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.SUMMARY 

Generic safety and health aspects o f  commercial-scale ( 6 0  t o  600 

million L/y) anhydrous ethanol production have been identified, 

Several common feedstocks (grains, roots and fibers, and sugarcane) 

and fuels (coal, natural gas, wood, and bagasse) were evaluated 

throughout each step o f  generic plant operation, from initial milling 

and sizing through saccharification, fermentation, distillation, and 

stillage disposal. 

The fermentation, digestion, or combustion phases are  no t  parti- 

cularly hazardous, although the strong acids and bases used f o r  

hydrolysis and pH adjustment should be handled with the same precau- 

tions that every industrial solvent deserves. The mast serious s a f e t y  

hazard i s  that o f  explosion from grain dust or ethanol fume i gn i t i on ,  

and boiler/steam line overpressurization. Inhalation o f  ethanol and 

carbon dioxide vapors may cause intoxication o r  asphyxiation in unventi- 

lated areas ~ which could be particularly hazardous near equipment 

controls and agitating v a t s .  Contact with low-pressure process steam 

would produce scalding burns. Benzene, used in stripping water from 

ethanol in the final distillation column, is a suspected leukemogen. 

Substitution o f  this fluid by alternative liquids is addressed. 

i x  





1. INTRODUCTION 

The development of a viable fuel alcohol industry in the United 

States is considered by many to be a feasible solution to the problem of 

maintaining ample domestic supplies of liquid fuels in an unstable world 

petroleum market. The fact that fermentation and distillation o f  

various sugar and starch feedstocks i s  an existing and well-understood 

technology makes ethanol a particularly attractive fuel. Most current 

emphasis is on distillation o f  absolute ethanol for blending with gasrr- 

line t o  produce gasohol. The U . S .  Department of Energy (DOE) Office of 

Alcohol Fuels has an interest in evaluating the effects of expanded fuel 

production on local and regional environments, the work force, and 

nearby human residents. This and a companion document' generically 

address these issues for commercial-scale [6O to 600 x l o 6  liters per 

year (L/y)] facilities. 

The scope of the following analysis is necessarily limited by the 

absence o f  design plans for a generic facility and identification of a 

single feedstock-fuel combination. As a result, hazards of several 

feedstocks and fuels are addressed. 

Little job-specific or production-module data necessary for an 

occupational assessment are available outside the beverage a lcohol  

industry. Thus, only potential problem areas are identified and d i s -  

cussed. No fuel source is completely benign, and ethanol is no excep- 

tion, Proper attention to sound safety design and industrial hygiene 

practice will be required by owner-operators in the design, construc- 

tion, and operation o f  fuel ethanol facilities. 

1 
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Fac l i t y  des ign and o p e r a t i o n  i s  d iscussed i n  Sect.  2, f a l l o w e d  by 

d e s c r i p t  ons o f  p o t e n t i a l  e f f l u e n t s  and t h e i r  c o n t r o l  (Sect. 3 ) .  The 

t e x t  o f  these t w o  chapters  was o r i g i n a l l y  p u b l i s h e d  i n  t h e  companion 

Generic Environmental  Assessment Report .  Sect ions 4 and 5 add?-ess 

occupat iona l  s a f e t y  and h e a l t h  c o n s i d e r a t i o n s ,  w h i l e  Sect. 6 does t h e  

same f o r  p u b l i c  s a f e t y  and h e a l t h .  D e s c r i p t i o n s  and l i s t i n g s  o f  Occupa- 

t i o n a l  Safe ty  and H e a l t h  A d m i n i s t r a t i o n  (OSHA) and IJ. S .  Environmental  

P r o t e c t i o n  Agency (USEPA) compliance standards f o r  workplace and env i ron-  

mental p o l l u t a n t s  a r e  g i v e n  i n  Appendices A and B. Regulatory  o v e r l a p  

between s t a t e s  and OSHA i s  a l s o  discussed (Appendix A) .  A g l o s s a r y  of  

u s e f u l  terms i s  i n c l u d e d  a t  t h e  end o f  t h i s  document. 
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2. FUEL-ALCOHOL PLAN1'S 
( J .  L.  Elmore) 

The techno logy  f o r  a l coho l  p r o d u c t i o n  f rom g r a i n  and sugar crops 

has been w e l l  e s t a b l i s h e d  b y  t h e  beverage i n d u s t r y .  P roduc t i on  o f  f u e l  

a l coho l ,  however, a l l ows  a w ider  v a r i e t y  o f  feeds tocks  t o  be used 

because t a s t e  and abso lu te  p u r i t y  of t h e  produc t  a re  no l onger  

impor tan t .  

P roduc t i on  o f  f u e l  a l coho l  i n v o l v e s  (1  ) feedstock p repara t i on ,  

( 2 )  f e rmen ta t i on ,  ( 3 )  d i s t i l l a t i o n ,  ( 4 )  dehydra t ion ,  and ( 5 )  by-product 

recovery .  Feedstocks may i n c l u d e  corn, sugarcane, sugar beets,  and 

o t h e r  g r a i n s  and biomass m a t e r i a l s .  Only co rn  and sugarcane w i l l  be 

cons idered i n  d e t a i l  i n  t h i s  assessment because they  a re  r e p r e s e n t a t i v e  

of s t a r c h  and sugar feedstocks,  r e s p e c t i v e l y .  Al though process ing  o f  

o t h e r  feeds tocks  may produce s l i g h t l y  d i f f e r e n t  r e s i d u a l s ,  t h i s  should 

n o t  a f f e c t  t h e  conc lus ions  o f  t h i s  assessment. Also, i t  has been 

p r e d i c t e d  t h a t  corn w i l l  be t h e  major feedstock f o r  f u e l  a l coho l  

p roduc t i on  i n  t h e  near f u t u r e .  The i n i t i a l  steps f o r  p rocess ing  feed- 

s tocks  b e f o r e  fe rmen ta t i on  d i f f e r  i n  some respec ts .  The d i l u t e  ethanol  

( i n  wa te r )  produced b y  fe rmen ta t i on  i s  concent ra ted  b y  d i s t i l l a t i o n  and 

then dehydrated w i t h  benzene, cyclohexane, e t h y l  e ther ,  e thy lene  g l y c o l ,  

gaso l i ne  o r  o t h e r  hydrocarbons. Coal, bagasse, wood, o r  n a t u r a l  gas 

may be used t o  p r o v i d e  hea t  f o r  a l coho l  p roduc t i on  and by-product 

recovery .  Requirements and processes f o r  raw-water t rea tment ,  c o o l i n g  

towers, wastewater t rea tment ,  and a l coho l  s to rage and dena tu r ing  w i l l  

d i f f e r  w i t h  types and c a p a c i t i e s  o f  p l a n t s .  

Process o p t i o n s  may be coupled i n  many d i f f e r e n t  ways t o  produce 

a l c o h o l .  Rather than p r o v i d e  resource  requirement and e f f l u e n t  da ta  
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. f o r  a l l  p o s s i b l e  combinations, a base case was chosen c o n s i s t i n g  o f  a 

60 x 10 L /y  (16  x 10 g a l l y )  p l a n t  based on processes p r e d i c t e d  t o  

be most impor tan t  i n  t h e  near f u t u r e ,  i.e., corn  d r y - m i l l i n g ,  conven- 

t i o n a l  d i s t i l l a t i o n ,  dehydra t ion  w i t h  benzene, by-product  recovery  and 

heat  f rom a c o a l - f i r e d  b o i l e r .  The base case p l a n t  i s  assumed t o  opera te  

330 days per  year .  Each major  process considered i n  t h i s  assessment i s  

represented  by a s i n g l e  module (F ig .  2.1). Modules u s i n g  o t h e r  conven- 

t i o n a l  feedstocks,  processes, and f u e l s  were developed f rom t h e  base 

6 6 

1 case us ing  convers ion  fac to rs .  

F luxes  o f  m a t e r i a l s  shown i n  a l l  f i g u r e s  and suppor t i ng  t a b l e s  i n  

Sec t ions  2 and 3 a re  f o r  base-case p l a n t s  p roduc ing  60 x l o 6  L / y  of  

anhydrous e thano l .  F luxes f o r  p l a n t s  of g r e a t e r  c a p a c i t i e s  can be 

c a l c u l a t e d  as s imp le  p r o p o r t i o n s  o f  t h e  va lues g iven:  

F l u x  value, t o  be = P l a n t  c a p a c i t y  (L / y )  x F l u x  va lue  
c a l  cu  1 a ted  60 x l o 6  L / y  g i v e n  

T h i s  l i n e a r  r e l a t i o n s h i p  adequate ly  descr ibes  f l u x e s  f o r  p l a n t s  produc- 

i n g  60 x l o 6  L/y and g r e a t e r  amounts, bu t  t h e  r e l a t i o n s h i p  may n o t  be 
6 v a l i d  below 60 x 10 L /y .  

2.1 FEEDSTOCK PREPARATION, FERMENTATION AND BY-PRODUCT RECOVERY 

2.1.1 P l a n t s  us ing  g r a i n s  as feeds tocks  

The two most common processes f o r  p repar ing  g r a i n s  f o r  f e rmen ta t i on  

a r e  d r y -  and w e t - m i l l i n g .  The d r y - m i l l i n g  module f o r  p roduc ing  

60 x 10 L (16  x 10 g a l )  o f  e thano l  per  yea r  f rom c o r n  i s  shown i n  

F i g  2.2. Corn i s  r e p r e s e n t a t i v e  of a l l  gra ins ,  i n c l u d i n g  g r a i n  sorghum. 

6 6 
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FUEL 
COAL FIG. 2.9 I 

A BAGASSE FIG. 2.10 k, 
WOOD / I  FIG. 2.11 I\ / 1 NATURAL GAS FIG. 2.12 1 \ 

FEEQSTOCKS - T O  -ALCOHOL 
GRAIN 

DRY - MILLING FIG.  2.2 
WET - MILLING FIG.  2.3 

SUGAR CANE FIG. 2.4 

\ 

DlSTlLLATlOM - AND - DEHYDRATION 
BENZENE FIG. 2.5 

ETHYL ETHER FIG.  2.7 
G A S 0  L I NE FIG. 2.8 

-* ETHYLENE GLYCOL FIG. 2.6 

Fig .  2.1. Fuel  alcohol plant modules (most conventional fuel alcohol p l a n t s  can be 
described by choosing one module from each box, w i t h  the miscel!aneous emissions module 
being c o m m ~ n  to all des igns .  

U 



O R N L - D W G  81-5863RESD 

1 FROM B0i;ER 

9.9 kg / h  39.5 k g / h  
G R A I N  DUST G R A I N  D U S T  

2.9 k g / h  U N i T  
GRAIN DUST A F T E R  

TRACE 
ORGANICS AND 5 8 9 5  k g / h  C 0 2  
k O N C O N D E N S I B L E S  E T H A N  0 ;  
ODOR E M i S S i O N S - T R A C E  

CORN 
1 9 , 7 6 2  k g / h  

t 
L C O N D E N S A T E  FROM F L A S H  C O O L E R  

TO 
D I S T I L L A T I O N  
60,398 k g / h  

1 T H E  CYCLONE COLLECTOR 

ADDIT i O N A L  

HOT AIR F R O M  D I S T I L L A T I O N  
E V A P O R A T I O N  5 6 , 4 1 2  k g / h  

DDG 
6307 k g / h  t 

C O N D E N S A T E  
38990 k g / h  
SS 1 2  m g / L  5.5 k g / d  
TS 1 3 0  mg/L 54.6 k g / d  
BOD 6 5 0 m g / L  273  k g / d  
P H  3.9 

Fig. 2.2. Dry milling, f e r m e n t a t i o n  and DDG d r y i n g  ( f l u x e s  based on 60 million 
l i r e r s / y e a r  c a p a c i t y ) .  
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In the dry-milling process, corn kernels are finely ground (often i n  

hammer or roller mills) to expose starch molecules. This material i s  

mixed with water and normally cooked under pressure to solubilize and 

gelatinize the starch.2 After reducing the temperature to about 60°C 

(14OoF), acid or enzymes are added t o  convert starch to sugar. In 

preparation for fermentation, the mash is diluted to a 10 to 22% sugar 

concentration, the pH is adjusted to between 3.0 and 5.0, and the 

temperature is reduced to 27 to 3 2 O C  (80 t o  90OF). Then the mash i s  

transferred to fermentation tanks, and yeast of the genus Saccharomyces 

is added. Yeasts utilize sugar as an energy source; ethanol and carbon 

dioxide are waste products. The carbon dioxide produced may be vented 

to the atmosphere or compressed, dried, and sold. After 48 h o f  

fermentation, essentially all o f  the sugar has been oxidized, and the 

fermented mash (called beer) is transferred to the beer column. The 

fermenter is cleaned and sterilized between batches, either with steam 

o r  a caustic agent, to prevent contamination by unwanted microorganisms. 

The beer, containing 6 t o  12% alcohol, i s  distilled in the beer 

(stripper) column of a continuous still t o  separate ethanol and higher 

molecular weight alcohols and aldehydes (fusel oils) from the remainder 

o f  the material (slops or  stillage). The high-alcohol fraction (60 to 

90% ethanol) of the distillate is distilled further in a rectifying 

column to produce 95% alcohol; the low-alcohol fraction is redistilled 

in the beer column with the next batch o f  beer. Dehydration of the 

alcohol to produce anhydrous alcohol, necessary fo r  mixing with 

gasoline for motor fuel, is discussed in Section 2.2. 



l o  

S t i l l a g e  i s  o f t e n  used as an animal feed. The wet s t i l l a g e  ( 9 2  t o  

94% l i q u i d )  can be fed t o  c a t t l e ,  b u t  i t  cannot be s t o r e d  f o r  long  o r  

t r a n s p o r t e d  ve ry  f a r .  Tank t r u c k s  t r a n s p o r t  t h e  m a t e r i a l  t o  f e e d l o t s  

where, i n  warm weather, i t  must be consumed b y  t h e  animals w i t h i n  about 

7 2  h a f t e r  removal from t h e  s t i l l  (D.  C lark ,  Jack Dan ie l s  D i s t i l l e r y ,  

Lynchberg, TN, personal  communication, Feb. 13, 1981). The s to rage 

t i m e  o f  s t i l l a g e  can be extended by  d r y i n g  i t  t o  fo rm one of severa l  

p roduc ts  c o n t a i n i n g  about 9% m o i s t ~ r e . ~  The m u l t i - s t e p  process beg ins  

w i t h  pass ing  t h e  s t i l l a g e  th rough screens or  c e n t r i f u g i n g  i t  t o  separate 

s o l i d s  f rom l i q u i d s .  A d d i t i o n a l  l i q u i d  i s  e x t r a c t e d  f rom t h e  s o l i d s  by  

presses t h a t  squeeze t h e  m a t e r i a l  u n t i l  i t  c o n t a i n s  6o"L s o l i d s  by 

weight .  D i s t i l l e r s  d r i e d  g r a i n s  (DDG) a r e  produced by  d r y i n g  these 

s o l i d s  i n  r o t a r y  d rye rs  u n t i l  t h e  mo is tu re  conten t  i s  reduced t o  7 t o  

9% b y  weight .  The l i q u i d s  f rom t h e  above processes are  sent  t o  evapo- 

r a t o r s  t o  concen t ra te  t h e  d i s s o l v e d  res idues  t o  about 50% s o l i d s .  These 

concent ra ted  so lub les  may be d r i e d  w t h  t h e  s o l i d s  i n  t h e  r o t a r y  d rye rs  

t o  produce d i s t i l l e r s  d r i e d  g r a i n s  w t h  so lub les  (DDGS),  o r  t h e y  may be 

dehydrated i n  drum d rye rs  t o  9% mo s t u r e  t o  produce d i s t i l l e r s  d r i e d  

s o l u b l e s  ( D D S ) .  

I n  t h e  f u t u r e  w e t - m i l l i n g  may become an impor tan t  process f o r  con- 

v e r s i o n  of g r a i n  t o  f u e l  a l coho l  because e i t h e r  c o r n  sweeteners o r  

a l c o h o l  can be produced, depending on the  demand and economics a t  t h e  

t ime.  Th is  complex process i s  n o t  w e l l  known o u t s i d e  o f  t h e  i n d u s t r y .  

U n l i k e  d r y - m i l l i n g ,  which u t i l i z e s  t h e  e n t i r e  corn  k e r n e l  f o r  fermenta- 

t i o n ,  w e t - m i l l i n g  ( F i g .  2.3) separates a l l  o t h e r  components from t h e  

s t a r c h  before cooking t h e  mash. The f i r s t  s t e p  e n t a i l s  soak ing t h e  
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sa2 !HOOD1 
EMISSIONS 4 
4.2 k p / l i r  ?-------- 

CORN 
19,762 

AFTER 
CYCLONE 

1- -- -- - -1 

I t  
1 EMISSIONS 

O 6 kg / h r  

f I P A R T I C U L ~ T E S  

1 4  

CONTROLS 

OEGERMINATION 

OEWA?ER!NG L-7-J 
A F T E R  
CYCLON 

G E R M  DRYING 

G E R M  STORAGE 

P R E S S  CARE 

:ULATE 
OMS 
I nr 

A F T E R  
CYCLONE I 

C 6  L*/h, 
PARTICULATE 
EMISSIONS 
I F T E R  BAGHOUSE 

PARTIC 
E M I S S I  

10 
.ONTROL 

FIBER 
SEPARATION 

FIBER 
DEWBrERING 

F E E D  M I X E R  

DRYIhG AND 
COOLING 

F E t L  
S T O R A G E  u 

4 2 0 4  L p / h r  

1 4  k q / w  S O P  
E M I  S SlONS 

F T E R  AFTER 
AGHOUSE CYCLONE 

GLUTEN 
StPARATION 

GLUTEN 
DRYING AND 

L 1 

O R N L - O W G  81-5064 E S D  

P C S S I B L Y  SO2 5895 h q l h r  Cog 
E T H A N O L  kTE AND rlC 

S ENISSaONS EMISSIONS-TRACE 

GLUTEI .  M I A L  
STORAGE 

1261 h p l h r  

COhOLNSER l F T E R  VENT 
S T f A H  CW4GEUSER 

A F T E R  
CYCLONE 

F E R Y t  N T ~ T I O N  G I S T I L L A T I O N  
MASH'NG 

F ig .  2.3. Wet milling, f e r m e n t a t i o n  and stillage h a n d l i n g  ( f luxes  based on 
60 m i l l i o n  liters/year capac i ty ) .  
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c o r n  k e r n e l s  i n  water  t o  which s u l f u r  d i o x i d e  ( S O 2 )  i s  added; t h e  

r e s u l t i n g  s o f t  and p l i a b l e  k e r n e l s  can be more e a s i l y  manipulated t o  

separate t h e  v a r i o u s  components. The s u l f u r  d i o x i d e  added t o  t h e  s teep 

tank i s  e m i t t e d  f rom seve ra l  o f  t h e  s teps t h a t  f o l l o w .  

The germ (embryo) i s  separated f rom t h e  o t h e r  components o f  t h e  

k e r n e l ,  dewatered, and d r i e d .  Corn o i l  i s  e x t r a c t e d  f r o m  t h e  germ; t h e  

by-product  from t h i s  process i s  combined w i t h  by-products  f rom o t h e r  

s teps t o  f o r m  c o r n  g l u t e n  feed (28-22% p r o t e i n  c o n t e n t ) .  The m a t e r i a l  

l e f t  a f t e r  degerminat ion ( c a l l e d  g r i t s )  i s  de f i be red ,  and t h e  f i b e r  i s  

dewatered and added t o  t h e  co rn  g l u t e n  feed  m i x t u r e .  G lu ten  i s  separated 

from t h e  de f i be red  m a t e r i a l ,  d r i e d ,  and coo led  t o  f o r m  an animal f e e d  

( c a l l e d  g l u t e n  meal)  t h a t  i s  60% p r o t e i n .  The o n l y  m a t e r i a l  l e f t  a t  

t h i s  p o i n t  i s  s ta rch ,  which i s  mashed, fermented, and d i s t i l l e d  as 

desc r ibed  f o r  d r y - m i l l e d  co rn  feedstock,  The s t i l l a g e  and s t e e p i n g  

l i q u o r  f ro in  w e t - m i l l i n g  i s  evaporated and added t o  t h e  m o i s t  c o r n  g l u t e n  

feed  t o  be d r i e d .  

2.1.2 P l a n t s  u s i n g  sugarcane feedstock 

The f l o w c h a r t  module f o r  sugarcane i s  shown i n  F i g .  2.4. Sugar- 

cane, u n l i k e  g r a i n ,  cannot be s t o r e d  f o r  extended p e r i o d s  o f  t i m e  a t  

h i g h  m o i s t u r e  con ten ts ,  and d r y i n g  u s u a l l y  causes some l o s s  of sugar. 

The o n l y  proven s to rage  techn ique  i s  c o n c e n t r a t i o n  o f  t h e  e x t r a c t e d  

sugar s o l u t i o n  by evapora t i on  of water  t o  f o r m  molasses; t h i s  process 

r e q u i r e s  a s u b s t a n t i a l  i n p u t  of energy. Cane i s  c leaned be fo re  m i l l i n g  

t o  d ispose o f  f i e l d  mud and o t h e r  d e b r i s .  T h i s  may be done e i t h e r  d r y  

o r  by washing. A f t e r  c lean ing ,  t h e  sugarcane i s  c u t  i n t o  smal l  sec t i ons ,  



ORNL-DWG 8 1 - 5 8 6 5 R  ESD 

i 
i 
i 
i 
t 

F I E L D  

5895 k g / h  
CO2 AND 
T R A C E  E T H A N O L  
EMISSIONS AND NON-CONDENSIBLES 

T R A C E  OF HYDROCARBONS 

AFTER 
CONDENSER CON DENSER 

SUGAR 
CANE 
116,379 k g / h  TO D I S T I L L A T I O N  FERMENTATION 

F ig .  
on 60 mil 

d U D  

FROM D I S T I L L A T I O N  S T I L L  A G E  
E VAPO R A T  I ON 

t 
LIME M U D  CON DE N S A T E  
10,511 kg/h WATER 

30,533 kg / h  

2.4. Sugarcane hand1 i ng, f e r m e n t a t i o n  and st 
i o n  l i t e r s / y e a r  c a p a c i t y ) .  

ss: 12 mg/L  8.8 k g / d  
TS 130 mg/L 96.7 k g / d  

B O D 6 5 0  m g / L  4 6 2  k g / d  
pH 3.9 

llage evapora t i on  ( f l u x e s  based 
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shredded mechanical l y  (such as w i t h  a hammer-mi 11 shredder) ,  and 

squeezed th rough  r o l l e r  presses t o  e x t r a c t  t h e  sugar j u i c e .  A l l  b u t  5 

t o  8% o f  t h e  sugar i s  removed a t  t h i s  p o i n t  i n  t h e  process; an add i -  

t i o n a l  3 t o  4% i s  e x t r a c t e d  b y  pumping t h e  cane p a r t i c l e s  c o u n t e r c u r r e n t  

t o  t h e  flow o f  j u i c e  i n  a cont inuous d i f f ~ s e r . ~  The processed cane 

( c a l l e d  bagasse), which c o n t a i n s  some r e s i d u a l  sugar, i s  passed through 

r o l l e r s ;  t h e  r e s u l t i n g  m a t e r i a l  i s  about 50% d r y .  About 25-30% o f  t h e  

i n i t i a l  sugarcane ends up as bagasse, which n o r m a l l y  i s  burned i n  

b o i l e r s  t o  p r o v i d e  process steam o r  disposed o f  as a s o l i d  waste. The 

use of bagasse as a f u e l  i s  d iscussed i n  S e c t i o n  2.3.1. 

The sugar j u i c e  i s  c l a r i f i e d  by  adding l i m e  ( c a l c i u m  o x i d e )  and 

evaporated t o  a 10% sugar c o n c e n t r a t i o n .  The lime-mud p r e c i p i t a t e  i s  

separated f r o m  wastewater i n  a r o t a r y  f i l t e r .  Fermentat ion o f  t h e  

c l a r i f i e d  sugar s o l u t i o n  and d i s t i l l a t i o n  a re  e s s e n t i a l l y  t h e  same as 

desc r ibed  f o r  d r y - m i l l e d  co rn  ( S e c t i o n  2.1.1). 

Sugarcane s t i l l a g e  i s  n o t  cons idered as good a l i v e s t o c k  f e e d  as 

co rn  s t i l l a g e  because o f  i t s  h i g h  ash con ten t .  A t y p i c a l  B r a z i l i a n  

d i s t i l l e r y  produces 12 t o  13 t imes  more volume o f  s t i l l a g e  than  

a l ~ o h o l . ~  I n  B r a z i l ,  sugarcane s t i l l a g e  e i t h e r  i s  used as an animal 

feed, a p p l i e d  t o  t h e  l a n d  as f e r t i l i z e r  o r  t r e a t e d  as sewage. 5,s 

2.2 APPROACHES TO DEHYDRATION AND DENATURATION 

2.3.1 Dehydrat ion 

The p roduc t  coming from t h e  d i s t i l l a t i o n  columns c o n t a i n s  about 5% 

water and 95% e thano l .  Because o n l y  anhydrous a l c o h o l  can be success- 

f u l l y  mixed w i t h  gaso l i ne ,  t h e  wa te r  must be e x t r a c t e d .  Severa l  s o l v e n t s  
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can be used to separate the alcohol-water mixture by azeotropic and 

extractive distillation. Benzene has been used in the past, bu t  it i s  

a suspected carcinogen. Other chemicals that can be used are cyclo- 

hexane, ethylene glycol, ethyl ether and gasoline. Except for gasoline, 

drying chemicals are  used in relatively small quantities because they 

are recirculated continually in the dehydration systems. The flowchart 

module for benzene or cyclohexane i s  shown i n  F ig .  2.5, for ethylene 

glycol in Fig. 2.6, f o r  ethyl ether in Fig. 2.7, and for gasoline in 

Fig. 2.8. 

2.2.2 Denaturation 

After drying, the alcohol must be denatured to satisfy Federal tax 

regulations. Addition of gasoline (generally to a 5% concentration) at 

the plant is the conventional means of complying with t h i s  requirement. 

2.3 PLANT ENERGY OPTIONS 

Data presented in flowsheets for coal (Fig. 2 . 9 ) ,  bagasse 

(Fig. 2.10), wood (Fig. 2.11), and natural gas (Fig. 2.12) were derived 

from results presented in a study of the Midwest Solvents alcohol 

plant.7 The amount of steam required per hour at t h i s  plant was 

7.4 kg/L (16 .5  lb/gal) of ethanol produced. State-of-the-art-technology 

would require only about 4.2 kg of steam per liter (35  lb/gal) based on 

dry or  wet-milled corn as feedstock: Conversely, the steam required 

for a typical sugarcane-based plant would be about 1 1  kg/L (92 lb/gal) 

of ethanol .l Therefore, producing alcohol from sugarcane is assumed 

t o  require 2.6 times more energy than production from corn. The fluxes 

shown in t he  fuel-burning modules were derived by multiplying the values 

in the Midwest Solvents study by appropriate factors. 1 
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F R O M  
F E R M E N  

TO 
H A  

0.02 5 kg / h  
OTHER HC ( A S  CH4) 
1.2 k g / h  BENZENE 

0.013 k g  / h 
HC ( A S  CH4) 

4.2 kg / h 
M A K E  - U P  
CYCLOHEXANE 
OR BENZENE 

DE H Y D R A T !  ON TAT io N 

i S T I L L  A G E  
N D L i N G  

TO DENATURING 
AND STORAGE 
6,043 k g / h  E T H A N O L  

/ h  B E N Z E N E  

1,432 k g / h  
WA SYE WAT E R 

T S  240 mg/L  3.4 k g / d  
S S  40 m g / L  1.3 k g / d  
BOD 1258  mg/L 43 k g / d  
pH 5.0 

F i g .  2 .5 .  D i s t i l l a t i o n  and benzene dehydrat ion ( f l u x e s  based on 60 million liters/ 
year  capac i ty ) .  
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0.01 kg/h HC (AS CH4) 

FROM 
FERMENTATION ______t 

0.02 kg/h OTHER HC (ASCH,) 
3.8 kg/h GASOLINE 

8 NON -CONDENSIBLES 

). )TO STORAGE 
DEHYDRATION AND 

DENATURING D I ST I L L AT I ON 

ORNL- DWG 81 - 5870R €SO 

ETHANOL 

1 I 

L 

--I 

GASOLINE 
673 TO 44,085 kg/h 

WASTE WATER 
HYDROCARBONS - 1 2 p g / ~  
TS 240mg/L 8.4 kg/h 
SS 40 m g / L  1.3 kg /h  
BOD 1250 mg/i 43 kg/h 
pH 5.0 

Fig.  2.5. Distillation and g a s o l i n e  dehydration ( f l u x e s  based an 60 million 
I i ters/year capac i ty) .  
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84,O 0 0 kg h 
STEAM TO PROCESS 

ORNL-DWG 81-5872R ESD 
kg/ h 
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Bagasse-fired boiler emissions ( f luxes  based on 60 m i l l i o n  7iters/year 
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URNL-DWG 81- 5874R ESD 

PARTICULATES 0.4 ALL EMISSIONS 
0.03 ASSUMED TO BE 

UNCON T ROb LE 8 

h.9 
W 

31,873 kg/h 
STEAM TO PROCESS NATURAL GAS ,-- 

2633 rn% 

I PS 100 mg/L  
I ss 5 m g ~  
I BOD Orng/L 
'(I 

4979 kg/h 
BLOWDOWN TO TREATMENT 

F i g .  2 .12 .  Natural gas- f i red  boiler emissions ( f l u x e s  based on SO million 
liter/year capaci ty  gra in  dry m i l l i n g  p lan t ) .  
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2.3.1 Coal 

Coal will probably be the boiler fuel used in most fuel alcohol 

plants in the near future. Illinois No. 6 coal was used in this assess- 

ment to provide source terms because it i s  a commonly used coal. Other 

coals obviously will produce different residuals. Illinois No. 6 con- 

tains 2.7% sulfur and 11.7% ash and has a heat content o f  27 MJ/kg 

(11,500 Btu/lb). In the base case module ( F i g .  2.9), coal will be 

stored i n  open piles and fired in boilers to produce process steam f o r  

the dry-milling process. 

2.3.2 Bagasse 

Bagasse is the sugarcane stalk l e f t  after the sugar has been 

extracted. After dewatering, bagasse can be burned to provide the 

energy needed to produce alcohol f r o m  the sugar fraction of the cane. 

Bagasse will probably be burned only at sugarcane distilleries because 

transporting it over extended distances is not economically feasible. 

It i s  composed of 35 to 45% fiber and 45 t o  55% moisture and has as 
4 much as 7 to 10% residual sucrose. present as combustible material. 

The energy content of dry bagasse is 19 to 21 MJ/kg' (SO00 to 

9000 Btu/lb), but without pre-drying i t  is 9 to 14 MJ/kg (4000 to 

6000 Btu/lb). The ash content is relatively low (1.5 to 3%), but soil 

and silt may become mixed with the bagasse, increasing residue ash and 

causing slagging problems during combustion. In addition to ash, the 

dry material contains 45% carbon, 6% hydrogen, and 46% ~ x y g e n . ~  The 

flowchart module for bagasse is shown in F i g .  2.10. 
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composition of wood waste products i s  usually about 50% moisture, 

40% volatiles, 10% fixed carbon, and less than 1% ash. Because a large 

amount of the energy content is in volatiles, wood waste may lose from 

10 to 25% of its heating value during the first six months o f  

~ t o r a g e . ~  The wood flowchart module for the dry-milling base case i s  

shown in F ig .  2.11. 

Other forms of combustible biomass would have a flowchart similar 

to the wood module (Fig. 2.11). Generally, sugar crop residues 

2.3.3 Wood and other biomass 

Wood may be used to produce process heat in some fuel alcohol 

plants, but it5 use will be t h e  exception rather than the rule. L i k e  

dry bagasse, dry wood has a heat content o f  19 to 21 MJ/kg (8000 to 

9000 Bt~/lb),~ Although it can vary somewhat among species, the 

(e.g. bagasse, sugar beet tops and sweet-sorghum fiber) have struc- 

tures, combustion behaviors, and analyses similar to wood, whereas 

grain-crop residues (e.g., corn stalks, rice hulls and straw) have a 

high ash content with as much as 85% silica in dry material. It i s  

unlikely that any of these sources of biomass will be important fuels 

for producing alcohol in the near future. 

2.3.4 Natural gas 

Some natural gas may be used in fuel-alcohol plants, especially in 

the drying o f  the animal feed by-products. The natural gas flowchart 

module is shown in Fig. 2.12. 

2.3.5 Mixed fuels 

When considering mixed fuels, the most common mixture would be 

coal for steam generation and natural gas (or oil) to fire the dryers 
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f o r  DDG, gluten meal, gluten feed, and corn-germ. As much as about 35% 

of the fuel  m i g h t  be natural g a s  ( o r  o i l )  i n  these s i tua t ions .  

Use of bagasse i s  applicable,  w i t h  few exceptions, only t o  alcohol 

plants u t i l i z i n g  raw sugarcane ju ice  and probably only d u r i n g  and f o r  

one or  two months  a f t e r  act ive cane harvest .  I f  the  alcohol p l a n t  i s  

operated a t  other times, coal probably will  be required. Similarly,  

coal probably would cons t i tu te  the bulk of the fuel  f o r  p l a n t s  manufac- 

t u r i n g  alcohol from molasses by-product created by sugar  manufacture, 

o r  from high-test  molasses. High-test molasses i s  concentrated raw 

sugarcane juice.  In  the  continental  United S ta tes ,  the fuel value 

provided by bagasse s l i g h t l y  exceeds the  heat required t o  produce 

alcohol from raw sugarcane ju ice ,  providing the alcohol plant only 

operates f o r  7 o r  8 months. However, i f  plans c a l l  f o r  year-round 

operation of the p l a n t ,  the  raw ju ice  probably would have t o  be 

evaporated t o  high-test molasses because of preservation and  storage- 

space considerations.  Coal would be required f o r  t h i s  energy intensive 

process. If sugar i s  produced a t  a p l a n t  f o r  s a l e  and the by-product 

molasses i s  used as alcohol feedstock, most o f  the  bagasse w i l l  have 

been used t o  produce the sugar. 

I n  general, the  a v a i l a b i l i t y  of wood near the p l a n t  s i t e  estab- 

l i shes  the maximum s i z e  of a wood-fired boi ler .  Boilers of 100 t o  225 Mg 

( 1 2 5  t o  250 tons)  per h o u r  would  be r e a l i s t i c  in some locations and 

could adequately serve alcohol plants in the capacity range of 60 t o  

380 x10 L ( 1 6  t o  100 10 g a l )  per year! However, alcohol p l a n t  

location is  more l ike ly  t o  be based on feedstock a v a i l a b i l i t y  and 

alcohol a n d  by-product market considerations than a c c e s s i b i l i t y  of wood 

6 6 
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supply. Currently, consideration of wood-fueled plants would require 

additional feasibility studies and novel wood-supply negotiations with 

nonconventional suppliers. It i s  practical to consider co-firing coal 

and wood in properly designed burners. Although further study would be 

required to make a realistic decision, it is likely that only a few 

plants would be based on wood or mixed wood-coal in the near term. 

However, there may be a trend to use wood or  wood-coal mixtures in 

future plants. 

2.4 RESOURCE REQUIREMENTS 

The resource requirements discussed below are based on base-case 

capacity plants producing 60 x 10 6 L ( 1 6  x10 6 gal) of alcohol per 

year. Requirements for larger plants will be simple multiples of the 

values presented here. A plant producing 600 x lo6 L (160 x10 6 g a l )  

per year will use 10 t i m e s  the amount of resources of one producing 

60 x lo6 L (16  x106 gal) per year. This simple linear relationship 

will not hold for land or for plants smaller than the base case. 

2.4.1 Feedstocks 

Producing alcohol from corn or other grains, by either dry- or wet- 

milling, consumes the feedstock at a rate of 19,762 kg/h (22 t o n s / h ) .  

Assuming 330-days production per year, the yearly consumption o f  corn 

is 156 Gg (172 x103 tons). At this rate, about 2.6 kg of corn is 

required t o  produce a liter (21.7 lb/gal) o f  anhydrous alcohol. 

The sugarcane feedstock requirement for a base-case size plant is 

116,379 kg/h (128 tons/h), or 922 Gg/y (1.0 x lo6 tons/y). To 

produce a liter of alcohol requires 15.4 kg (128 l b / g a l )  o f  sugarcane. 
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Therefore,  b y  weight ,  about 6 t imes  more sugarcane than  c o r n  k e r n e l s  i s  

r e q u i r e d  t o  produce an e q u i v a l e n t  amount o f  a l c o h o l .  

2.4.2 Fue l  

The f u e l  requi rements f o r  t h e  base-case modules a re  l i s t e d  i n  

Table 2.1. The f u e l  consumption f o r  p roduc ing  a l c o h o l  f rom c o r n  i s  

about t h e  same whether d r y -  o r  w e t - m i l l i n g  i s  used. The sugarcane 

process r e q u i r e s  about 2.6 t imes more f u e l  b y  weight  t han  t h e  c o r n  

processes t o  produce an equal  amount o f  a l c o h o l .  About 3 t imes  more 

wood by  we igh t  i s  needed t o  produce t h e  same amount o f  steam as c o a l .  

Bagasse would be used o n l y  a t  sugarcane a l c o h o l  p l a n t s ,  because t r a n s -  

p o r t a t i o n  o f  t h i s  m a t e r i a l  over  l o n g  d i s t a n c e s  i s  n o t  economical ly  

f e a s i b l e .  The weight  o f  bagasse burned would be 5.4 t i m e s  t h a t  of c o a l  

and 1.8 t imes the amount o f  wood t o  produce an equal amount o f  a l c o h o l  

f r o m  sugarcane. 

2.4.3 Land 

Wide ly  v a r y i n g  es t ima tes  f o r  l a n d  requi rements e x i s t  i n  t h e  l i t e r -  
6 6 a t u r e .  For a complete 190 x 10 L ( S O  x10 g a l )  p e r  y e a r  p l a n t  based 

on co rn  d r y - m i l l i n g ,  t h e  Raphael Katzen s tudy8 i n d i c a t e s  t h a t  a 

15.6 ha a rea  (38.5 ac res )  hav ing  20 ha (50 ac res )  f o r  expansion i s  

d e s i r a b l e .  C i n c i n n a t i  Vulcan' recoinmends an area o f  3 ha ( 7  ac res )  f o r  

a l l  p o r t i o n s  of t h e  p l a n t  except f o r  wastewater > .  t reatment ,  which would 

r e q u i r e  about an a d d i t i o n a l  2 ha ( 5  ac res )  f o r  a t o t a l  o f  5 ha  

(12 a c r e s ) .  Nevertheless,  C i n c i n n a t i  Vulcan suggests t h a t  a t o t a l  o f  

14 ha (35  ac res )  would be p r e f e r r e d .  Conversely, purchase o f  e x i s t i n g  

s i t e s  exceeding 36 ha (90 ac res )  have been considered f o r  p l a n t s  hav ing  
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Table 2.1. Estimated fuel re uirements of fuel alcohol plants producing 
60 xl0fi L (16 x10 8 gal) per year" 

Corn, dry-millinq Corn, wet-milling Sugarcane, raw juice 
kg/h (Ib/h) kg/h O b / h )  kg/h (lb/h) 

Coal 3,458 (7,524) 3,458 (7,674) 9,100 (70,063) 

Bagasse (52% moisture) 49,342 (108,782) 

Wood (47% moisture) 10,415 (22,962) 10,415 (22,962) 27,408 (60,426) 

Natural gasb  2,633 (97,989) 2,633 (92,989) 6,929 (244,708) 

aReference 1. 

bExpressed as m3/h (ft3/h). 
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c a p a c i t i e s  of 76 t o  114 x106 L (20 t o  30 x l o 6  g a l )  per year.’ For 

t h i s  assessment, a l and  area o f  about 12 t o  20 ha (30  t o  50 ac res )  i s  

assumed t o  be s u f f i c i e n t  f o r  p l a n t  c a p a c i t i e s  o f  60 t o  600 x 10 L 

( 1 6  t o  160 x 10 g a l )  pe r  year,  r e s p e c t i v e l y .  

6 

6 

The above es t ima tes  o f  r e q u i r e d  l a n d  encompass s u f f i c i e n t  area f o r  

raw m a t e r i a l  and f u e l  r e c e i v i n g  and s torage,  t h e  main process p l a n t ,  

p roduc t  s to rage  and sh ipp ing,  t h e  steam p l a n t  and i t s  a u x i l i a r i e s ,  

w a t e r  t rea tmen t ,  c o o l i n g  tower, o f f i c e s  and labs ,  and o n - s i t e  roads. 

Area f o r  t ransmiss ion  l i n e s ,  raw water  a c q u i s i t i o n  and t r a n s p o r t a t i o n  

access i s  n o t  i n c l u d e d  and may pose a d d i t i o n a l  requi rements depending 

on s i t e - s p e c i f i c  needs. 

O f f i c e  and l a b o r a t o r y  space would house t h e  q u a l i t y  c o n t r o l ,  

sa fe ty ,  h e a l t h ,  and env i ronmenta l  m o n i t o r i n g  and t e s t i n g  equipment. P. 

maintenance shop w i l l  be necessary t o  house and m a i n t a i n  v a r i o u s  k i n d s  

o f  equipment. The steam p l a n t  would i n c l u d e  a b o i l e r ,  c o o l i n g  tower, 

generator ,  water  process equipment, and f u e l  s to rage  and h a n d l i n g  

f a c i l i t i e s .  The water  system would i n c l u d e  a w e l l  ( o r  o t h e r  water  

source) ,  pumps, motors,  water tower, p i p i n g  t o  a l l  wa te r  use p o i n t s  and 

wastewater t rea tmen t  f a c i l i t i e s .  The main process p l a n t  w i l l  house 

equipment f o r  mash p r e p a r a t i o n ,  yeas t  p r e p a r a t i o n ,  fermentat ion,  

t Y  

be 

ed 

d i s t i l l a t i o n ,  and dehydra t i on  o f  t h e  a l c o h o l .  A g r a i n  h a n d l i n g  f a c i l  

t h a t  has l oad ing ,  un loading,  weighing, and conveying equipment w i l l  

r e q u i r e d  as w i l l  f a c i l i t i e s  f o r  d r y i n g  and s to rage  o f  d i s t i l l e r s  d r  

g r a i n  (DDG) and f o r  o n s i t e  s to rage  o f  e thano l .  9 
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2.4.4 Water 

The largest quantity of water used in alcohol production is for 

cooling purposes. Water of h igh  quality i s  needed for process water 

and boiler feed. Miscellaneous uses of water include equipment washing 

and other sanitary purposes. Water requirements for making alcohol 

from corn and sugarcane are listed in Table 2.2. An additional capacity 

of 128 L/s  (2000 gpm) will be required for fire protection according to 

the Insurance Services Organization. Wet-mi lling uses about half the 

amount of water that dry-milling requires, whereas producing alcohol 

from sugarcane requires one third that of grain dry-mi 11 ing. Recycling 

in the wet-milling process conserves water. The large amount of water 

in sugarcane reduces water use when this feedstock i s  processed. 

2.4.5 Employment 

This Section summarizes labor requirements for construction and 

operation of alcohol fuel production facilities having rated outputs of 

60 x lo6 L (16 x lo6 gal) and 600 x lo6 L (160 x lo6 gal) per 

year. This  analysis assumes a corn, wheat, or milo feedstock i n  dry- 

mill plants and does not include requirements for ancillary activities 

related t o  the drying of distiller's grain for feed, fructose, corn 

oi 1, syrup, and other by-products. 

2.4.5.1 Construction labor requirements 

The quantity and mix o f  labor required to construct an alcohol 

fuel facility vary according t o  the type of facility and the rated 

capacity, or output, of the facility. Table 2.3 lists estimates for 

the total capital and labor costs, total labor requirements, peak period 
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T able  1 . 2 .  Estimated water requirements of fuel alcohol 
p l a n t s  producing 60 x 106 L ( 1 6  x lo f i  g a l )  
per yeara 

Corny  dry-mi 11 i ng 

Corn, wet-mill ing 804 x 106 (213 x los)  28 ( 4 4 7 )  

Siugarcane, raw j u i c e  23 (366)  

1.83 x lo9  (482  x l o6 )  64 (1015) 

658 x 106 ( 1 7 4  x l o 6 )  

aReference 1 .  
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Table 2.3. Alcohol fuel facility construction estimatesa compared with those 
for a chemical plant. b 

Alcohol fuel plant Chemical plant 

60 million liters/year 
Total Capital Costs $22.5-45 million $40 millione 
Estimated Labor Costs $6.8-9.0 million NA 
Estimated Total Employment 280-375 man 
Construction Period 12 months 
Peak Construction Work Force 560 workers 

600 million liters/year 
Total Capital Costs $225-450 mi 
Estimated Labor Costs $68-90 mill 

years 370 man yea 
31 months 
300 workers 

1 i onc $165-330 mi 
one NA 

S 

1 ionf 

Estimated Total Employment 2250-3000 man yearsd 1535-2670 man years 
Construction Period NA 46-67 months 
Peak Construction Work Force NA 780-1100 workers 

NA - Not Avai1;rble 
aRef erence 10. 

bReference 11. 

"Linear extrapolation from O R A U ' s  maximum plant size consideration of 

dExtrapolated from ORAU's maximum plant size consideration of 200 millions 

200 million liters per year. 

liters per year according to the formula: 

B (workforce) 
A (workforce) 

B (Capital cost)0.8 
A ICaDital cost) 

eProjected Cost o f  Alcohol Fuel Facility provided by Rafael Katzen 
Associates. A l l  succeeding figures represent the projected case for a 
chemical facility of this dollar value. 

fLower figure provided by Rafael Katzen Associates; Upper figure represents 
staff projection allowing for possible cost overruns. All succeeding figures 
represent the projected case for a chemical facility of this dollar value. 
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labor requirements, and duration of the construction period for an 

alcohol fuel facility with the rated outputs given above and compares 

these with chemical plants o f  the same s i z e .  These estimates, partic- 

ularly those for the 600 x lo6 L/y plant, should be used very 

cautiously. The United States has had only limited experience with 

plants producing as much as 200 x lo6 L/y fuel alcohol, and no 

experience with plants producing 600 x 10 L/y. It i s  not possible 

t o  assess meaningfully what economies of scale result at the larger- 

sized facility. As experience is acquired in the industry, more accurate 

forecasts o f  1 abor requirements wi 1 1  be possible. 

6 

The mix of crafts required to construct an alcohol fuels production 

facility is likely to be similar to that required for construction of a 

chemical plant. Table 2.4 presents the craft mix f o r  this industry. 

The craft mix is not expected to change appreciably as a function of 

the rated capacity o f  a plant. 

2.4.5.2 Operating Labor Requirements 

The number o f  employees required to operate and maintain alcohol 

fuel production facilities varies by plant capacity and by type of 

facility. Employment a t  large facilities is difficult to assess because 

wet-milling might be integrated with food-processing capabilities. 

However, it is estimated that roughly 60 to 125 persons will be required 

t o  operate a 60 x 10 L/y facility, and 200 to 275 persons will be 

needed for a 600 x 10 L/y facility. 

6 

6 8 
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Table 2.4.  Craf t  m i x  fo r  chemical 
plant constructiona 

C r a f t  
Percentage of 

workforce 

Carpenter 

Laborer 

Electrician 

Plumber/pipefitter 

Brick 1 ayer 

I ron  worker 

Cement worker 

Sheet metal 

18 

18 

11 

10 

8 

6 

5 

5 

%eference 11. 

bDoes not  to ta l  100% because 
c ra f t s  requiring less than 5% of 
t o t a l  are n o t  included. 
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3 .  EFFLUENTS AND EFFLUENT CONTROL 
(J. L.  EZmorel 

3.1 LIQUID EFFLUENTS 

This Section outlines effluents from the hypothetical plants 

described in Section 2, and conventional pollution abatement techniques 

that are likely to be used in the near-term are described. 

3.1.1 Process waste streams 

The largest volume of liquid effluent from the alcohol production 

processes described in Section 2 is condensate from stillage drying 

(Table 3.1). This discharge contains a high concentration of organic 

material producing a high biochemical oxygen demand (BOD) and an acidic 

pH (Table 3.2). Wastewater from the distillation/dehydration process 

is produced in smaller quantities than stillage-drying condensate 

(Table 3.1), but has about twice the concentration o f  solids and BOD 

(Table 3.2). 

Boiler blowdown effluent is associated with all forms of fuel 

listed in Section 2. Blowdown is water that i s  bled from the system 

and replaced to prevent concentration of minerals. The dissolved 

constituents of blowdown are principally minerals, concentrations of 

which are dependent on the  initial composition of the water. The volume 

is moderate (Table 3.1), and dissolved solids are elevated t o  a moderate 

extent (Table 3.2). 

Flue-gas desulfurization is a process by which sulfur dioxide is 

scrubbed f rom stack emissions, and is usually used when high-sulfur 

coal is burned. The relatively small amount of wastewater produced 

from this process is high in solids and i s  acidic (Table 3.2). 
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Table 3.1. Estimated flux rates of major liquid effluents from 60 x 106L (16 x 106 gal) 
Per year fuel alcohol plants.a 

Corn, dry-milling Corn, wet-milling Sugarcane, raw juice 
kg/h (GPM) kg/h (GPM)  kg/h (GPM) 

....... -. ...... _____ _ ........ __ ...... __ 

Process effluents 
Stillaae drying condensate 15,990 (84) 18,920 (84) 30,533 (135) 
Distillation wastewater 1,43? (6.3) 1,432 (6.3) 1,432 (6.3) 

Fuel combustion ......... effluents 

Boiler blowdown (all fuels) 1,978 (8.7) 1,978 (8.7) 5,202 (23) 
Flue-gas desulfurization 

wastewater (coal only) 1,941 (8.6) 1,941 (8.6) 5,105 (22.5) 

Cool i ng-tower blowdown 103,660 (457) 42,501 (188) 51,830 (229) 

P j ~ c  h a rged wa stew a ter 

Wastewater treatment 157,333 (694) 91,253 (402) 118,000 (520) 

OReference 1 ,  
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Table 3.2. Estimated water quality of rna.or liquid effluents from 60 x 10% (16 x 106 gal) 
per year fuel alcohol plants d’ 

I__ -- 
Suspended Biochemical 

Total solids 5ollds oxygen demand Sulfate PH 
(mg/l- (mg/l.) (mg/L I (mg/L) (units) 

-___ -- 
Alcohol Process Effluents 
I_-- 

Condensate from stillaqe drying 131) 12 650 b 3.9 
Distillation wastewater 240 40 1250 b 5.0 

Fuel Combustion Effluents 
Boiler blowdown (all fuels) 1 00 5 0 b b 

Flue gas desulfurization 
wastewater (coal only) 7600 120 160 b 5.0 

Coolinq tower blowdown ROO 14 30 5?0 h 

Discharged Wastewater 
c_ 

Wastewater treatment 313 9 3 52 b 
_- - 

I_ 

aReference 1. 

bNo data available. 
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Miscellaneous sources of wastewater include liquid effluents from 

cool ing-tower blowdown, wastewater treatment and equipment washes 

(Fig. 3.1). Cooling-tower blowdown produces a large discharge volunie 

(Table 3.1) that i s  usually high in dissolved solids (Table 3 . 2 ) ,  

although the concentration of solids depends upon the quality of makeup 

water and the number of cycles in the tower. 

A l l  of the liquid effluenl; streams will be directed to waste 

stabilization ponds, where settling will reduce suspended solids and 

microbial action will reduce the organic content. It is assumed that 

both primary (mechanical screening and settling) and secondary treat- 

ment (biological reduction o f  organic matter) will be employed. A ROD 

reduction of as little as 80% would result in effluents from t h e  

hypothetical plants with less than 30 mg/C as required by regulations 

of the Clean Water Act. Waste stabilization ponds can have as high as 

95% BOD removal.- A 60 x 10 I-/y plant will discharge a quantity 

o f  wastewater equivalent to that produced by a town of 10,000 people. 

7 6 

3.1.2 Runoff 

Infiltration and runoff from fuel storage piles will be charac- 

teristic of the type o f  fuel. Most types of wood and other biomass 

give rise to an acidic runoff (Table 3.3). Runoff from coal storage 

piles also may be acidic with elevated levels of some trace elements 

(Table 3.4). 

Dewatered sludge from flue gas desulfurization (FGD)  and raw-water 

and wastewater treatment, as well as mud, boiler bottom ash, and fly 

a s h  collected in the dust collector will have to be discarded. Ponding 



RAW WATER 
T R E A T  M E  NT 

1 
I 
# 

SLUDGE 
2 5 2 3  k g / h  

( A C T U A L  LY 
S I T E  SPECIFIC) 

WASTE WttTER 
(1) SANITARY WASTES 
(2) FROM DDG OR S T I L L A G E  OPERATIONS 
(3) WASH IN G S 
(4) BLOWDOWN AND R E S I D U A L S  

COOLING TOWER D R I F T  ( 5 )  MISCELLANEOUS 

TS 0.8 kg /h  
BOD 0.04 k g / h  

SO4 0.5 k g / h  
1 0 5 1  k g / h  

COOLING 
TOWER 

I 
I 
I 

i 
BLOWDOWN 
403,660 k g / h  

TS 800 mg/L  83 k 3 / h  
SS 14 mg/L  1.5 k g / h  

BOD 3 0  mg/L  3.1 k 3 / h  
SO4 5 2 0  m g / L  5 4 k g / h  

( A C T U A L L Y  S I T E  SPECIFIC)  

0.08 TO 1.3 k g / h  
E T H A N O L  EMISSIONS 4 0.06 TO 0.5 k g / h  
( S E E  T A B L E )  G A S O L I N E  EMISSIONS 

( S E E  T A B L E )  

WASTEWATER 
D E N A T U R I N G  
AND STORAGE 

WASTE WATER 

1 ' L----- ----- 
I + 

SLUDGE 
4 2  k g / h  T S  313 m g / L  49 k g / h  

S S  9 m g / L  2.4 k g / h  
BOD 3 mg/L 0.5 k g / h  

( 5 0 %  SOLIDS)  

SO4 5 2  m g / L  8.0 k g / h  

M I S  C E L L  ANEOUS 
EM I SS IONS 

f 
F U G I T I V E  
€ M I S S I O N S  

MI S CELLANE OUS 

F i g .  3.1. Miscellaneous emissions associated with fuel alcoho 
( f l u x e s  baed on 60 million liters/year capacity g r a i n  dry m i l l i n g  p 

O R N L -  DWG 8? - 5 8 7 5 R  ESD 

RUNOFF RUNOFF 

F R O M  COAL FROM MISC. 
P I L E S  SOURCES 

TO T R E A T M E N T  
I 

product 
ant). 

SLUDGE 

A C T U A L L Y  
SITE SPECIFIC 

on 

P 
t3 
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Tab le  3.3. pH va lues  f o r  c o l d  w a t e r  
e x t r a c t i o n s  of p l  an t  
res iduesa 

b Res idue t y p e  pH Va lue  

Maple shav ings  
Red oak sawdust 
Red oak b a r k  
Walnut  bark  
Whi te  oak c h i p s  
Wh i te  oak ba rk  
Cottonwood ba rk  
Corncobs 
C o r n s t a l k s  
H i c k o r y  shav ings  
Mixed hardwood shav ings  
Cottonwood shav ings  
Sunf lower -seed c o a t s  

5.22 
4.53 
4.87 
6.03 
4.52 
5.25  
5.58 
5.17 
7.49 
5.63 
5.00 
7.38 
6.90 

a Reference 3. 

bEach v a l u e  i s  an average o f  
f i v e  measurements. 



Table 3 . 4 .  Representative water quality measurements for coal pile leachate and coal pile drainage 
(all values except pH expressed as rng/L)a 

Cnal pile drainage 
Western coal 

FEA Davis and Boegly TVA plant leachates 

A 1 umi num 
Arren i c 
Barium 
Cadmium 
Cobalt 
Chromi um 
Copper 
Iron 
Mercury 
Manganese 
Nickel 
Lead 
Seleni urn 
Van ad i um 
Zinc 
Sulfate 
Acidity 

(as CaQ) 
Alkalinity 

(as CaC03) 
Hardness 

(as CaC03) 
Total dissolved 

solids ( T D S )  
PH 
Total suspended 

solids (TSS) 

825 - 1,200 

0 - 15.7 
1.6 - 3.9 
0.4 - 7.0 

90 - 180 

0.006 - 12.5 
130 - 20,000 

10 - 27,800 
15 - 80 

130 - 1,850 

700 - 44,000 
2.8 - 7.8 

20 - 3,300 

48 - 1,200 
0.02 - 0.1 

0.002 

0.02 - 15.7 
0.2 - 6.1 
0.06 - 93,000 
3.4 - 72.0 
0.2 - 2.8 

0.2 
0.005 - 0.02 
1 
0.006 - 26.0 
535 - 21,920 
8.94 - 11,700 

0 - 36.41 
130 - 1,851 
720 - 44,050 
2.1 - 6.6 

22 - 610 

22.0 - 440 
0.005 - 0.6 

0.1 
0.001 - 0.006 
o.n9 - 0.4 
0.005 - 0.011 
0.01 - 1.4 
67 - 1,800 
0.0002 - 0.027 
0.88 - 110 
0.24 - 4.5 
0.01 - 0.023 
0.001 - 0.03 
1.0 - 16 
870 - 9,600 
270 - 7,100 

600 - 980 

1,200 - 16,000 
2.3 - 3.1 
8 - 2,500 

0.05 

0.05 
0.1 - 0.15 
0.65 - 12 
0.05 - 0.08 

0.1 

2 
0.15 - 0.23 

37.5 - 124 

490 - 1,720 
7.2 - 8.0 

7.2 - 8.0 

aReference 4 .  
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or landfilling will be the most probable disposal methods for- these 

effluents. Runoff and infiltration from these materials could containt- 

nate surface water and/or groundwater. Heavy metals often constitute a 

significant portion of the trace cations in some effluents from coal 

waste disposal (Table 3.5). Silicon, aluminum, and iron are the major 

elements in coal ash, whereas calcium, potassium, and sodium predominate 

in wood ash. 5 

3.2 SOLID EFFLUENTS 

Solid wastes include muds, ashes, and sludges (Table 3.6). Stillage 

is not considered a waste in this Section because it is unlikely that a 

fuel-alcohol plant which did not take advantage o f  the animal feed 

by-product would be economically feasible a t  this time. Some charac- 

teristics o f  stillage are shown i n  Table 3.7. 

If stillage is used, little solid waste would  be discharged from 

the actual alcohol production processes (Table 3.6). In contrast, fuel 

combustion produces large quantities of sol id waste. Boiler bottom ask 

must he cleaned out periodically. Fly ash, captured by electrostatic 

precipitators, must be discarded. A gypsum type-sludge (CaSO + CaS04) 

often i s  formed from flue-gas desulfurization (FGD) .  Generally, coal 

combustion produces a greater quantity of solid wastes than bagasse or 

wood combustion; use of natural gas produces none. Becarire the produc- 

tion of alcohol from sugarcane requires about 2.6 times the energy 

needed for the corn processes, fuel combustion for the sugarcane 

processes produces larger quantities of solid wastes if the same fuel 

i s  used. 1 
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Table 3.5. Representative water quality measurements for effluents from coal waste 
disposal (all values except pH expressed as mglLy 

Sludge effluent 

Ash pond Simulated scrubber Sludge pond 
overflow 1 eachate sludge overf 1 ow 

Fixed 

Aluminum 
Arsenic 
Cadmium 
C hromi urn 
Copper 
Iron 
Mercury 
Manganese 
Nickel 
Zinc 
Sulfate 
Acidity (as 

CaCO3) 
A1 kal inity 

( a s  CaC03) 
Hardness ( a s  

CaC03) 
Total dissolved 

solids (TDS)  

Total suspended 
solids (TSS)  

PH 

0.02 - 513 

negligible - 0.14 
0.005 - 0.06 
0.02 - 2.9 
0.0002 - 0.002 
0.0002 - 0.10 
0.008 - 0.015 
0.001 - 0.12 
100 - 300 

3 0  - 400 
200 - 750 
2 50 - 3,300 
25 - 100 

1.4 - 9.8 
0.01 - 0.05 
0.01 - 0.03 

0.02 
0.1 
0.02 

0.05 
0.015 

0 - 364 520 

0.0015 - 0.0055 

0.01 - 0.07 
3 7 7  

5 5 

80 32 

285 - 602 696 484 

68 - 296 1,095 7 50 
10.5 - 11.8 6.7 7.2 

4 - 8  70,780 5 

aReference 4 .  
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Table 3.6. Estimated solid waste effluents from 60 x lo6 1. (16 x 106 gal) per year fuel 
alcohol plants' 

Corn, dry-millinq Corn, wet-milling Sugar Cane, raw juice 
kg/h (lh/h) k g / h  (lb/h) kg/h (lb/h) 

- 
____. Alcohol . Process Effluents 
Lime iiiud 0 0 

F u e ! . . C o ~ h ~ _ ~ ~ f l u e n t . s -  
Coa 1 
Bottom ash 142 (312) 142 (312) 
Fly ash 262 (576) 262 (576) 
Scrubber sludqe 2'32 (642) 292 (642) 

Bagasse 
Bottom ash 
Fly ash 

Wood 
Bottom ash 117 (257) 117 (257) 
Fly ash 233 (513) 233 (513) 

Miscellaneous Solid Wastes ................... ___ __.. .............. 

~. 

10,511 (23,173) 

373 (821) 
689 (1516) 
768 (1690) 

198 (436) 

355 (781 ) 

308 (678 )  
613 (1349) 

Raw water treatment sludge 2,523 (5,562) 1,110 (2,447) 908 (2,002) 
Wastewater pond sludge 42 (93) 210 (463) 32 (70) 

(51% solids) 

'Reference 1. 
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Table 3.7. Composition o f  d i s t i l l e r y  s t i l l a g e  (data  expressed 
as  mg/L except f o r  P H ) ~  

Parameter Bourbon type (Grain) Molasses (Sugarcane) 

PH 4.2 4.5 

Total Solids 37,388 71,053 

Suspended so l ids  17,900 40 

BOD 26,000 28,700 

aRef erence 6. 

. . . __ . . 
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Miscel?aneous solid wastes include sludges from treating raw-water, 

wastewater, and runoff. If water of suitable quality cannot be acquired 

from a municipal treatinent plant, raw water must be treated on the 

premises, producing a sludge. The quantity of this sludge will vary 

with the site-specific water quality. Because dry-milling uses more 

water than the other two processes, greater amounts o f  sludge from 

raw-water treatment are produced. 

The amount of sludge produced from t h e  wastewater pond is greater 

for wet-milling than for the other two processes. This occurs because 

sulfur dioxide, added in the initial step, is emitted in the condensate, 

and lime i s  used to precipitate the excess sulfate formed. The amount 

o f  sludge formed from the runoff-pond effluent will be site specific. 

3.3 ATMOSPHERIC EFFLUENTS 

The major sources of air pollution in fuel alcohol plants are fuel 

alcohol production, fuel combustion to produce process steam or elec- 

tricity, and storage of alcohol, gasoline, and other volatile hydro- 

carbons. This Section discusses expected air pollutant emissions from 

each of these sources; emission rates after the application of typical 

control devices are emphasized. 

3.3.1 Process waste streams _I-.- 

Table 3.8 summarizes estimated major atmospheric effluents from 

alcohol production at a 60 million literly (16 million gallonly) alcohol 

f u e l  plant. The magnitudes of emission rates of various pollutants 

from the alcohol production process vary with the individual processes; 

however, some generalimaitons can be made. Sulfur dioxide ( S O 2 )  
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emiss ions a r e  assoc ia ted  o n l y  w i t h  t h e  c o r n  w e t - m i l l i n g  process because 

SO2 i s  used i n  t h i s  process t o  a c i d i f y  t h e  feeds tock  m i x t u r e .  The 
1 4.2 kg/h (36.7 t o n / y )  emiss ion r a t e  i s  assumed t o  be u n c o n t r o l l e d .  

U n c o n t r o l l e d  SO2 emissions f o r  a 600 m i l l i o n  l i t e r l y  (160 m i l l i o n  

g a l l o n / h )  p l a n t  c o u l d  be as l a r g e  as 42 kg/h  (370 t o n l y ) ,  t he reby  

n e c e s s i t a t i n g  t h e  a p p l i c a t i o n  o f  some t y p e  o f  SO2 emiss ion c o n t r o l  

i inder c u r r e n t  a i r  q u a l i t y  laws. 

V o l a t i l e  o rgan ic  compound (VOC) emissions (which i n c l u d e  m i s c e l l a -  

neous hydrocarbons and e t h a n o l )  f r o m  c o r n  and sugarcane f e r m e n t a t i o n  

were assumed t o  be n e g l i g i b l e  w i t h  t h e  use o f  ven t  condensers as c o n t r o l  

dev ices.  The c o n t r o l  e f f i c i e n c i e s  f o r  these dev ices were assumed t o  be 

i n  excess o f  99%, which i s  f e a s i b l e  u s i n g  a v a i l a b l e  technology.  798 

UOC emiss ions f r o m  d i s t i l l a t i o n  and d e h y d r a t i o n  a f t e r  u s i n g  a vent  

condenser were 0.038 kg/h (0.33 t o n / y )  f o r  t h e  60 m i l l i o n  l i t e r l y  p l a n t .  

A d d i t i o n a l  YOC emiss ions n t h e  f o r m  o f  d r y i n g  chemicals  and dena tu ran ts  

w i l l  a l s o  r e s u l t  f rom a coho1 p r o d u c t i o n .  Expected emissions, a f t e r  

pass ing  th rough  a ven t  condenser, range f r o m  0.3 kg/h (2.6 t o n s l y )  f o r  

e t h y l e n e  g l y c o l  t o  3.8 kg/h (33.2 t o n s / y )  f o r  e t h y l  e t h e r  and g a s o l i n e  

f o r  a 60 m i l l i o n  l i t e r / y  p l a n t .  Two f a c t o r s  r e l a t e d  t o  a l c o h o l  f u e l  

p l a n t  des ign  t h a t  a f f e c t  t h e  emiss ion r a t e s  o f  t hese  chemicals  a re  t h e  

q u a n t i t y  used and t h e  v o l a t i l i t y  of t h e  compounds.' Emissions of VOG 

f r o m  leaks  o f  va lves,  f l anges ,  pump seals ,  e t c .  a r e  n o t  i n c l u d e d  i n  t h e  

above es t ima tes .  Based on d a t a  c o l l e c t e d  a t  pe t ro leum r e f i n e r i e s ,  

l e a k i n g  f i t t i n g s  can emi t  anywhere from.0003 k g / h  (.003 t o n s / y )  of 

non-methane hydrocarbons (NMHC) f o r  f l a n g e s  t o  0.44 kg/h ( 4  t o n s l y )  

NMHC f o r  compressor s e a l s .  9 
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The corn dry milling process produces more particulate emissions 

than the other processes; the 49.4 kg/h (431 tonly) emission rate 

consists of about 10 kg/h of uncontrolled emissions from corn receiving, 

storage, and handling, and about, 40 kg/h of controlled emissions 

(cyclone or baghouse) from corn preparation. The corn wet-milling 

process is estimated to produce about 14.7 kg/h (128 tonly), 10 kg/h of 

which are uncontrolled emissions from corn receiving, storage, and 

cleaning, and 4.7 kg/h of which are controlled emissions (cyclone or 

baghouse) from germ drying and cooling, germ storage, feed drying and 

cooling, gluten drying and cooling, and gluten storage: I f  necessary, 

cyclones, which are capable of reducing emissions by 95-99%1°, could 

be installed to reduce emissions from corn preparation. l1  he storage 

and processing o f  sugarcane is expected to produce negligible amounts 

o f  particulates because of the high moisture content of the cane 

stalk. 12 

Negligible quantities of carbon monoxide ( C O )  are emitted during 

any of the alcohol production processes. On the other hand, large 

quantities o f  carbon dioxide ( C 0 2 )  are emitted from the corn wetand 

dry-mi 11  ing and sugarcane processes; each o f  the processes is estimated 

to emit 5,895 kg/h (51,465 ton/y) of C 0 2 .  Because C02 is no a 

regulated air pollutant, no control devices were assumed to be insta led 

on C02- containing waste streams specifically for reducing C02 

emissions (vent condensers installed to reduce ethanol emissions may 

also trap some C 0 2 ) .  In some instances, recovery o f  C02 for sale 

as bottled g a s  or for use in enhanced oil recovery may prove to be 

economical; under such circumstances, C02 emissions may be greatly 

reduced. 
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3.3.2 Power plant emissions - 
Table 3-8 summarizes air pollutant emission rates from combustion 

o f  selected f u e l s  to produce process steam for the alcohol production 

processes considered. The purpose of this Section i s  to highlight the 

assumptions on which the fuel combustion emission calculations are 

based, and t a  discuss commercially available techniques for producing 

the lowest (best-case) emissions for each fue l  combustion process 

considered. 

The primary sources of informaton used to calculate the emission 

rates are the fuel feed rates developed by Otis et a1.l and air 

pollutant emission factors developed by the U.S. Environmental Protec- 

tion Agency.8 Dvorak et al.13 is used to provide back-up informa- 

tion on emissions from coal combuston. The €PA emission factors are 

selected because they are used by many local regulatory agencies i n  

evaluating the impacts o f  new stationary sources, and because factors 

are available for all fuels of interest in this study. An earlier 

analysis of the environmental i s s u e s  associated with biomass energy 

systems also used these factors. 14 

Producing one gallon of fuel alcohol from sugarcane requires about 

92 pounds of steam, whereas producing one gallon o f  fuel alcohol from 

corn (wet milling or dry milling) requires about 35 pounds of steam. 

Consequently, sugarcane-based plants produce about 2.6 (92/35) times 

more air pollutants than do corn-based plants when the same fuel is 

used: The fuel-combustion emissions in Table 3.8 for alcohol produc- 

tion from sugarcane are calculated by multiplying the emissions from 

corn-based alcohol producion by a factor of 2.6. 



Table 3.8. Estimated major atmospheric effluents from 60 x 106 L ('16 x 136 g a l )  per year fuel alcohol  plantsa,b 

Carbon Carbon Nitrogen Particulates Sulfur 
Dioxide Hydrocarbons or dust Monoxide Diox ide  Oxides 

kg/h ftonly) kglh (ton/y) kglh (tonly) k g l h  (tonly) kg/h (tonly) kg/h (tonlyl 

Alcohol ?reduction Eff7uents 
Corr,, dry-milling C c 49.4 (431) C 5,895 (51,465) C 
Corn, wet-mi I 1  ing 4.2 (36.7) C 14.7 (128) C 5,895 (51,465) C 
Sugarcane, raw juice C C C C 5,895 (51,465) C 
Distillation and 
dehydration 
Benzene 
Ethylene glycol 
Ethyi ether 
Gasoline 

C 1.2 (10.6) C 
C 0.3 (2.9) C 
C 3.8 (33.5) C 
C 3.8 (33.5) c 

C 
c 
C 
C 

Fuel Combustion Effluents 
Coal 
corn 'la (157) 
sugarcane 47 (4?0) 

Bagasse (susarcane only) c 
Wood 

core 7.8 (68) 
sugarcane 21 (182) 

corn a 
sugarcane a 

Natural gas 

26 (226) e 3.5 (31) 1.7 (14.8) 2 (17) 
4.5 (39) 5.2 (45) 9.2 (90)  

155 (1,638) 47 (410) 161 (1,4G3) e 

68 (5921 
30 ( 2 6 1 j  

0 
C e d 40 (346) 

52 (454) 
494 (4,300) 124 (1,080) 423 (3,685) e 137 (1,196) 

a G.4 (3.5) 0.7 ( 6 . 2 )  
0.3 (2.6) 1.1 (9.6) 1.e (15.7) 

aReference 1 

bYearly emiss ion  based on 24 h lday ,  330 Gayly operation. 

'Negligible (less than 1.0 t o n l y ) .  

dNo data available. 

e k o t  calculated. 
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S u l f u r  d i o x i d e  ( S O 2 )  emissions 

corn-  and sugar-cane based a l c o h o l  

a r e  expected t o  be g r e a t e s t  f o r  

p r o d u c t i o n  u s i n g  coal  combustion, 

and f o r  sugar-cane based a l c o h o l  p r o d u c i t o n  u s i n g  wood combustion. The 

SO2 emissions f r o m  c o a l  combustion a r e  assumed t o  be c o n t r o l l e d  90% 

u s i n g  a scrubber;  SO2 emissions f r o m  combustion of t h e  o t h e r  f u e l s  

a r e  assumed t o  be u n c o n t r o l l e d .  The c o n t r o l l e d  SO2 emissions f r o m  

c o a l  combustion a r e  g r e a t e r  than t h e  u n c o n t r o l l e d  emissions f r o m  

combustion of o t h e r  f u e l s  because t h e  s u l f u r  l e v e l  i n  coal  i s  h igher  

than s u l f u r  l e v e l s  i n  t h e  o t h e r  fue ls .  For  example, t h e  coa l  i s  assumed 

t o  be 2.7% s u l f u r ,  whereas the bagasse s u l f u r  l e v e l  i s  assumed t o  be 

n e g l i g i b l e ’ *  and t h e  wood s u l f u r  l e v e l  was assumed t o  be 0.1%.15 

Use of low s u l f u r  (0.6 - 0.7%) c o a l  w i l l  reduce c o n t r o l l e d  (90% assumed) 

SO2 emissions f rom c o a l  combustion a t  t h e  60 x 10 L/y p l a n t  t o  

35  Mg/y (38  TPY) f o r  corn-based a l c o h o l  p roduc t ion ,  and 89 Mg/y ( 9 9  TPY) 

f o r  sugarcane-based a l c o h o l  p roduc t ion .  

6 

U n c o n t r o l l e d  SO2 emissions of  165 Mgly (182 TPY) a re  p r e d i c t e d ,  

u s i n g  t h e  EPA f a c t o r s ,  t o  r e s u l t  from wood combustion f o r  t h e  produc- 

t i o n  o f  sugarcane-based a lcoho l .  Use of t h e  EPA emiss ion f a c t o r s  may 

r e s u l t  i n  a r t i f i c i a l l y  h i g h  SO? emiss ion es t imates  because t h e y  are  

bdsed on a h i g h  wood s u l f u r  c o n t e n t  and a h i g h  su l fu r - to -SQp conver-  

s i o n  e f f i c i e n c y .  EPA i s  c u r r e n t l y  r e v i s i n g  t h e  wood combustion emiss ion 

f a c t o r s .  Research has found t h a t  t h e  s u l f u r  c o n t e n t  of wood 

t y p i c a l l y  ranges f rom 0.01% t o  0.134% by weight  and t h a t  o n l y  about 5% 

o f  t h e  f u e l  s u l f u r  c o n t e n t  i s  t y p i c a l l y  e m i t t e d  a s  SO2 ( t h e  remainder 

be ing  bound as s u l f a t e  i n  t h e  ash).” These two f i n d i n g s  s i g n i f i c a n t l y  

lower  t h e  expected SO2 emissions f r o m  wood combustion. The new EPA 
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emission factor f o r  SO2 emissions from wood combustion is expected to 

be in the range of 5 x lo-' k g  S02/MT wood to 7.5 x lo-* kg 
S02/MT wood (0.10 to 0.15 lb S02/ton wood), which is approximately 

a factor of ten lower than the current value. l6 Uncontrolled wood- 

fired boiler SO2 emissions for sugarcane-based alcohol production 

(60  x lo6 L/y capacity) using the new factor would only be about 

16 My/y (18 TPY). SO2 control equipment (90% efficient scrubber) 

would reduce emissions calculated with the proposed emission factor to 

1.6 Mg/y (1.8 TPY) for the 60 x lo6 L/y plant. 

Hydrocarbon emissions are predicted to be greatest For cornand 

sugarcane-based alcohol production using wood combustion t o  provide 

process steam. The EPA emission factor for hydrocarbon em ssions from 

wood-fired boilers ranges from 1-35 kg/MT. The lower values in the 

1-35 kg/MT range are t o  be used for well-designed and operated 

boilers. l7 Since no particular boiler has been specified for this 

study, an average value of 18 kg/MT is used t o  derive the hydrocarbon 

emission estimates in Table 3.8. Well designed and operated wood fired 

boilers would be expected to emit a minimum o f  approximately 238 TPY 

and 91 TPY for sugar cane-based and corn-based alcohol production, 

respectively. Hydrocarbon emissions from sugarcane-based alcohol 

production using wood combustion to proved process steam would emit 

large (216 Mg/y) amounts o f  hydrocarbons even with efficient boilers. 

These facilities could be subject to the air quality regulatory process, 

and could be required to install control equipment. One type of control 

process that could be installed to reduce hydrocarbon emissions is 

catalytic incineration. T h i s  process, when properly applied, designed, 
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and mainta ined,  can c o n s i s t e n t l y  reduce hydrocarbon emissions b y  95 

p e r c e n t  o r  more. l8 C o n t r o l  l e d  hydrocarbon emissions u s i n g  c a t a l y t i c  

i n c i n e r a t i o n  would thus  be on t h e  order  o f  11 Mg/y ( 1 2  TPY) f o r  sugar-  

cane-based a l c o h o l  p r o d u c t i o n  f o r  a 60 x 10 L /y  f a c i l i t y .  6 

P a r t i c u l a t e  emissions from sugarcane- and corn-based a lcoho l  

p r o d u c t i o n  u s i n g  wood combustion f o r  process steam are  es t imated  t o  be 

982 Mgly (1080 TPY) and 373 Mg/y (410 TPY), r e s p e c t i v e l y ,  a f t e r  reduc ing  

emissions 80% u s i n g  scrubbing. These es t imates  assume f l y  ash r e i n j e c -  

t i o n ,  which i s  t y p i c a l l y  done i n  wood- f i red  b o i l e r s  i n  o r d e r  t o  improve 

f u e l  use e f f i c i e n c y .  l7 I f  no f l y  ash r e i n j e c t i o n  i s  used, emissions 

f rom sugarcane-based and corn-based a l c o h o l  p r o d u c t i o n  would be reduced 

t o  648 Mg ly  (720 TPY) and 246 Mg/y ( 2 7 3  TPY), r e s p e c t i v e l y .  The EPA 

emiss ion f a c t o r  o f  22.5 kg  TSP/MT wood, which assumes f l y  ash r e i n j e c -  

t i o n ,  r e f l e c t s  approx imate ly  a 4% ash c o n t e n t  o f  t h e  wood w i t h  a 2 : l  

f l y  ash/bottorn ash r a t i o  ( a l t h o u g h  i t  was n o t  developed w i t h  a mass 

balance approach u s i n g  these assumptions). The emissions e s t i m a t e  

produced from t h e  EPA f a c t o r  may be a r t i f i c i a l l y  h i g h  because t h e  ash 

conten t  o f  wood can be lower  than 4%, and because l e s s  p a r t i c u l a t e  

m a t t e r  can become f l y  ash. Adams r e p o r t s  t h a t  t y p i c a l l y  15% of 

t h e  i n t r i n s i c  ash i n  wood appears as s tack p a r t i c u l a t e ;  values can 

range f rom 8% t o  65% (based on i n t r i n s i c  ash balance u s i n g  ca lc ium) .  

Thus, p a r t i c u l a t e  emissions c a l c u l a t e d  u s i n g  a mass balance approach 

c o u l d  be lower  than t h e  e s t i m a t e  produced u s i n g  t h e  EPA f a c t o r .  For  

example, i f  a wood ash conten t  o f  1.8% i s  assumed ( f o r  B i r c h  1, and 

i f  i t  i s  assumed t h a t  15% of t h e  ash c o n t e n t  of t h e  wood becomes f l y  

ash”, then u n c o n t r o l l e d  p a r t i c u l a t e  emissions would be about 25 Mg/y 

15 



5% 

(28 TPY) for corn-based alcohol production, and about 66 Mg/y (73 TPY) 

for sugarcane-based alcohol production. Installation of 80% efficient 

particulate control equipment would reduce emissions to 5 My/y (5.6 TPY) 

for corn-based plants and 24 Mg/y (14.6 TPY) for sugarcane-based plants. 

The EPA factor for CO emissions from wood-fired boilers ranges 

from 1-30 kg/MT; lower values in the range are to be used for well- 

designed and operated boilers. '' Because no particular boiler is 

specified for this generic study, an average factor o f  15.5 kg CO/MT 

wood is used in the emissions estimates. If efficient boilers are used, 

uncontrolled CO emissions for corn- and sugarcane-based alcohol produc- 

tion using wood cornbustion would be 83 Mg/y (91 T P Y )  and 216 Mg/y 

(238 PPY) respectively. CO emission can be further reduced by combus- 

t ion modification or by installation o f  control equipment. Modifying 

the combustion process by burning wood in excess air would reduce CO 

emissions, but it could also increase emissions of nitrogen oxides. 

Installing control equipment such as thermal incinerators can reduce CO 

emissions without increasing NOx emissions2'; this 

auxiliary fuel (e.g., natural gas) to burn the CO to 

efficiences in the 60-85% range have been reported for 

tion." Operating costs can be significant for co 
tionZ1 hut use of heat recovery may make the process 

attractive. *' An 85% reduction in CO emissions 

process uses an 

C O z .  CO control 

thermal incinera- 

thermal incinera- 

more economically 

through thermal 

incineration would reduce CO emissions (efficient boilers) for the 

60 x 10 L plant producing corn-based alcohol to 14 Mg/y (16 TPY) and 

sugarcane-based alcohol to about 33 Mg/y (36 TPY). 

6 
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Emissions of uncontrolled nitrogen oxides f r o m  fuel combustion are 

estimated t o  be significant for all fuels and all processes, with the 

possible exception of corn-based alcohol production u s i n g  natural gas. 

The most proven technology for reducing nitrogen oxides i s  combustion 

modification, One combustion modification approach i s  to design the 

boiler for staged cornbustion, in which the main NO,-forming portion 

of the furnace is maintained in a coo l ,  oxygen-poor state. l3 The 

staged combustion technique is capable of reducing NOx emission by 

50-65%.’* Use of this technique at its maximum control efficiency 

would reduce NOx emissions t o  35% of the values listed i n  Table 3.8. 

3.3.3 Stored product emissions 

Emissions from the liquid fuels storage and denaturing area are 
1 not expected to vary directly in proportion t o  plant capacity 

(Table 3.9). Underground storage releases fewer emissions than  above- 

ground tanks, but larger size containers usually are not buried. Fixed 

roof tanks release more emissions than those with floating roofs. More 

of the stored material escapes from larger size tanks. 



Table 3.9. Emissions from gasoline and denatured alcohol storagea,b 

Storage 

Calculated emissions 
Annual ethanol capacity Number of Tank size Underground storage Fixed roof tank External floating r o o f  

106 L (106 gal! tanks i(ga1) kg/h (1b/h) kg/h ( Ib/h) kg/h (lb/h) 

0.37 - 0.14 (3.15 - 0.30) 0.5 ( 1 . 2 )  0.24 (0.53) 
?14 - 284 (30 - 75) 1 189,273 (53,300) 1.1 - 1.3 (2.6 - 2.8) 0.33 (0.72) 
284 - 568 (75 - 150) ? 378,541 (73ii,000) 2.c (5.4) 0.4: (0.9G) 

Gasoline 57 - 114 (15 - 30) 1 75,708 (20,000) 

3enatured alcoho! 57  - 77 (15.3 - 20.4) 1 1.892.706 f52Q.000) 
77 - i ~ ' ( 2 0 . 4  - 40.ej 1 3; 785 14 12 ( 1,000,060) 
154 - 309 (40.3 - (81.6) 2 3,785,412 (1,000,000) 
309 - 462 (E1.5 - 127.4) 3 3,785,412 (1,000,000) 
463 - 568 (122.4 - 150.0) 4 3,785,412 (1,000,000) 

0.09 (0.20) 
2.1 - 3.2 (4.7 - 7.0) 0.12 (0.26; 
4.3 - 6.4 (9.4 - 14.1) 0.24 (0.53) 

1.4 - 1.7 (3.1 - 3.7) 

7.4 - 9.6 (16.4 - 21.2) 0.36 (0.79) 
0.48 (1.06) 13.6 - 12.1  (23.5 - 26.73 

GReference 1. 

b8asis: Gasoline, about 5 ( 4  t3 3)  days inventory; denatured aTcohol: about 10 ( 7  to ; 0 )  days inventory. Calculations assume a #idwest iocation witn 
an average w i n o  speed of 18 km/h (il mph), an average temperature of 10.8"C (51.5'F) and an average dai'y temperature change o f  8°C (1S'F) .  
gray tanits. 

Storage in 

m 
0 
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4, OCCUPATIONAL SAFETY CONSIDERATIONS 
(A. P. Watson and J .  G. SmiLhl 

6 

L/y capacity on  the basis of avai lable  occupational safety 

We have been unable t o  discriminate between f a c i l i t i e s  o f  60 x IO 
6 

and 600 x 10 

and health data. The only difference i s  the obvious one o f  s i z e ,  which 

would determine the number o f  workers poten t ia l ly  exposed t o  accident 

and health hazards. Note t h a t  a large f a c i l i t y  might be automated and 

therefore  not necessar i ly  require a large s t a f f .  An analysis  o f  sca le  

would require s i t e - s p e c i f i c  information. 

4.1 FEEDSTOCK HANDLING 

Al l  grains ,  potatoes,  o r  sugarcane m u s t  f i r s t  be crushed o r  chopped 

t o  increase the surface area f o r  l a t e r  enzyme a c t i v i t y  and t o  increase 

the ease o f  handling. Before any s i z e  reduction, s tones,  harvest 

debr i s ,  and any other  foreign material t h a t  may i n t e r f e r e  with succeed- 

ing processes must be removed from the feedstock. Stray n a i l s ,  w i r e ,  

cans,  o r  other tramp metal a r e  of ten removed by passing feedstock 

t h r o u g h  a screen or  magnetic f i e l d .  A magnet must be periodical ly  

cleaned t o  prevent clogging o f  feed l i n e s  and passage o f  tramp metal 

i n t o  the mil ls .  

Grain i s  usually crushed in hammer mills equipped with c lass i fy ing  

screens. Because grain dust i s  produced, any tramp metal i n  the  feed- 

stock i s  a potent ia l  source of  sparking i g n i t i o n .  Grain dus t ,  par t icu-  

l a r l y  i f  allowed t o  accumulate on machine surfaces and supports,  can 

pose a high explosion r i s k .  For example, grain d u s t  ign i t ion  a t  eleva- 

t o r s  i n  Louisiana and Texas claimed 53 l i v e s  i n  December o f  1 9 7 7 .  
1 
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Measured work s h i f t  d u s t  c o n c e n t r a t i o n s  i n  3 1  g r a i n  e l e v a t o r s  o f  

v a r i o u s  s i z e s  ranged f r o m  0.18 t o  781 mg/m ( R e f .  2) .  The g r e a t e s t  mean 

va lue ,  109 mg/m , was measured i n  r e c e i v i n g  t u n n e l s ,  t h rough  which a l l  

g r a i n  m u s t  pass. Most g r a i n  t r a n s f e r  p o i n t s  ( g a l l e r y  j u n c t i o n s  o r  

towers)  i n  those e l e v a t o r s  sampled were n o t  equipped w i t h  exhaust v e n t i -  

3 

3 

3 l a t i o n ,  and l e v e l s  approaching 1000 mg/m were measured. As a r e s u l t ,  

p o t e n t i a l l y  e x p l o s i v e  c o n c e n t r a t i o n s  o f  d u s t  were p r o b a b l y  a t t a i n e d  a t  

these s i t e s  f r e q u e n t l y . 2  Adequate v e n t i l a t i o n  o f  g r a i n  t r a n s f e r  p o i n t s  

should be a p r i o r i t y  a t  a l l  e thano l  f u e l  f a c i l i t i e s .  

Other  p o t e n t i a l  i g n i t i o n  sources t h a t  must be c o n t r o l  l e d  d u r i n g  

g r a i n  h a n d l i n g  and n i i l l i n g  i n c l u d e  unsealed e l e c t r i c  motors and s t a t i c  

charge b u i l d - u p  on conveyors o r  moving b e l t s S 4  Use o f  e x p l o s i o n - p r o o f  

motors,  adequate e l e c t r i c a l  grounding,  and s u f f i c i e n t  v e n t i l a t i o n  should 

be mandatory d u r i n g  h a n d l i n g  and p r e p a r a t i o n  o f  a l l  g r a i n s .  Smoking, 

open f lames, and w e l d i n g  shou ld  be p r o h i b i t e d  i n  d u s t y  areas. 

G r a i n  d u s t  i s  a l s o  known t o  produce adverse r e s p i r a t o r y  e f f e c t s  

when c h r o n i c a l  l y  i n h a l e d .  Several  f a c t o r s  a r e  p r o b a b l y  i nvo l  ved i n  

p roduc ing  cough, wheezing, and " g r a i n  f e v e r , "  i n c l u d i n g :  1) t h e  a b r a s i v e  

q u a l i t y  o f  sma l l ,  r e s p i r a b l e  p a r t i c l e s ,  2) a c o n s t i t u e n t  o f  t h e  g r a i n  

t h a t  may e l i c i t  a l l e r g i c  r e a c t i o n s ,  and 3) t h e  presence o f  f unga l  spores 

t h a t  c o u l d  be a1 l e r g e n i c .  3 

M i l l i n g  i s  a l s o  an i n h e r e n t l y  noisy o p e r a t i o n  because o f  g r a i n  

impacts w i t h i n  t r a n s f e r  l i n e s  and ke rne l  passage th rough  t h e  hammer 

m i l l .  Prolonged, unp ro tec ted  exposure poses a hazard o f  occupa t iona l  

h e a r i n g  l o s s .  Workplace n o i s e  has been analyzed f o r  a number o f  indus- 

t r i e s  and f e d e r a l  compl iance standards f o r  exposure have been es tab -  

l i s h e d  by OSHA (Appendix A ) .  Al though no d a t a  c h a r a c t e r i z i n g  no ise -  
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level contours in  grain mil ls  a re  readi ly  avai lable ,  many beverage 

t i l l e r i e s  p o s t  the mill room as  an ear  protection s i t e  and provide ear- 

muf fs  o r  p l u g ~ . ~  Noise emissions below levels  causing hearing l a s s  can 

a l so  reduce speech communication, which may be hazardous near moving 

equ i pme n t - 
Tubers, root crops,  and cane will  a l l  require chopping and shred- 

ding t o  re lease plant sap and create  s l u r r i e s  t h a t  can be eas i ly  han- 

dled. Operation of s l i c ing  and crushing equipment pose an amputation 

hazard, par t icu lar ly  t o  newly hired personnel, unless mechanical guards 

and shields  a re  adequately ins ta l  l ed  and used. ”Dead-man” switches 

would be useful here. 

Corn-wet-milling has been proposed as an a l te rna t ive  route of feed- 

stock preparation t o  produce a greater  number and var ie ty  o f  products 

(see Sect. 2 ) .  As del ivery,  s torage,  and handling procedures a re  simi- 

l a r  t o  those for  other gra ins ,  d u s t  re lease poses s imilar  hazards of 

igni t ion.  The steepincy’oxidation o f  whole grain will  probably require 

use of SO in pressurized tanks. Sulfur dioxide i s  a t o x i c  gas ,  and eye 

contact can cause serious injury.  (Sulfur dioxide combines w i t h  mais- 

t u re  t o  produce su l fu r i c  ac id . )  Exposure t o  concentrations o f  6 t o  

12 ppm i n  a i r  can i r r i t a t e  the nose and th roa t ,  while 20 ppm i s  the 

smallest  concentration known t o  be an eye i r r i t a n t . ‘  T h e  recommended 

threshold l imi t  value (TLV) i s  2 ppm o r  5 mg/m3 a i r . 7  Tanks of t h i s  

material wi 11 requi re  careful hand1 ing t o  prevent rupture and acute 

exposure, and should be stored in chain racks outside t h e  work area.  T t  

i s  a strong oxidant and should be protected from uncontrolled reaction 

with water o r  steam. 

2 



Storage of corn germ o r  f ibrr conta in ing  unextract.ed o r  res idua l  

corn o i l s  may pose a f i r e  hazard. Cornmeal feeds i n  s to rage  have a high 

r i sk  of spontaneous i g n i t i o n ;  they a r e  a l s o  weak a l l e r g e n s  and may 

induce d e r m a t i t i s  01’ r e s p i r a t o r y  d i s t r e s s  i n  s e n s i t i z e d  ind iv idua l s .  

This p o t e n t i a l l y  a l l e r g i c  populat ion could be i d e n t i f i e d  by a screening 

s k i n  t e s t  a t  t h e  t ime of employment. Although t h e  normal i n d u s t r i a l  

hazards o f  moving machinery, pumps, and heat/steam t r a n s f e r  l i n e s  e x i s t ,  

t h e r e  a r e  no unique sources  o f  occupational i n j u r y  o r  d i sease  in  corn- 

wet.-mi 11 i ng. 

2 

Most fue l  e thanol  f a c i l i t i e s  w i l l  have feedstock s to rage  b ins  on 

s i t e ,  where g ra in  w i l l  be t r a n s f e r r e d  a f t e r  d e l i v e r y  t o  t h e  p l a n t  ga tes .  

Maintenance workers a r e  o f t en  requi red  t o  e n t e r  such b ins  f rom the top  

t o  r e p a i r  o r  rep lace  equipment o r  a d j u s t  t h e  conveyor feed system. 

Walking ac ross  t h e  c r u s t  o f  gra in  t o  r e t r i e v e  dropped t o o l s  has been 

known t o  have t r a g i c  consequences w h e n  t h e  worker breaks through i n t o  

voids below. A he lp le s s  depth (pinned by g ra in  a t  t h e  h i p s )  can be 

reached in  2 t o  3 s and su f foca t ion  can occur r ap id ly .8  Reaction time 

would be even s h o r t e r  i f  t h e  bin i s  being emptied a t  t h e  time. Life- 

l ines  a t t ached  t o  a buddy or s o l i d  o b j e c t  ou t s ide  should be an e s s e n t i a l  

p i ece  of equipment f o r  a l l  workers i n s i d e  g ra in  s to rage  a reas .  

4 .2  FUEL HANDLING 

Coal,  wood, bagasse,  and na tura l  gas have a l l  been considered a s  

fue ls  t o  provide process  hea t  and steam w i t h i n  the f a c i l i t y .  I f  coal o r  

W Q O ~  a r e  u s e d ,  proper  s i z i n g  w i l l  be requi red  f o r  e f f i c i e n t  use by t h e  

d i s t i l l e r y  b o i l e r  system. If  not de l ive red  a s  such, t h e s e  f u e l s  w i l l  
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require pulverizing or crushing on s i t e .  Use o f  guards and shields will 

reduce the number of arms and legs that might be fractured or amputated. 

Although any coal-handling process generates dust, pulverizing is a 

particularly localized source. Bituminous coal dust at 49.5 g/m 3 a i r  i s  

explosive under standard test conditions; it is easily ignited and has a 

high potential for producing a severe e~plosion,~ especially i n  enclosed 

situations such as a conveyor tunnel or underground mine, The Mine 

Safety and Health Administration i s  developing continuous monitors that 

will trigger alarms when dangerous dust levels are attained. Safeguards 

o f  electrical grounding, explosion-proof motors, and adequate ventila- 

tion as previously outlined for grain dust (Sect. 4.1) a l s o  apply to 

coal. 

Data available from coal-fired steam plants indicate that auxiliary 

equipment operators working near noise-generating equipment such as 

crushers and heavy machinery are at greater risk t o  occupational hearing 

loss. 'OYx6 Sound pressure levels measured at 3 ft from coal crushers i n  

steam plants are 90 to 100 dBA (decibels measured on an A-weighted 

scale), while levels measured at the same distance from precipitator 

rappers and vibrators is 100 t o  115 dBA. (The maximum permitted value 

for 8-h exposure is 90 dBA. Although on a smaller scale i n  proposed 

facilities, coal-handling equipment at an ethanol plant is likely to 

generate high levels of noise (Appendix A).  Areas requiring mitigation 

should be posted and ear protectors made readily available. 
3 

12 air can produce irreversible reductions in lung function and capacity. 

These high concentrations could occur at individual sites adjacent t o  

Prolonged inhalation o f  coal dust concentrations exceeding 2 mg/m 
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the coal cricsher during use and the s t o c k p i l e  during handling. Adeqirate 

v e n t i l a t i o n ,  reduced exposure t imes ,  and use of r e s p i r a t o r s  w i l l  reduce 

the l i ke l ihood  of r e s p i r a t o r y  damage (Appendix A).  

Wood waste used t o  f i r e  b o i l e r s  w i l l  l i k e l y  r equ i r e  trimming t o  

s tandard  lengths  before  feeding i n t o  t h e  furnaces .  Operators  o f  saws o r  

mi l l i ng  equipment a r e  usua l ly  exposed t o  excess ive  noise  l e v e l s  from 

engines and exhaust systems. l3 Mit iga t ion  i s  s i m i l a r  t o  t h a t  f o r  coa l -  

handl ing equipment. Contact w i t h  wood and wood dust, can produce derma- 

t i t i s  and r e s p i r a t o r y  a i lments  i n  s e n s i t i v e  ind iv idua l s .  Some wood 

dus t s  a r e  themselves a l l e r g e n i c  ( e . g . ,  c e d a r ) ,  while fungal mycelia and 

spores  found on maple t r e e s  can produce r e s p i r a t o r y  d i f f i c u l t y  in  

workers handl i ng map1 e wood and bark. E f f o r t s  should be made t o  

reduce exposure t o  dus t s  with v e n t i l a t i o n  and r e s p i r a t o r s  and t o  t r a n s -  

f e r  s e n s i t i v e  ind iv idua l s  t o  o the r  j obs .  

T h e  most  s e r i o u s  hazards of wood prepara t ion  a r e  t h e  severe  acc i -  

dental  i n j u r i e s  caused by f a l l s  i n t o  conveyors o r  saws, c o l l i s i o n s  with 

f o r k l i f t s  and dropped loads o f  wood, and muscular s t r a i n  during manual 

wood handling.13 For 1973 t h e  incidence o f  recordable  i n j u r i e s  i n  U. S. 

wood m i l l s  was 25 cases  per 100 f u l l - t i m e  workers; annual lost-workday 

incidence was 9 . 8  cases per  100 f u l l - t i m e  workers. These rates can be 

compared with t h e  1973 annual average f o r  the e n t i r e  p r i v a t e  s e c t o r  o f  

11.0 and 3 .4  cases  per  100 f u l l - t i m e  workers,  r e spec t ive ly .  The 

r a t i o s  a r e  not, expected t o  d i f f e r  s i g n i f i c a n t l y  in  1981. 

Bagasse i s  an unconsolidated fue l  and w i l l  r equ i r e  much handling 

and s to rage  i n  large-volume s t o c k p i l e s  on s i t e .  Por tab le  c ranes  a r e  

o f t e n  used t o  t r a n s f e r  bundles o f  cane before  combustion i n  b o i l e r  
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furnaces. Potential occupational hazards (rollovers, crushing, amputa- 

tion, f a l l s )  are those associated with operation of any heavy hydraulic 

equipment; hard hats and no-skid footwear would be important protective 

equipment for each crane operator and worker near the loading area. 

Use and handling o f  any fuel gas will require normal industrial 

precautions against sparking equipment and open flame near feed lines. 

Precautions to reduce the risk o f  storage tank or feed line puncture 

will be necessary t o  control explosion hazards. Compared with other 

fuels, gas appears to present the smallest occupational hazard. 

4 .3  L I Q U E F A C T I O N  AND S A C C H A R I F I C A T I O N  

Heating o f  the feedstock slurry to temperatures suitable for com- 

mercial starch gelatinization and hydrolysis requires operation o f  

boilers and steam transfer lines. Maintenance o f  proper boiler and l ine  

pressurization will be necessary to control the potential f o r  rupture 

and/or explosion. Most states have their own standards and inspection 

program (Appendix A ) .  Use of safety valves, adherence to proper boiler 

procedure, and operation by trained staff [American Society o f  Mechani- 

4 cal Engineers (ASME) certification] should all be standard practice. 

The frequency o f  scalding and contact burns can be reduced with periodic 

maintenance of gaskets, insulation o f  steam lines, and placement of 

baffles near flanges to direct steam jets away from work stations. 4 

Strong mineral acids are used in undiluted form for acid hydrolysis 

or may be added t o  the slurry for pH adjustment before enzyme hydrolysis 

(acidic spent stillage can also be used for pH adjustment with fewer 



s a f e t y  p r e c a u t i o n s ) .  I n  e i t h e r  case, s tandard  i n d u s t r i a l  s a f e t y  precau- 

t i o n s  shou ld  be used t o  p r e v e n t  s k i n  o r  eye contact. o r  i n h a l a t i o n  o f  

a c i d  d r o p l e t s .  S u l f u r i c  acid, o f t e n  used f o r  h y d r o l y s i s ,  i s  a s t r o n g  

o x i d a n t  and produces severe chemical  burns.6 Because t h e  treat o f  reac-  

t i o n  f rom adding s u l f u r i c  a c i d  t o  s l u r r i e s  can cause fuming o r  sp lash,  

p r o t e c t i v e  c l o t h i n g  shou ld  be worn and extreme ca re  shou ld  be taken  

d u r i n g  m ix ing .  Storage should be i n  r e s i s t a n t  c o n t a i n e r s  (never  carbon 

s t e e l )  away f rom m a t e r i a l s  s u b j e c t  t o  v i o l e n t  o x i d a t i o n  ( e . g . ,  e t h y l e n e  

g l y c o l ,  metals ,  and wa te r )  and on t h e  ground f l o o r  i n  a c i d  c a b i n e t s  o r  

detached b u i l d i n g s .  Feed l i n e s  shou ld  a l s o  be c o r r o s i o n - r e s i s t a n t .  

Deluge showers and eyewash f a c i l i t i e s  shou ld  be a v a i l a b l e  where 

needed" 4 '6  S t rong  b a s i c  s o l u t i o n s  may a l s o  be used f o r  pt-l adg'ust.ment o r  

t a n k  c l e a n i n g ,  and s i m i l a r  p r e c a u t i o n s  shou ld  be taken  d u r i n g  t h e i r  han- 

d l i n g  and use. 

4.4 FERMENTATION 

The p r i n c i p a l  p roduc ts  o f  f e r m e n t a t i o n  a re  carbon d i o x i d e  ( C O z )  and 

e t h a n o l .  Fermentat ion tanks  may be covered t o  c a p t u r e  marketable CO 2 

f o r  compression. Ethanol  vapor can a l s o  be recovered f o r  passage 

th rough  t h e  d i  s t i  1 l a t i o n  column. Tank capping g r e a t l y  reduces t h e  

p o t e n t i a l  r i s k  f r o m  C02 a s p h y x i a t i o n .  Carbon d i o x i d e  (vapor d e n s i t y  z z  

1.53) can s e t t l e  on the  f l o o r  o f  a p o o r l y  v e n t i l a t e d  f e r m e n t a t i o n  room 

and g r a d u a l l y  a t t a i n  s u f f o c a t i n g  c o n c e n t r a t i o n s  upon c o n t i n u a l  e v o l u t i o n  

f rom t h e  open t a n k ( s ) . 6  Employees a lone  on t h e  ground f l o o r  o f  t h e  

f e r m e n t a t i o n  area a r e  p a r t i c u l a r l y  vu1 ne rab l  e because CO i s  c o l  o r 1  e s s  

and r e l a t i v e l y  odo r less .  The e a r l y  symptoms o f  excess ive exposure 

2 
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(headache, d i  z z i  ness, and muscl e weakness) resu l  t i n  c o l  1 apse, a f ter -  

which s u f f o c a t i o n  can occur. A concent ra t ion  o f  3% C02 i n  a i r  can 

increase b lood pressure and pu lse  ra tes ,  w h i l e  5% w i l l  e leva te  resp i ra -  

t i o n ;  10% is a t h r e a t  t o  l i f e .  8 

Beverage d i s t i l l e r i e s  o f t e n  ferment i n  open tanks, l eav ing  the  

dense CO t o  form a vapor cap over the  mash. Large volumes of  f r esh  a i r  

f l o w  i n  t h i s  s i t u a t i o n  would in t raduce m ic rob ia l  contaminants t o  the  

mash. V e n t i l a t i o n  i s  u s u a l l y  adequate f o r  a l i m i t e d  work crew t o  tend 

2 

t o  va ts  w i t h  no d i f f i c u l t y ,  a l though C02 may b u i l d  up over weekends o r  

when fans are  shut  down. Oxygen tanks and masks must be loca ted  a t  key 

s i t e s  i n  the  fermenter room(s> f o r  workers making r e p a i r s  on the  v e n t i -  

l a t i o n  system and working i n  high-C02 pockets. Carbon d iox ide  moni tors  

and a buddy system would a l s o  be wor thwhi le  precaut ions.  

Under no circumstances s h o u l d  unguarded wal kways be cons t ruc ted  

above the  va t ,  because workers may e a s i l y  be overcome by C02 o r  e thanol ,  

f a l l  i n t o  the  mash, and drown. A use fu l  design fea tu re  o f  the  fermenta- 

t i o n  u n i t  would be t o  l o c a t e  the  main access area and catwalks approxi-  

mately 1 m below the  l i p  o f  each fermentat ion va t .  

Vat c lean ing  a f t e r  t r a n s f e r  o f  the  mash t o  t he  d i s t i l l a t i o n  unit, 

a l so  poses an asphyx ia t ion  hazard because dense C02 o f t e n  c o l l e c t s  i n  

the  v a t  bottom or t he  beer w e l l .  Adequate v e n t i l a t i o n ,  sa fe ty  harnesses 

and ropes, and a buddy system are  a l l  good precaut ions.  

NQ matches, smoking, o r  weld ing should be perm i t ted  du r ing  fermenta- 

t i o n .  The i g n i t i o n  p o t e n t i a l  o f  ethanol  vapor i s  cons iderable ( f l a s h -  

p o i n t  i s  on l y  1 3 O C ) .  15 
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4.5 DISTILLATION 

Strained, fermented mash is usually heated for distillation by 

pressurized steam. Use of  this heat source will require precautions 

against overpressurization and scalding burns (Sect. 4.3). 

The release of small amounts of ethanol vapor during distillation 

is relatively common b u t  maintaining levels below the currenl OSHA limit 

o f  1000 ppm (8-h time-weighted average) appears to present no great dif- 

ficulty. Considered slightly to moderately toxic, the lowest pub1 ished 

lethal oral dose of ethanol vapor for humans i s  approximately 6000 mg/kg 

body weight.6 Vapor concentrations o f  ethanol ranging from 250 t o  

1064 ppin are considered safe during the working day. Alcohol has an 

intense o d o r  and may be practical l y  i ntol erabl e at concentrations of 

6000 t o  9000 pprn in air (114 to 171 g/m’), but acclimatizdtion normally 

occurs rapidly. Prolonged exposures t o  high concentrations may produce 

irritation of the mucous membranes and upper respiratory tract, head- 

ache, nervousness, dizziness, tremors, fatigue, nausea, and unconscious- 

ness. If the alcohol concentration in the blood becomes 0.4-0.5% 

(4,000-5,000 ppm), death may result. l7 The current recommended TLV for 

ethanol vapor is 1000 ppm. The greater the amount of alcohol produced, 

the greater the potential for exposure t o  hazardous concentrations of  

alcohol will be. Application of proper precautions as used by currently 

operating distilleries will considerably reduce the risk o f  exposure to 

harmf 111 o r  1 ethal concentrations. 

The principal industrial safety concern o f  ethanol vapor i s  its 

flammability and explosion potential; therefore, exposure of ethanol t o  

heat and open flame should be avoided. Reaction can be vigorous if 
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exposed t o  certain compounds ( e . g . ,  acetyl chloride, chlorates and 

chromates). Matches, cigarettes, open flames, and unsealed motors 

should be prohibited in the still house to reduce the hazard o f  ethanol 

ignition. 

4.6 SUMMARY 

A1 1 known hazards specific to ethanol faci 1 i ties are summarized in 

Table 4.1. Common-sense controls for each problem area are a lso  given. 

If these precautions are rigorously followed, working conditions in all 

fuel ethanol plants would be safe and healthful. However, records indi- 

cate that major incidents of  fatalities and multi-victim accidents in 

grain handling industries are far from rare. As recently as April, 

1981, a grain dust explosion at the Corpus Christi Public Grain Elevator 

killed 3 and injured 32 individuals.18 A March, 1979, ignition o f  f l o u r  

dust at an Archer Daniels Midland (ADM) mill in Kansas City, Missouri, 

caused hospitalization of 6 employess suffering from b u r n s  and concus- 

19 sion. 

Other, grain-handling accidents available in OSHA records from 

January, 1979, t h r o u g h  A p r i l ,  1981, are presented in Table 4.2. These 

records include a1 1 fatalities and multi-victim accidents reported t o  

OSHA f o r  grain mill products (Standard Industrial Category [SIC] 20411, 

wet-corn-milling (SIC 2046), and distilled liquor beverage-making 

(SIC 2085>.*' Non-disabling, single-victim accidents, which may never- 

theless be severe, are not included in t h e  OSHA data. These values 

indicate that 0.6% o f  mill and elevator workers investigated suffered 
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Table 4 .1 .  Po ten t i a l  hazards and t h e i r  cont ro l  i n  fue l -e thanol  
f a c i  1 i t i  esa 

..... ... __I 

Hazards Precaut ions 
...I- ____---. 

1. Overpressuri  z a t i  on; 
explosion of b o i l e r  

2 .  Scalding from steam 
gaske t  1 eaks 

3 .  Contact b u r n s  from 
steam l i n e s  

4.  I g n i t i o n  o f  ethanol 
leaks/fumes o r  g r a i n  
dus t  

Regularly mai n t a i  ned/checked s a f e t y  
b o i l e r  "pop" valves  s e t  t o  r e l i e v e  
w h e n  p ressure  exceeds t h e  maximum 
s a f e  pressure o f  t he  b o i l e r  o r  
del i very 1 i nes"  

S t r i c t  adherence t o  b o i l e r  manu- 
f a c t u r e r ' s  ope ra t ing  procedure.  

I f  b o i l e r  pressure  exceeds 20 p s i ,  
acqui re  ASME b o i l e r  opera tor  
c e r t i f i c a t i o n .  Continuous opera tor  
a t tendance requi red  during b o i l e r  
opera t ion .  

Place b a f f l e s  around f langes  t o  d i r e c t  
steam j e t s  away from opera t ing  a reas .  

(Option) Use welded j o i n t s  i n  a l l  
steam de l ive ry  l i n e s .  

I n s u l a t e  a l l  steam d e l i v e r y  l i n e s .  

I f  e l e c t r i c  pump motors a r e  used, use 
f u l l y  enclosed explosion-proof motors 

(Option) Use hydraul ic  pump d r i v e s ;  
main hydraul ic  pump and r e s e r v o i r  
should be phys ica l ly  i s o l a t e d  from 
ethanol  t anks ,  dehydration s e c t i o n ,  
d i s t i l l a t i o n  columns, condenser. 

Ful ly  ground a l l  equipment t o  prevent 
s t a t i c  e l e c t r i c i t y  build-up. 

Never smoke o r  s t r i k e  matches around 
ethanol t anks ,  dehydration s e c t i o n ,  
d i s t i l l a t i o n  columns, condenser. 

Never use metal g r i n d e r s ,  c u t t i n g  
t o r c h e s ,  welders ,  e t c .  around systems 
o r  equipment conta in ing  e thanol .  
F l u s h  and v e n t  a l l  ves se l s  p r i o r  t o  
performing any o f  t hese  opera t ions .  
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Table 4.1. (cont inued) 
_ _  ~~ __ 

Hazards Precaut ions 

5. Handl ing acids/bases Never breathe the  fumes o f  concen- 
t r a t e d  ac ids  o r  bases. 

Never s t o r e  concentrated ac ids i n  
carbon s tee l  conta iners.  

Mix o r  d i l u t e  ac ids and bases s lowly ,  
a l l o w  heat o f  m ix ing  t o  d i ss ipa te .  

Immediate f l u s h  s k i n  exposed t o  acid 
o r  base w i t h  copious q u a n t i t i e s  o f  
water. 

Wear goggles  whenever handl ing concen- 
t r a t e d  ac ids o r  bases; f l u s h  eyes w i t h  
water and immediately c a l l  phys ic ian  
i f  any gets  i n  eyes. 

Do no t  s to re  ac ids o r  bases i n  averhead 
work areas o r  equipment. 

Do n o t  c a r r y  ac ids o r  bases i n  open 
buc ke t s . 

- Se lec t  proper  ma te r ia l s  o f  cons t ruc t i on  
f o r  a l l  a c i d  o r  base storage conta iners,  
d e l i v e r y  aides, va lves,  e t c .  

6, Su f foca t i on  - Never en te r  t he  fermenters, beer w e l l ,  
o r  s t i l l a g e  tank unless they are 
p roper l y  vented. 

Reference 4. n 



Table 4.2. Summary o f  accidents investigated by QS!A b f o r  S IC  2041; 
January, 1979 through April, 1981"' 

Faci 1 ity type No. Fatal In jury  
emp 7 oyees accidents acc i dents Prl'ncipal source o f  injury 

Mill 

Elevator 

Total 

135 0 6 Flour dust explosion. 

1 0  1 0 Fall; asphyxiation from dust 
inhalation. 

75 1 0 Caught in unguarded machinery. 

5 0 I Amputation; caught in unguarded 
machinery. 

Faci a7 burns ; sca ld .  260 0 1 

2 1 0 Asphyxiation; caught between 
equipment. 

487 3 8 
~~ ~ 

'No accidents on record for SIC 2046 or SIC 2085. 
bReference 19. 
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fatalities, while 1.6% were either involved in disabling o r  multi-victim 

accidents. 

Annual injury incidence 

the three SIC codes defined 

Table 4 . 3  by the Bureau o f  

related industries are 111 

rates and lost workdays from all causes for 

above are summarized for 1978 and 16379 in 

Labor Statistics.21 Employees in ethanol- 

to 185% as likely t o  suffer occupational 

injury than their co-workers i n  the private sector. In addition, 

injuries incurred by ethanol workers result in between 15 and 123% more 

last workdays than comparable private sector wage-earners. Of the three 

ethanol categories evaluated, distilled liquor industry workers suffer 

the greatest number of injuries and workdays l o s t .  

Recent estimates o f  manpower required to operate an ethanol  fuel 

facility indicate that between 71 and 83 worker-years would be needed 

for a 76 x 10 L/y plant, while 182 to 400 worker-years would be needed 

22 I f  these values are extrapolated f o r  the f o r  a 380 x 10 L/y plant. 

range o f  production analyzed in this assessment, work force size would 

approximate 56 t o  66 worker-years f o r  a 60 x 10 L/y facility and 200 to 

632 worker years for a 600 x 10 At 1979 incidence rates f o r  

SIC 2085 (Ref. 21) it can be expected that operation o f  each facility 

with 60 t o  600 x 10 L/y capacity will annually produce between 9.9 and 

111.2 accidents resulting in total 105t time ranging from 84 to 951 work 

days. 

6 

6 

6 

6 L/y plant. 

6 
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Table 4.3. Occupational injury and illness rates i n  ethanol-related 
industries; 1978 and 197ga 

__I__ ______I_ 

Incidence rate per 100 
full-time workers 

Lost workdays 
___.I__ 

T o t a l  cases 

1978 1.979 1978 1979 

I ndu s t ry -. 

.-___. l_l_l_ ______II 

Grain mi11 products (SIC 2041) 1 5 . 3  1 6 . 1  125.8 138.6 

Wet corn i n i l l i n g  (SIC 2046) 10.4 1 0 . 8  73 .0  93 .2  

Distilled liquor (SIC 2085) 1 6 . 1  1 7 . 6  123.2 150.4 

Private sector 9.4 9.5 63.5  67 .7  

Reference 20. a 
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5. OCCUPATIONAL HEALTH CONSIDERATIONS 

f J .  G. SmiLh) 

5 . 1  ETHANOL DESICCANTS 

Absolute a lcoho l  i s  requ i red  i n  t h e  b lend ing  o f  gasohol t o  prevent  

phase separat ion.  However, an ethanol /water m ix tu re  i n  the  s t i l l  column 

can o n l y  a t t a i n  95% p u r i t y  w i thou t  t he  a d d i t i o n  o f  a t h i r d  l i q u i d  t o  

break the  constant  b o i l i n g  azeotrope.’ Numerous compounds have been 

proposed as des iccants ;  the  most common i s  benzene. The known h e a l t h  

e f f e c t s  a re  summarized f o r  f o u r  such desiccants.  

5 .1 .1  Benzene 

Benzene i s  h i g h l y  t o x i c  t o  humans.2 I n d u s t r i a l  po isoning i s  most. 

l i k e l y  t o  occur by means o f  vapor i n h a l a t i o n  a l though absorp t ion  through 

the  s k i n  may a l so  be Death from c i r c u l a t o r y  f a i l u r e  o r  coma 

occurs w i t h i n  a f e w  minutes a f t e r  exposure t o  h igh  concentrat ions 

(20,000 ppm). A t  concentrat ions o f  approximately 2000 ppn, benzene 

exposure produces t o x i c  e f f e c t s  i n  about 60 min. Symptoms a t  t h i s  con- 

c e n t r a t i o n  inc lude euphoria, nervous e x c i t a t i o n ,  headache, s tagger ing,  

and nausea. These symptoms are fo l lowed by c i r c u l a t o r y  and r e s p i r a t o r y  

depression which can r e s u l t  i n  card iovascu la r  co l lapse and/or uncon- 

~ c i o u s n e s s . ~  At concentrat ions o f  250 t o  500 ppm, symptoms inc lude  

v e r t i g o ,  drowsiness, headache, and nausea. 5 ’6  Deaths have been repor ted  

from exposure t o  concentrat ions o f  200 ppm o r  l ess ,7  b u t  most deaths 

have been noted t o  occur upon prolonged exposure t o  concentrat ions above 

200 ppm. 8 
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I n  i n d u s t r y ,  c h r o n i c  p o i s o n i n g  i s  more i m p o r t a n t  t han  acu te  poison-  

i r ~ g . ~  Symptoms v a r y  w i d e l y  among i n d i v i d u a l s .  The onset  o f  p o i s o n i n g  

i s  s low and may i n c l u d e  e a s i l y  masked symptoms such as f a t i g u e ,  head- 

ache, d i z z i n e s s ,  nausea, and loss of  a p p e t i t e ;  l o s s  o f  we igh t  and weak- 

ness a r e  common complai  n t s "  Cont inued exposure may r e s u l t  i n p a l  1 o r ,  

nosebleeds, b l e e d i n g  gums, excess ive o r  p ro longed  mens t rua t i on ,  and 

spo t s  on t h e  s k i n .  B lood- forming organs, p a r t i c u l a r l y  bone marrow, 

a r e  e s p e c i a l l y  s e n s i t i v e  t o  c h r o n i c  exposure. An i n i t i a l  i nc rease  i n  

c e l l  f o r m a t i o n  i s  f o l l o w e d  by a decrease i n  t h e  number o f  r e d  and w h i t e  

b l o o d  c e l l s  and p l a t e l e t s . '  The bone marrow may appear normal, hyper-  

p l a s t i c ,  o r  h y p o b l a s t ; ~ . ~  Cont inued exposure may e v e n t u a l l y  l e a d  t o  

a p l a s t i c  anemia.6 Benzene i s  a suspected ca rc inogen  i n  humans, 8'9 b u t  

animal s t u d i e s  have n o t  been s u p p o r t i v e  o f  t h i s  view." The American 

S o c i e t y  o f  Governmental I n d u s t r i a l  H y g i e n i s t s  has suggested t h a t  benzene 

may be a cocarcinogen. a 

Benzene i s  a known m i t o t i c  t o x i n .  11'12 ~ x p o s u r e  may cause a loss  

o r  g a i n  o f  chromosome segments, who1 e chromosomes, o r  chromosome se ts .  

Changes r e s u l t i n g  i n  m o r p h o l o g i c a l l y  a b e r r a n t  chromosomes may a l s o  

occur .  A 1  though benzene causes chromosome damage, s t u d i e s  have n o t  

demonstrated m u t a g e n i c i t y .  l3'I4 Most s t u d i e s  have shown t h a t  benzene i s  

15 n o t  a human t e r a t o g e n ,  a l t h o u g h  i t  may be t e r a t o g e n i c  i n  mice. 

A sel f - c o n t a i  ned br-eathi  ng apparatus shoul d be used d u r i n g  p ro -  

longed exposure. '' Benzene i s  h i g h l y  f lammable3 and shou ld  n o t  be used 

i n  areas where sparks may occur.  Benzene c o n t a i n e r s  should he p r o -  

t e c t e d  against, p h y s i c a l  damage and s t o r e d  outdoors o r  i i i  detached sit-uc- 

t u r e s .  A s tandard  flammable l i q u i d  s to rage  room i s  needed f o r  i n d o o r  

s to rage .  Benzene shou ld  never be s t o r e d  near  o x - i d i z i n g  agents.  16 
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5,l. 2 Gasol ine 

Gasol ine i s  considered moderately t o x i c .  Sk in contac t  can cause 

d r y i n g  and d e f a t t i n c ~ , ~  w h i l e  acute i n h a l a t i o n  o r  i n g e s t i o n  may cause 

c o n j u n c t i v i t i s ;  i r r i t a t i o n  of t he  nose and t h r o a t ;  headache, d izz iness ,  

drowsiness, cough, d i f f i c u l t y  i n  b rea th ing ,  b r o n c h i t i s ,  pneumonia, 

nausea, vomi t ing,  nervousness, i r r i t a b i l i t y ,  b l u r r e d  v i s i o n ,  and confu- 

s ion.  Continued exposure t o  vapor concentrat ions o f  gaso l ine  a5 low 

as 110 ppm may cause nervous d isorders.18 A 15-min exposure t o  1000 ppm 

causes drowsiness, du l lness ,  and numbness; a l - h  exposure causes d i z z i -  

ness, confus ion,  and s l i g h t  nausea; exposure t o  7000 ppm causes i n t o x i c a -  

t i o n  w i t h i n  5 min. Exposure t o  concentrat ions g rea te r  than 10,000 ppm 

i s  r a p i d l y  f a t a l  t o  most exper imental  animals. 18 

The t ime and concent ra t ion  necessary t o  produce t o x i c  e f f e c t s  

depend on the  chemical composi t ion of t h e  gasol ine;  there  i s  no evidence 

t h a t  chron ic  exposure t o  low concentrat ions produces any adverse h e a l t h  

e f f e ~ t . 5 . ~  However, adolescents who c h r o n i c a l l y  s n i f f e d  h igh  concentra- 

t i o n s  o f  gaso l ine  f o r  i t s  n a r c o t i c  a c t i v i t y  have demonstrated many 

adverse e f f e c t s .  19y20 Symptoms o f  chron ic ,  d e l i b e r a t e  expasure inc lude 

tremors,  h igh  blood- lead, confusion, unsteady movement, and ha l l uc ina -  

t i o n s  ( a u d i t o r y  and v i s u a l ) .  Heav i l y  exposed v i c t i m s  may d i e  from 

card iac  a r r e s t .  C l i n i c a l  f i n d i n g s  i n d i c a t e  t h a t  gaso l ine  may be a 

teratogen.  21 

Gasol ine i s  exp los ive  i n  the  presence o f  heat  o r  f lame.3 Thus, 

s torage areas should be loca ted  away from d i r e c t  s u n l i g h t  and areas o f  

h igh  f i r e  hazard. l7 Pre fe r red  storage i s  e i t h e r  outdoors o r  i n  detached 

s t ruc tu res ,  a l though gaso l ine  may be s to red  indoors i f  a standard com- 

b u s t i b l e  l i q u i d  storage room o r  cab ine t  i s  used.'-/ A r e s p i r a t o r y  hazard 
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f rom benzene, common i n  g a s o l i n e  f o r m u l a t i o n s ,  may a l s o  e x i s t  d u r i n g  

b l e n d i n g  opera t i ons .  

5 .1 .3  E t h y l  e t h e r  

E t h y l  e t h e r  i s  moderate ly  t o x i c  when swallowed b u t  o f  l o w  t o x i c i t y  

when i n h a l e d . 3  Swal lowing i s  g e n e r a l l y  n o t  a problem because o f  i t s  

d i sag reeab le  odor.  Eye c o n t a c t  w i t h  e i t h e r  t h e  l i q u i d  o r  r e l a t i v e l y  

h i g h  atmospher ic c o n c e n t r a t i o n s  causes i r r i t a t i o n  b u t  no permanent 

damage. 4 

Nasal i r r i t a t i o n  begins a t  a c o n c e n t r a t i o n  o f  200 ppm. 22 The 

lowes t  o r a l  dose t h a t  has been r e p o r t e d  l e t h a l  t o  humans i s  420 mg/kg 

body  eight.^ A c o n c e n t r a t i o n  range o f  3 .6  t o  6.5% (36,000 t o  65,000 

ppm) by volume i n  a i r  i s  a n e s t h e t i c  t o  humans. A t  a c o n c e n t r a t i o n  o f  7 

t o  10% (70,000 t o  100,000 ppm), r e s p i r a t o r y  a r r e s t  may occur ;  l e v e l s  

above 10% a r e  f a t a l . 4  Loss o f  consciousness occurs a f t e r  a 30- t o  

40-min exposure t o  an a i r  c o n c e n t r a t i o n  o f  3.5%.23 Symptoms f rom acu te  

exposures may i n c l  ude exc i temen t  , drowsiness, v o m i t i n g ,  1 ower i  ng o f  t h e  

p u l  se and body temperature,  and i r r e g u l  a r  b r e a t h i  ng. The a f  t e r - e f  f e c t s  

o f  acu te  exposure a r e  temporary and may i n c l u d e  v o m i t i n g ,  s a l i v a t i o n ,  

i r r i t a t i o n  o f  t h e  r e s p i r a t o r y  passages, headaches, and depress ion  o r  

e x c i t a t i o n .  Repeated exposures by i n h a l a t i o n  may cause l o s s  o f  appe- 

ti t e  exhaus t i  on ~ headaches, s 1 eepi  ness, d i  z z i  ness, e x c i  t a t i  on, ai3d 

psych ic  d i s tu rbances .  4 

The extreme f l a m m a b i l i t y  and explos iveness o f  e t h y l  e t h e r  i s  t h e  

E t h y l  e t h e r  shou ld  n o t  

The p r e f e r r e d  means o f  

g r e a t e s t  problem r e g a r d i n g  i t s  i n d u s t r i a l  use. 23 

be exposed t o  hea t ,  f lame, o r  o x i d i z i n g   agent^.^ 



storage i s  i n  detached ou ts ide  bu i l d ings .  I f  i t  must be s to red  i ns ide ,  

a standard f lammable- l iqu ids storage room o r  cab ine t  should be used. 

S t a t i c  e l e c t r i c i t y  and l i g h t i n g  f i x t u r e s  may cause explos ion and there-  

f o r e  should be con t ro l l ed .  l6 The Nat ional  E l e c t r i c a l  Code def ines the  

area i n  which e t h y l  e t h e r  i s  s to red  as a hazardous l o c a t i o n .  23 

5.1.4 Ethylene g l y c o l  

T o x i c i t y  o f  e thy lene g l y c o l  i s  low v i a  s k i n  and mucous membrane 

exposure and moderate when swallowed, l7 Because the  vapor pressure i s  

low, i n h a l a t i o n  o f  e thy lene g l y c o l  i s  genera l l y  no t  an i n d u s t r i a l  

4,24 hygiene problem unless handled w h i l e  h o t  o r  a f t e r  v i o l e n t  a g i t a t i o n .  

Sk in i r r i t a t i o n  i s  minor unless the  v i c t i m  i s  exposed t o  r e l a t i v e l y  

l a r g e  q u a n t i t i e s  f o r  prolonged p e r i ~ d s . ~  Although t o x i c i t y  due t o  s k i n  

contac t  i s  low,2s prolonged and repeated contac t  should be avoided. 4 

The s i n g l e  l e t h a l  o r a l  dose o f  e thy lene g l y c o l  i n  humans i s  approx- 

ima te l y  1500 mg/kg body weight. l7 Progressive symptoms o f  acute expo- 

sure i nc lude  i n t o x i c a t i o n ,  vomi t ing,  drowsiness, coma, r e s p i r a t o r y  f a i l -  

ure,  convuls ions,  kidney damage, uremia, and death. 26 In take  o f  a small 

dose may produce i n i t i a l  symptoms o f  i n t o x i c a t i o n ,  fo l lowed by several  

days w i thou t  symptoms, a f t e r  which rena l  f a i l u r e  may occur .2  Severe 

k idney i n j u r y  appears t o  be associated w i t h  the  i n t a k e  o f  repeated small 

o r a l  doses. 4 

Storage o f  e thy lene g l y c o l  should be i n  res in-coated s t a i n l e s s  

s t e e l  o r  aluminum conta iners  p ro tec ted  aga ins t  phys ica l  damage. Eth- 

y lene g l y c o l  i s  flammable ( f l a s h - p o i n t  a t  111°C) and should be p ro tec ted  

9,17 f r o m  f i r e .  



5.1 .5  A l t e r n a t i v e  d e s i c c a t i o n  
111------.11_11_.-- ..... - 

Ethanol i s  a l s o  d r i e d  w i t h  c a l c i u m  o x i d e  (CaQ) o r  s y n t h e t i c  

1,27 z e o l i t e s .  These m a t e r i a l s  a re  commorily known as mo lecu la r  s ieves  

because t h e y  s e l e c t i v e l y  absorb water .  Recen t l y ,  t h e  use o f  c e l l u l o s e ,  

s t a r c h ,  and c o r n  have been i n v e s t i g a t e d  as e thano l  des i ccan ts  and found 

t o  be more energy e f f i c i e n t  t han  agents such a5 CaO. 27 

The use o f  des i ccan ts  such as CaQ r e q u i r e s  c e r t a i n  p r e c a u t i o n s .  

Calc ium o x i d e  can r e a c t  v i o l e n t l y  w i t h  b o r a t e s ,  c a l c i u m  c h l o r i d e ,  boron 

t r i f l u o r i d e ,  f l u o r i n e ,  hydrogen f l u o r i d e ,  phosphates, c h l o r i n e  tr i f luo-.  

r i d e ,  and wa te r .3  S y n t h e t i c  z e o l i t e s  can produce i n h a l a b l e  d u s t ,  which 

3 may be a l k a l i n e  i n  c o n t a c t  w i t h  m o i s t  nwcous t i s s u e .  

5 . 1 . 6  Assessment o f  des i ccan ts  -_I 

Many u n c o n t r o l l e d  v a r i a b l e s  (e .g . ,  s p i l l s ,  equipment f a i l u r e ,  e t c . )  

may be i n v o l v e d  i n  h a n d l i n g  and u s i n g  des i ccan ts  which make a complete 

assessment o f  exposure and hazard p o t e n t i a l  imposs ib le .  However, based 

on t h e  r e l a t i v e  t o x i c i t y  and amount used o f  each d e s i c c a n t ,  a rough 

e s t i m a t e  o f  t h e  p o t e n t i a l  hazard o f  h a n d l i n g  and u s i n g  these compounds 

may be made. 

Table 5 . 1  p resen ts  a summary o f  t h e  c u r r e n t  TLVs, t o x i c i t i e s ,  r e l a -  

t i v e  t o x i c i t i e s ,  e s t i m a t e d  q u a n t i t y  used, and t h e  es t ima ted  hazard 

p o t e n t i a l  o f  each compound. The hazard p o t e n t i a l  was e s t i m a t e d  by 

m u l t i p l y i n g  t h e  r e l a t i v e  t o x i c i t y  o f  each compound by t h e  amount used 

f o r  dehydra t i on .  28 The compounds w i t h  t h e  h i g h e s t  va lues were cons id -  

e red  t o  have t h e  g r e a t e s t  hazard p o t e n t i a l .  R e l a t i v e  t o x i c i t i e s  were 

based on t h e  t o x i c i t y  r a t i n g s  g i v e n  by  Sax’ as h i g h ,  medium, and l o w .  



Table 5.1. Proposed threshold l i m i t  values (TLV), human t o x i c i t i e s ,  r e l a t i v e  t o x i c i t i e s ,  estimated 
quantity used, and estimated hazard potential  of potential  alcohol desiccants" 

Des i ccant T L V ~  Toxicity 
( P P I  (Route o f  exposure) 

Hazard Amount. us d 
t o x  i c i  tyC ( W h  1 2 potenti a lc  
Re1 a t ive  

Benzene 1 0  High' 6 4.2 25.2 
( Inhalat ion,  s k i n  and o r a l )  

Gasol i ne 300f Iyloderateg 
(fnhal ation and oral ) 
Lowh 
(Skin) 

(Oral) 
tow 
(Inhalation and skin) 

(Oral) 
Low 
( S k i n  and inhalation) 

Ethyl ether 400 Moderate 

Ethylene glycol 100 Moderate 

3 677.0-14,085 2Q31.0-42,255.0 

2 4.6 3.2 

2 4.2 8.4 

Information not  avai lable  f o r  calcium oxide o r  synthetic zeol i tes .  U 

bTaken from reference 8. 

'See t e x t  f o r  explanation. 

dFrom Figs.  2 .5-2-8.  

'High tox ic i ty  - Capable o f  causing death or  permanent -injury due t o  the  exposures o f  normal use; 
incapacitating and poisonous (reference 3).  

2 
J Limited t o  bulk hand?ing processes ( e . g . ,  f i l l i n g  s ta t ion  operations) (reference 8 ) .  

%loderate t o x i c i t y  - May cause reversible  o r  i r revers ib le  changes t o  exposed t i s s u e ,  n o t  permanent 

hiow toxic i ty  - causes readi ly  reversible  t i s sue  changes which disappear a f t e r  exposure s t o p s  

injury o r  death (reference 3 ) .  

(reference 3) .  



T o x i c i t y  r a t i n g s  o f  h i g h  were g i v e n  a va lue  o f  3 ,  moderate r a t i n g s  a 

va lue  o f  2 ,  and low r a t i n g s  a va lue  o f  1. Because t h e  t o x i c i t y  o f  a 

compound may v a r y  w t h  r o u t e  o f  exposure, each p o s s i b l e  r o u t e  o f  expo- 

sure shou ld  r e c e i v e  i t s  own r e l a t i v e  t o x i c i t y  r a n k i n g  - t h e  score o f  

each exposure r o u t e  would be added t o  g i v e  t h e  t o t a l  r e l a t i v e  t o x i c i t y  

f o r  t h a t  compound. For  example, benzene i s  h i g h l y  t o x i c  by b o t h  s k i n  

c o n t a c t  and i n h a l a t i o n  (Table 5 . 1 ) ;  t h e r e f o r e ,  t h e  r e l a t i v e  t o x i c i t y  

would be 5 .  The r e l a t i v e  t o x i c i t i e s  o f  t h e  rema in ing  compounds were 

a l s o  c a l c u l a t e d  i n  t h i s  manner. 

Based upon t h e  es t ima tes  o f  t h e  hazard p o t e n t i a l ,  benzene and gaso- 

l i n e  would be t h e  l e a s t  d e s i r a b l e  compounds t o  use - benzene because o f  

i t s  h i g h  t o x i c i t y  and g a s o l i n e  because o f  t h e  l a r g e  q u a n t i t y  i n v o l v e d .  

(Large q u a n t i t i e s  i n c l u d e  t h e  amount used f o r  d r y i n g ,  dena tu r ing ,  and 

t h e  f i n a l  p r o d u c t . )  E t h y l  e t h e r  and e t h y l e n e  g l y c o l  appear t o  be 

e q u a l l y  hazardous ( 9 . 2  and 8.4, r e s p e c t i v e l y )  b u t  e t h y l  e t h e r  has a much 

h i g h e r  vapor p ressu re  (438.9 mm Hg a t  2OoC) t han  e t h y l e n e  g l y c o l  

(0.06 rnm Hy a t  2 0 O C )  and, would, t h e r e f o r e ,  be p o t e n t i a l l y  more s e r i o u s  

as an i n h a l a t i o n  hazard. 

8 

Al though e t h y l e n e  g l y c o l  appears t o  be t h e  s a f e s t  compound t o  use 

f o r  d e s i c c a t i o n ,  t e c h n o l o g i e s  c u r r e n t l y  e x i s t  which c o u l d  be used f o r  

reduc ing  t h e  hazards i n v o l v e d  i n  h a n d l i n g  and u s i n g  any o f  t h e  p o t e n t i a l  

des i ccan ts  ( e . g . ,  v e n t i l a t i o n  systems, a p p r o p r i a t e  s to rage  c o n t a i n e r s ,  

e t c . ) .  I f  proper  precau-Lions a r e  taken,  any o f  t h e  p o t e n t i a l  des i ccan ts  

c o u l d  be used s a f e l y .  
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5.2 ETHANOL DENATURANTS 

Compliance with regulatory provisions of each facility's Federal 

Bureau o f  Alcohol, Tobacco, and Firearms permit requires denaturing the 

final product to make it unfit f o r  human consumption. Specific formulas 

using methanol, methyl isobutyl ketone, b-hydroxy butyraldehyde and 

kerosene in various proportions with ethanol are required. Ingestion o f  

any one of these blends produces debilitating symptoms, while accidental 

inhalation or skin contact can also be toxic. A detailed assessment of 

each compound follows. 

5.2.1 Methanol 

Methanol i s  moderately toxic. The most likely industrial exposure 

i s  by inhalation," but toxic effects a l s o  result from ingestion and 

skin contact. 26 Symptoms o f  acute methanol poisoning may initially 

resemble ethanol intoxication, followed by a 6- t o  24-h delay before 

additional symptoms appear. These symptoms may include headache, 

fatigue, nausea, vomiting, visual impairment or complete blindness, 

shortness of breath, delirium, acidosis, convulsions, circulatory col -  

lapse, coma, respiratory failure, and death. 10'26 The lowest reported 

lethal dose f o r  humans is 340 rng/kg.' Under industrial conditions, with 

varying concentration and duration o f  exposure, symptoms may include 

irritat on of all mucous membranes, headache, roaring in the ears, 

fatigue insomnia, trembling, dizziness, unsteady gait, difficulty in 

breathing, nausea, abdominal pain, constipation, dilated pupils, clouded 

vision, blindness, eczema, and derrnatiti~.~ The detrimental effects of 

methanol on the eye are well documented. 29 
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Methanol does not possess odors or irritating properties sui table 

to warn o f  impending overexposure; the .threshold of detection by scent 

or irritation is approximately 2000 ppm. 30 Therefore, precautions 

should be taken to avoid methanol inhalation. Methanol i s  flammable and 

moderately explosive3' (flash point o f  11°C) and should never be exposed 

t o  heat, flame, or oxidants. Detached storage i s  recommended. 

5.2.2 Methyl isobutyl ketone 

Methyl isobutyl ketone i s  moderately t o x i c  when inhaled or swal- 

lowed.3 The most likely routes of industrial exposure are inhalation or 

skin and eye ~ o n t a c t . ~  Exposure t o  200 ppm causes eye irritation, while 

exposure to 100 ppm can be irritating if no accl irnatization has occur- 

A high concentration of methyl isobutyl ketone lowers body tem- red. 

peratlire and respiratory and pulse rates. Unconsciousness quickly 

follows. Because this compound is rapidly eliminated from the body, no 

long-term pathological changes are expected. 

32 

4 

Methyl isobutyl ketone is moderately explosive and f 1 amrnabl e,  

requiring detached outside storage or use o f  flammable liquid storage 

cabinets. 3316 I t  should not be exposed to heat, flames, or oxidizing/ 

reducing agents. 3 

5.2.3 Aldol 

When swallowed, aldol (@-hydroxy butyraldehyde) is moderately 

Aldol  has been therapeutically used as a hypnotic and seda- 

Although no 

toxic.3 

t i v e . 2 6  The oral LD50 for rats is 2180 mg/kg body 
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human data are available, caution should be taken when handling aldol 

because animal studies indfcate potential human toxicity. 

Aldol is flammable when exposed to heat or flame. When heated to 

decomposition, aldol decomposes to crotonaldehyde (highly t o x i c )  and 

water. Exposure to oxidizing agents should be avoided. 3 

5.2.4 Kerosene 

Kerosene is moderately toxic when swallowed o r  inhaled17 with an 

estimated human lethal dose of  0.5 to 5 g/kg body weight.’ The lowest 

published human lethal dose is 500 mg/kg body weight.’ Symptoms o f  

kerosene inhalation may include headache, excitement, dizziness, con- 

fusion, bronchitis, nausea, anemia, and polyneuritis. Symptoms follow- 

ing ingestion may include mouth and throat irritations, nausea and 

vomiting, drowsiness, rapid or irregular heartbeat, shallow respiration, 

cyanosis, pneumonia, proteinurea, and convulsions. l7 Prolonged o r  

repeated skin contact causes drying and dermatitis. 4 

Kerosene is flammable and can be explosive. Exposure to heat ,  open 

flames, and oxidizing materials should be a ~ o i d e d . ~  Kerosene is prefer- 

ably stored in outdoor or detached buildings, although standard combus- 

tible-liquid storage room or cabinets are also suitable. 17 

5.2.5 Assessment o f  denaturants 

Alcohol for fuel use may be denatured using three possible combina- 

tions o f  compounds: (1) add 5 gallons o f  methanol t o  each 100 gallons 

o f  ethanol; (2) add 2.5 gallons o f  methyl isobutyl ketone, 0.125 gallon 
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of  pyronate ,  0.513 ga l lon  a l d o l ,  and 1 ga l lon  o f  e i t h e r  kerosene o r  gaso- 

l i n e  t o  each 100 ga l lons  of e thano l ;  o r  ( 3 )  add 4 ga l lons  of methyl 

i sobuty l  ketone and 1 ga l lon  o f  e i t h e r  kerosene o r  gaso l ine . '  As w i t h  

des i ccan t s ,  many uncontrol led v a r i a b l e s  a r e  involved i n  handling and 

using these  dena turants ;  t h u s ,  a complete assessment o f  % h e  exposure and 

hazard p o t e n t i a l  o f  t hese  compounds i s  not  p o s s i b l e ,  b u t  a rough es t i -  

mate o f  t h e  p o t e n t i a l  hazard o f  each compound may be made. 

A summary of t h e  c u r r e n t  TLVs, t o x i c i t i e s ,  r e l a t i v e  t o x i c i t i e s ,  

es t imated  quan t i ty  used, and the  es t imated  hazard p o t e n t i a l  o f  each d i s -  

cussed denaturant  i s  presented i n  Table 5 . 2 .  The r e l a t i v e  t o x i c i t i e s  

and est imated hazard p o t e n t i a l s  o f  t h e  dena turants  were determined using 

the same procedure as was used f a r  the des i ccan t s  ( see  Sec t .  5 .1 .6) .  

A comparable e s t ima te  o f  t h e  po ten t i a l  hazards o f  a ldol  and pyronate was 

not poss ib l e  due t o  t h e  lack  of t o x i c i t y  da ta .  

Methanol (Table 5 . 2 )  appears t o  present the  g r e a t e s t  hazard poten- 

t i a l  (20 .0 ) ,  followed by methyl i sobuty l  ketone (12.0 o r  7 .5)  due t o  t h e  

g r e a t e r  volumes required.  The handling and use o f  kerosene ( 3 . 0 )  o r  

gaso l ine  ( 3 . 0 )  would p resen t  t h e  leas-L hazard. 

Because these  compounds a r e  used e i t h e r  t oge the r  o r  a lone f o r  

denatur ing a l coho l ,  t h e i r  hazard p o t e n t i a l s  should be considered cuniula- 

t i v e .  Based upon t h e  th ree  prev ious ly  discussed poss ib l e  combinations 

used f o r  denatur ing alcohol t he  f i r s t  combination (methanol on ly)  would 

be the  most hazardous ( t o t a l  hazard p o t e n t i a l  o f  20) while  t h e  t h i r d  

combination (methyl i sobuty l  ketone and kerosene, o r  gaso l ine )  would be 

somewhat l e s s  hazardous ( t o t a l  hazard p o t e n t i a l  o f  IS). A t o t a l  hazard 

p o t e n t i a l  f o r  t h e  second combination i s  not poss ib l e  due t o  t h e  l ack  o f  



Table 5.2. Proposed th resho ld  l i m i t  values (TLV), human t o x i c i t i e s ,  r e l a t i v e  t o x i c i t i e s ,  est imated 
q u a n t i t y  used, and est imated hazard p o t e n t i a l  o f  the p o t e n t l a l  a l coho l  denaturants 

Denaturant TLV a T o x i c i t y  Re1 a t i v e  Amount used Hazard 
(ppm) (Route of exposure) t o x i c i t y b  (ga1/100 ga l  ethanol)' p o t e n t i d l  

Methano 1 

Methyl i s o b u t y l  
ketone 

A l d o l  

Kerosene 

Gasoline 

Pyronate 

200 

100 

Not 
a v a i l a b l e  

h 

300' 

Not 
a v a i l a b l e  

Moderated 4 
( I n h a l a t i o n ,  o r a l  
and sk in )  

Moderate 3 
( I n h a l a t i o n  and o r a l )  

(Sk in)  
Lowf 

Moderate 
(Ora l )  

Moderate 
(Ora l  and i n h a l a t i o n )  
Low 
(Skin)  

Moderage 
( I n h a l a t i o n  and o r a l )  

Low 
(Sk in)  

9 

3 

3 

No data 9 

5 20.0 

2.5' 7.5 
4.0 12.0 

0.5 

1.0 

1.0 

9 

3 . 0  

3 . 0  

0.125 9 

'Taken from reference 8. 
'See Sect. 5.1.6 f o r  explanat ion.  
"From Appendix B o f  re ference 1. 

%oderate t o x i c i t y  - May cause r e v e r s i b l e  o r  i r r e v e r s i b l e  changes t o  exposed t i s s u e ,  n o t  permanent 
i n j u r y  or death ( re ference 3).  

'Amount used depends upon combination o f  o the r  denaturants  used. 
fLow t o x i c i t y  - causes r e a d i l y  r e v e r s i b l e  t i s s u e  changes which disappear a f t e r  exposure stops 

( re ference 3 ) .  

gEs t ima t ion  o f  r e l a t i v e  t o x i c i t y  and exposure p o t e n t i a l  were n o t  p o s s i b l e  due t o  l a c k  o f  t o x i c i t y  
data. 

hA s i n g l e  TLV cannot be determined f o r  kerosene because o f  i t s  v a r i a b l e  chemical composit ion 

iLimited t o  b u l k  hand l i ng  processes ( e . g . ,  f i l l i n y  s t a t i o n  operat ions)  ( re fe rence  5). 
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t o x i c i t y  da t a .  I f  t h e  conventional means o f  dehydrat ion was used (addi-  

t i o n  o f  5 ga l lons  o f  gasol ine  t o  each 100 ga l lons  of a lcohol  ,28 t h e  

hazard p o t e n t i a l  o f  hand1 ing gaso l ine  would inc rease  f i v e f o l d  ( t o t a l  

hazard p o t e n t i a l  o f  15). Thus, the use o f  gaso l ine  as a dena turant  

would be equa l ly  hazardous t o  t h e  t h i r d  denaturant  combinat ion but  some- 

what less  hazardous than using methanol a lone.  

Technology c u r r e n t l y  e x i s t s  which can help reduce t h e  hazards 

associated with the handling and use of t hese  compounds. Therefore ,  any 

o f  t h e  possible denaturants  could be s a f e l y  used i f  t h e  proper precau- 

t i o n s  and equipment were implemented. 
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6. P U B L I C  HEALTH AND SAFETY CONSIDERATIONS 

( A .  P. ??af;sori) 

6 . 1  ATMOSPHERIC RELEASES 

The major pub l i c  hea l th  concern o f  ethanol  fue l  plant opera t ion  i s  

t h a t  of combustion product  r e l e a s e s  from f u e l s  used t o  f i r e  on-s - i t e  

b o i l e r s .  The s o l e  use o f  coal  without  f l u e  gas d e s u l f e r i z a t i o n  could  

r e l e a s e  s i g n i f i c a n t  q u a n t i t i e s  o f  su l fur  d ioxide  (SO2) and oxides  o f  

ni t rogen  (NOx), t h u s  inducing loca l  v i o l a t i o n s  of ( E P A ’ s s )  Prevention o f  

S i g n i f i c a n t  De te r io ra t ion  s tandards .  The  use of wood o r  bagasse could 

a l s o  r e l e a s e  q u a n t i t i e s  o f  NOx i n  a d d i t i o n  t o  p a r t i c u l a t e s .  Local  

meteorology, f l u e  s t a c k  conf igu ra t ion  and fue l  q u a l i t y  w i l l  a l l  de t e r -  

mine i f  e x i s t i n g  s tandards  f o r  t o t a l  suspended p a r t i c u l a t e s  (TSP), SO2, 

and NOx w i l l  be exceeded. Releases of c r i t e r i a  p o l l u t a n t s  have been 

1 es t imated  f o r  var ious  p l a n t  designs using each o f  t h e  4 major f u e l s .  

Scal ing f a c t o r s  provided by Ba t t e l  l e  Columbus Laboratories’ a r e  used i n  

t h i s  a n a l y s i s  t o  e s t ima te  emission r a t e s  (Table 6 .1 )  f o r  f a c i l i t i e s  pro- 

ducing 60 x lob t o  600 x 10’ L/y. 

Ethanol vapors may a l s o  be vented during fermentat ion and d i s t i l -  

l a t i o n  o r  l o s t  dur ing  t r a n s f e r  t o  s t o r a g e  and tank trucks.  However., an 

e f f i c i e n t ,  well-managed f a c i l i t y  cannot a f f o r d  t o  l o s e  i t s  p r inc ipa l  

product .  Ethanol vapor r e l e a s e  i s  not  considered t o  be a major pub l i c  

hea l th  concern. 3 

Coal s t o r a g e  p i l e s  r ep resen t  l oca l  uncont ro l led  sources  of t he  

c r i t e r i a  p o l l u t a n t s  carbon monoxide ( C O ) ,  hydrocarbons, and p a r t i c u l a t e  

matter ( a s  f u g i t i v e  d u s t ) ,  However, a t  d i s t a n c e s  of 50 m from an 
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average coal p i l e ,  measured concentrations o f  C8 and hydrocarbons do not 

exceed ambient a i r   standard^.^ of d u s t  r e d i s t r i b  ted f r o m  

coal storage p i l e s  i s  a function of wind speed, coal p a r t i c l e  s ze ,  coal 

moisture content,  and mit igat ive measures taken t o  reduce Fugitive 

release.  The dust  emission r a t e  has been estimated t o  equa'l 610 kg/y 

from a representat ive bituminous coal p i l e  containing 95,000 metric tons 

The quantity 

t o  a height o f  5.8 m and exposed t o  a 4 m/s average annual wind,' 

re lease i s  not considered t o  have any near-term health impacts, 

This 

6 .2  STILLAGE DISPOSAL 

Liqu id  e f f l u e n t  i s  usually ac id ic  (pH 5 4.0) and may contain heavy 

5 metals leached from valves,  piping, tanks,  and d i s t i l l a t i o n  columns. 

Samples col lected from two midwestern on-farm ethanol fuel p l a n t s  i n d i -  

c a t e  t h a t  nei ther  the metal nor biocide content of e f f l u e n t  current ly  

exceeds standards o f  the Resource Conservation and Recovery Act.' How- 

ever,  commercial-scale f a c i l i t i e s  s h o u l d  have complete waste-water 

treatment un i t s  a r  contract  t o  supply local cattlemen w i t h  s t i l l a g e  

waste as a feed supplement. In any case,  the risk o f  contaminating 

local surface waters and groundwaters should be minimized by plant  

operation. As these materials a l so  possess a h i g h  oxygen demand, uncon- 

t r o l  led release i n t o  local waters may reduce t h e i r  potabi 1 i t y  by a1 txr- 

ing t a s t e  o r  odor. 
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REGULATORY' COMPLIANCE: OCCUPATIONAL 

A. 1 INTROOUCTION 

The Occupational Sa fe ty  and Health Act o f  1970 (84 S t a t  1593) was 

passed t o  provide s a f e  and hea l thy  working cond i t ions  f o r  t h e  U.S.  work- 

fo rce .  T h e  ma jo r i ty  of U.S. workers a r e  p ro tec t ed  by provis ions  of the 

Act, with t h e  except ion o f  those  working f o r  c e r t a i n  s t a t e s  and munici- 

p a l i t i e s  o r  i n  i n d u s t r i e s  a l r eady  covered by o t h e r  f ede ra l  agencies  

(such as t h e  Mine Sa fe ty  and Health Adminis t ra t ion) .  The f ede ra l  agency 

r e spons ib l e  f o r  e s t a b l i s h i n g  and enforc ing  s tandards  promulgated f o r  t.he 

1 Act i s  t h e  Occupational Sa fe ty  and Health Adminis t ra t ion (OSHA). 

Employers who r e t a i n  one o r  more a g r i c u l t u r a l  workers m u s t  comply 

w i t h  workplace s t anda rds ,  although members o f  a farmer-employer 's  family 

are slot def ined  a s  employees under t h e  Act and would not  count as 

" a g r i c u l t u r a l  workers." T h i s  p rovis ion  would be d i r e c t l y  p e r t i n e n t  t o  

s ing le- fami ly  ope ra t ion  o f  an ethanol  fue l  f a c i l i t y ,  w h i c h  i s  not  l i k e l y  

t o  be o f  commercial s i z e .  The ope ra to r  o f  a s i n g l e  business  employing 

10 o r  fewer workers m u s t  s t i l l  meet OSHA c r i t e r i a  bu t  i s  exempt from 

many OSHA bookkeeping requirements.  For businesses employing more than 

10 workers,  records  o f  j ob - re l a t ed  i n j u r y  acc iden t s  and i l l n e s s e s  a r e  

requi red  t o  be maintained and p e r i o d i c a l l y  sent t o  OSHA. These records  

a r e  eva lua ted  by both OSHA and the National Ins t i tu te  f o r  Occupational 

Safe ty  and Health (NIOSH) t o  understand causes  of occupational acc iden t s  

and d i s e a s e  and develop mi t iga t ion  procedures.  1 
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The A c t  t r a n s f e r s  j u r i s d i c t i o n  t o  each s t a t e  s u b m i t t i n g  ( f o r  

f ede ra l  app rova l )  a. j o b  s a f e t y  arid h e a l t h  program as e f f e c t i v e  as t h a t  

e s t a b l i s h e d  by OSHA. The s t a t e  submission may be more s t r i n g e n t  b u t  

cannot be weaker t h a n  t h e  Act .  C u r r e n t  (1980) approved s t a t e s  and 

t e r r i t o r i e s  a r e  Alaska, A r i zona ,  C a l i f o r n i a ,  Hawaii, I n d i a n a ,  Iowa, 

Kentucky, Maryland, Mich igan,  Minnesota,  Nevada, New Mexico, N o r t h  

Caro l  i na, Oregon, Puer to Rico,  South Caro l  i na, Tennessee, Utah, Vermont, 

V i r g i n i a ,  V i r g i n  I s l a n d s ,  Washington, and Wyoming. Eniyloyers i n  t h e  

remain ing nonapproved s t a t e s ,  t e r r i t o r i e s ,  o r  p r o t e c t o r a t e s  must meet 

f e d e r a l  j o b  s a f e t y  and h e a l t h  c r i t e r i a  un less  a s t a t e  has s p e c i f i c  regu- 

l a t i o n s  n o t  covered by OSHA. A common example i s  b o i l e r  and g r a i n  

e l e v a t o r  i n s p e c t i o n s ,  f o r  which s t a t e  r a t h e r  than  OSHA r e g u l a t i o n s  

e x i s t .  V a r i a t i o n s  i n  s t a t e  codes f o r  b o i l e r s  and g r a i n  e l e v a t o r s  were 

n o t  eva lua ted  f o r  t h i s  assessment. 1 

Another s p e c i a l  concern i s  exposure t o  p a r t i c u l a r  hazards,  such as 

carc inogens.  A l l  such exposures a r e  r e g u l a t e d  by OSHA r a t h e r  than  the 

s t a t e s .  Benzene, a d e h y d r a t i n g  agent  i n  t h e  f i n a l  d i s t i l l a t i o n  column 

o f  an abso lu te  e thano l  f a c i l i t y ,  f a l l s  i n t o  t h i s  ca tegory .  I n  g e n e r a l ,  

p r o v i s i o n s  of  t h e  Act, app ly  t o  a l l  s t a t e s ,  because approved programs 

must meet minimum standards o f  t h e  Ac t .  

A.2 NOISE 

Noise has been d e f i n e d  as a d i s o r d e r l y  m i x t u r e  o f  tones a t  many 

f requenc ies .2  The r e s u l t i n g  sound i s  o f t e n  measured i n  d e c i b e l s  on a 

we igh ted  s c a l e  ( A )  t o  s i m u l a t e  t h e  tones and f requenc ies  t o  which the  

human ea r  i s  s e n s i t i v e .  A worker may be exposed t o  many sources o f  
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noise (Fig. A.1). Uncontrolled exposure to excessive sound levels can 

result in hearing loss. 

In August 1971, OSHA first published regulations controlling accw 

patianal noise e x p ~ s u r e . ~  Section (b) of the OSHA noise standard i s  

summarized in Table A . l .  When workers are subjected to sound exceeding 

OSHA limits (Table A.11, the following actions shall be taken: (1) f e a s i -  

ble administrative and engineering controls shall be used t o  reduce 

noise levels, and (2) if these controls are not adequate, personal pro-  

tective equipment shall be provided, and an effective hearing conserva- 

tion program shall be administered. Exposure, to impulsive or impact 

noise should not exceed 40 dB peak sound pressure level. 

Th is  standard was based on the then-current recommendations o f  the 

American Conference of  Governmental Industrial Hygienists. Because t h e  

standard was statistically derived, compliance was never meant to create 

a zero risk o f  occupational hearing loss. Instead, it was to provide 

protection for a majority of workers. The great range o f  individual 

susceptibility in the exposed population requires development and imple- 

mentation o f  an adequate hearing conservation program in the workplace. 

Recently published revised recommendations reduce the sound levels  for 
4 each exposure duration by 5 dBA from the existing standard ( l a b l e  A . 1 ) .  

Stronger standards have been considered by the U.S. Department o f  

Labor for several years, and were addressed at length in administrative 

hearings in 1975.5 At that time, compliance with more stringent regula- 

tions was urged by labor representatives on the grounds that significant 

hearing l o s s  still occurs at the higher exposure level. This position 

is supported by findings in steel foundries, where hearing 1 0 5 s  among 
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ORNL-DWG 81-9291 

PAIN 
BEGINS NORMAL 

SOUND LEVEL 

WEAKEST SOUND 
WE CAN HEAR 

LEVEL THAT 
CAM OCCUR 

MANUAL AIR COOLED 
MACHINING ELECTRIC MOTOR, PAINTING 

50 kW 

F ig .  A. 1. Comparison o f  normal ly-encountered sound l eve l s  ( W i  tt, 1980) 
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Table A . l .  Permissible workplace noise 
exposuresa 

Sound level d u r a t i o n  Slow 

(h)  (dBA) 
per day response 

90 

92 

95 

97 

8 

6 

4 
3 

2 100 

1.5 102 

0 .5  110 

1 105 

115 0.25 o r  less 

aReference 3 ,  
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workers exposed t o  90 dBA was 18.5% g r e a t e r  than t h a t  experienced a t  

85 dBA (workers between 50 and 65 yea r s  o l d ) . 6  To reduce t h e  po ten t i a l  

f o r  hear ing impairment even fur ther ,  some labor  l eade r s  have recommended 

6 f u r t h e r  t i g h t e n i n g  of t h e  l i m i t  t o  75 dBA f o r  8 - h  d a i l y  exposure. 

Occupational no ise  s tandards  were t o  be rev ised  by OSHA i n  1980 t o  

r e f l e c t  rev ised  ACGIH recommendations. New regu la t ions  have n o t  y e t  

been published in  t h e  Federal .__ Regis te r .  Noise r e l e a s e s  even b e l o w  maxi- 

m u m  federa l  s tandards  can i n t e r f e r e  with speech communi ca t ion  Lo c r e a t e  

p o t e n t i a l  acc iden t  hazard. 

Sustained exposure t o  excess ive  noise  l e v e l s  i s  not expected t o  be 

a major hazard during opera t ion  of a fuel  e thanol  f a c i l i t y .  However, 

c e r t a i n  t a s k s ,  such as  g ra in  m i l l i n g ,  coal crushing and s t e a d  pressure  

l i n e  maintenance and r e p a i r  could cause occupat ional  hear ing l o s s  i f  

reasonable  safeguards a r e  not used. 

A. 3 PARTICULATE MATTER 

Inha la t ion  of coal d u s t  i n  high concent ra t ions  produces f i b r o t i c  

s c a r  t i s s u e  i n  lungs.8 However, e leva ted  concent ra t ions  a r e  l i k e l y  t o  

e x i s t  only i n  contained environments where v e n t i l a t i o n  i s  inadequa-te f o r  

extended per iods .  The e x i s t i n g  occupational s tandard  o f  2 mg/m3 coal 

d u s t 4  was o r i g i n a l l y  e s t a b l i s h e d  by the  Federal Coal Mine Health and 

Safe ty  Act o f  1969 (PL 91-173) f o r  r e s p i r a b l e  dus t  i n  an e f f o r t  t o  

reduce black 1 ung i ncidence during underground mining. The United Mi ne 

Workers o f  America and NIOSH a r e  a c t i v e l y  seeking cons ide ra t ion  o f  a 

l - m g / m 3  s tandard  t o  f u r t h e r  reduce t h e  probabi 1 i t y  o f  d i sease  induct ion 

i n  young miners. Although condi t ions  i n  coal nines  do not, compare w i t h  
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those in the proposed facility, unprotected employees may be exposed t o  

hazardous concentrations of coal dust in confined locations under 

special working conditions. Increased ventilation can reduce these con- 

centrations to acceptable levels. 

Another dust to which employees may be  exposed while working near 

coal-handling equipment is free silica. The recommended TLV is based on 

the percentage quartz in the coal. Inhalation o f  these abrasive par- 

ticles in high concentrations can rapidly produce lung damage and 

si 1 i cosi s . 8 

O f  greater significance is the potential for dust explosions during 

coal and grain handling, especially if particles are allowed t o  accumu- 

late close t o  sources o f  static charge build-up (conveyors, blowers, dry 

crush; ng and gri ndi ng equipment) o r  unsealed motors. Proper groirndi ng 

sealing, installation, and use o f  all electrical equipment t o  reduce 

fire and explosion risk i s  standardized in the National Electric Code 

and was adopted by OSHA in 1979 (29 CFR, 1910.309). Hazardous areas are 

classified according to the nature o f  the operation and atmospheric con- 

centration of dust (29 CFR, 1910.309). To further reduce the risk o f  

ignition, some system for removal o f  tramp metal from grain shipments 

should be installed at the grain receiving areas .  Screens, magnets, or 

other equipment items are required on facilities constructed after 1973. 

A .  4 AIR CONTAMINANTS 

A number o f  potentially hazardous compounds may be used during t h e  

drying and denaturing processes o f  ethanol praduction. Protection o f  

employees against over-exposure to these materials i s  required by the 
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Occupational Safety  and Hea l th  Act.  The 8-h t ime weighted average l i m i t  

( i n  ppm) f o r  some o f  t he  substances used i n  d r y i n g  and denatur ing  etha- 

no l  a re  as  f o l l ows :  benzene, 10; e t h y l  e the r ,  400; methyl i s o b u t y l  

ketone, 1.00; and methanol, 200. The maximum acceptable c e i  1 i n g  concen- 

t r a t i o n  f o r  benzene i s  25 pprn, and the  maximum peak above t h i s  c e i l i n g  

i s  50 ppm, w i t h  a maximum d u r a t i o n  o f  10 min.' A T1.V o f  100 pprn has 

been proposed f o r  e thy lene g l y c o l .  Because gaso l ine  and kerosene con- 

s i s t  o f  a m ix tu re  o f  hydrocarbons, t he  concentrat ions of the  component 

hydrocarbons may vary considerably .  Thus, i t  i s  no t  poss ib le  t o  s e t  an 

exposure l i m i t  on them. lo I n  a d d i t i o n  t o  t h e  denaturants and d r y i n g  

agents, exposure l i m i t s  have a lso  been es tab l i shed  f o r  e thanol .  The 

c u r r e n t  8-h t ime-weighted average i s  1000 ppm. 9 
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REGULATORY COMPLIANCE: PUBLIC 

Combustion product emissions from a commercial ethanol fuel facil- 

ity will be required to comply with the National Ambient Air Quality 

Standards (NAAQS) established by the EPA under authority o f  the Clean 

Air Act of 1977 ( P L  95-95). The primary (protection o f  public health) 

standards o f  compounds most likely to be released by a distillery are 

summarized in Table B.l. Also included are increments that may not be 

exceeded if prevention of significant air quality deterioration (PSD) is 

t o  be maintained. Airsheds in the U.S. have been ordered into one o f  

three classifications based on existing ambient air quality, with 

Class I being pristine (national parks and wilderness areas) ,  Class I1 

being in compliance but polluted, and Class I11 o u t  o f  compliance. 

Potential PSD violations will need to be evaluated on a site-specific 

basis. Incremental changes in local air quality from any atmospheric 

release is dependent on local meteorology, plume temperature and com- 

position, and stack configuration. Use of high-ash and/or high-sulfur 

coal without adequate particulate o r  SO, control could easily produce 

violations o f  the NAAQS. 

The major public health concerns regarding ash, stillage, and 

scrubber sludge disposal are potential deterioration o f  drinking water 

quality through aquifier contamination, food chain transport o f  toxic 

materials via crop use of disposal sites, and inhalation exposure to 

fugitive dusts from unstabilized waste piles. I f  approved, the practice 

of sludge or stillage dumping at landfills and abandoned quarries will 

be prohibited from contaminating local aquifers beyond the outermast 

perimeter of the waste disposal site by provisions o f  the Solid Waste 
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Table B-1. Federal atmospheric p o l l u t i o n  con t ro l  s tandards  
f o r  s e l e c t e d  combustion products  

PSD b increment NAAQS" 
P o l  1 u tan t  (Crs/m3) (p4/m3 ... 

Class I Class I1 Class  I11 

Annual average 75 5 19 37 

24-11 average 260 10 37 75 

so2 

Annual average 80 2 20 40 

24-h average d 365 5 9 1  182 

3-h average d -- 25 512 700 

National ambient a i r  q u a l i t y  s tandards .  

P rev en t i on o f s i g n i f i c a n t  de  t e r i o r  a t  i o 11. 

Total suspended p a r t i c u l a t e s .  

a 

e 

dNot t o  be exceeded more than once i n  a ca lendar  yea r .  
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Disposal  Ac t  (40 CFR 257).l St r ingen t  cond i t i ons  govern var iances t o  

extend t h e  boundary o f  contaminat ion.  The p o t e n t i a l  f o r  groundwater 

d e t e r i o r a t i o n  would have t o  be evaluated w i t h  the  use o f  mon i to r ing  

w e l l s  bo th  be fore  and a f t e r  development o f  the  s i t e  as a waste d isposal  

area. The l e v e l  o f  p o l l u t i o n  a l lowed i s  based on bo th  Nat ional  I n t e r i m  

Pr imary D r i n k i n g  Water Standards ( f o r  severa l  inorgan ic  and organic  

chemicals, co l i f o rms ,  and rad ionuc l ides)  and the  Nat iona l  Secondary 

D r i n k i n g  Water Regulat ions ( f o r  c h l o r i n e ,  c o l o r ,  copper, foaming agents, 

i r o n ,  manganese, odor, pH, su l fa te ,  t o t a l  d isso lved s o l i d s ,  and z inc)  

(40 CFR 257).2 These l a t t e r  ma te r ia l s  a re  n o t  t o x i c  t o  inges t ,  b u t  may 

make water unpotable by a l t e r i n g  i t s  odor, c o l o r ,  o r  t a s t e .  High l e v e l s  

o f  s u l f a t e  are l a x a t i v e  i n  humans. I n  the  absence o f  data on chemical 

composi t ion o f  p o t e n t i a l  leachate l i q u o r s  and hydrogeologica l  character-  

i z a t i o n  o f  p o t e n t i a l  s i t e s ,  no s p e c i f i c  d r i n k i n g  water hazards can be  

i d e n t i f i e d .  However, t h i s  assessment recommends the  use o f  s w e l l i n g  

c l a y  seals  and c a r e f u l  mon i to r ing  by use o f  w e l l s  t o  t he  water tab le .  

I f  an open land d isposal  s i t e  i s  t o  be used l a t e r  f o r  a g r i c u l t u r e ,  

s p e c i f i c  procedures must be fo l lowed t o  ensure aga ins t  f u t u r e  incorpora-  

t i o n  o f  t o x i c  m a t e r i a l s  i n t o  food crops o r  products  o f  f o rag ing  animals 

(40 CFR 257).l I f  

the  sludge i s  a l lowed t o  d ry  and i s  no t  s t a b i l i z e d  by vegetat ion,  

a s p h a l t i c  coat ings,  o r  phys i ca l  b a r r i e r s ,  f u g i t i v e  dusts may produce 

l o c a l  problems. Suspended p a r t i c l e s  a re  l i k e l y  t o  be f i n e  and may pose 

an i n h a l a t i o n  hazard s i m i l a r  t o  t h a t  d iscussed f o r  a i rborne  combustion 

products.  

Th is  concern i s  p a r t i c u l a r l y  p e r t i n e n t  f o r  cadmium. 
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No special handling precautions for ash and sludge are suggested by 

this analysis, because, effective November 19, 1980, " f l y  ash waste, 

bottom ash waste, slag waste, and flue-gas emission control waste gener- 

ated primarily from primarily from the combustion o f  coal or other 

fossil fuels" have been classified as "solid wastes which are not 

hazardous" under the Resource Conservation and Recovery Act o f  1976 

(40 CFR 260). However, the EPA reserves the right to reclassify these 

wastes if further data warrant reclassification. 

3 
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GLOSSARY 

Absolute A lcoho l  - pu re  a lcohol ;  100% a l c o h o l .  

A c i d o s i s  - a p a t h o l o g i c  c o n d i t i o n  r e s u l t i n g  f rom accumulat ion o f  a c i d  
i n ,  o r  l o s s  o f  base froin, t h e  body. 

A p l a s t i c  aneinia - a d e f i c i e n c y  i n  r e d  b l o o d  c e l l s  and hemoglobin due 
t o  a r e d u c t i o n  i n  p r o d u c t i o n  o f  these elements by t h e  bone marrow. 

Cocarcinogen - a compound which by i t s e l f  does n o t  cause cancer b u t ,  
when g i v e n  w i t h  a weak-cancer causing agent,  i nc reases  t h a t  
a g e n t ' s  c a r c i n o g e n i c i t y .  

C o n j u n c t i v i t i s  - i n f l ammat ion  o f  t h e  membrane t h a t  l i n e s  t h e  e y e l i d s  

Cyanosis - a b l u i s h  d i s c o l o r a t i o n  o f  t h e  s k i n  and ~sliicous membranes 
due t o  l a c k  o f  oxygen i n  the  blood. 

High  t o x i c i t y  - capable o f  caus ing  dea th  o r  permanent i n j u r y  due t o  
t h e  exposures o f  normal use; i n c a p a c i t a t i n g  and poisonous 
( r e f .  12).  

H y p e r p l a s t i c  - i n c r e a s e  i n  number o f  c e l l s  i n  a t i s s u e  o r  organ where- 
by  t h e  b u l k  o f  t h e  p a r t  o r  organ i s  increased.  

H y p o p l a s t i c  -_ underdevelopment o f  t i s s u e  o r  organ u s u a l l y  due t o  a 
decrease i n  t h e  number o f  c e l l s .  

Low t o x i c i t y  - causes r e a d i l y  r e v e r s i b l e  t i s s u e  changes which d i s -  
appear a f t e r  exposure s tops  ( r e f .  12). 

LO,, - dose l e t h a l  t o  50% o f  t h e  exposed p o p u l a t i o n .  

M i t o t i c  t o x i n  - a compound which i n t e r f e r e s  w i t h  t h e  normal process 
o f  c e l l  d i v i s i o n .  

Moderate t o x i c i t y  - may cause r e v e r s i b l e  o r  i r r e v e r s i b l e  changes t o  
exposed t i s s u e ,  b u t  n o t  permanent i n j u r y  o r  dea th  ( r e f .  12).  

M u t a g e n i c i t y  - t h e  c a p a b i l i t y  o f  a compound t o  cause a r e l a t i v e l y  
permanent change i n  h e r e d i t a r y  m a t e r i a l .  

P o l y n e u r i t i s  - simultaneous i n f l a m m a t i o n  o f  many p e r i p h e r a l  nerves 

P r o t e i n u r e a  - t h e  presence o f  an excess o f  serum p ro te in ;  i n  t h e  u r i n e .  

Teratogen - a compound which causes b i r t h  d e f e c t s .  
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TLV - threshold limit value. 
Uremia - accumulation in the blood,  usually in severe kidney disease,  

o f  constituents normally eliminated in the  urine; produces a 
severe toxic condition. 
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LIST OF ABBREVLATIONS 

BOD -biochemical oxygen demand 

B t i u  -British thermal unit 

" C  - degrees Celsius 
CaC03 - calcium carhonate 

Cas03 - calcium sulfite 
Cas04 - calcium sulfate 

CH4 - methane 

CO - carbon monoxide 

CO2 - carbon dioxide 
d - day 

DDG - distillers dried grains 

DDGS - distillers dried grains with solubles 
DDS - distillers dried solubles 
EQA - Environmental Protection Agency 
O F  - degrees Fahrenheit 

FGD - flue-gas desulfurizatio- 
f t  - foot 

gal - gallon 

Gg - gigagram 
gpm - gallons per minute 
h - hour 

ha - hectare 
HC - hydrocarbons 

kg - kilogram 
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L - liter 

lb - pound 
m - meter 

yg - microgram 
M g  - megagram 

mg - milligram 

MJ - megajoule 
MT - metric ton 

NMHC - non-methane hydrocarbons 
NO, - nitrogen oxides 

for the logarithm of the reciprocal of hydrogen i o n  
on in gram atoms per liter 

pH - the symbol 
concentrat 

s - second 

SO2 - sulfur d i  

SO4 - sulfate 

xide 

S S  - suspended s o l i d s  

TPY - tons per year 

TS - total solids 
TSP - total suspended particulate 
VOC - volatile organic compound 
y - year 
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