0 " "

. Methanol <1l 0 3 to 4 0 “c -
Acetic acid . 8 to 9 <1 113 to 130 B8 to 9 ~c -;
Other gases <1 toez 0 toe<1 0 toe31 0e “c “c
Methane - - - - - -
Hydrogen =& -& - _e. -2 =€
Nitrogen oxides - ., 5 <l 247 20 - -

B <l 111 8 - -

Polycycl.c organic materials

4;ncludes tar, oil, and pyroacids.
bZEro jndicates X/F is never greater than the stated value, 0.1 or 1.0.

CNo information.

dIncludes compounds identified in the literature as "higher hydrocarbons” (assured to
be nonmethane noncondensibles), ethane, formaldehyde, and unsaturated hydrocarbons

(e.g., ethylene).
®yethane and hydrogen are simple asphyxiants, have to TLV ox ¥, and therefore, no
affected population.

29

e e e el

O SR

e

ik

Ry

[

(RN,

PRI




SECTION 5

EMISSION CONTROL TECHNOLOGY

Application of emission control technology for charcoal manufac-
ture in the past has been primarily a function of process econom-
ics. As long as bypreoduct recovery of methanol and acetic acid
was profitable, the practice was commonplace. When the ecoiomics
deteriorated, byproduct recovery declined and finally ceased.
Following is a discussion of current emission control pwactices
as applied to batch and continuous charcoal production and
_charcoal briguetting operations.

BATCH PRODUCTION

Control of emissions from charcoal kilns is difficult due to the
cyclic nature of the process and therefore the emissions.
Throughout the cycle, both emission composition (see Section 3)
and flow rate change. Typically, emission rates peak early in
the cycle at an actual flow rate over 40% greater than the actual
flow rate near the end of the cycle (19). vVariation in feed
material and operating practice also influence emission composi-
ticn and rate.

Two conventional emission control technigues are applicable to
charcoal kilns: scrubbing or incineration. Scrubbing can be
dismissed for two technical reasons. First, most small charcoal
kilns are located in remote areas frequently not having ready
access to adequate cooling water. Second, collected emissions
would then represent a liquid waste problem since byproduct
processing and recovery equipment would not be economical. The
other alternative, incineration using an afterburner, is techni-
cally more promising.

A .irect-fired afterburner, capable of incinerating the combust-
ibl . emissions by subjecting them to direct flame contact for a
suficient time and at a sufficient temperature, provides the
most feasible means for emission control. Incinerators for this
application were desigred, installed, and operated by Husky
Briquetting, Inc., cn kilns in Wiseconsin and Minnesota. Figure 5
presents . a schematic diagram of an incinerator capable of serving
multiple kilns. The incinerator is equipped with two oil or
natural gas burners which are required for the first 24 hr of. the
cycle, when most of the moisture in the feed material is driven
off. Combustion is then self-sustaining. Charcoal kiln
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Figure 5. Schematic of charcoal emission incineratox (13).

emissions have been reduced an estimated 80% to 90% using this
type of equipment (13, 17). Efficient afterburning would proba-
bly effectively reduce emissions of the species listed in Table 5.

Analysis of the economics of a typical kiln operation performed
for the Missouri Air Conservation Commigsion indicates why the
application of afterburners is not widespread. The typical
operation was defined as approximately 12 "Missouri-type" kilns
with an annual production of 2,400 metric tons of charcoal. The
net profit for an uncontrolled facility was an estimated $1.57/
metric ton. Installation and operation of afterburners for this

 facility would cost $2.57/metric ton, yielding a net loss for

controlled operaticn of $1.00/metric ton. Consequently, after-
burners do not appear to be economically feasible for a typical
operation under the assumed market conditions (13).

CONTINUOUS PRODUCTION

Continuous production of charcoal is more amenable to emission
control than batcn kilns. Being continuous, emission composition
and flow rate are relatively constant. Normally, the off-gas is
burned in refractory-lined stacks by opening adjustable doors in.
the base of the stack to admit combustion air. The stack emits '
flame and a light smoke of intensity below Ringelmann Number 2
and usually below Ringelmann Number 1 (personal communication,

A. W. Seeds, Charcoal Briquet Institute, 31 August 1977). Where
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better emission control is required, a fan draws the gases
through a chamber for afterburning. They are then scrubbed with
water and exhausted to the atmosphere (5, 14, 20, 23). Incinera-
tion is estimated Lo reduce emissions 95% (personal communication,
B. L. Winter, Clorox Company, 26 August 1977), and efficient
afterburning would probably effectively destroy the species
listed in Table 6.

Energy recovered from combustible pyrolysis gases can be used in
numerous ways. An estimated average of 29 GJ can be obtained for
each metric ton of charcoal produced (14). This energy has been
used to fire a wood predryer, briguet dryer, OX to generate steam
(20, 37). Other potential applications for this energy include
cunning a high energy process such as lime calcining in conjunc-
tion with charcoal manufacture or generating electricity from a
turbine-driven generator (14). .

Aithough not documented, it is believed that all continuous char-
coal producing facilities have some type of pyrolysis gas emis-
sion control, principally afterburning.

BRIQUETTING

Little information was found concerning emission control equip-
ment on briquet dryers. Two sources from a National Emissions
Data System (NEDS) listing were specifically identified as bri-
quetting operations. One had centrifugal collection and the
other had fabric filtration with respectively 65% and 99% par-
ticulate collection (32). '

(37) New Charcoal Plant Uses Flue Gas as Fuel. Wood and Wood
Products, 69(9):35-36, 1964.
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SECTION 6

GROWTH AND NATURE OF THE INDUSTRY

Charcoal consumption is directly related to leisure time activi-
ties since its primary use is as a recreational fuel. Industry
growth is expected to accelerate in the 1970's "since a greater
percentage of the population will be in their prime charcoal
cooking years (25)." Estimates of future industry growth range
from an annual increase of 2% to 15% (personal communication,

A. W. Seeds, Charcoal Briquet Institute, 27 February 1976) (20,
25-27). An annual growth rate near the low end of the range, 4%,
is assumed due to the accelerating growth of competing gas and
electric grills for outdoor cooking (personal communication, A.
W. Seeds, Charcoal Briquet Institute, 31 August 1977). Applying
an annual growth rate of 4% to 1975 estimated production of
590,000 metric tons charcoal yields a 1980 estimated production
rate of 720,000 metric tons charcoal. If the level of applica-
tion and efficiency of control remain constant, this growth rate
will result in a 22% growth in emissions from 1975 to 1980.

Even with this predicted growth, the trend of the recent past
toward fewer but larger producers will probably continue.
Requirements for additional emission control equipment would
accelerate this trend via small plant closures due to-an addi-
tional economic burden on already marginal economics of the small

. kiln operations (13, 20).

Potential for future changes in the charcoal manufacturing indus-
try is suggested by the many historical changes to date in the
industry. For example, a shift in economics or raw material

~availability could potentially encouwrage byproduct methanol or

acetic acid recovery again soime time in the future. In fact,
discussing future acetic acid production, one reference suggests
that "feedstock availability may be morc important than relative
cost (38)."

At one location, charcoal manpufacture has become a byproduct
again. One hardwood flooring plant produces its entire steam
supply for its drying kilns and other heating needs by burning
the combustible gases distilled from dry wood residues (22). The
resulting charcoal produced is merely a bypreduct.

(38) Acetic Output: ample for Now. Short by 19807 Chemical
Week, 117(6):23-24, 1975.
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TABLE A-l. CHARCOAL PRODUCERS IN THE

UNITED STATES

Aunual
production,
State Nuzber City or county Producer metric tona Reference
Alakoxa 1 Dothan Kingstord €o. 907 to 4,535 39,40
2 Tuscupbla Malone Charcoal Co. ~a 19
3 Muscliae Shosle MeRinney Lumber & Plywood - 39
TOTAL : 0’ :
Arkansas 4 Jasper Jaspar Charcoal Co. 4,960 32.39,41
5 Huntaville Keater Charcoal Co. 5,950 32,39,41
6 omaha Keater Charcoal Co. 3,700 32,41
7 Grasn Foreat Keseter Charcoal Co. 5,210 32,41
[} vellviile Martin Charcoal Co. 2,000 32,39
9 Paris Oxack Charcoazl Co. 4,000 32,39,41 ;
10 Scranton Seranton Chazcoal Co. 2,770 32,39,41 .
11 Waldron waldron Charcoal Co. 3,530. Az,39, ub K
12 Harrison Newbarry Charceal Co. - - !
13 Parie pParis Charcoal Co. 4,000, 3z )
14 Parie Arkansaa Charcoal Co. “a “b
15 Hot Springs weyerhaeuser Co. “a -
16 George George Charcoal Co. ~a 4]
17, Hatfield Arkansas Charcoal Co. - 41
18" wWaidron waldron Charsoal Co. :l,ﬁliou 2,41
19 Mountain View Hinesley b Everett Enterprises - 41
TOTAL : 4,000°
california 20 £lk Grove ¢. B. Hotbs Corp. 23,000, 32,39,
21 Santa Clara C. B. Hobba Corp. s -
22 Milipitas ¢. B. Yobbs Corp. - 32
TOTAL 23,000
Florida 23 Ocala Pioneer Charcoal .8 32
TOTAL o 0
Georgia 24 Atlanta Husky Induptries -4 b
TOTAL 0
Kansas 25 Chetopa Jayhawk Charcoal Co. -4 b
TOTAL 0
Kentucky 26 purnside Kingsford Co. -2 b
TOTAL 0
Illinois 27 Chicago Groat Lakes Carboa Corp. -2 b
TOTAL ]
Maryland 28 White Church kingaford Co. 5,000 32
29 Dakland Kingeford Co. 0 39 ,
TOTAL 5,000
Minnesota ’ 30 Tsanti Husky Briguetting, Inc. 7,400 12 .
TOTAL 7,400 :
Missigsippi 3l Bruce Blackjack Charcoal Co. -2 32,39 i
2 Pachuta Hood Chargoal Co. 15,300, 32,39,
k] Fachuta Masonite Corp., Charceal Div. - -
34 Beaumont Ronniee Hickory Chips - 42
TOTAL ’ 15,300
Missourl 5 Bar:yd Rarris Enterprises 3,000 32
26 Purdyy Heager Charcoal Co. 907 to 4,535 18
37 BoOne Charles Chrisman Charcoal 3,000 32
k1] Centralia L & A Dailing Charcoal Co. 907 to 4,535 19
39 Carter Big Springs Industrial 3,000 32
40 Carter Carter County Charcoal 3,000 32
41 Ellainore Les:h Broa, Charcoal 1,460 18,32
42 Ellsinore Rozark Farma 5,000 18,32
43 van Buren Blg Springs Charcoal 1,400 32

[ ——
*rata not avallable.

(39) Compllance Data System Source Data Report - Charecal Plants.

Ypersonal communicatior, A. W. Saeds,
Cyumbers do not add dus to rounding.

Washington, D.C., 7 September 1976.

{40) Clorox.
August 1576. p- 32.

Bertelsan, D. F.
U.5. Pepartmant -

pertelson, D. F.

Department of Agriculture,

Arkansas Forest Industries, 1971.
Agricultura, New Orleans, Loviziana, 1973, »p. 28+29

Mississippi Forest Industries, 1972,
New Orleans, Louisianas, 1973. P- 27-

Counties.

eCapacity range rathe~ than production.

Tha Clorox Company Annual Report for the Year Endad June 130, 1976,

40

¢harcoal Briquet Institute, February 21, 1976.

U.5. Environmental Protection Agency.

Oakland, California,

Forwst Service Resource Bulletin §50-38,

Forest Sarvice Resource Pulletin 50-43, U.5.



TABLE A-1 (continrued)

N Annual
production, .
State Number City or county Producar metric tons Reference
Migsourl ¢

(continyed) a“ Van Buren Pig Springe Charcoal 507 to 4,535 19
45 Cole Stegaman Charcoal Co. 3,000, 32
46 Henlaey Louis Stegemar. Charcoal Co. 907 to 4,535 18
47 Jefferson City Rich Stegeman Charcoal Co. 807 to 4,535 18
46 Staalville Hardwood Chaycoal Co. 3,000, 18,32
49 Wasco Fordell Development Corp. 907 to 4,535 18
50 Greenfiald Pringle Charcoal <Jo. 31,000 16,32
51 Salem Carty Charcpal pE-1:] 18,32
52 Salem Floyd Charcoal 0. 15,700 18,32
53 Sale ¢ & H Charsoal 6 32
54 Dent Langwerthy Charcoal Co. 3,000 32
55 Dent: Lennox Charcoal Co. 3,000 az
56 Salem Wieparg Charcoal Co. 3,000 18,32
57 Salem Hobeon Charcoal Co. 230 1e,32
58 Gascaonada Hickory Charcoal -Co. 3,000e 32
59 Owengville Gene's Charcoal 907 to ',535e 18
60 Wheatl%nd J & E Charcoal Co. 907 v 4,535 18
€l Howell Miasouri Charcoal Co. 3,000 32
62 Mount View Cralg Charooal Co. 5,000 18,32
., 63 West Plaina Nubbin Ridge Charcoal Co. 3,060 18,32
€4 Mount View Bays Sawmill and Charcoal 420 18,32

65 Peace Vallsy Peace Vallay Kilna 4,670 18,32y,
66 Mount View 0ld Hickory Charceoal Co. 454 to 906° 18

67 Mount View Larr rorest Products 907 to 4,535, 18y
[1:] kKansas City Btandard Milling Co. ~a -
69 Hocomo Bakersfield Charcocal Co. 907 to 4,535 la
70 Laclede 4 Independent Stave Co. 1,350 32
71 Laclede Timber Preducte Co. 3,000 32
72 Vienna Wulff Charcoal Co. 8,700 10,32
73 High Gata Kingsford Co. 8,700}, 18,32
74 Belle Kingsford Co. - 25,40
75 Belle ¥. B. Stockton 907 to 4,535 16
76 Belle H & D Charcoal 454 to 906¢ 18
77 Hayden Curtis & Hayes Charcoal 454 to 906 le
78 Ibariagy Louis Stegeman Charcoal 3,800 18,32
79 Miller Falaf Charceoal 3,000 32
11} 5t. Elizaheth Rirkweg Charcoal Co. 110 10,32
Bl Neoshoy Neosho Charcoal Products 3,000 18,32
82 Qregon Greer Springs Co. 3,000 18,32
83 Meta 4 Barnhart Charcoal 3,000 18,32
&4 Osagey J & M Charcoal Co. 3,000 32
85 Oszace Relly Charcoal Co. 3,000 32
[:13 Freeburg Al Luacke Charcoal Co. 907 to 4,535% 18,32
87 Ocage Mchonald Charcoal Co. 3,000 3z
[:1:] Osage Ridenhour Charcoal Co. 3,000 iz
B9 Meta Ripka Charcoal and Lumber ig,32
0 Dsage Sugar Creek Charcoal Co. 3,000 32
9l Freeburg Wieherg Charcoal Co. 3,000 18,32
02 Freeburg Pen Berhorst 907 to 4,535° 10
93 Meta Charkol, Inc. 907 to 4,535° 18
94 Belle Gene Noblett Charcoal Co. 454 to 906° 18
25 Meta Standard Milling Co. - 39
96 Saincaville Ozark Forest Charcoal 5,000 1e,32
a7 Ozark Wallace Charcoal Co. 3,000 32
98 St. James Parry Charcoal Co. 3,000 18,32

99 Lake Spring Lenox Charcoal 907 to 4,535 1

100 Vienna Tackett Charcoal Co. 3,000 18,32
101 Lesterville Black River Charcoal Co. 9u/ to 4,535% 18,32
102 Reynolds Copaland Charcoal (0. 1,230 18,32
103 Winoha 4 Dajiley Charcoal 122 18,32
104 Shannony George Helruth Charcoal 3,000 32
105 Shannoh Royal Forest Charcoal 2,300 az
106 pirch Tree Kerr Charcoal 907 to 4,535° 18
107 Swamersville Craig Charceal . 9,000 18,32
lo8 Round Springs Roaring Springs Corp 200 32
109 Round Springs Round Springs Charcoal 907 to 4,535% 1
110 Pound Springs Robert Hamilton 507 o 4,535% 18
11l Gladden Timber Charcoal Co. 2,000 32
112 Branson £ & 5 Charcoal Co. 5,000 18,32
113 gradleyville Horner Charcoal Co. 4,200a 16,32
114 Branaon Kestear Charcoal Co- - i8
115 Raymondville Thomascn Chercoal Co. 2,690 18,32
116 Licking walff Charcoal Co. 5,000, 18,32
. 117 Plato H. O, Charcoal Co. 907 to 4,535 ie

dpata not available,

dcaunties.
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hPersonal communication, A. W. S<eds, Charcoal Sriguet Insatitute,
SNumbers do not add Aue to rounding.

February 27, 1976¢.
eCnpathy range rather than production.
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TABLE A-1 (continued)

Rnnual
production,
State Nurber ity or county Producer mecrie tone __Reforonce

Mimsouri

(continved) 110 Seymour Gak~1ite Corp. 1,000, 18,32,
119 St. Louls Cupples Co., Manufacturere - -

TOTAL 190,000"

Naw Jereey 120 Teterboro bDagussa, Inc. -t b
TOTAL [

NHorth Dakota 121 Diekinmon Busky Industrias 30,000 32,39
TOTAL 30,000
Ohio 122 Oak Bill Victory Charcoal Co. 1,100 32,39

123 Lucas Sun Oil Co. 7,690 iz
124 Wast Mariom Great Lakes Carbon 00,000. 32
125 McArthur Foseville Charcaal - a2

TOTAL 49,000

Oklahoma 126 Heavener rorest Products Charcoal Co. 8,000 32,39,43
127 Talihina Porast Products Charcoal Co, a7, 32,39
128 Clayton Porest Products Charcoal Co. “a 39
129 Talihins Talihins Charcoal Co. ~s 43 .
130 Bull Hellow Cherckee Forest Industries - 43

TOTAL 8,000°
Cregen 131 springfield Eingsford Co. -3 #9040,

132 White City Gaorgis Pacitic Corp. - -

TOTAL - [}
Pennsylvania 13 Brookville Humphrey Charcoal -, 39
TOTAL ]

South Carelina M Lake City T, 5. Ragsdale Co., Inc. 9,720 B,Hb
TOTAL 9,720
Tenneasce 13% Jamektown Royal Oak Charcoal Co. 10,700, 32,44

136 Red Bank Cumberland Kingeford ~a 39
137 Conkaville Reyal Oak Charcoal Co. “a 2
138 Tullahoma . Tennessee Dickal Diatilling “a 44
1319 Red Beiling Spring Cumberland Charcoal Corp. "a a4
140 Spencer Royal Oak Charcoal Ce. ~a Js.uh
141 Metphia Arkansas charcoal Co. ~a -
142 Lynchburg Jack Daniels Dimtillery - 3z, 4
TOTAL 16,700
Texas 141 Flatonia B & B Charcoal —: 39,
144 Houston Ploa=0~Pine Co. ~a -
145 Jacksonville Campfire Chargoal Co. ~a kL]
146 Jacksonviile - Char Tima Charcoal “a 19
147 San Antonio Wational Charcoal Co. - 39

TOTAL [}

. b
virginia 148 Kenbridge Imperial Briguet Corp. 28,200 32,39
TOTAL 28,200
west Virginia 149 Balington Eingaford Charcoal -: 39

. 150 Beryl Ringsford Charcoal “a 25,39,40

151 Maysville Kingaford Charcoal -2 32

152 varsons Kingaford Charcoal - 25.32,40

153 Swiss Roseville Charcoal 39

154 Bentrea Rosevilla Charcoal 39
TOTAL . [ 1]

Wisconsin 155 Hixton Busky Industries 4,100 2
TOTAL 4,100
UNITED STATES ) 420,000¢

(43) Bertelson,
DepArtoent
(44) Bercsleon,
Pepartment

" "pata not available.

SNumbers do not add due to rounding.
_tons froa Refersnce 1@ plus product

b. F.

Oklahoms Forest industries, 1972.

Counties.

of Agriculture, New Orleans, Louisiana, 1973, p. 16.

b. F.

Tanneasew Forest industries.
of Agriculture, Wew Orlesns, Louisiana, 1971.

PP +5=i6.
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branon.ul communication, A. W. Sesds, Charcoal Briguet Inatitute, February 27, 1976,
Total state production is asaumed to bs 125,078 natric
ion fcom other referances for Missouri plants.
Focamt Gervice Rescurce Bulletina S0-45, U.S.

Forsst Service Rasourve Bulletin 50-30, U.5.
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APPENDIX B

DERIVATION OF SOURCE SEVERITY EQUATIONS

SUMMARY OF SEVERITY EQUATIONS

The severity (S) of pollutants may be calculated using the mass
emission rate, Q, the height of the emissions, H, and the thresh-
old limit value, TLV (45). The equations summarized in Table B-l
are developed in detail in this appendix.

TABLE B-1. POLLUTANT SEVERITY EQUATIONS
FOR ELEVATED POINT SOURCES "

Pollutants Severity equation
Particulate s = Z%IQ
C s = 5329'
NO, 8= E%g%%
Hydrocarbon S = lsng
Other S = e

DERIVATION OF Xmax FOR USE WITH U.S. AVERAGE CONDITIONS
The most widely accepted formula for predicting downwind ground
level concentrations from a point source is (35)

- _9 1/ y\? 1/ H\2
X = —/——= eXp|-3F expl-5([— (B-1)
voyozu [ 2(oy) ] [ 2 (oz) ]

(45) TLV® Threshold Limit Values for Chemical Substances and
Physical Agents in the Workroom Environment with Intended
Changes for 1976. American Conference of Governmental
Industrial Hygienists, Cincinnati, Ohio, 1976. 94 pp.
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downwind ground level concentration at reference
coordinate x and y with emission height of H, g/m3
mass emission rate, g/s

3.14 .

standard deviation of horizontal dispersion, m
standard deviation of vertical dispersion, m

wind speed, n/s .

horizontal distance from centerline of dispersion, m
height of emission release, m

dowrwind dispersion distance from source of emission
release, m

where

X
Q
ki
Cy
Oz
u
y
H
X

LI I | N B | R I (I

We assume that Xpayx Occurs when x is much greater than 0 and y
equals 0. For a given stability class, standard deviations of
horizontal and verticel dispersion have often been expressed as a
function of downwind dis*ance hy power law relationships as fol-
lows (46): '

o, = axb (B-2)
d

oz'= cx” + f ' : (B-3)

values for a, b, ¢, 4, and £ are given in Tables B-2 and B-3.
Substituting these general equations into Equation B-1 yields

acmux + amufx 2(cx” + £)2 _

Assuming that X;pax occurs at x less than 100 m or the stability

class is C, then f equals 0 and Eguation B-4 becomes

12 '
X = 0 b+d CXp i (B~5)
acmTux 2¢2x2d '

For convenience, let

_ 0 ' _ -H?
AR = and BR = —

acmu 2c?

so that Equation B-5 reduces to

(46) Martin, D. O., and J. A. Tikvart. A General Atmospheric
Diffusion Model for Estimating the Effects on Air Quality
of One or More Sources. Presented at the 6lst Annual
Meeting of the Air Pollution Control Association, St. Paul,
Minnesota, June 23-27, 1968. 18 pp.
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TABLE B-2. VALUES OF a FOR THE
COMPUTATION OF © ya (47)

Stability class a

0.3658
0.2751
0.2089
0.1471
0.1046
0.0722

HmoOw>

3por the equation

g = axb

"

downwind distance
0.9031 (from
Reference 48)

where x
b

TABLE B-3. VALUES OF THE CONSTANTS USEDaTO
ESTIMATE VERTICAL DISPERSION" (47)

Usable range, Stability

m class Coefficient
, L d, £y
»1,000 A 0.00024 2.094 -9.6
B 0.055 1.098 2.0
[o 0.113 0.911 0.0
D 1.26 0.516 =13
E 6.73 0.305 =34
F 18.05 0.18  -48.6
Ca ds £,
100 to 1,000 A 0.,0015 1.941 9.27
B 0.028 1.149 3.3
[ 0.113 0,911 0.0
D 0.222 0.725 -1.7
E 0,211 0.678 -1.3
F 0,086 0.74 -0.35
Cy as f3
<100 A 0.192 0.936 0
: B 0.156 0.922 [}
[« 0.116 0.905 [}
D 0.079 0.881 0
E 0.063 0.8 ]
F 0.053 0.2, 0

8ror the equation

d
6, = €X + £

(47) Eimutis, E. C., and M. G. Konicek. Derivations of Continu-
ous Functions for the Lateral and Vertical Atmospheric Dis-
persion Coefficients. Atmospheric Environment, 6(11):859-
863, 1972.

(48) Tadmor, J., and Y. Gur. Analytical Expressions for the
Vertical and Lateral Dispersion Coefficients in Atmospherice
Diffusion. Atmospheric Environment, 3(6) :688-689, 1969.
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T

Taking the first derivative of Eguation B-6

ax _ -b-d -2d]\ [_ -2d-1
ax = Pr 3:{ (exp [BRx ]) ( 2dBpx ]

r- ~b~d=-1
+ exphBRx 2d (fb-é)x b-d z
1

(B-6)

(B-7)

and setting this equal to zero (to determine the roots which
cive the minimum and maximum conditions of x with respect to x)

vields

ax _ _ ~b-d-1 ' -2d4 _ -2d_, _
ax = 0= ARx (exp[BRx ]) [ZdBRx b d]

Since we define that x # 0 or =
must be equal to 0. :

~2aBx 2%-d-b = 0
or
(b+a)x’? = -2aB,
or _
c2a o 29BR _ 2qm?
b+d 2c2 (b+d)
or
(24 - _de?
c? (b+d)
or

—

\ dn? 2d
X =|—=— at x
(gz(b+d)> max

Thus Equations B-2 and B-3 become
' b_
2
G =a dH 2d
y c2 (d+b)

46

(B-8)

at Xpax’ the following expression

(8-9)

(B-10)

(B-11)

(B-12)

(B-13)

(B~14)
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]

’%

B &a—ﬂ»’j

d 1 B
2 - —_

2 \e2ipia) b+d

. The maximum will be determined for U.S. average conditions of

stability. According to Gifford (49), this is when °y equals -

P e

Since b equals 0.9031, and upon inspection of Table B-2 under )
U.5. average conditions, oy equals o,, it can be scen that P
0.881 is less than or egual to d which is less than or equal to
0.905 (class C stability2). Thus, it can be assumed that b is
nearly equal to d or :

el ke T

(B-16)

S =

2 msemrmad e o

and

(B~17)

0 =§—
Y ¢

Si |
R

Under U.S. average conditions, oy equals o, and a approximates c
if b approximates 4 and f equals 0 (between class C and D, but
closer to belonging in c¢lass C).

gt ot B L e Pt

Then

¢, = — (B-18)
Y vz
Substituting for ¢ and a# into Equation B-1l and letting i é
vy equal 0 Y ’ ! ;
29 [ 1 (H/‘z')z] " |

X = expi~ 5 | =< (B—19) ':

max TuH2 2 H _ _ %

or g
| 3
Xpax = (B-20) -
reuH? [

4The values given in Table B-3 are mean values for stability !

class. Class C stability describes these coefficients and

exponents, only within about a factor of two (35).

(49) Gifford, F. A., Jr. An Outline of Theories of Diffusion in
the Lower Layers of the Atmosph~ere. In: Meteorology and
Atomic Energy 1968, Chapter 3, D. A. Slade, ed. Publication
No. TID-24190, U.S. Atomic Energy Commission Technical
Info.mation Center, Oak Ridge, Tennessee, July 1968.

p. 113.

USRI T
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For U.S. average conditions, u equals 4.47 m/s so that
Equation B-20 reduces to

_0.0524 0 (B-21)

X =
a
max HZ

DEVELOPMENT OF SOURCE SEVERITY EQUATIONS ;

Cf ' The general source severity, S, relationship has been defined as
follows:
X
. ‘max -
S F (B-22) 1
Il

where ;ﬁax = time-averaged maximum ground level concentration
P = hazard factor . : N

Noncriteria Emissions

The value of Ymax may be derived from Xmaxs an undefined "short-
term" concentration. An approximation for longer term concen-

tration may be made as follows (35): g

For a 24-hr time period, ?

£ \0-17 . :

Xony = =2 (B-23) i

Xmax Xmax \t {

or .

3 mi 0.17 X

' ¥ = s min_ - . i
Xmax ~ *max (1,440 min) : (B-24) : 1

Xemg = (0.35) (B-25) o

Xmax _ ¥max

EENSLR Y

LV values

- Since the hazard factor is defined and derived from T §
as follows: ' 3

. AT 3

F = (TLV) (24)(100 (B~26) !

" . F = (3.33 x 107%) TLV - (B-27) _g

then the severity factor, S, is defined as ' .

EUSURPL

I . S _ Xmax _ 0.35 Xmax (3-28)
. F (3.33 x 1073) TLV
48
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g =

If a weekly averaging period

105 x
TV (B-29)

max

is used, then

/ 3 0.17
Xmax ~ Xmax \10,030) (B=30)
or
Xmax = 0.25 Xprax (B-31)
and
F = (TLV)(I%%)(I%E) (B-32)
F = (2.38 x 10-3)yTLV ’ (B-33)

and the severity factor, S, is

s = Xmax - 0’25 Xmax (B-34)
F (2.38 x 10~ 3)TLV
or
105 ¢
_ max -
S = =iy (B-35)

which is entirely consistent, since the TLV is being corrected
for a different exposure period.

Therefore, the severity can be derived from Xpayx directly without
regard to averaging time for noncriteria emissions. Thus, com—
bining Equations B-35 and B-21, for elevated sources, gives

g =

Criteria Emissions

5.5 Q
TLV e+ H2

(B-36)

For the criteria pollutants, established standards may be used

as F values in Equation B-22.

These are given in Table B-4 (50).

(50) Code of Federal Regulations, Title 42 = Public Health,
Chapter IV - Environmental Protection Agency, Part 410 -
National Primary and Secondary Ambient Air Quality
Standards, April 28, 1971. 16 pp.
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However, Equation B-23 must be used to give the appropriate
averaging period. These equations are developed for elevated
sources using Equation B-2l.
TABLE B-4. SUMMARY OF NATIONAL AMBIENT AIR
QUALITY STANDARDS (50)
Lr 3
= Primary Secondary
standards, standards,
Pollutant Averaging time ug/m? ug/m?
.z particulate matter Annual (gecmetric mean) 5 60?
24=hrb 260 160
80, Annuab (arithmetic mean) BO 60,
24-h 365d 260
3=hz - 1,300
co : 8-hr) 10,000 10,000
’ 1=hr 40,000 49,000
Nitrogen dioxide Annugl (arithmetic mean) 100 100
Photochemical oxidants 1-hr’ 160 160
Hvdrocarbona (nonmethane) 3-hr (6 a.m. to 9 a.m.) 160° 160
31he secondary annual standard (60 pg/m?) is a gquide for asgessing implementa-
tion plans to achieve the 24~hr secendary standard.
bNot to be exceeded more than once per year.
¢ . CNo standard exists.
dThe secondary annual standard (260 pg/m?) is a guide for assessing implementa-
tion plans to achieve the annual standard.
Crhere is no primary ambient air quality standard for hydrocarbons. The value
of 160 pg/m? used for hydrocarbons in this report is an EPA~recommended gquide=
lipe for meeting the primary ambient air guality standard for oxidants.
Ccarbon 'onoxide Severity--
The primary standard for CO is reported for a 1-hr averaging
time. Therefore .
t = 60 min
. = min
t, =3
- 3\0-17 _
Xmax ~ Xmax Eﬁ) (B-37)
20 ( 3 jf .17
= - (B-38)
meuH? \60
- 2 0 0.6 (B-39)
B (3.14) (2.72) (4.5)H? p
_ 3. = 20328 o.6 (B-40)
r . max I{Z
- = (3.12 X 10*2)Q (3_41)

thaJc iiz

50

P P U M T T |




LIS

X
Severity, 8 = ?ax (B-~42)

Setting F equal to the primary standard for CO; i.e., 0.04 g/m3,
yields

Xmax _ (3.12 x 1072)0

§ = -3 : (B-43)
Cc.04 H2
or
_0.78 0 _
Sco = -—-—Hz . _(B 44)

Hydrocarbon Severity-- : ‘ o
The primary standard for hydrocarbon is reported for a 3-hr
averaging time.

180 min

t =
to = 3 min

_ _ 3 0.17
Xmax = Xmax (180) (B-45)
- oSy (5-46)
(0.5) (0.052)Q (B-47)
H2
-  _ 0.026 0 -48)
Xmax = (B-48)

H?

For hydrocarbons, the concentration of 1.6 x 10”4 g/m3 has been
issued as a guideline for achieving oxidant standards. Therefore,

X
g = -max _ 0.026 Q (B-49)
" F 1.6 x 107% H?
or
_1l62.5 0 _
SHc = _hE;___- | (B-50)

Particulate Severity--
The primary standard for particulate is reported for a 24-hr
averaging time.

51
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—_ '_ : 3 0.17
Xmax ~ Xmax(1,440) (B~51)

_ (0.05) (0.052)0Q (B-52)
H? '

- _ 0.0182 Q -
Xy = - (B-53)

For particulates, F = 2.6 x 10”% g/m3, and

= _
S = max _ 0.0182 O (B~54)
F (2.6 x 10”%)H?
s. =100 (B-55)
P 2 _

80, Severity--

The primary standard for SOx is reported for a 24-hr averaging
time. ’

- . 0.0182 ¢

Xmax 2 (B-56)
The primary standard is 3.65 x 107" g/m3. Therefore,
i .
g Max _ 0.0182 9 (B-57)
F (3.65 x 107%)H?
or
50 Q
s = (BE-58)
SOx 52
NO, Severity--

Since NOy has a primary standard with a l-yr averaging time, the
Xmax correction equation cannot be used. As an alternative, the
following equation is used:

- . B\2
- 5550 e -} (2] @59
2z : 1

A difficulty arises, however, because a distance x, from emission

point to receptor, is included; hence, the following rationale is
used:

52
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xmax

is valid for neutral conditions or when o, equals oy. This
maximum occurs when :

and since, under these conditions,

og_ = X
z a

then the disteance, Xpax’ where the maximum concentration occurs is

For class C conditions,

Simplifying Equation B-59,

= 0.911
o, 0.113 Xnax

u=4.5 m/s i

Letting x = X . in Equatlon“B—SQ,
X .20 exp|- 1 /8 : (B-60) ?
max . 1,911 2 \o, -
max !

where

_ B \1-098 ‘1
*max (0.16) (B-61)

7.5 H1-098 : (B=62)

S
Il

max

40 = 40
x _ 1.911 (7.5 g1-098)1.911 (B-63)
max 1

53
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Therefore,

As noted above,

or
Thereforz,
) Since the NOx
equation is

- _owo0es0 [ L(HY -
Xmax = e exp{. > <?z>l] (B.64)
o, = 0.113 x0.911 (B~65)
.oz = 0.113(7.5 H1.1)0.911 (B'66)
o, = 0.71 H (B~-67)
- 0.085 0 1 (B ¥
- -1 B-68
Xmax 2.1 exp[ 2 (0.71 H).] N !
= 0.085 Q (0.371) ’ (B'Gg)
HZ.I
- . 3:.15x1072 0 (B-70)
Xmax H2.1

standard is 1.0 x 107% g/m3, the NO_ severity

— 2 .
SNO = (3.15 X 10 )Q (3_71)
X 1 x 107% H2-!
315 0
S = 2=2 - (B~72)
Nox HZ.?
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APPENDIX C

EXAMPLES OF SOURCE SEVERITY CALCULATIONS

Uncontreolled Emission Pactor

Particulate
28 g/kg to 406 g/kg charcoal produced

Annual Uncontrolled Emission Rate

Batch Kiln :
: 3 o |
196.61 metr;i =en meigickgon x (28 g/kg to 406 g/kg) |

= 5.51 x 105 to 7.98 x 107 g/yr

Continuous furnace

. 4 3
20,300 netric ton % 10° kg

yr metric ton X (28 g/kg to 406 9/kg)

= 5.68 x 10°% to 8.24 x 109 g/yr

Average Uncontrolled Emission Rate

Batch Kiln

i Although the emissions are cyclic, assume they

! are constant over the period of emission. Assume
15.88 metric tons of charcoal are produced

per cycle, and each cycle emits for 10 days

i of the cycle.

Annual period of emission =

| metric ton cycle 10 days emission
i 196.61 yr * 15,88 metric ton cycle

8.64 x 10" s

= 7
day = 1.07 x 10/ s/yr
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Average uncontrolled emission rate

5.51 x 10% g/yr to 7.98 x 107 g/yr
1.07 x 107 s/yr

= 0.51 g/s to 7.46 g/s

Continuous furnace

Annual period of emission 8,000 hr/yr

Average uncontrolled emission rate:

5.68 x 10® g/yr to 8.24 x 10° g/yr _
8,000 hr/yr X 3,600 s/hr = 19.7 g/s to 286 9/s

Uncontrolled Time-Averaged Maximum Ground Level Concentration,

Xmax
0.17
- .20 (%
xmax nedh? t

emission rate, g/s

2,72

national average wind speed, 4.5 m/s
stack height, m

short-term averaging time, 3 min

1,440 min

where

gt

]

o STEI0O

" = -2 @
Xmax 1.82 x 10 n2

Batch Kiln

Q =0.51 g/s to 7.46 g/s
= 4,57 m (assumed)
v = i -y 3 -3 3
Xmax 4.4@ x 10 g/m> to 6.50 x 10 g/m

Continuous Furnace

0 =19.7 g/s to 286 g/s

h = 21.34 m (assumed)
- - - 3 - 3
Xpax = 7.87 x 10 g/m? to 1.14 x 10 g/m

Uncontrolled Source Severity

el etk




where

F for particulate is the ambient air quality standard,

2.6 x 107% g/m3

Batch Kiln

4.44 x 10”% g/m3 to 6.50 x 1073 g/m3

S =
2.6 x 107"% 9/m3

Continuous Furnace

= 1,71 to 25

7. . 3 . -2 } .
7.87 x 107% g/m® to 1.14 x 1077 g/m7 _ 3 3 4 44,y

2.6 x 10~" g/m?
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APPENDIX D%

emissions are summarized in Table D-1.

presents raw data input and procedures us2d to generate the emis~

sion factors shown.

EMISSION FACTOR COMPILATION

The uncontrolled emission factors used to characterize charcoal

=Y

The following discussion

TABLE D-1. UNCONTROLLED EMISSION FACTORS
FOR CHARCOAL MANUFACTURE
(g/kg)
Emission species Charcoal manufacture Briguetting 3
: k.
Particulate 28 to 406 7 to,42 .
Carbon monoxide 160 to 179 ~a
Methanol 67 to 76 ~a %
Acetic acid 102 to 1lé ~a L
Methane 44 to 57 ~a ;
Hydrogen 0.5 to 2 ~a
Polycyclic organic materials 0.004 ~a
Nitrogen oxides 12 ~a
Other gasesb 7 to 60 -

dNo information available.

bOther gases are defined to include higher hydrocarbons {(non-
methane noncondensibles), ethane, unsaturated hydrocarbons, and

formaldehyde.

DERIVATION OF TABLE 5 COMPOSITION RANGE FOR NONCONDENSIBLE

PRODUCTS OF CHARCOAL MANUFACTURE

Table 5 was compiled using input from References 3, 16 and 17.
Table D-2 presents a compilation of the input material from each

reference.

3Nonmetric units are used in this appendix because they are the
type that were utilized in performing the
cribed.
units.
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TABLE D~2. INPUT DATA FOR GENERATION OF TABLE 35

Reference no.: -3
Reference page no.: 405

16 ' 17
478 50

Compounds Units: . Volume % Volume % Pounds (Volume %)
Carbon dioxide 50.74 S0 to 60 523 (53)
Carbon monoxide 27.88 28 to 33 172 (27)
Methane : 11.36 3.5 to 18 55 (15)
Hydrogen a 4,21 1l to 3
Higher hydrocarbons 1l to 3
Ethane 3.09 30 (5)
Unsaturated hydrocarbons; e.g., ethylene 2.72

aHighér hydrocarbons are not defined by Reference
nonmethane noncondensible hydrocarbons.

Note.—Blanks indicate information not available.

16 but are assumed to be

The masses from Reference 17 were converted to volume percent as
shown in Table D-3 (assuming ideal gas behavior).

TABLE D-3. ' CONVERSION OF MASS TO VOLUME PERCENT

Compound Pounds Molecular weight Moles Volume %
Carbon dioxide 523 44 11.9 53
Carbon monoxide 172 28 6.1 27
Methane 55 16 3.4 15
Ethane 30 30 1.0 5
TOTAL 780 22.4 100

A summary of the ranges of composition and an assumed average
composition for all the references appears in Table D-4.

TABLE D-4. COMPOSITION RANGE AND ASSUMED AVERAGE COMPOSITION
FOR NONCONDENSIBLE PRODUCTS OF CHARCOAL MANUFACTURE

Percent of noncondensibles

Compound Range Assumed average
Carbon dioxide 50 to 60 55
Carbon monoxide 27 to 33 30
Methane 3 to 18 9
Hydrogen l to 4 2.5
Higher hydrocarbons 1l to 6 3.5

aHj.gher hydrocarbons are assumed to be nonmethane
noncondensible hydrocarbons; i.e., ethane and un-
saturated hydrocarbons are combined to give a
total higher hydrocarbon value.
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DERIVATION OF TABLE 8, RANGE OF EMISSION FACTORS FOR CHARCOAL
MANUFACTURE

Table 8 was compiled using References 17, 19, 27, and 30-32 plus
references to Table 5, presented previously. Table D~5 presents
a compilation of the input material from each reference.

TABLE D-5. INPUT DATA FOR GENERATION OF TABLE 8

Raference: 17 19 27 30 31 32
Reference page no.i s0 4, 10 306 5.4.1 1 18, 87

Operation: Chareoal Charcaal Charcoal Charcoal Charcoal Briquetting
a Type of emission factor: Uncontrolled Uncontrolled Uncontrolled Uncontrolled tUncontrolled Controlled
Pmicaion  UBits: Pounds See below 108 1b/yr kg/MT 1b/hr tons/yr
- Tar . 200
Pyroacids 190 X
rarbor roroOxide 172 160
Methane 55
Particulate 126.4 to 160.5 ’ 4.23 20, 17
1b/tonb
Polycyclic organic material -
Combustible particulate 193
Hydrocarbon L1 50
Methanol 73
Acetic azid 112 116
Particulate (tar, ofl) . : 200
Crude methanol %

Bon additional controlled particulace emisaion facter of 1.25 x 10=? 1b particulate/lb briquet was obtained from an

indusatry survey.

bDaily emizsion zates over a E-day period were 1,122.4 x 1076 1b/yr, 691.8 x 107% 1b/hr, 309.2 x 1076 ib/hr, 613.2 x 107% 1b/
hr, 1.067.8 x 10°% 1b/he, and 2,278.7 x 107% 1o/hr, .

Mote.—Blanks indicate no information available.

Additional information required to convert the data in Table D-5
into uncontrolled emission factors (g/kg) was obtained from the
appropriate references. The charcoal yield of 960 pounds (17)
was required. The duration of a production cycle, 6 days (19),
2nd the batch production rate, 18 tons/cycle (19) were required.
The annual production rate of 348,000 tons (27) was required.
The duration of the cycle, 21 days, and the batch size, 18 tons
of charcoal (31), were required. Other necessary information
included charcoal production rates and control efficiencies,
8,100 tons/yr and 40,300 tons/yr and 65% and 99%, respectively
(32). Several assumptioas were made. Tar, pyroacids, particu-
late, combustible particulate, and particulate (tar, 0il) were
assumed to be synonymous. Likewise, methane and hydrocarbon
were assumed to be the same as were methanol and crude methanol.
-"mission factors are presented in Table D-6.

Emission factors for other noncondensible gases were generated
using the input information presented in Table D-7. :

These data were combined to generate three emission factors;
i.e., nitrogen oxides, hydrogen, and other gases (defined as
nonmethane noncondensible hydrocarbons; i.e., higher hydro-
carbons, ethane, unsaturated hydrocarbons, and formaldehyde).
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TABLE D-6. UNCONTROLLED EMISSION FACTORS
DERIVED FROM TABLE D-5

(g/kg) -
Reference .
. a b c d e f
Emission 17 19 27 30 31 32
Particulate? 406 63 to 80 176 200 59 7 to 42
Carbon monoxide 179 160
Methanol 67 76
Acetic acid 102 116
Methane 57 - 44 50
Polycyclic organic
materials 0.004
Note,—Blanks indicate no information available.
‘8
Particulate; 200 1b + 190 1b (454 5)(2 2 lb) - 106 g/k
v €! g0 1L charcoal kg s/kq
Carbon monoxide: sz ehareoal (ﬂ%si) 2 ; lb) = 179 a/kg
5% 1b 454 gy/2, 2 1b
Methane: g7~ Th charcoal ( 16 )( ) = 57 g/kg
b
. 126.4 1b 160.5 1b 4 .2 1b
particulate: 128-3 b 10 229.5 P (—5155) 50515 )(“Z_l?g_) = 63 g/kg to 80 g/kg
Polycyclic organic material:
Average dally emission = Day 1 + Day 2 + Day 3 vDay 4 +Day 5+ Day &
]
v o -
(1.122.4 + 691.8 + J09.2 v 613,2 + :ao::"ae 2,278.7) 2 10°% 1b/hr t124-hr/day) (454 9‘)‘(2;;: lb)(z 2 38Y | 40k 1072 g/kg
<
193 x 108 ib/yr 454 ton 2.2 1b
Paretculace: grmbir-totvyr st (V15 (rise ) G - 176 9
Methane: 555,5‘535 :o;lzg;rl:énicnai ( )(m & 2 12) - 9/vg
Methanolt  grr—piitoanyr o (Uhi) i (R ‘b) = 67 g/kg
112 x 108 1b/. 54 to 2.2 1b
aeoric acier  grrabi SO oy (S40) (A ) (BtR) - 2oz o
dnll : 103
emigsions; enission lacto: ("'E_g')( ) = amizsion factor
f .
. z0 ten/yr controlled 2 000 1b\/100 1b uncontrgllaed 54 ton 2.2 1by
Particulate: 150 l’!!on7yr r.'Eucoa[ ton )( 35 1b con:zolles )( IE )( 2,000 1B, ) LT ) 71 9/kg
17 ton/yr controlled 2,000 1b)/100 1b uncontrolled)(454 t 2.2 1b
10,300 ton7yr“cﬁrar_cm ("'Ton )( ib controlled ( Iy )(ru%%“rs)(—r'_g ) = 42 g/kg
9rhe industrial survey controalled particulate emission factor of 1.25 x 107? 1b particulate/lb briquet was
converted to ap uncontrolled emissioh factor asswuing 958 concrol efficiency and a briguet containing 908
charcoal as follows:
-3 1lb ticulat ontrelled lb briguet 2,000 1b}/20 1b uncontrolled 2.2 1Y}
1.25 = 1073 Rax iE b?;:u:: (b‘.f 15 cﬁaicoal)( ton )( 1B com.?glled )( )( < 28 a/kg
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TABLE D-7. INPUT DATA FOR GENERATION OF UNCONTROLLED EMISSION
FACTORS FOR OTHER NONCONDENEIBLE GASES

Reference: 3 16 17 30
Reference page no.: 405 478 50 5.4.1

Compound Units: Volume % Volume % Pounds Volume % kg/MT
Hydrogen a ' 4.21 1 to 3
Higher hydrocarbon 1l to 3
Ethane 3.09 30 5
Unsaturaged hydrocarbons, :

e.qg., ethylene 2.72 . .
Other gases (HCHO, Nz, NO) ’ 30

Higher hydrocarbons are not defined by Reference 16 but are assumed to be
nenmethane noncondensible hydrocarbons.

Note.—Blanks indicate no information available.

Both contirolled and uncontrolled nitrogen oxide emission factors
were estimated using engineering calculations. The uncontrolled
emission factor for nitrogen oxides was calculated assuming that
no oxides oi nitrogen were formed by thermal fixation of air dnd
that all fuel nitrogen was oxidized to NO. Thermal fixation of
air is excluded since the normal operating temperatures of char-
coal manufacture {(approximately 500°C) are not high enough to
promote NO formation, as suggested by Table D-8 (34).

TABLE D-8. TIME FOR NO FORMATION IN A GAS CONTAINING
75% NITROGEN AND 3% OXYGEN (34)

Time to form NO concentration at
Temperature, °C 500 ppm NO, s equilibrium, ppm
1,360 ' 1,370 550
1,538 : 16.2 - 1,380
1,760 ' 1.10 2,600
1,982 0.117 4,150

Nitrogen oxides formed from wood nitrogen were calculated
assuming all of the 0.14% nitrogen in wood was oxidized to NO.
The wood nitrogen content is the average for four woods identi-
fied on page 160 of Reference 33. With the assumption that 4 kg
of wood are needed to produce 1 kg of charcoal (23), the un-
controlled emission factor is derived as follows:

0.14 g N 30 g NO\[4,000 g wood) _
100 g wood (14 g N )(kg charcoal | 12 g/kg
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Control of combustible emissions by afterburning generates nitro-
gen oxides. Page 24 of Reference 27 gives an emission factor of
0.05 to 0.1 1b NOyx/MM Btu fuel, and an average value of 0.075 was
chosen for calculations. The heating value of combustible gases
is estimated to be 25 MM Btu/ton charcoal (26). Therefore,
nitrogen oxides generated by afterburning are:

MM Bty "’ (454 g) ( ton )(2.2 lb) _
> Ton charcoal) 1b 2,000 1b o 0.94 g/kg

The controlled emission factor is the sum of the uncontrolled
emissions plus those generated by control.

0.075

1b Nox
MM Btu fuel (

12 g/kg + 0.94 g/kg = ~13 g/kg

Estimates of hydrogen emissions range from 1% to 4.21% of noncon-
densibles. To convert this to a mass emission and an emission
factor, the required molecular weight for the noncondensibles is
calculated from the average noncondensible composition in Table
D-4 as follows:

: Higher hydro-
cO» co CHy H, carbon (CyHg)
0.55(44) + 0.3(28) + 0.09(l6) + 0,025(2) + 0.035(30) = 35.1

Also required is a noncondensibles emission factor; i.e.,

g noncondensibles/g charcoal. From Reference 15, this number is
25 g noncondensibles/31 g charcoal. A hydrogen emission factor
can then be calculated. .

1l mole to 4.21 molés hydrogen (2'g hydrogen ) ( mole noncordensible )
100 moles noncondensibles mole hydrogen 35.1 g noncondensible

2,500 g noncondensibles) _
( 31 kg charcoal _ = 0.5 g/kg to 2 g/kg

Only an emission factor for the other gases (higher hydrocarbons,
ethane, unsaturated hydrocarbong, and formaldehyde) remains to
be calculated. The relationship between these other gases as
well as the input available on each from Table D-7 follows.

Other gases = higher hydrocarbons (formaldehyde + ethane + unsaturated hydrocarbons)
1t to 3% noncondensibles (18 g/kg + 30 1b to 3.09% noncondensibles + 2.72% noncondensibles)

»

/

Higher hydrocarbons are converted to an emission factor as
follows:

1 wole to 3 moles higher hydrocarbon (30 g highar hydrocarbon Icz¥g) )( mole poncondensible )( 25,000 g mnemdenublu) w7 to 2l a/kg
100 moles noncondensibles mole higher hydrocarbon 35.1 g pencondensible 31 kg charcoal
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The formaldehyde emission factor is merely other gases (formalde-

hyde, nitrogen, nitric oxide) minus the nitrogen oxide emission
factor, 12 g/kg, calculated above. Ethane emission factors are

3.09 moles ethane 30 g_ethana )( mole noncondensible )( 25,000 g nencondensitle

100 moles noncondensibles \mole higher hydrocarbon/\35.1 g roncondensible 31 kg charcoal )- 21 9/kg

or

30 1b ethane 454 ¢ ( 1b \/1,000 g) _
960 1b charcoal ( ib ) 454 g)( kg = 31 g/kg

The unsaturated hydrocarbon emission factor is calculated assum-
ing they are ethylene

2.72 wolex uneaturated hydrocarbon 28 g ungaturated h!dtocnrbnns)( mole nopcondensible )-(2.5,000 g non:ondenslb).e) = 17 grkg
100 moles noncondensiblus mole unsaturaced hydrocarbon 35.1 g noncondansible 31 kg charcoal b

An emission factor for other gases can be calculated as below-
Other gases = higher hydrocarbon (formaldehyde + ethane + unsaturated hydrocarbons)

7 g/kg to 21 g/kg (12 g/kg + 21 g/kg to 31 g/kg + 17 g/kg)

Therefore, other gases range'from 7 g/kg to 60 g/kg.
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APPENDIX E

INDUSTRY COMMENT TO SOURCE'ASSESSMENTi.
CHARCOAL MANUFACTURING, STATE OF THE ART

The Charcoal Briquet Institute of Oak Brook, Illinois expressed
the desire to add a listing of industrial comments to this
report. The following are their comments (November 1977).

FOREWARD

The Charcoal Briquet Institute, trade association for charcoal
briquet manufacturers in the United States, is pleased to sub-
mit this review and evaluation of a report recently completed by
Monsanto Research Ccrporation jdentified as Contract No. 6802~ -
1874, SOURCE ASSESSMENT: CHARCOAL MANUFACTURING, State of the
Art.

Numerous changes and improvements have been included in the
reviewed MRC document published under the date of November 1977.
Likewise, it must be emphasized that much expert opinion pro-
vided by industry authorities was not included in the final MRC
report. -

This Appendix has been prepared by the Charcoal Briquet
Institute for the purpose of providing additional background
information that will improve the total report being developed
by Monsantc Research Corporation.

The Institute, in this review and evaluation of the "SOURCE
ASSESSMENT: CHARCOAL MANUFACTURING, State of the Art" report,
has assumed an objective position of evaluating overall report
results and the quality of statements and data therein.

The Charcoal Briquet Institute is organized under the General
Not For Profit Corporation Act of the State of Illinois and
engages in a number of lawful activities which promote the
interests of the charcoal briquet manufacturing industry and
the public in general.

Since original organization in 1958, the Institute has maintained
an acute awareness of its responsibility to public and private
agencies interested in the charcoal manufacturing industry. There-
fore, the Institute has willingly and continually maintained
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close liaison with representatives of the Monsanto Research
Corporation as this industry study developed the past two years.

4

SUMMARY OF RECOMMENDATIONS

The report is identified as a SOURCE ASSESSMENT of charcoal
manufacturing. It is the Institute's position that the report
is not an "assessment" since no field sampling was completed by
Monsanto Research Corporation and no contemporary facts based
upon reliable data or engineering studies were available to
include in the report.

N

Therefore, the Institute also recommends that the words, "SOURCE
ASSESSMENT," be deleted in all cases and that the report bhe
identified as a "State of the Art" document in accordance with
established protocol. '

Substantiation of Recommendations

The Charcoal Briquet Institute has submitted these previous : 2
recommendations for the following reasons: '

. General availability of this report would be a disservice :
to the public in general who depend upon public and private
agencies for the generation of reliable knowledge and facts
related to complex public issues.

« The report could also severely d-mage the charcoal briguet
manufacturing industry that produces. products now utilized
by an estimated 166,000,000 people annually.

+ Many of the companies are small businesses and are not in a
position to ~ope with the increasing regulatory impact from
matters associated with environment, transportation and
product liability. .

« Special interest groups and well-meaning citizens who use
this document for resource data may not be aware of or _

. understand the complex assumptions and equations that went
into the final report.

« Emission factors as presented in the report are key inputs
to the study. MRC obtained none of the data from actual
measurements, but instead relied on literature estimates.

« No meaningful discussion of the development of uncontrolled
emission factors is provided. These uncontrolled emission
factors are probably the single most important figures in
the report. :

¢+ Production estimates in the states are not based on
accurate data.
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e The composition of finished charcoal briquet production and
potential effect on emissions is inaccurate and should not
be used in the report. .

+ The report confuses the overall emissions situation by pre-
senting summary data that are inaccurate and incomplete.

* The treatment of incineration and source severity lacks
sufficient technical detail for proper evaluation of pollu-
tion characteristics of the charcoal briquet industry.

« A more careful consideration of the true nature of the par-
ticulate emissions from charcoal plants would result in
much less severe environmental inpact estimates.

+ The data that are used to develop the final estimates are
obsolete in many cases and incorrect and without basis in
other cases.

CHARCOAL MANUFACTURING: THE POSITIVE CONTRIBUTIONS TO AMERICA

A high percent of all charcoal manufactured in the United States
is processed into charcoal briquets for use as a cooking fuel in
charcoal barbecue grills.

The industry is an important energy producer and an estimated
645,000,000 charcoal barbecues in 1977 replaced a vast amount of
cooking energy that would have been drawn from the nation's
electrical power generating network or natural gas supplies.

As the industry developed during the past_two-and—one-half
2r.mades, it has become a major user of wood wastes from the
racion's forest products industry.

Forest products wastes that are now gathered and manufactured
into charcoal briquets have reduced emissions from incineration
nf wastes at hundreds of plant sites throughout the U.S.

Pollution control technology available to the industry is now

in use at charcoal briquetting plants and the trend toward con-
tinous processing of charcoal has allowed the industry to effec-
tively control emissions in compliance with state and federal
regulations at these manufacturing locations.

Charcoal briquet manufacturers provide a unique and vital service

to America. Industry products make significant contributions to
the nation's energy supply. Concurrently, the charcoal manufac-
turing industry has contributed to a massive reduction in total
emissions formerly generated by forestry managemernt practices
and the elimination of unwanted byproducts from the nation’s
forest products industries.
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COMMENTS AND OBSERVATIONS

The Charcoal Briquet Institute hereby presents these comments
and observations regarding this firal report.

Cover P age

The Institute recommends that SOURCE ASSESSMENT be deleted from
the cover page since the report will be more accurately iden-
tified as a "State of the Art" document or a "General Background
Report" about the charcoal manufacturing industry.

Disclaimer (Page ii)

On line three following the word "Approval," the Institute re-om-
mends that "for publication" be added.

Because of the sequential prominence of this page, it is also
recommended that_this‘goPy be added to the Disclaimer page:

"The U.S. Environmental Protection Agency. is aware that no

samples were taken of any charcoal manufacturing operations
by Monsanto Research Corporation to determine actual emis-

sions andé +hat technical data set forth in this document is
based upon suppositions and purely hypothetical estimates.

(See definition of State-of-the-Art Report, Page v - Ed.)

"In addition, scientifically reliable data on the total
emissions from all industrial sources in the states are not
presantly known. Therefore, comparative data on charceoal
manufacturing as a percent of the total should not be pre-
sumed as an accurate representation." (Total emissions from
all sources are referenced, Page 34, Reference 36 - Ed.)

Preface (Page iv)

In paragraph two of the Preface, it is stated,

"This is a determinaticn which should not be made on super-
ficial information; consequently, each of the industries

is being evaluated in detail to determine if there is, in
EPA's judgment, sufficient environmental risk associated
with the process to invest in the development of control
technology."”

It is the Institute's position that this document has presented
information based on suppositions and estimates, and that the

basic objective of providing reliable data has not been achieved.

The first sentence of the fourth paragraph on rage iv states
thet:
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"source Assessment Documents contain data on emissions from
specific industries."

This statement further substantiates the Institute's position
that the report should not be identified as a "Source Assessment"
document. :

This same paragraph goes on to state:

"Sampling and analysis are als:s performed by the contractor
when the available information does not adequately charac—
terize the source emissions."

This statement further substantiates the Institute's position
that the document cannot be considered a factual assembly of
industvy data when no sampiing and analysis were undertaken.

Abstract (Page vi)

The Institute recommends that data set forth in paragraph three
not be considered as an accurate representation since no samp-
T1ing has been completed to determine relationships with total
national emissicns or ground level conc aurations which are
indicated at 0.1% and 1.0%, respectively.

The report presents estimates of the max.mum possible emission
levels. Actual emission levels are considerably lower than
the maximum estimates. Maximum estimates provide no basis for
the evaluation of emissions by the charcoal briguet industry.

Summary (Page 2)

The word "examines" in the second sentence of the first para-
‘graph should more appropriately be "relates to" or similar

language since "examines" implies careful inquiry, testing, or
investigative scrutiny. ' .

Paragraph two indicates thet charcoal manufacture represents

an estimated 1,330 batch kilns and 16 continucus furnaces. The
Charcoal Briquet Irnstitute estimates that there are approxi-
mately 750 to 1,000 batch kilns now operating in the United
States. It has also been well established that the percent of

finished briquet production originating in charcoal kilns is
less than 45% of the total U.s. production.

The final sentence in paragraph two states:
“Missouri produces an estimated 45% of national production.”
No accurate records exist regarding the percentage of production

originating in the State of Missouri. Data generated by tbe
Charcoal Briguet Institute reveals that carbonaceous materials
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subjected to pyrolyéis in Missouri and added to the charcoal
briquet product mix contributes approximately 16% of total
national finished charcoal briquet tonnage produced.

Table 2, Page 3

Industry authorities who are aware of charcoal manufacture in
the various states, and the total amount of industrial activity,
believe it is inconceivable that charcoal generates 1% of
particulate matter, carbon monoxide, or nitrogen oxide in the
states noted.

The table neglects the fact that the report only produces maxi=-
mum estimates, not actual emissions. There is no technical
basis behind the conclusions in this table. Indeed, this entire
table provides information that is beyond the scope of facts
available.

Table 1, Page 3

The Charcoal Briquet Institute believes that all data set forth
in Table 1 is suspect because sampling of the industry was not
conducted. Suppositions set forth in Table 1 are based upon
estimates which the Monsanto Research Corporation labeled:

"Of questionable utility due to the improvisational samp-
ling techniques utilized." :

Uncontrolled emissions are discussed on this page and at other
locations in this report. Uncontrolled continuous emissions do
not exist because all continuous sources are contiolled. Any
discussion of uncontrolled continuous emissions is irrelevant
and confusing, and, therefore, detracts from the purpose of
performing the study.

Paragraphs 2 and 3, Page 4

The Charcoal Briquet Institute observes that paragraphs two and
three on page 4 appear to set forth absolutes when, in fact re-
liahle data were not available to Monsanto Research Corporation.

Paragraph 1, Page 17

The first complete sentence in this paragraph states:

"This composition results in a briquet of approximately
90% pyrolysis product. A 90% charcoal briguet was assumed
for this report."” ’

At the meeting held August 31, 1977, the Charcoal Briquet
Institute informed Monsanto Research Corporation staff that
the total amount of carbonaceous material that is subjected to
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pyrolysis before mixing and briquetting now accounts for approxi-
mately 35% to 40% of the total product mix in the United States.
A sizable tonnage of charcoal briquets is produced with virtual-
ly no carbonaceous material previcusly subjected to pyrolysis.

A very small tonnage, possibly 5% of the total charcoal briguet
production in the United. States, can be c1a551fled as all wood
charcoal.

Industry Status, Page 17

The report indicates here that:

“"The most recent thorough investigation of the lndustry
was conducted by the U.S. Department of Agriculture Forest

Service Division of Forest Economlcs and Marketlng Research

in 1961."

The Institute emphasizes that references used by Monsanto
Research Corxporation in evaluating and characterlzlng the indus-
try in 1977 are based upon reports issued early in the history
of the industry. :

'The USDA study, for example, characterizes an zndustry that is
substantially different than the industry as we know it in 1977,
There have been major changes in production patterns geographi-
cally. Manufacturing technology and equipment has drastlcally
changed since 1961l. .

Such data are not qualified as an accurate source of background
for maklng assumptions or making technlcal projections and fore-
casts in 1977,

Source Population, Paragraph 2, Page 18

- Again, the report makes assumptions that 90% of each brlquet is
charcoal. The Institute emphasizes agaln that carbonaceous.
material subjected to pyrolysis comprises approximately 35% to
40% of all naterlals not. entering the charcoal brigquet materials
mix. :

Table 7, Page 20

‘Table.7 supplies the statistical data on geographical distribu-
tion on charcoal manufacturers. The Charcoal Briquet Institute
maintains records for charcoal briquet manufacturers only. Data
for Table 7 are supplied as follows:
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Number 0f producers
"Monsanto CBI ]
State report data _ i

Alabama
Arkarnsas
California
Georgia
Illinois
Maryland
Mississippi
Missouri g
New Jersey
Ohio

Oklahoma
Oregon
Tennessee
Texas

West Virginia

=
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Characterization of Emissions, Page 21

This section states that over 200 products of wood pyrolysis
have been identified and they are listed in Table 6, COMPOUNDS.

The Institute emphasizes that many of the compounds occur
naturally in nature and during the process of charcoal manu-~
facture, would have rn> deleterious effect upon atmospheric or
effluent discharges. Many of the compounds :.ould not be emitted

in tne usunl sense an? would not affect the atmosphere, nor :
would they be considered an air pollutant. o ;

Paragraphs 1 and 2, Pages 21 - 22

The Institute highlights these statements'made_in paragraphs
one and two on pages 21 - 22:

vsimilarly, particulate emissions from briquetﬁing opera-

tions have also been estimated, in the literature."

*Very few data are available to characterize emissions
from charcoal manufacture." _ _

"Most estimates found in the literature derive from
material-balance calculations based on laboratory wood
pyrolysis studies.”

"When reported, even field-sampling data from "Missouri-

type" kilns are of questionable utility due to the impro-
visational sampling techniques utilized.™ ‘
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Potential Environmental Effects, Page 23

Since all of the emission data in the MRC report are based upon
- invalid assumptions and . obsolete references, none of the sup-

positions and data set forth in this chapter can be considered
of a useful nature. ' . .

Exact location of charcoal producing units has not been deter~-
mined. The amount of controlled and uncontrolled emissions has
not been determined. Therefore, it is impossible to evaluate
environmental effects of charcoal productlon.

Both of the study methods cffered by MRC on pages 24.and 25
cannot be utilized in this report since no valld base data are
available. :

Once again the Institute emphasizes that Tablés 8, 9, 10, and 11
should not be recognized since the data are grossly“inaccurate.

Likewise, the Institute highlights the statement made in the
second paragraph on page 22 - :

"The accuracy of the .emission estlmates is uncertaln at
best." :

Table 8, Page 22

The inclusion of tar, oil, and pyroacids under particulates

and "higher hydrocarbons" under other gases results. in double
accounting. -~ "Higher hydrocarbons" are undefined. Tar, oil,
pyroacids, and "higher hydrocarbons" are converted into harmless
carbon ‘dioxide and water by incineration. Charcoal production
emits substantially no pollution in the form of NO,..

Final Paragraph, Page 25

the report states that:

"The potential environmental impact of emissions from char-
coal manufacture can also be evaluated by comparing the
nationwide mass of each criteria omission from charcoal
production to the total nationwide mass of each: criteria
emission from all sources."

The Charcoal Briquet Institute seriously questions this assump-
tion because statements made elsewhere in the MRC repourt refute
th*s possibility.

The Institute's position is further substantlated by this state-
ment which appears in the same paragraph:
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"Actual national charcoal manufacture emissions cannot be
calculated because of a lack of information regarding the
application and efficiency of control technology."”

Table 10, Page 27

The gualification that maximum estiﬁatésuare”used in Table 10 is
not given in the table. : . :

Table 10 data are'nbt‘cOnsidered to be useful since a three-year
time span separates "Estimated Charcoal Industry Emission" and
"National Emissions for All Sources." -

Paragraph 2, Page 27

Statements made in this paragraph whic3 relate to particulate,
carbon monoxide and emission of other gases are represented as
accurate. Such suppositions should not be made because there
are no reliable support data. ST o

Table 11, Page 28

Brief,'preliminary;calculations by the ChércoaI'Briquet Insti-
tute indicate that Column 2, "Fraction of National Production,”
does not represent current data and is grossly inaccurate.

Trerefore, all assumptions made ‘in the COlumns'hppearing under
"Estimated Controlled Criteria Emissions" are fallacious and
should not be used. - =

References, Page 34

The Institute notes that references used in preparation of the
Monsanto Report have bzen utilized as authoritative sources
though many listings have aged and are not reliable -as back-
ground information. S ' -

It is further noted that Monsanto Research Cofb@ration in many
cases elzcted not to recognize and use expert opinions offered
by industry representatives. _ : e

Table A-1, Page 40

The Charcoal Briquet Institute is unable to verify the existence
of many producers listed in Table A~l. Numerous companies have

dual listings, some of the companies are no longer in business,

and the annual production in metric tons is substantially over-

stated in some cases. The listing should not be utilized in

assessing the industry position in any state until such tine
that an industry census has been developed.

74

i Ta ol Ak




I IR L L N TA e A it =N TR T TR TR S R TSP

Items 18 and 19, Distribution Statement, Page 77

The Distribution and Security Class for thlS report lS entered
as "Unlimited" and "Unclassified."

The Charcoal Briquet Institute recommends.that the entire

Monsanto Research Corporation report not be distributed and
that the report remain classified within the Monsant¢ Research
Corporation and the Environmental Protection Agency.'.
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GLOSSARY
brands: Partially'eharred wood .

carbonaceous: Materlal contalnlng carbon.

carbonization: Process of 1ncrea51ng the carbon. content of a ;
material by subjecting it to elevated temperatures ‘to drive !
off Volatlle hydrocarbons.

cord: Quantity of- wood stacked in a 4 ft x 4-ft x 8-ft plle,
128 £t3 (3.63 m3).

cordwood: Pieces of wood approximately'l.z m long and 150 mm to
200 mm in diameter. . : TR

destructive distillation: Process of making charcoal by dis-

: tilling off volatlle hydrocarbons  from carbonaceous
materials. N

hardwood: Wood of*an angiosPermous tree such as beech or oak.

hogged- Adjectlve descrlblng wood that has been broken into
small Chlps.-' . . .

pyroligneous: Obtalned from the destruct1Ve dlStlllathn of
wood. .. : :

pyrollgneous a01d, pyrollgneous liquor, pyroacid' Reddish
brown acidic .liguid produced by the destructive distil-
lation of wood; the condensible water soluble products of
destructive dlstlllatlon of wood.

'pyr01y31S' Process. of removing volatlles from a material by !
elevating the temperature w1th minimal oxygen present. o i

rabble arms: Device in a continuous furnace which rakes the
raw material over each bed to expose fresh material to
‘hot pyrolysis gases and to advance the materlar through
the furnace. .

softwood: Wood of a coniferous tree such as pine.

76

b it

—r— i ik n Ak, o e






