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NOTICE 

The information in this document has  been funded wholly or in part by the United States 
Environmental Protection Agency under Contract No. 6ELD2-0159 to Midwest Research Institute. It 
has been reviewed by the Office of Air Quality Planning and Standards, U. S. Environmental 
Protection Agency, and has been approved for publication. Mention of trade names or commercial 
products does not constitute endorsement or recommendation for use. 
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1.0 INTRODUCTION 

This report describes the preparation of a completely revised 

Affected charcoal f a c i l i t i e s  include both cooking (br ique t )  

Section 5.4. 

and industr ia l  charcoal manufacturing processes which produce 
charcoal from a carbon source in either a continuous or batch process. 
Industrial  charcoal can be made by the same method and a t  the same 
time as cooking charcoal; therefore ,  t h i s  segment of the industry 
i s  included. I t  i s  estimated t h a t  activated carbon production 
comprises 10 t o  15 percent of charcoal briquet and activated carbon 
production .3 

type processes has been a major problem. 
have been based upon published emission factors .  These emission 
fac tors ,  in turn, have been based upon experimental lab work and/or 
data obtained from charcoal plants which were operated primarily 
f o r  the recovery of wood chemicals, with charcoal production being 
of secondary in t e re s t .  

Determination of actual emissions fr&n both batch and continuous 
Most reported emissions 

Products of charcoal manufacture are divided into f i v e  
categories:  
C2Hg). pyroacids (primarily ace t ic  acid and methanol ), t a r s  and 
heavy o i l s ,  and water.3 
variable depending on raw materials and carbonization parameters. 
I t  i s  important t o  note tha t  the extent t o  which organics and 
carbon monoxide are  natural ly  combusted before leaving the r e t o r t  
varies from plant t o  plant. 
par t icu la te  emissions, whereas uncmbusted pyroacids may form 
aerosol emissions.8 

The manufacture of charcoal without emission control can 
r e su l t  in the emission of any of the products of pyrolysis of 
carbonaceous materials.  Over 200 products of ood pyrolysis have 
been ident i f ied ,  and the l i s t  i s  not complete? Li terature  sources 
quantified uncontrolled emissions, e i the r  by estimate or by sampling, 
fo r  uncontrolled emissions of:. par t icu la te ,  carbon monoxide, 
methanol, ace t ic  acid,  methane, nitrogen oxides and nonmethane 
gases. 
both batch and continuous charcoal manufacture. 

charcoal, noncondensible gases (CO,  CO2, CH4 and 

Products and product d i s t r ibu t ion  are 

Uncombusted t a r s  may so l id i fy  t o  form 

These species are found i n  the uncontrolled emissions of 

1 



2.0 PROCEDURE FOR REVISION OF CHARCOAL MANUFACTURING 
EM I SS ION FACTORS 

The procedure f o r  deriving new emission factors  i s  outlined 
below. Basically, emission f ac to r  data were extracted from the 
exis t ing AP-42 data base (references 1 and 2 )  and c r i t i c a l l y  
examined; test r e su l t s  and material balances were obtained from new 
references, and histograms were constructed uti1 izing both the 
exis t ing data base and the new information avai lable  (references 
3-9). 
emission fac tors  is  contained in Sections 2.2 t h r o u g h  2.6. 

Examination of reported data used t o  determine the revised 

2 .1  Conversion of Units 

Test r e su l t s  and material balances performed were expressed in 
b o t h  metric and English units.  Histograms used i n  t h i s  documentation 
are scaled t o  uni t s  of g / k g  (kg/MT). 
from these histograms are  fur ther  converted t o  uni t s  of lb/ton f o r  
pub1 icat ion in the revised AP-42 sec t ion .  
factors  are used: 

Arithmetic averages determined 

The following conversion 

Ton (short, 2,000 lb-mass) = 907.4 kg  
Metric t o n  (MT) = Ton (shor t ,  2,000 lb-mass) x 1.102 

2.2 Par t iculate  Emissions 

Information avai lable  concerning pa r t i cu la t e  mis s ions  was 
extracted from each reference and converted t o  uni ts  of g/kg.  
Material balance and laboratory s tudies  were performed in some o f  
the l i t e r a t u r e  (references 1, 6, 8, 10) and several test  results 
were avai lable  (references 7 and 9) .  

The kilns tes ted were Missouri-type k i lns ,  and no control 
devices were u t i l i zed .  EPA Method 5 was used t o  t e s t  f o r  par t ic-  
ulates .  Sampling uncontrolled batch ki lns  w i t h  multiple stacks 
proved d i f f i c u l t  due t o  the low intermittent flow through these 
exhaust stacks. Sampling mus t  be done over the  e n t i r e  burn cycle 
t o  a r r ive  a t  an overall  average emission per u n i t  of production for 
a batch process. Also, instead of sampling each emitting stack 
each day, the t e s t  procedure ci ted in references 6 and 8 required 
compositing samples from a l l  e ight  emitting stacks in to  one da i ly  
sample. 
w i t h  the same sampling apparatus and w i t h o u t  sample cleanup between 
stacks,  samples from the individual stacks would be automatically 
combined fo r  a da i ly  average. 

In other words, by sampling each emitting stack in turn 
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A s ign i f i can t  portion of pa r t i cu la t e  emissions from wood 
charcoal production is wood tars and oils. 
pass through the EPA Method 5 f i l t e r  and condense i n  the f i r s t  
water impinger of the Method 5 t ra in .  
n o t  include procedures for recovery and quant i f icat ion of these 
materials.  

(kg/MT) was obtained (Figure 1 )  based on data points determined as 
follows: 

Reference 1, paqe 4-31 

Par t icu la tes  ( tars,  o i l s )  are  estimated t o  be approximately 
5 percent by weight  of the t o t a l  raw material feed. 

These materials will 

EPA Method 5 current ly  does 

A histogram was p lo t t ed ,  and an arithmetic average of 133 g/kg  

8,000 l b  raw mat. 

Reference 5, page 50 

960 l b  charcoal 

Reference 6, paqe 6 

(0.05 par t icu la tes )  - - 400 l b  - - 
g / k g  t o n  charcoal raw mat. t o n  

Zoo I b  tar x (w) x (2.ig1b) = 208 g /kg  

1 = 63 g /kg  
ton (2.2 l b  

(2,000 l b  kg 
126.4 l b  

ton charcoal 

ton ) x (* ' *  'Ib) = 72 g / k g  (!%?I (2,000 l b  kg 
144.7 l b  

ton charcoal 

ton ) x ('" l b )  = 80 g/kg  (!%?I (2,000 l b  kg 

(y) (2,000 l b  kg 

160.5 l b  
ton charcoal 

Reference 7, paqe 306 

193 x l o6  lb/yr  
548,000 tonlyr  charcoal 

Reference 8, paqe 6 

ton ) x ( '*'  I b )  = 176 g /kg  

4.23 lb/hr(24 hr/day)(21 days) 
18 ton charcoal 

Reference 9,  paqe 28 

803 tons t a r  2,000 l b  ) = 416.4 l b / t o n  = 208.2 g /kg  Yr ( ton (3.85; ton 
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3 Charcoal Br ique t t i nq  

Charcoal i s  crushed, mixed w i t h  a binder so lu t ion ,  pressed 
and dried.  T h i s  composition r e s u l t s  i n  a br ique t  of approximately 
90 percent charcoal . 
emissions w i t h  centr i fugal  co l l ec t ion  ( 6 5  percent con t ro l )  o r  
f a b r i c  f i l t r a t i o n  (99 percent con t ro l ) .  

The indus t r ia l  survey control led p a r t i c u l a t e  emission f a c t o r .  
of 1.25 x 10-3 l b  p a r t i c u l a t e / l b  br ique t  was converted t o  a n  
uncontrolled emission f ac to r  assuming 95 percent control  e f f i c i ency  
and a briquet containing 90 percent charcoal as follows: 

Briquet t ing operat ions can control  p a r t i c u l a t e  

2.3 Nonmethane Vola t i le  Orqanic Compounds (NMVOCs] 

NMVOCs cons i s t  of both noncondensibles (e thane,  formaldehyde 
and unsaturated hydrocarbons) and condensibles (methanol, a c e t i c  
acid and pyroacids).  

AP-42 sect ion were based on information contained i n  reference 1, 
page 4-34. 
performed t o  determine byproducts of the pyrolysis  of hardwood. 
Emissions est imates  of 76 kg/MT (152 lb / ton)  and 116 kg/WT (232 lb / ton)  
were determined f o r  methanol and a c e t i c  acid,  respec t ive ly .  

The a c e t i c  acid and methanol emissions reported in the  cu r ren t  

Emissions da ta  were derived from an engineering ana lys i s  

Reference 3, paqe 59 

NMVOC emissions a re  reported a s  volume percent ethane and 
unsaturated hydrocarbons. To convert  t o  a mass emission and emission 
f a c t o r ,  several  assumptions were made: (1)  a molecular weight of 
35.1 g noncondensibles per mole noncondensibles was ca lcu la ted  
based on an "average" noncondensible Composition t a b l e  (page 59) ,  
and ( 2 )  a noncondensible emission f a c t o r  of 25 g noncondensibles per 
31 g charcoal produced ( re ference  4 ) .  

'** l b )  = 198 g /kg  j 190 l b  pyroacids (45+ ( 
960 l b  charcoal k9 

30 l b  ethane 
960 l b  charcoal 

5 



Reference 7, paqe 306 

) x (2’:g’b) = 67 g / k g  ton 6 7 3  x 10 l b  methanol/.yr (454) ( 548,000 tonlyr  charcoal l b  2,000 l b  

2.2 l b )  = 102 g /kg  ton 
( 2,000 l b  ) ’ ( k g  

112 lo6 l b  ace t i c  acid/yr  
548,000 tonlyr  charcoal 

2.4 Methane VOCs 

References, 1 ,5 ,7  and 9 reported methane emissions in units 
which required d i f f e r i n g  conversions t o  achieve a compatible g/kg 
fonnat. Reference 1, f o r  example, assumes the  volumetric makeup 
o f  the  noncondensible gas t o  be 53 percent carbon dioxide, 27 percent 
carbon monoxide and 15 percent methane. To determine the  weight 
and emission r a t e  of these cons t i tuents ,  the weight of a pound 
mole of the cons t i tuent  gas was multiplied by the total  weight of 
the f lue gas and by the  volumetric percentage of the cons t i tuent  
and divided by the  weight of a pound mole of the f l u e  gas. A 
methane emission f a c t o r  of 50 g/kg  was determined. 

Reference 5,  paqe 50 

2 * 2  l b )  = 57 g/kg 
kg 

55 l b  methane 
960 l b  charcoal 

Reference 7, paqe 306 
6 48 x 10 l b  methane/yr 

548,000 t o n  charcoal lyr  

Reference 9,  paqe 28 

222 tons 2,000 l b )  
Yr ( t o n  

(w) (2,::; lb  ) x (‘k; l b )  = 44 g/kg 

&) ‘15 t o n  l b  = 58 g/kg 

Based on the  methane emissions reported for  references 1,5,7 
and 9 ,  an ar i thmetic  average of 52 g / k g  was obtained. 

2.5 Carbon Monoxide 

Reference 1 assumes the volumetric makeup o f  the noncondensible 
gas t o  be 27 percent carbon monoxide. To determine the weight and 
corresponding emission ra te ,  the same procedure was followed as is  
outlined under reference 1, methane VOCs (2.4). Accordingly, a 
carbon monoxide emission f ac to r  o f  160 g/kg was obtained from 
reference 1. 
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Reference 5, paqe 50 

2 ' 2  lb) = 179 g/kg 960 l b  charcoal  

Reference 9, paqe 28 

x (3,85: r tons)  = 358 t o n  lb = 179 g/kg 691 tons (2,000 l b )  
y r  ton  

\Based on the  emissions est imates obtained from references 1, 
5 and 9, an a r i t h m e t i c  average o f  172 g/kg was deternined. 

2.6 Ni t roqen Oxides ( re ference 3, paqe 62) 

The uncon t ro l l ed  emission f a c t o r  f o r  n i t r o g e n  oxides was 
ca l cu la ted  assuming t h a t  no oxides o f  n i t rogen  were formed by 
thermal f i x a t i o n  o f  a i r  and t h a t  a l l  f u e l  n i t r o g e n  was ox id ized  t o  
NO. Thermal f i x a t i o n  o f  a i r  i s  excluded s ince  the  normal operat ing 
temperatures o f  charcoal manufacture (approximately 500'C) are n o t  
h igh  enough t o  promote NO format ion.  

Ni t rogen oxides formed from wood n i t rogen  were ca l cu la ted  
assuming a l l  o f  t h e  0.14 percent n i t rogen  i n  wood was ox id ized  t o  NO. 
With the  assumption t h a t  4 kg o f  wood are needed t o  produce 1 kg o f  
charcoal, the  uncon t ro l l ed  emission f a c t o r  i s  der ived as fo l lows:  

0.14 q N 
100 g wood 
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3.0 EMISSION FACTOR RATINGS 

Very few data  are  ava i l ab le  t o  charac ter ize  emissions f o r  
charcoal manufacture. Most est imates found i n  the  l i t e r a t u r e  were 
der ived from mate r ia l  balance c a l c u l a t i o n s  based on l abo ra to ry  wood 
p y r o l y s i s  s tud ies  . 

F i e l d  sampling data f o r  p a r t i c u l a t e s  i s  ava i l ab le ;  however, 
the r e s u l t s  are o f  quest ionable value because o f  t h e  improv isat ional  
sampling techniques u t i 1  ized. Sampling uncont ro l led  batch k i l n s  
w i t h  m u l t i p l e  stacks proved d i f f i c u l t  due t o  t h e  low i n t e r m i t t e n t  
f l o w  through these exhaust stacks. Velometers used were a f fec ted  
by ambient winds and poss ib ly  by the  f l u e  gas cons t i tuents .  Sampling 
must be done over the  e n t i r e  burn cyc le  t o  a r r i v e  a t  an ove ra l l  
average emission per u n i t  o f  product ion f o r  a batch process. Also, 
instead o f  sampling each e m i t t i n g  s tack each day, the  t e s t  procedure 
c i t e d  i n  references 6 and 8 requ i red  cornpositing samples from a l l  
e i g h t  stacks i n t o  one d a i l y  sample. The necessary mod i f i ca t i ons  o f  
the  sampling technique cast  doubt on the  representa t ive  nature o f  
the  r e s u l t i n g  data. 

p rev ious ly  ex is ted.  However, source t e s t s  performed were based on 
new methodology, and i t  i s  no t  known how representa t ive  l abo ra to ry  
and p y r o l y s i s  s tud ies  are o f  actua l  operat ing cond i t ions  w i t h i n  
both batch type and continuous type k i l n s .  Therefore, t h e  der ived 
emission f a c t o r s  w i l l  r e t a i n  the C- ra t ing  establ ished f o r  the  
cu r ren t  sect ion.  

The emission fac to rs  were der ived  from a l a r g e r  data base than 
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