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ABSTRACT 

The re lease o f  v o l a t i l e  organic  compounds (VOC) i n t o  t h e  atmosphere 

by the  brewing i n d u s t r y  has r e c e n t l y  become a mat te r  o f  concern t o  a i r  
p o l l u t i o n  con t ro l  o f f i c i a l s .  The ob jec t i ves  o f  t h i s  study were t o  (1) 
charac te r i ze  and inven to ry  a l l  VOC emissions from C a l i f o r n i a  breweries,  ( 2 )  
e s t a b l i s h  emission f a c t o r s  which are rep resen ta t i ve  o f  each impor tant  emission 

source, and ( 3 )  suggest p o t e n t i a l l y  app l i cab le  con t ro l  technologies which can 
be implemented t o  reduce VOC emissions from breweries. 

According t o  our  telephone and mai l  survey o f  a l l  n ine  C a l i f o r n i a  

breweries, the  i n d u s t r y  i n  1982 - 1983 produced a t  an average r a t e  o f  20.7 
m i l l i o n  b a r r e l s l y e a r ,  81 percent o f  which was i n  Los Angeles County. 

To develop process-spec i f i c  emission fac to rs ,  we conducted a 

two-phase source t e s t i n g  program a t  one l a r g e  and one small brewery. Data 
from Phase I were used t o  s e l e c t  impor tant  emission sources and t o  

q u a l i t a t i v e l y  cha rac te r i ze  emissions therefrom. Phase I1 data q u a n t i t a t i v e l y  
character ized emissions from each source us ing charcoal  tube and d i s t i l l e d  

water/XAD-resin sampling t r a i n s  fo l l owed  by analyses us ing gas chromatography 

w i t h  flame i o n i z a t i o n  d e t e c t i o n  and mass spectrometry. 

f a c t o r s  were based on t h e  amount o f  beer  produced. 

Resu l t i ng  emission 

Tota l  organic vapor emissions f rom C a l i f o r n i a  breweries were 
est imated t o  be 38.7 m e t r i c  t ons l yea r  (42.6 tons lyear ) .  

accounted f o r  about 93 percent o f  these emissions. 
Coast a i r  bas in accounted for 75 percent o f  t h e  t o t a l .  

c o n t r i b u t e d  0.001 percent t o  s ta tewide t o t a l  organic  gas emissions as repor ted  
i n  the  1979 statewide emission inventory .  

Large breweries 
Breweries i n  t h e  South 

Beer p roduc t ion  
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1.1.5 Fermentation Gas Handl ing 

(1 )  A l l  l a r g e  breweries c a r r y  ou t  pr imary fermentat ion i n  systems 
closed t o  the  ambient atmosphere; t h i s  enables fe rmenta t ion  
CU2 gas t o  be co l l ec ted ,  p u r i f i e d  and s to red  f o r  l a t e r  use. 

(2 )  A l l  small breweries ca r ry  ou t  an open fermentat ion t h a t  

r e s u l t s  i n  emissions o f  C02, ethanol  and o ther  fermentat ion 

gases d i r e c t l y  t o  the  atmosphere. 

1.2 DERIVATION OF EMISSION FACTORS 

1.2.1 Oef i n i  ti on 

6ecause operat ions and processes can vary from brewery t o  brewery, 

t h e  use o f  one composite emission f a c t o r  t o  c a l c u l a t e  brewery emissions would 
lead t o  inaccuracies.  Therefore, we developed process-spec i f i c  emission 

3 f ac to rs  based on the  mass o f  v o l a t i l e  organic  compounds (VOC)  emi t ted  per  10 
b a r r e l s  o f  beer produced. 

1.2.2 Previous Emission Fac tors  

(1 )  A study by t h e  U.S. Environmental P ro tec t i on  Agency EPA) 
der ived a hydrocarbon emission f a c t o r  f o r  spent g r a i n  d r y i n g  
based on a l i t e r a t u r e  search only. C a l i f o r n i a  breweries do 

not d ry  spent grains.  

An EPA i nspec t i on  team conducted a b r i e f  t o u r  o f  a brewery and 
est imated VOC emissions from spent yeast  d isposal  and "brewery 

operat ions;"  t h e  former was not  based on f i e l d  t e s t s  wh i l e  t h e  

l a t t e r  est imate was based on an average o f  instantaneous, 

readings throughout t h e  brewery us ing a p o r t a b l e  organic  vapor 
analyzer. 

( 2 )  

3 



1.2.3 Phase I M o n i t o r i n g  

The purpose of Phase I moni to r ing  was t o :  (1) i d e n t i f y  s i g n i f i c a n t  
emission sources, ( 2 )  q u a l i t a t i v e l y  charac ter ize  t h e  VOCs emi t ted and ( 3 )  
determine the  most e f f e c t i v e  sampling and a n a l y t i c a l  technique f o r  c o l l e c t i n g  

these emissions. Tests were conducted us ing a v a r i e t y  o f  sampling techniques 

a t  one l a r g e  and one small brewery (Anchor Brewing Co.). 
analyzed by gas chromatography (GC)  us ing f lame i o n i z a t i o n  d e t e c t i o n  ( F I D )  

and mass spectrometry (PIS). Our r e s u l t s  a r e  as f o l l o w s :  

Samples were 

(1) The use of Tedlar bags, Tenax t r a p s  and a p o r t a b l e  organic  
vapor analyzer  (OVA)  was i n e f f e c t u a l  i n  c o l l e c t i n g  and/or 
analyz ing emissions due t o  the  h i g h  mois ture content o f  t h e  

emission streams. Charcoal tubes and water f i l l e d  impingers 

were e f f e c t i v e  i n  c o l l e c t i n g  VOC emissions a t  a l l  brewery 
s i t e s .  

( 2 )  A f t e r  Phase I moni to r ing  t h e  f o l l o w i n g  s i t e s  a t  Anchor Brewing 
were considered s i g n i f i c a n t  sources o f  VOCs: t h e  mash tun, 

brew k e t t l e  and l a u t e r  t u n  stacks; ho t  wr: tank vent; and 

t e n e n t a t i o n  room exhaust. 
inc luded t h e  mash cooker and brew k e t t l e  stacks, t h e  a c t i v a t e d  

carbon regenerat ion vent o f t h e  COz p u r i f i c a t i o n  system, 

beechwood c h i p  washer vent; i n  a d d i t i o n  t o  these s i t e s ,  the 

s t ra inmaster  and r i c e  cooker stacks and waste beer sump were 
considered impor tant  enough f o r  Phase I 1  sampling. 

( 3 )  The major species i d e n t i f i e d  were ethanol ,  e t h y l  acetate,  
dimethyl s u l f i d e ,  monoterpenes and o t h e r  aldehydes and 
ketones. 

Important l a r g e  brewery s i t e s  

1.2.4 Phase I1 M o n i t o r i n q  

The purpose o f  Phase I 1  moni to r ing  was t o  q u a n t i t a t i v e l y  

charac ter ize  t h e  VOCs emi t ted  from sources i d e n t i f i e d  d u r i n g  Phase I. 
Because many of t h e  compounds i d e n t i f i e d  were no t  r e a d i l y  s o l u b l e  i n  water, 

XAD r e s i n  was added t o  t h e  impinger sampling . t r a i n ;  a charcoal  tube sampling 

4 



t r a i n  was a lso  used. 

techniques. 

1.2.4.1 Source Tests a t  Anchor 

Samples were analyzed us ing GC/FID and GC/MS 

Tests a t  t h i s  s m a l l  brewery covered a l l  s i t e s  l i s t e d  i n  Sect ion 
1.2.3 ( 2 )  p lus  t h e  spent g ra in  tank. 
emissions were co l lec ted .  Our r e s u l t s  were as fo l l ows :  

Uncont ro l led  brew k e t t l e  stack 

The t o t a l  emission r a t e  f o r  Anchor Brewing was est imated t o  be 

7.2 kglday (15.9 l b l d a y ) ;  t h e  annual emission r a t e  was 2.5 
m e t r i c  t o n s l y r  (2.8 t o n s l y r ) .  

The most impor tant  s i t e  sampled was the  fermentat ion room 

exhaust, which con t r i bu ted  93.5 percent o f  Anchor's t o t a l  
d a i l y  emission ra te .  Ethanol accounted f o r  over 99 percent 

o f  t h e  emissions from t h i s  s i t e .  

The brew k e t t l e  stack emissions accounted f o r  4.6 percent o f  

t h e  d a i l y  t o t a l .  Dimethyl s u l f i d e  and a c5-aldehyde account 
f o r  about 33 and 26 percent  of the  t o t a l  from t h i s  s i t e ,  
respec t i ve l y .  

Hot wort  tank emissions con t r i bu ted  almost one percent o f  t h e  

brewery's d a i l y  emission ra te .  

con t r i bu ted  34 percent o f  t h e  emissions from t h e  s i t e  wh i l e  a 

c5-aldehyde, ethanol and d imethy l  s u l f i d e  con t r i bu ted  14, 12 
and 10 percent,  respec t ive ly .  

The mash tun  con t r i bu ted  o n l y  0.5 percent o f  t h e  t o t a l  d a i l y  

emissions. Dimethyl s u l f i d e  accounts f o r  53 percent o f  t h e  

d a i l y  t o t a l  frm t h i s  s i t e .  

The l a u t e r  tun  stack and spent g ra in  tank con t r i bu ted  a 

combined t o t a l  o f  0.4 percent t o  the  d a i l y  t o t a l .  Ethanol and 

d imethy l  s u l f i d e  were t h e  major species i n  these emissions. 

Myrcene, a hop o i l ,  

1.2.4.2 Source Tests a t  F a c i l i t y  A 

Tests a t  t h i s  l a r g e  brewery inc luded a l l  s i t e s  l i s t e d  i n  Sect ion 

1.2.3 (2). Our r e s u l t s  were as f o l l o w s :  
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The to t a l  da i ly  emission r a t e  was 19.4 kg lday  (42.7 lblday);  
the annual emission r a t e  was 7.06 metric tonslyear (7.8 
tonslyear) .  

The brew k e t t l e  stack had the highest VOC emission r a t e ,  
accounting f o r  45.9 percent of the  to t a l  dai ly  emissions. 
Myrcene and dimethyl su l f ide  contributed 47 and 28 percent o 
the to t a l  emissions from t h i s  s i t e ,  respectively.  

The strainmaster stack accounted fo r  17.8 percent of the t o t  
emissions from the brewery. Dimethyl su l f ide  was the most 
s ign i f icant  component, contributing 80 percent of the 
t o t a l ,  followed by a c 

The beechwood chip was@ vent contributed 10.8 percent of t 
to ta l  dai ly  emissions. Emissions consisted almost ent i re ly  
ethanol. 

The act ivated carbon regeneration vent accounted fo r  8.7 
percent of the  t o t a l  emissions. Ethanol and ethyl acetate  
contributed 77 and 13 percent of tne emissions from This sit  
respectively.  

Waste beer sump emissions contributed 8.8 percent of the  
to ta l  emissions; ethanol was the  only compound ident i f ied .  

The mash cooker and r i c e  cooker stacks accounted fo r  7.8 an( 
0.2 percent of the to t a l  da i ly  emissions, respectively.  
Ethanol and dimethyl su l f ide  were the major species ident i f i  
in mash cooker emissions, contributing 53 and 44 percent of 
the  to t a l  from t h i s  s i t e .  

aldehyde a t  10 percent. 2ii 

~ 

1.2.4.3 Comments on Sampling Technic= 

(1) Charcoal tubes col lected the 'greatest  mass of VOCs per s i t e  
a l l  the  sampling t r a i n  components, followed by XAD res in  an 
d i s t i l l e d  water inpingers. 

1.2.5 Recommended Emission Factors 

All emission f ac to r s  were based on the amount of beer produced; 



3 u n i t s  are expressed as kg o f  VOC em i t ted  per 10 
andlb o f  VOC emi t ted  per 10 b a r r e l s  ( i n  parentheses). 

b a r r e l s  o f  beer produced 
3 

1.2.5.'.1 S m a l l  Breweries 

( 1 )  Mash tun  stack - 0.183 (0.403) 
( 2 )  Lauter  tun  stack - 0.088 (0.194) 

( 3 )  Brew k e t t l e  s tack - 1.711 (3.771) 
( 4 )  Hot wor t  tank vent - 0.361 (0.797) 
( 5 )  Fermentation room exhaust vent - 23.395 (51.578) 

( 6 )  Spent g r a i n  ho ld ing  tank - 0.027 (0.060) 

1.2.5.2 Large Brewery 

( 1 )  Mash cooker s tack  - 0.125 (0.275) 

( 2 )  Rice cooker s tack - 0.002 (0.005) 

( 3 )  S t r a i  nmaster/Lauter t un  stack - 0.286 (0.631) 
( 4 )  Brew k e t t l e  s tack - 0.741 (1.634) 

( 5 )  Ac t i va ted  carbon regenerat ion vent - 0.300 (0.660) 
( 6 )  Beechwood c h i p  washer vent  - 0.437 (0.963) 

1.3 ESTIMATION OF ORGANIC COMPOUND EMISSIONS I N  CALIFORNIA 

1.3.1 Emissions By Geographic U n i t  

( 1 )  Annual s ta tewide emissions o f  VOCs from breweries was 

est imated t o  be 38.7 m e t r i c  tons/year  (42.6 tons l yea r ) ;  on a 

d a i l y  bas i s  t h e  t o t a l  was 109.5 kglday (241.3 lb /day) .  

Emissions f rom Los Angeles County accounted f o r  75 percent o f  
t h e  t o t a l  annual emissions, fo l lowed by Solano - 18 percent,  

and San Francisco - 6 percent. 

(2 )  

1.3.2 Emissions By S ta te  A i r  Basin 

( 1 )  The South Coast a i r  bas in  accounted f o r  7 5  percent  o f  t h e  
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--, 

t o t a l  annual emissions frm breweries.  

( 2 )  San Francisco bay Area a i r  bas in con t r i bu ted  25 percent  o f  t h e  

t o t a l ;  t n e  Sacramento Val ley a i r  bas in con t r i bu ted  less  than 1 
percent.  

L 

1.3.3 Emissions By F i rm Size 

(1) Large breweries account f o r  93 percent o f  the  t o t a l  annual 
emissions. 

1.3.4 Perspect ives 

1.4 

Est imated emissions from beer p roduc t ion  i n  C a l i f o r n i a  

c o n s t i t u t e  0.001 percent o f  t h e  s tatewide t o t a l  organic  gas 
(TOG) emissions, and 0.002 percent  o f  s t a t i o n a r y  source TOG 

emissions as repor ted i n  t h e  1979 Statewide Emission 

Inventory .  

Emissions from the th ree  l a r g e  brewer ies i n  Los Angeles County 

(where t h e  i n d u s t r y  i s  concentrated)  were est imated t o  account 

f o r  on l y  0.019 percent of t h e  t o t a l  county-wide s t a t i o n a r y  
50iirie r e a c t i v e  organic  gas (ROG) emissions based on 1979 
i n v e n t o r y  data. 

Cur ren t ly ,  emissions i nven to ry  data i nc lude  on ly  f u e l  
combustion emissions from b o i l e r s  a t  breweries.  I n c l u s i o n  o f  

brewing process emissions i n  t h e  emissions i nven to ry  for Los 
Angeles County would r e s u l t  i n  a 10- fo ld  increase i n  t o t a l  ROG 

emissions from breweries i n  t h e  county. 

CONTROL TECHNOLOGY 

Since est imated emissions from i n d i v i d u a l  brewer ies are r a t h e r  low, 

we focussed our a t t e n t i o n  upon the most impor tan t  processes a t  small and 
l a r y e  breweries:  t h e  f e n e n t a t i o n  room and the  brew k e t t l e ,  respec t i ve l y .  

(1) Fermentat ion room emissions can be c o n t r o l l e d  by a c t i v a t e d  
carbon adsorpt ion.  With c r e d i t  for sa le  o r  re-use o f  
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recovered ethanol ,  t n e  c o n t r o l  cost  would be on t n e  order  

o f  $5/1 b po l  1 u t a n t  removed. 

( 2 )  Etnanol concentrat ions i n  t n e  exnaust stream a re  t o o  low f o r  

absorpt ion t o  be p r a c t i c a l .  

Since t n e  m a j o r i t y  (by we ign t )  of t n e  p o l l u t a n t s  i n  t n e  brew 

k e t t l e  stack a re  s l i g n t l y  s o l u b l e  o r  i n s o l u b l e  i n  water, an 
organic  so lvent  would be needed were absorpt ion t o  be used. 

AnnudliZed c a p i t a l  costs  f o r  an absorpt ion and s t r i p p i n g  

system would be from $22 t o  $84/1b p o l l u t a n t  removed. 

( 3 )  

( 4 )  Ac t iva ted  carbon systems would be p r a c t i c a l  f o r  removal o f  

brew k e t t l e  emissions, a l tnough recovery o f  exnaust 
c o n s t i t u e n t s  would probably  n o t  be economical. Tne est imated 

t o t a l  annual ized c a p i t a l  cost  and opera t ing  c o s t  f o r  sucn a 

system would be about $24 per pound p o l l u t a n t  removed. 



2.0 

RECOMMENDATIONS 

On the bas i s  o f  our f i nd ings ,  we recomnend: 

(1) The in fo rmat ion  obta ined through our survey o f  the  C a l i f o r n i a  

brewing i n d u s t r y  (p rov ided t o  the  A i r  Resources Board as a 

separate document) and the  app l i cab le  r e s u l t s  o f  our source 

t e s t i n g  program should be incorpora ted  i n t o  1 oca1 emission 
i n v e n t o r i e s  and the s tatewide Emission Data System. 

Furthermore, t h e  ARB should e s t a b l i s h  Source C l a s s i f i c a t i o n  
Codes (SCCs) f o r  each dev ice and major 

species combinat ion a t  l a r g e  and small breweries.  

Emission f a c t o r s  f o r  t h i s  i n d u s t r y  should be process-spec i f i c  

and be based on the  amount o f  beer produced. 
( 2 )  



3.0 

INTRODUCTION AND BACKGROUND 
3.1 INTRODUCTION 
3.1.1 Purpose and Ob jec t ives  o f  the  Study 

The release o f  v o l a t i l e  organic compounds (VOC) i n t o  t h e  atmosphere 
by t h e  brewing i n d u s t r y  has r e c e n t l y  become a mat te r  o f  concern t o  a i r  
p o l l u t i o n  con t ro l  o f f i c i a l s .  Although n e i t h e r  federa l  new source performance 

standards nor s t a t e  and l o c a l  regu la t i ons  r e s t r i c t  VOC emissions f rom 
C a l i f o r n i a  breweries, these emissions are suspected o f  c o n t r i b u t i n g  t o  t h e  
atmospheric burden o f  VOC i n  ozone non-attainment areas o f  t h e  South Coast and 

Bay Area A i r  Q u a l i t y  Management D i s t r i c t s .  The fou r  l a r g e s t  breweries i n  t h e  
s ta te ,  which account f o r  g rea ter  than 99 percent  o f  the  s t a t e ' s  c u r r e n t  annual 
beer product ion,  are loca ted  i n  two ozone non-attainment areas ( t h r e e  i n  the  
South Coast A i r  Q u a l i t y  Management D i s t r i c t ;  one i n  the  Bay Area A i r  Q u a l i t y  

Management D i s t r i c t  ) . 
Previous s tud ies  have i d e n t i f i e d  poss ib le  VOC emission sources 

w i t h i n  breweries. One study by t h e  U.S. Environmental P r o t e c t i o n  Agency 

est imated VOC emissions o f  10.9 pounds per  thousand ga l l ons  o f  beer from spent 

g ra in  d ry ing  operat ions (USEPA, 1977). 
has been questioned due t o  the  complete l ack  o f  s u b s t a n t i a t i n g  f i e l d  data. 

A f t e r  a t o u r  o f  a l a r g e  brewery, representa t ives  o f  t h e  U.S. Environmental 
P ro tec t i on  Agency's (EPA) Region I X  Surve i l lance and Analys is  D i v i s i o n  
reported t h a t  genera l ized f u g i t i v e  ethanol emissions w i t h i n  t h e  brewery and 

yeast  disposal  areas t o t a l e d  23 and 40 tons  per year,  r e s p e c t i v e l y  (Lav ign ino 

and Henderson, 1979). The l a t t e r  est imate was based l a r g e l y  on a l i t e r a t u r e  
review. EPA Region I X  representa t ives  have suggested t h a t  more comprehensive 
studies,  i nco rpo ra t i ng  f i e l d  work, be performed. 

The v a l i d i t y  o f  t h i s  emission f a c t o r  

The ob jec t i ves  o f  t h i s  study were t o  (1) charac te r i ze  and inven to ry  

a l l  VOC emissions from C a l i f o r n i a  breweries,  ( 2 )  e s t a b l i s h  emission f a c t o r s  
which are representa t ive  o f  each impor tant  emission source i n  a brewery, and 
(3 )  suggest p o t e n t i a l l y  app l i cab le  con t ro l  technologies which can be 

implemented t o  reduce VOC emissions from breweries. The r e s u l t s  o f  t h i s  study 

should help a i r  p o l l u t i o n  agencies devise e f f e c t i v e  c o n t r o l  s t r a t e g i e s  f o r  
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1 
ozone reduc t i on  i n  non-attainment areas. 

3.1.2 O u t l i n e  o f  Research 

Research under t h i s  cont rac t  was conducted between September 1982 

and June 1983. The major elements o f  t h e  s tudy were as fo l lows.  

3.1.2.1 Charac te r i za t i on  o f  C a l i f o r n i a  Breweries 

Since t h i s  p r o j e c t  was geared towards developing rep resen ta t i ve  

emission f a c t o r s  based on source tes ts ,  it was necessary t o  des ign and 

d i s t r i b u t e  quest ionnai res t o  a l l  C a l i f o r n i a  breweries. In fo rmat ion  provided 
on these quest ionnai res enabled us t o  make brewery s i t e  se lec t i ons  based on 

t h e  f u l f i l l m e n t  o f  va r ious  s e l e c t i o n  c r i t e r i a .  Upon meet ing t h e  c r i t e r i a ,  one 
l a r g e  brewery ( " l a r g e "  i s  de f ined as a p roduc t ion  r a t e  g rea te r  than 60,000 

b b l s l y e a r )  and one small brewery were se lec ted  from t h e  f o u r  l a r g e  and f i v e  
small brewer ies i n  C a l i f o r n i a .  Besides serv ing  as a s i t e  s e l e c t i o n  t o o l ,  t h e  

ques t ionna i re  provided in fo rma t ion  on va r ious  throughput measures such as 
g r a i n  i i s a y  and beer prcd2ct;ar: rat:; Hhich, i n  conjunctiorl  wi th our 

exper imenta l l y  der ived  process-spec i f i c  emission f a c t o r s ,  enabled us t o  
develop a s tatewide i nven to ry  o f  brewery emissions. 

3.1.2.2 D e r i v a t i o n  o f  Emission Fac tors  

To ensure t h a t  .exper imenta l ly  de r i ved  would be as accurate as 

poss ib le ,  SA1 conducted "p re- tes t "  (Phase 1)  mon i to r ing .  and d e t a i l e d  (Phase 

11) source t e s t i n g ,  and then der ived  emission fac to rs .  

p re - tes t  mon i to r i ng  were t o  sample a l l  p o t e n t i a l  emission s i t e s  f rom one l a r g e  

and one small brewery and then, a f t e r  sample analys is ,  rank them by  expected 

emissions t o  i d e n t i f y  t h e  impor tant  spec ies.emi t ted from each source; and t o  
p rov ide  i n p u t  f o r  develop ing an e f f e c t i v e  and r e l i a b l e  sampling and ana lys is  

p lan t o  be implemented d u r i n g  Phase 11. 
mon i to r i ng  were t o  r e t u r n  t o  t h e  same brewer ies t o  q u a n t i f y  t h e  t o t a l  VOC 
emissions from each major  brewing process source and t o  i d e n t i f y  t h e  impor tant  

species emi t ted  therefrom. Stack v e l o c i t y  t rpve rses  were a l so  performed so 
t h a t  emission r a t e s  cou ld  be ca l cu la ted  f o r  va r ious  sources. Data obtained 

The ob jec t i ves  o f  t h e  

The ob jec t i ves  o f  t h e  Phase I 1  



dur ing  Phase I1  moni to r ing  were used t o  develop process-spec i f i c  emission 

f a c t o r s  f o r  l a rge  and small breweries based on the  amount o f  g r a i n  used and 
beer produced. Throughput data suppl ied by a l l  o ther  C a l i f o r n i a  breweries 

together  w i t h  exper imenta l ly  der ived  emission f a c t o r s  enabled us t o  develop 
t h e  f i r s t  statewide inventory  o f  brewery process emissions ever assembled. 

A f t e r  rev iewing t h e  r e l a t i v e  importance o f  each emission s i t e  a t  t h e  

l a r g e  and small brewery i n  terms o f  o v e r a l l  VOC emissions, we explored the  
appl i c a b i  1 i ty o f  var ious gener ic  con t ro l  technologies t o  brewery processes. 

P r a c t i c a l  advantages and disadvantages f o r  each technique are i d e n t i f i e d ,  and 

the  costs roughly est imated f o r  a " t y p i c a l "  l a r g e  and small brewery. 

3.2 BACKGROUND - THE BREWING INDUSTRY 

8 Uni ted States beer product ion increased from 1.4 x 10 bar re ls /year  
8 9 (4.4 x 10' ga l lons /year )  t o  1.9 x 10 

dur ing  1972 - 1981 (USBA. 1982). 
over ten  years o r  3.6 percent per year. 
t rends i n  C a l i f o r n i a  between 1973 and 1982. Statewide beer product ion 

increased from 8.9 m i l l i o n  b a r r e l s  t o  15.0 m i l l i o n  b a r r e l s  dur ing  t h i s  period. 

This  represents an annual growth r a t e  o f  7.6 percent per year. Based on SAI 's  

survey o f  t h e  C a l i f o r n i a  brewing i n d u s t r y  (see Sect ion 4.2). ac tua l  p roduc t ion  

i n  1982 i s  est imated t o  have been 20.7 m i l l i o n  bar re ls .  Most o f  t h e  increase 

from 1981 produc t ion  was due t o  the  expansion o f  capaci ty  a t  a l a r g e  southern 
C a l i f o r n i a  brewery. F igure  3.2-2 compares na t i ona l  and C a l i f o r n i a  product ion 
t rends.  

bar re ls /year  (6.0 x 10 g a l l o n s l y e a r )  

F igu re  3.2-1 shows beer p roduc t ion  
This represents  a 35.7 percent  growth r a t e  

I n  A p r i l  1983, n ine  breweries were opera t ing  i n  C a l i f o r n i a .  Table 

3.2-1 g ives t h e  names, l o c a t i o n s  and product ion r a t e s  o f  these breweries. The 

th ree  l a rge  breweries i n  t h e  South Coast A i r  Basin account f o r  8 1  percent o f  

t h e  s t a t e ' s  20.7 m i l l i o n  b a r r e l  p roduc t ion  i n  1982. One brewery i n  southern 
C a l i f o r n i a  accounted f o r  5 1  percent o f  t h e  s t a t e  t o t a l .  The remaining s t a t e  
product ion takes p lace l a r g e l y  i n  the  Bay Area a i r  basin. 

3.2.1 8rewing Process and Technology 
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Figure 3.2-3 outl ines  the production of beer from malting t o  
packaging. The  production process begins with barley malting. I n  California,  
breweries do not produce t h e i r  own malt; ra ther  they obtain i t  from 
i ndependent malt houses. 
steeping t a n k s  where the grain i s  softened. 
transferred t o  germination tanks where the  softened barley ( m a l t )  is detained 
fo r  about one week. The germination process i s  terminated by t ransfer r ing  the 
malt t o  a drying kiln. The barley malt i s  crushed in to  a f lou r  by a malt 
grinder and i s  now ready f o r  the brewing process. Large breweries in  the 
s t a t e  crush t h e i r  own malt while most small breweries purchase the f lour .  
Malt i s  the source of s ta rch-sp l i t t ing  and protein-spl i t t ing enzymes. 

F i r s t  , bar1 ey i s  pl aced in to  1 arge water-f i 11 ed 
The contents o f  these tanks are 

The conversion of starch t o  fermentable sugars occurs during the 
process called mashing. The three main methods of mashing are "double mash," 
"decoction" and "infusion." In California the large breweries employ the 
double mash method which uses additional sources of starch (adjuncts)  such as 
r i ce  or corn. In t h i s  system, adjuncts a re  cooked in  a cereal cooker f o r  
about one hour a t  temperatures between 40 and 100°C (104 and 212'F). The 
iiiiniure i s  then combined witn tne malt in  a separate vessel cal led t h e  mash 

t u n .  
t o  7OoC (104 t o  158OF) over an additional 40 minutes. 
mash i s  then raised t o  8OoC ( 1 7 6 O F )  a f t e r  20 minutes (Dougherty, 1977). 
times and temperatures are  approximate and will  d i f f e r  from brewery t o  
brewery. 
and then t ransfer r ing  i t  back t o  the main mash t u n  thereby ra i s ing  the 
temperature of the main mash. 
(167OF) i s  usually achieved a f t e r  three decoction cycles (Yates, 1979). In 
the infusion process, the ground mal t  and water are mixed so as  t o  obtain a 
selected temperature of between 65 t o  75OC (149 and 167OF) which i s  maintained 
constant for  about one hour ;  time of mashing i s  set t o  allow complete 
conversion of a l l  starch.  
only in the way the  temperature i s  ra ised;  the higher the temperature o f  
conversion, the f a s t e r  i s  the  react ion,  b u t  the lower the quantity of 
fermentable sugar formed. 

This t r ans fe r  ra i ses  the temperature of the malt mixture from about 40 
The temperature of the 

These 

Decoction involves boiling portions o f  the mash in a separate vessel 

Raising the mash t o  a f ina l  temperature of 75OC 

In pr inciple ,  the various mashing methods d i f f e r  

After mashing i s  complete, the extract (cal led "wort") i s  separated 

18 



Source: Mrak and Phaf f ,  1977 

Figure 3.2-3. Flow Chart of the  Brewing Process 
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from the i n s o l u b l e  grain residues in a s t ra in ing  tank with a perforated f a l s e  
bottom called a " lau ter  t u n . "  
f a l s e  botttom and act as a f i l t e r  through which the wort flows. Mash f i l t e r s  
using polyproylene f i b e r s  a re  sometimes used in place of a l au te r  t u n .  
device called the "strainmaster" i s  a var ia t ion of the l au te r  t u n  and i s  used 
by large breweries in California. 
grains a re  t ransferred t o  holding tanks. 
t h e i r  spent grains;  the wet grains are stored b r i e f ly  on-site and t h e n  sold t o  
c a t t l e  feed processors. 

The grain residues s e t t l e  uniformly on the 

A 

Once the process i s  complete the  spent 
California breweries do not dry 

As the wort i s  strained in the l au te r  t u n ,  the brew k e t t l e  i s  
simultaneously f i l l e d .  
minutes. The objectives of boiling a re  t o :  (1)  arrest fur ther  enzymatic 
conversion of starch to  sugar; ( 2 )  s t e r i l i z e  the wort; ( 3 )  prec ip i ta te  out 
undesired hydrolyzed proteins;  ( 4 )  concentrate the wort by evaporation of 
water; and ( 5 )  hasten chemical changes affect ing f lavor  development. The 
addition of hops during boiling r e su l t  in the formation o f  iso-alpha acids in 
the wort. Besides imparting the cha rac t e r i s t i c  b i t t e r  f lavor  t o  the beer, 
iso-aipna acias  nave a s t e r i i i z i n g  bac ter ios ta t ic  e f fec t  on a wide range of 
bacteria and also contribute t o  foam s t a b i l i t y  as a resu l t  of t h e i r  strong 
surface ac t ive  properties.  Hops contain as many a s  200 ident i f ied  o i l s  and 
resins including the terpenes myrcene, and b-caryophyllene (shown in Figure 
3.2-4) (Lickens, 1983; Hudston, 1977). These natural hydrocarbons have the 
potential f o r  being photochemically reactive.  Myrcene, in par t icu lar ,  i s  
28,540 times more react ive than methane (equals 1) based on i t s  reaction with 
the hydroxyl radical ( O H )  (McRae, 1982; Winer, et  a l ,  1976). Even though many 
of these compounds contribute to  f lavor  development ( the  iso-a1 pha acids)  and 
bac ter ios ta t ic  properties,  a large number o f  undesired vo la t i l e  organic 
compounds must be boiled off t o  the atmosphere t o  prevent off-flavor 
development in the f inal  product (Hudston, 1977). 

Wort i s  boiled in the brew k e t t l e  f o r  about 90 t o  120 

When boiling i s  f inished,  hops are f i l t e r e d  out by passing the wort 
t h r o u g h  a s t r a ine r ;  wort i s  collected and detained in the hot wort t a n k  where 
the insoluable matter i s  allowed t o  s e t t l e  out as " t r u b . "  The wort i s  t h e n  
cooled t o  a proper fermentation temperature,between 7 and 1 2 O C  (45 and 54OF) 
by means of open coolers which expose i t  t o  the surrounding a i r  during 
cooling, or by closed coolers t h a t  she l te r  i t  from the atmosphere (Strauss ,  
1977); most breweries in the s t a t e  employ the  l a t t e r .  

20 
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Figure 3.2-4. Structure  of Some 'Common Hop O i l  Terpenes 
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As t h e  wort  i s  cooled and aerated i t  i s  t r a n s f e r r e d  t o  t h e  

fermenters. 
f i l l i n g  process. I n  C a l i f o r n i a ,  bottom fe rment ing  yeasts  such as 

Saccharomyces uvarum are used most commonly i n  t h e  produc t ion  o f  l a g e r  beers 
w h i l e  t o p  ferment ing yeas ts  (Saccharomyces c e r e v i s i a e )  are used f o r  producing 

a les,  po r te rs  and s tou t  brands. Bottom fe rmenta t ion  u s u a l l y  proceeds a t  

temperatures between 5 and 10°C (41  and 5OoF). 

fe rmenta t ion  process va r ies  from brewery t o  brewery and a l so  depends on t h e  
type o f  beer produced. Fermentat ion can take  p lace  e i t h e r  i n  tanks open t o  

t h e  atmosphere o r  i n  c losed tanks designed t o  c o l l e c t  evo lv ing  carbon d iox ide  

(C02) f o r  use l a t e r  i n  t h e  brewing process. 

fermenters a re  open t o  t h e  atmosphere through a pass ive r o o f  vent du r ing  

f i l l i n g  and t h e  f i r s t  few hours o f  fermentat ion.  

Yeast i s  i n j e c t e d  d i r e c t l y  i n t o  t h e  t r a n s f e r  l i n e s  dur ing  t h e  

The exact course o f  t h e  

I n  t h e  l a t t e r - d e s i g n ,  t h e  

When a l l  the  oxygen i s  d isp laced f rom t h e  tank and t h e  C02 

concent ra t ion  i s  a t  t h e  requ i red  l e v e l  t h e  tank  i s  c losed so t h a t  t h e  C02 (and 

a l l  o the r  fe rmenta t ion  gas) i s  run  through a C02 p u r i f i c a t i o n  and c o l l e c t i o n  
system. 
scrubber fo l l owed  by an a c t i v a t e d  carbon bed. 

t o  determine t h e  amount o f  organic  gas i m p u r i t i e s  i n  c o l l e c t e d  C02 a f t e r  

var ious  p u r i f i c a t i o n  steps. 

before and a f t e r  gas scrubbing i n  t h e  packed water  tower and deodor iza t ion  by 

t h r e e  a c t i v a t e d  carbons beds. The l a r g e  f i r s t  peak i s  caused by r e i g n i t i o n  o f  
t h e  hydrogen flame which .was ext inguished d u r i n g  C02 gas sample i n j e c t i o n .  

The study examined f o u r  known organic gas i m p u r i t i e s :  acetaldehyde, acetone, 

e t h y l  acetate and ethanol .  

scrubbing. 

i m p u r i t i e s ,  i s  disposed o f  d i r e c t l y  t o  an i n d u s t r i a l  sewer. The i m p u r i t i e s  
remaining i n  small concentrat ions,  ma in ly  ethanol  and e t h y l  acetate,  are 

captured by t h e  a c t i v a t e d  carbon bed. A f t e r  p u r i f i c a t i o n  C02 i s  compressed 
and s to red  i n  l i q u i d  s ta te .  

recharged w i t h  hot  a i r  a t  204OC (4OOOF). 

t h e  a c t i v a t e d  charcoal du r ing  the  f i r s t  few hours o f  regenera t ion  ( S t i e r ,  

1983). Many fermenters,  each conta in ing  brews a t  var ious  stages o f  
fermentat ion,  a re  hooked up t o  the  system a t  any g iven time. 

Organic gas i m p u r i t i e s  are removed from t h e  CU, gas by a water  
L 

Gruber (1974) conducted a study 

F igure 3.2-5 shows gas chromatograms of C02 gas 

Most o f  t h e  gases are  removed d u r i n g  water  
The waste water from t h e  scrubber, con ta in ing  most o f  the  organic  

The a c t i v a t e d  carbon bed i s  p e r i o d i c a l l y  

Most o f  t h e  v o l a t i l e s  a re  d r i v e n  o f f  
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Summary of R s n l l b  ol P ~ ~ n t l W n  LtlmaUoa ol 1- h@lt 
All results are in P E N  pi Billion- gm. I 10"lcc. 
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Comwnents Acetaldehyde Acetone Acetate Alcohol 
Raw Fermentation Gas 5 3 30 1070 
After CO, Scrubber 2 Falntlrace 21 290 

4 
. . .  

After Deodorization - - - 

Figure  3.2-5.  Gas Chromatographic Ana lys is  o f  C02 Fermentation Gas 
a t  Various Stages o f  P u r i f i c a t i o n  ( f rom Grubert,1974) 
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The leng th  o f  the  pr imary fe rmenta t ion  pe r iod  va r ies  between th ree  

t o  seven days depending on t h e  type and s t y l e  o f  beer product ion.  
pr imary fermenters are emptied, most breweries rec la im  a p o r t i o n  o f  t h e  v i a b l e  
spent yeas t  f o r  use i n  a l a t e r  brew. 

auto lyzed and so ld  t o  animal feed processors, disposed o f  i n  i n d u s t r i a l  sewers 
o r  d i s t i l l e d  t o  recover ethanol  f o r  f u t u r e  sale,  as one C a l i f o r n i a  brewery 

does. 
takes place. 

Once t h e  

The remaining spent yeas t  i s  e i t h e r  

Beer 1s then t rans fe r red  t o  storage tanks where secondary fermentat ion 

Secondary fe rmenta t ion  i s  enhanced by t h e  i m e d i a t e  a d d i t i o n  o f  a 

small p o r t i o n  o f  f r e s h l y  ferment ing wor t  i n  t h e  aging tanks. The aging 

process takes p lace f o r  two o r  more weeks a t  temperatures l e s s  than 5OC 

(41OF). 
thereby a l l ow ing  more complete fermentat ion Wi th f l o c c u l e n t  yeasts. 

must be washed and s t e r i l i z e d  p r i o r  t o  use i n  a subsequent brew. 

a r e  deposi ted d i r e c t l y  i n t o  a dumpster f o r  l a t e r  removal. 

i n  the  s t a t e  use beechwood ch ips  i n  t h e i r  ag ing  processes. 

Beechwood ch ips are sometimes added t o  increase t h e  sur face area, 

Chips 

Old ch ips 

Two l a r g e  breweries 

F i n a l l y ,  the  Deer i s  f i l t e r e d  by c e n t r i f u g a t i o n  or  diatomaceous 
e a r t h  f i l t e r s  and prepared f o r  b o t t l i n g .  Once b o t t l e s  and cans have been 
f i l l e d  and crowned, they are pasteur ized a t  6OoC (140OF) f o r  a shor t  t ime, and 
then l a b e l l e d  and packaged. 

3.2.2 P o t e n t i a l  Emission S i tes  

P r i o r  t o  des ign ing our sampling plan, we i d e n t i f i e d  several  
p o t e n t i a l  emission s i t e s  i n  the  brewing process by reviewiwng t h e  l i t e r a t u r e ,  

and ho ld ing  d iscuss ions w i t h  representa t ives  f rom the  brewing i ndus t r y ,  EPA 
and l o c a l  a i r  p o l l u t i o n  c o n t r o l  d i s t r i c t s .  These s i t e s  inc lude:  

0 Hash cooker stack 

0 Lauter  tun/Stra inmaster  stack 

0 Brew k e t t l e  stack 

0 Hot wor t  tank vent  

0 Wort coo le r  stack 

0 Fermenters and/or C02 f i l t r a t i o n  system du r ing  a c t i v a t e d  carbon 



regenerat ion 

0 Beechwood c h i p  washer vent 

0 B o t t l i n g  
0 Spent g ra in  d isposal  
0 Other (yeast d isposal ,  diatomaceous ear th  d isposa l ,  tank  and 

ba r re l  t r a n s f e r ,  s p i l l s ,  and leaks )  

A few of the  above s i t e s  were l a t e r  deemed i n s i g n i f i c a n t  a f t e r  our p re l im ina ry  

i n v e s t i g a t i o n  and were omi t ted  from t h e  f i n a l  source t e s t i n g  plan; our 

j u s t i f i c a t i o n  w i l l  be discussed l a t e r  i n  the  r e p o r t  (see Sect ions 5.1.1 and 

5.1.2). Spent g r a i n  d ry ing  a c t i v i t i e s ,  which are p o t e n t i a l  sources o f  

p a r t i c u l a t e  mat te r  and gaseous hydrocarbons, were l e f t  out  o f  ou r  ana lys i s  

s ince no C a l i f o r n i a  brewery d r i e s  i t s  spent gra ins.  

3.2.2.1 Vented Emission S i t e s  

Process exhaust streams are i n t e n t i o n a l l y  emi t ted  through 

uncont ro l led  stacks and/or vents a t  t h e  f i r s t  seven s i t e s  l i s t e d  above. I n  

C a l i f o r n i a ,  two breweries do have c o n t r o l s  on brew k e t t l e  stacks t o  e i t h e r  

r e c i r c u l a t e  process steam exhaust o r  c o n t r o l  odors (see Sect ion 4.2). 
Emissions from the  mashing process c o n s i s t  ma in ly  o f  water vapor, bu t  a l so  

conta in  measurable amounts o f  v o l a t i l e  organic  compounds evo lv ing  f rom t h e  

cooking o f  ba r ley  mal t  and adjuncts  ( r i c e ,  corn, etc.). 

exhaust streams should con ta in  species s i m i l a r  t o  mashing emissions s ince the  
process on ly  invo lves  s t r a i n i n g  w i t h  no a d d i t i o n  of raw mater ia ls .  
brew k e t t l e  many v o l a t i l e  organic  compounds contained i n  hop o i l s  and r e s i n s  

are l o s t  t o  t h e  atmosphere du r ing  wor t  b o i l i n g .  The exhaust s tacks f o r  the  

above t h r e e  s i t e s  are fan-ass is ted  ( a t  l a r g e  brewer ies)  and u s u a l l y  near one 

another on the  roo f  o f  t h e  brewhouse. The species emission p r o f i l e  from t h e  

hot wor t  tank should be s i m i l a r  t o  t h a t  o f  wor t  b o i l i n g  s ince on ly  a t r a n s f e r  

i s  invo lved between t h e  two s i t e s ;  t h i s  t r a n s f e r  r e s u l t s  i n  ho t  wor t  tank 

working losses. A l l  l a r g e  breweries i n  t h e  s t a t e  have systems which c o l l e c t ,  
p u r i f y  and s to re  C02 from the  pr imary fe rmenta t ion  process. One component of 

t h i s  system, t h e  a c t i v a t e d  carbon bed, re leases adsorbed VOC i m p u r i t i e s  dur ing  

pe r iod i c  h o t - a i r  bed regenerat ion.  Breweries t y p i c a l l y  have a two-bed system 
whereby one system i s  i n  use w h i l e  t h e  o the r  i s  being regenerated. Emissions 

are vented d i r e c t l y  through a stack t o  the  ambient atmosphere. 

Lauter  t u n  process 

I n  t h e  

In  smal ler  
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breweries, pr imary fe rmenta t ion  takes p lace  i n  open tanks; no C02 c o l l e c t i o n  

takes place. 
vented t o  the  atmosphere through room a i r  c o n d i t i o n i n g  exhaust p o r t s  o r  
pass ive roo f  vents, o r  u n i n t e n t i o n a l l y  through windows and doors as f u g i t i v e  

emissions. Emissions from beechwood ch ip  r e c y c l i n g  are vented d i r e c t l y  from 

t h e  hot water washer t o  the  atmosphere through sho r t  s tacks loca ted  on the  

roof .  Other i n t e n t i o n a l l y  vented sources i nc lude  by-product (spent yeast  and 
g r a i n )  h o l d i n g  tanks. 
du r ing  tank t r a n s f e r .  

Depending on brerrery fermentat ion room design, emissions can be 

Emissions from these sources occur as working losses 

3.2.2.2 F u g i t i v e  Emissions 

F u g i t i v e  emissions occur dur ing  f i n a l  wet d isposal  o f  t h e  spent 

g ra ins  t o  hau l i ng  t rucks .  Emissions from b o t t l i n g  opera t ions  r e s u l t  from beer 

s p i l l a g e  du r ing  t h e  f i l l i n g  o f  cans, b o t t l e s  and kegs. Most o f  t h e  waste beer 
i s  dra ined t o  san i ta ry  sewers or  sumps, thus reducing p o t e n t i a l  evapora t ive  

emissions. Other f u g i t i v e  emissions sources i n c l u d e  beechwood c h i p  d isposal  

b ins,  miscel laneous s p i l l s  and leaks. 

3.3 KEGULATOHY FRAMEWORK 

3.3.1 Federal Regu la t ion  

The U.S. Environmental P ro tec t i on  Agency has no New Source 

Performance Standards (NSPS) f o r  the  brewing i n d u s t r y  and no r e g u l a t o r y  

measures are c u r r e n t l y  be ing considered (Walsh, 1981). 
3.3.2 Sta te  and Local Regulat ions 

Under t h e  Clean A i r  Act Amendments o f  1977, each s t a t e  is t o  

fo rmula te  and rece ive  EPA approval f o r  a S t a t e  Implementat ion Plan ( S I P )  f o r  

p revent ing  s i g n i f i c a n t  d e t e r i o r a t i o n  o f  a i r  q u a l i t y  where federa l  pr imary 
ambient a i r  q u a l i t y  standards are c u r r e n t l y  met and f o r  achiev ing t h e  

standards i n  c u r r e n t  non-attainment areas. A c t i v i t i e s  and regu la t i ons  

r e l a t i n g  t o  federa l  ambient standards genera l l y  f a l l  w i t h i n  one o f  two 
arenas--Prevention o f  S i g n i f i c a n t  D e t e r i o r a t i o n  and Non-Attainment. 

3.3.2.1 Prevent ion o f  S i g n i f i c a n t  D e t e r i o r a t i o n  

Under t h e  Prevent ion o f  S i g n i f i c a n t  ' D e t e r i o r a t i o n  (PSD) p rov i s ions  



o f  the  Clean A i r  Act, th ree  classes o f  "c lean a i r "  areas were created, a c lean 

area being one i n  which the  federa l  ambient standards f o r  SO2, t o t a l  suspended 

p a r t i c u l a t e  mat te r ,  carbon monoxide, NOx, hydrocarbons and ozone are met. 
each c l a s s i f i c a t i o n ,  a i r  q u a l i t y  i s  permi t ted  t o  d e t e r i o r a t e  by a p rescr ibed 

maximum increment above t h e  base l ine  c o n d i t i o n  e x i s t i n g  a t  t h e  t ime o f  t h e  
f i r s t  permi t  a p p l i c a t i o n  i n  a c lean a i r  area. These increments must be shared 

by a l l  present and f u t u r e  sources i n  and around each a i r  q u a l i t y  c o n t r o l  
region. 

3.3 .2 .2  Non-att a i  nment 

I n  

Any a i r  q u a l i t y  con t ro l  reg ion  i n  which t h e  federa l  ambient 

standards are v i o l a t e d  i s  designated as a non-attainment area. Construct ion 

of new o r  mod i f ied  f a c i l i t i e s  i n  these areas i s  governed by EPA's emission 
o f f s e t  po l  i cy ,  unless the  s t a t e ' s  S I P  i s  adequate t o  manage non-attainment 

areas. 
before a cons t ruc t i on  permi t  may be issued: 

Under t h i s  p o l i c y ,  major sources must meet t h e  f o l l o w i n g  requirements 

e Emissions from t h e  proposed f a c i l i t y  must be m r e  
than o f f s e t  by reduced emissions from e x i s t i n g  
sources, r e s u l t i n g  i n  a p o s i t i v e  net a i r  q u a l i t y  
b e n e f i t  and reasonable f u r t h e r  progress toward 
at ta inment  o f  t h e  ambient standard. A p o r t i o n  o f  
"excess" o f f s e t  c r e d i t  may be banked f o r  f u t u r e  use 
by the  app l i can t ,  but  i n t e r p o l l u t a n t  t r a d e o f f s  a re  
not  permi t ted.  

Achievable Emission Rate. 

Any o t h e r  major sources w i t h i n  t h e  s t a t e  which are  
owned by t h e  app l i can t  must be i n  compliance w i t h  
appl i cab1 e emission standards o r  compl i ance 
schedules. 

0 The proposed f a c i l i t y  must have t h e  Lowest 

0 

3.3 .2 .3  Local D i s t r i c t  Regulat ions 

C a l i f o r n i a ' s  l o c a l  a i r  p o l l u t i o n  c o n t r o l  d i s t r i c t s '  responses t o  the  

PSD and non-attainment r e g u l a t o r y  ob1 i g a t i o r i s  vary from county t o  county. 

Here we w i l l  d iscuss t h e  regu la t i ons  t h a t  may apply t o  t h e  emissions o f  
i n t e r e s t  i n  d i s t r i c t s  having t h e  l a r g e s t  concent ra t ion  o f  breweries.  

South Coast A i r  Q u a l i t y  Management D i s t r i c t  (SCAQMD) 

Three breweries are loca ted  i n  t h e  SCAQMD. The D i s t r i c t  has no 
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s p e c i f i c  r u l e s  cover ing  ethanol  emissions f rom breweries.  

emissions may f a l l  under Rule 442, "Usage o f  Solvents"  (SCAQMD 1978). which 

requ i res  reduc t i on  o f  organic so lvent  emissions by 85 percent o r  by var ious 

absol Ute amounts depending upon t h e  process used and t h e  p h o t o r e a c t i v i t y  o f  

t h e  substances. 

However, these 

Bay Area A i r  Q u a l i t y  Management D i s t r i c t  (BAAQMD) 

Four breweries a re  loca ted  i n  t h e  BAAQMD. The D i s t r i c t  has no 

s p e c i f i c  r e g u l a t i o n  regard ing ethanol emissions. However, t h i s  type  o f  
emission may f a l l  i n t o  t h e  miscel laneous category,  Regulat ion 8 - Rule 2, 
which requ i res  t h a t  emissions o f  organic compounds ( i n c l u d i n g  gases) i n t o  the  

atmosphere no t  exceed 300 p a r t s  per m i l l i o n  and 15 pounds per day 

(DeBoi sbl  anc , 1981). 

Sacramento County A i r  Pol 1 u t i  on Control  D i s t r i c t  

Cur ren t ly ,  t h e r e  i s  one sma l l  brewery i n  Sacramento County. The 

D i s t r i c t  has no r e g u l a t i o n  regard ing ethanol  emissions. However, t h i s  type  o f  
i . i i i i j j iu t i  iiitly i a i i  in iu  the "Orydnic Solvent  iise" r u i e  number 25 (Nixon, i58 i j .  
which s ta tes  t h a t  r e a c t i v e  hydrocarbon emissions may no t  exceed t h r e e  pounds 
per hour. 

B u t t e  County A i r  P o l l u t i o n  Control  D i s t r i c t  

One small brewery has been i d e n t i f i e d  i n  t h i s  d i s t r i c t .  According 

The d i s t r i c t  does r e l y  on r e g u l a t i o n s  i n  t h e  Clean A i r  Act  which 

t o  one l o c a l  a i r  p o l l u t i o n  o f f i c i a l ,  t h e r e  a r e  no r e g u l a t i o n s  r e s t r i c t i n g  VOC 
emissions. 

are app l i cab le  (Schacht, 1981). 
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4.0 

CHARACTERIZATION OF CALIFORNIA BREWERIES 

Two o f  the  main goals o f  t h i s  study were t o  develop 
process-speci f ic  emission f a c t o r s  and t o  assemble a s tatewide inventory  o f  
brewing process emissions. To achieve these goals, SA1 designed and 

d i s t r i b u t e d  quest ionnai res t o  a l l  C a l i f o r n i a  breweries t o  ob ta in  i n fo rma t ion  

about t h e i r  brewing processes. This i n fo rma t ion  was used t o  se lec t  

representa t ive  breweries f o r  source t e s t i n g  and t o  e s t a b l i s h  a data base from 

which s tatewide brewery emissions could be ca lcu la ted .  This chapter o u t l i n e s  

the  methods used and the  r e s u l t s  obta ined from our survey. The f i n a l  sec t i on  
sumnarizes our r a t i o n a l e  f o r  s e l e c t i n g  t h e  t e s t  breweries. 

4.1 METHODS 

A l i s t  o f  c u r r e n t l y  operat ing C a l i f o r n i a  breweries was obta ined 

from t h e  Federal Bureau of Alcohol ,  Tobacco and Firearms. Each brewery was 

contacted by te lephone t o  v e r i f y  t h e  address and proper contact .  Dur ing t h e  

conversat ion,  t h e  respondent was asked t o  p rov ide  t h e  des i red  i n fo rma t ion  

over the  telephone; i f  he was u n w i l l i n g  to do so, a survey packet con ta in ing  

a cover l e t t e r  and ques t ionna i re  (F igures 4.1-1 and 4.1-2, r e s p e c t i v e l y )  was 
sent t o  the  re levan t  par ty .  Some brewer ies d i d  not i n i t i a l l y  respond t o  
quest ion No. 8, as they f e l t  i t would r e q u i r e  d i v u l g i n g  t h e i r  c l o s e l y  guarded 

brewing recipes. The quest ion was then re-worded t o  ask f o r  the  t o t a l  amount 

o f  g ra in  (bar ley ,  ad juncts ,  g r a i n )  used per ba r re l .  

acceptable t o  a l l  but  one brewery. 

This  a l t e r n a t i v e  was 

Brewery s i t e  s e l e c t i o n  was based on how wel l  t h e  f o l l o w i n g  

c r i t e r i a ,  i n  descending order  o f  importance, were s a t i s f i e d :  

0 The brewery should conta in  a l l  o r  nea r l y  a l l  o f  the  processes 
comnon t o  t h e  i ndus t r y ;  
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<date> 

<gender> < f i r s t  name> <middle name> < l a s t  name> 
< t i t l e >  
<company> 
<address> 

Dear <gender> < l a s t  name>: 

Science App l ica t ions ,  Inc. (SAI)  i s  under c o n t r a c t  t o  t h e  Research D i v i s i o n  o f  
t h e  C a l i f o r n i a  A i r  Resources Board (CARB) t o  cha rac te r i ze  fe rmenta t ion  
emissions from C a l i f o r n i a  breweries. Th is  l e t t e r  i s  t o  con f i rm  our  telephone 
conversat ion o f  <date> which c l a r i f i e s  SAI 's  request f o r  in fo rmat ion .  The 
ob jec t i ves  o f  our  research are  (1) t o  i n v e n t o r y  a l l  v o l a t i l e  organic  compound 
(VOC)  emissions ( p r i n c i p a l l y  e thano l )  from breweries,  ( 2 )  e s t a b l i s h  emission 
fac to rs  which are  rep resen ta t i ve  o f  each emission source i n  a brewery and (3)  
t o  suggest p o t e n t i a l l y  app l i cab le  c o n t r o l  technologies which can be designed 
t o  reduce VOC emission f rom breweries. 

A: p a r t  o f  wr recezrch, r e  w i ! l  he reqg i red  t o  p e r f n n  source t e s t s  a t  one 
l a r g e  brewery and one smal l  brewery i n  C a l i f o r n i a .  To ensure t h a t  our s i t e  
se lec t i ons  are rep resen ta t i ve  o f  t h e  C a l i f o r n i a  brewing i ndus t r y ,  we are  
conduct ing an i n fo rma t ion  ga ther ing  survey o f  many breweries i n  t h e  State. It 
would be a g rea t  he lp  t o  our  s e l e c t i o n  process i f  you would take  a few 
moments t o  f i l l  out t h e  enclosed ques t ionna i re  p e r t a i n i n g  t o  aspects of your  
p roduc t ion  processes. Science App l ica t ions ,  Inc. i s  requ i red  t o  preserve i n  
s t r i c t  conf idence a l l  i n fo rma t ion  designated " t rade  secre t "  which i s  obta ined 
from business e n t i t i e s  du r ing  performance o f  t h i s  c o n t r a c t  and may not  r e t a i n ,  
d isc lose ,  o r  i n  any o the r  manner use such in fo rma t ion  except t o  r e p o r t  it t o  
du ly  au thor ized  members o f  t h e  A i r  Resources Board s t a f f .  
ma in ta in  t h e  c o n f i d e n t i a l i t y  o f  t rade  sec re t  data and o f  any i n fo rma t ion  
exempt f o r  any reason from lega l  requirements f o r  d isc losure.  Attached are 
copies o f  our a u t h o r i z a t i o n  l e t t e r  from t h e  CARB and a secrecy agreement which 
we have signed w i t h  t h a t  agency. I f you f e e l  t h a t  any o f  t h e  i n fo rma t ion  you 
r e p o r t  t o  us should be deemed a t rade  sec re t  p lease so s ta te .  

Th is  request f o r  data i s  a formal one made by t h e  CARB pursuant t o  Sect ion 
41511 o f  the  C a l i f o r n i a  Hea l th  and Safe ty  Code and Sect ion 91100, T i t l e  17 of 
t h e  C a l i f o r n i a  Admin i s t ra t i ve  Code which au thor izes  t h e  CARB, o r  i t s  du l y  
appointed representa t ive ,  t o  r e q u i r e  submission o f  a i r  p o l l u t i o n  r e l a t e d  
in fo rmat ion  f rom owners and operators  o f  a i r  p o l l u t i o n  emission sources. 
Please i d e n t i f y  an 

disseminat ion.  

The ARB w i l l  

i n f o r m a t i o n  you consider  t o  be p r o p r i e t a r y  i n  na ture  (e.g. 
t r a d e  secre ts )  an + r e s t r i c t i o n s  " you request t o  be p laced upon i t s  

We w i l l  handle such requests cons is ten t  w i t h  t h e  requirements 

F igure  4.2-1. L e t t e r  Accompanying W r i t t e n  Ques t ionna i re  

Science Applications, Inc. igoo Avenue of the stars. suite goo. LOS Angeles. California 90067, (2131 553-2705 
Other SA' Offices: Albuauerctue. Atlanta. Chicago. Daylon. Denver. Huntsk 31 les. Oak Ridge. San Diego. San Francisco. Tucson. and Washington. D.C. 
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set  down i n  the  C a l i f o r n i a  codes o u t l i n e d  above. 
been use success fu l l y  i n  conduct ing surveys o f  over 1000 f i r m s  and we have 
never been faced w i t h  l i t i g a t i o n  i n  these mat ters .  
p o l i c y  may be obta ined from t h e  ARB research con t rac t  moni tor ,  M r .  Joseph 
Pantalone, whose telephone number i s  (916) 323-1535. 

I f  you need f u r t h e r  i n fo rma t ion  please contac t  me a t  t h e  address and phone 
number a t  the  bottom o f  t h e  page. 

Thank you very much f o r  a s s i s t i n g  us i n  t h i s  survey. 
t o  the  r e s u l t s  o f  our s i t e  se lec t i on  process. 

S incere ly ,  

SCIENCE APPLICATIONS, INC. 

This type  o f  agreement has 

Fur ther  in fo rmat ion  on ARB 

Our con t rac t  number i s  
A2-073-32. 

We w i l l  l e t  you know as 

Richard 0. Rapoport, M.P.H. 
P r i n c i p a l  I n v e s t i g a t o r  

enclosures 

F igure  4.2-1. L e t t e r  Accompanying W r j t t e n  Quesionnai re ( con t . )  
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SCIENCE APPLICATIONS, INC./CALIFOKNIA A I R  RESOURCES BOARD 
CALIFORNIA BREWERY I NOUSTRY QUEST I ONNAI RE 

INSTRUCTIONS: Please f i l l  out  the  e n t i r e  quest ionnai re.  I f  answers need 
c l a r i f i c a t i o n ,  use t h e  o ther  s ide o f  t h e  sheet,  w i t h  re fe rence t o  t h e  quest ion 
number. Please r e t u r n  t h e  ques t ionna i re  as soon as poss ib le .  

Company Name : 

Address : , City: , Zip :  

Person To Contact: , T i t l e :  

Telephone No.( ) 

1. How many employees are  c u r r e n t l y  working a t  t h e  brewery? 

2. What i s  your c u r r e n t  opera t ing  c y c l e ?  Hours/Day ; 
Days/Week; Weeks/Y ear 

3. What percentage o f  your  annual p roduc t ion  opera t ions  occurs du r ing  t h e  
f n l l n w i n ?  w a s n n z :  4 Winter;  4. Spring; % Siimner; 

% F a l l  ( t o t a l  should = 100 percent ) .  

Ba r re l  s/Year ; 4. What i s  your  c u r r e n t  p roduc t ion  r a t e ?  
Bar re l  s/Week; Ba r re l  s/Day. 

5. What are t h e  chances o f  your  breweries business p i c t u r e  changing i n  t h e  

next f i v e  years (i.e., planned expansions or slowdowns)? 

Medium, LOW - - - High, 

6. Are t h e r e  d e f i n i t e  p lans t o  change (modernize) e x i s t i n g  p l a n t  process 

technologies i n  t h e  next  f i v e  years? Yes ; No 

7. What types o f  beer a re  produced a t  your  brewery? (e.g., l a g e r  s tou t ,  l i t e ,  

a les,  etc.)  
t o  your  t o t a l  annual p roduc t ion  g iven i n  ques t ion  4. 

For each t ype  o f  beer, p lease g ive  i t s  percent c o n t r i b u t i o n  

F igure 4.2-2. C a l i f o r n i a  Brewery . I ndus t r y  Quest ionna i re  
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8. 

9. 

How many pounds o f  t h e  f o l l o w i n g  raw m a t e r i a l s  are used t o  produce one 

ba r re l  ( 3 1  ga l l ons )  o f  your  beer? 

Brewer ' s M a l t  

M a l t  Adjuncts 
Hops 

Yeast 

What types o f  con t ro l  devices are i n  p lace t o  prevent emissions f rom 

escaping i n t o  the  ambient a i r ;  i n  what process streams are they l oca ted :  
(e.9. c o n t r o l s  on fe rmenta t ion  tanks,  storage tanks, s l u r r y  d isposa l  

tanks, exhaust streams from mashing and wort  b o i l i n g ,  waste beer, and any 

o the rs )  

, No 10. Do you use beechwood ch ips? Yes - 
11. What are t h e  cu r ren t  methods o f  d isposa l  f o r :  

Spent t i ra ins : 

Spent Yeast: 

Trub : 

Figure 4.2-2. Cal i fo r .n ia  Brewery Indus t r y  ques t ionna i re  (cont . )  
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Beechwood ch ips  ( o r  o ther ,  i f  a p p l i c a b l e )  

12. For each o f  the  d isposal  ca tagor ies  l i s t e d  i n  quest ion 11, how many pounds 

are  disposed o f  per b a r r e l  of beer produced ( I f  per b a r r e l  f i g u r e s  a r e  
unava i lab le ,  use d isposal  per year.) 

Spent Grains , Spent Yeast , Trub 

Beechwood Chips 

13. What types o f  f i l t e r s  are used a f t e r  mashing: 

Lauter  Tuns 
Plate-and-Frame F i l t e r s  

Other; p lease speci fy  

Days 

Days 
14. For your  major products,  how long i s  the :  fe rmenta t ion  cyc le?  - 

aging cyc le?  - 
open system? Yes; No :s C_- - - -L -L :  - -  - - 1 5 1 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  iarr'ied out  i n  an I C  

Id. 

c02 16. What types of f i l t e r s  are used du r ing  and a f t e r  fermentat ion:  (e.g., 
f i l t r a t i o n ,  pad f i l t e r s ,  diatomaceous ear th ,  c e n t r i f u g a t i o n ,  o the rs )?  

17. Beers a re  packaged i n  cans, b o t t l e s ,  kegs 

18. Thank you very much f o r  complet ing t h e  quest ionnai re.  Please use t h e  
enclosed, s e l f  addressed, stamped envelope and send t o :  

Science App l i ca t i ons ,  Inc. 
C a l i f o r n i a  Brewery P r o j e c t  
1900 Avenue o f  t h e  Stars,  Su i te  900 
Los Angeles, C a l i f o r n i a  90067 

F igure  4.2-2. C a l i f o r n i a  Brewery Indus t r y  Quest ionna i re  (cont.1 
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Kaw m a t e r i a l s  and product ion processes should be representa t ive  
o f  l a r g e  ( o r  smal l )  breweries;  

The brewery should be loca ted  i n  a non-attainment area f o r  
ozone ; 

The leve l  o f  s o p h i s t i c a t i o n  o f  e x i s t i n g  con t ro l  technology 
should be representa t ive  o f  t h e  i ndus t r y ;  

Product ion capaci ty  should be rep resen ta t i ve  o f  l a r g e  ( o r  smal l )  
breweries i n  C a l i f o r n i a ;  

Waste disposal  systems should be rep resen ta t i ve  o f  t h e  indus t ry ;  

The brewery's product ion capac i ty  and process technology should 
not  be expected t o  change s i g n i f i c a n t l y  dur ing  t h e  next f i v e  
years; and 

The l e v e l  o f  cooperat ion from brewery representa t ives  should be 
adequate. 

4.2 RESULTS 

To ob ta in  i n fo rma t ion  from the  breweries,  i t  was necessary t o  
i nsu re  the  c o n f i d e n t i a l i t y  o f  " t rade secre t "  i n fo rma t ion  p e r t a i n i n g  t o  
var ious throughputs and o ther  process data. Therefore, i n fo rma t ion  so 
-designated w i l l  not  appear i n  t h i s  repor t .  The f o l l o w i n g  d iscuss ion o f  

i ndus t r y  c h a r a c t e r i s t i c s  does not  i nc lude  any t rade  secret  data. 

4.2.1 Temporal Operat ing Cycles 

Large breweries i n  t h e  s t a t e  brew 24 hours per day, 365 days per  

Small year, w i t h  the  except ion o f  one brewery which brews 5 days per week. 
breweries operate on a more f l e x i b l e  schedule, vary ing  between 8 and 12 hours 

per day, 5 days per week; b o t t l i n g  opera t ions .occur  1 o r  2 days per week. 
Product ion volumes vary seasonal ly  as fo l l ows :  
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Season 

Winter 

Spr ing 
Summer 

Fa1 1 

Average Percent of 
Annual Product ion 

23.2 
24.5 
26.7 
25.6 
100.0 
- 

The seasonal percent d i f f e rences  were s t a t i s t i c a l l y  s i g n i f i c a n t  a t  t h e  95 

percent conf idence l e v e l .  

4.2.2 E x i s t i n g  A i r  P o l l u t a n t  Cont ro ls  

A i r  p o l l u t a n t  emissions o the r  than tnose from f u e l  combustion are 

not  d e l i b e r a t e l y  c o n t r o l l e d  i n  t h i s  indust ry .  However, some c o n t r o l  i s  

acnievea as t n e  r e s u i r  o f  c e r r a i n  orewery operat ions.  Anchor Brewing, f o r  

example, uses a tower packed w i t h  po lye thy lene beads t o  condense steam coming 

o f f  the  brew k e t t l e ;  t h e  condensed water scrubs out  odorous hydrocarbons. A 

l a r g e  brewery r e c i r c u l a t e s  and condenses steam b o i l e d  o f f  from t h e  brew 

k e t t l e ,  thus p r o v i d i n g  some a i r  p o l l u t a n t  con t ro l .  

4.2.3 By-products Hand1 i n g  

A l l  b rewer ies i n  t h e  s t a t e  s e l l  t h e i r  spent gra ins,  wet, t o  animal 

feed processors or l o c a l  farmers. Buyers p i c k  up t h e  spent g ra ins  as o f t e n  

as 14 t imes a day a t  some o f  t h e  l a r g e r  brewer ies and once a week o r  more a t  

t h e  smal le r  f a c i l i t i e s .  

breweries. Most breweries rec la im  a small p o r t i o n  o f  t h e  spent yeas t  f o r  use 

i n  l a t e r  brews and depos i t  t h e  remainder i n  i n d u s t r i a l  sewers o r  s e p t i c  

tanks. One brewery auto lyzes i t s  spent yeast  before removal by a c o n t r a c t  
buyer wh i l e  another recovers entrapped ethanol  us ing  an on -s i t e  d i s t i l l a t i o n  

Disposal  methods f o r  'spent yeas t  vary among 
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system; s t i l l  bottoms are shipped out  w i t h  the  spent grains.  Trub i s  u s u a l l y  

hauled a*ay w i t h  the spent gra ins.  One small brewery uses it as a 
landscaping f e r t i l i z e r .  F a c i l i t i e s  d ispos ing  o f  beechwood ch ips do so i n  

san i ta ry  l a n d f i l l s .  It should be noted t h a t  we d i d  not  choose t o  consider  
wastewater by-products i n  our survey. 

4.2.4 Fermentation Gas Hand l ing  

A l l  l a r g e  breweries i n  the  s t a t e  have ac t i va ted  carbon adsorpt ion 

systems which c o l l e c t ,  p u r i f y  and s t o r e  C02 fermentat ion gas from a pr imary 
fermentat ion process closed t o  the  atmosphere (discussed i n  Sect ion 3.2.1); 
small breweries do not.  When t h e  a c t i v a t e d  carbon bed i s  regenerated w i t h  
hot  a i r  a f t e r  a per iod  o f  cont inuous operat ion,  v o l a t i l e  organic  compounds 

(mainly e thano l )  are released i n t o  the  atmosphere. 
regenerat ion every o ther  day f o r  24 hours, another brewery c a r r i e s  out  
regenerat ion every 7 days f o r  17 hours. Regeneration schedules depend on 

system C02 c o l l e c t i o n  and storage capac i t i es .  

One brewery c a r r i e s  out  

4.3 BREWEKY SELECTION RATIONALE 

Anchor Brewing i n  San Francisco was se lected f o r  t e s t i n g  as t h e  

small brewery. 

i t s  product ion capaci ty  which i s  nea r l y  11 t imes grea ter  than t h e  
nex t - la rges t  small brewery. We purposely made t h i s  se lec t i on  because t h e  

e r r o r  invo lved i n  e x t r a p o l a t i n g  emissions from a l a rge  t o  a small brewery 
would be smal ler  than t h e  converse s i t u a t i o n ,  as i l l u s t r a t e d  by F igu re  4.2-3. 

I f  a smal ler  brewery were selected' f o r  source tes t i ng ,  e x t r a p o l a t i n g  up t o  a 

large,  untested f a c i l i t y  would lead t o  a much grea ter  e r r o r  i n  es t ima t ing  

emissions. 

Anchor met most o f  the  c r i t e r i a  o u t l i n e d  e a r l i e r  except f o r  

Representat ives o f  F a c i l i t y  A requested t h a t  we keep t h e i r  i d e n t i t y  

c o n f i d e n t i a l .  

o ther  l a r g e  breweries i n  the  s ta te .  

This  f a c i l i t y  met a l l  o f  t h e  c r i t e r i a  more completely than 
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/Measured (based on m a l  1 e r  brewery) 
/ 

c1 c2  
Increasinq Production Capacity 

E l ,  E 2  = actual emission r a t e  from small and la rge  b-eweries, respectively 

el = measured emission r a t e  

e2 = extrapolated emission r a t e  estimate based on small brewery 

e i  = extrapolated emission r a t e  estimate based on laroe brewery 

e; = measured e r i ss ion  r a t e  

c l ,  c2 = production caDacity a t  small and l a r a e  breiieries, respectively 

Figure 4.2-3. Hypothetical Results o f  Extrapolating Emission Rates Based on  
Measurements From Either a Large or  Small Brewery 



5.0 

DERIVATION OF EMISSION FACTORS 

Air pollution control agencies and the indus t r ies  they regulate a re  
faced continually with the problem of estimating pol lutant  emissions i n  the 
absence of hard, s i t e - spec i f i c  s c i e n t i f i c  data.  A very common pract ice  i s  to 
assume tha t  emissions are a fixed f rac t ion  of the material consumed, 
processed, produced, stored or disposed of by the f a c i l i t y .  These f r ac t ions ,  
whose s c i e n t i f i c  bases range from "engineering judgement" t o  comprehensive 
f i e l d  and laboratory s tudies ,  are ca l led  emission fac tors .  In the case of 
the brewing industry,  emission fac tors  can be expressed as mass of v o l a t i l e  
organic compound ( V O C )  emitted per u n i t  mass of grain fermented, o r ,  
a l te rna t ive ly ,  per barrel of beer produced. Because operations and processes 
vary from brewery t o  brewery, the use of only one composite emission fac tor  
to quantify to t a l  VOC emissions for  emissions inventory purposes may not be 
appropriate. Therefore, the use of process-specific emission fac tors  based 
on measured emission data and process data i s  v i t a l  for  r e l i ab le  emission 
estimates. 

5.1 PREVIOUS EMISSION FACTORS 

Before this pro jec t ,  the U.S. Environmental Protection Agency 
(1977) estimated an emission fac tor  for  spent grain drying operations based 
on process data which assumed t h a t  one percent by weight of the spent grain 
is emitted as hydrocarbon. Assuming the grain loses  20 percent of i t s  weight 
d u r i n g  processing, for  every pound of spent grain,  1.25 pounds of raw grain 
are  i n i t i a l l y  required. Therefore, each 1.25 pounds of raw g r a i n  i n p u t  emits 
0.01 pounds of hydrocarbons, and the emission fac tor  would be 16 pounds of 
hydrocarbons per ton of grain handled. 
thousand gallons of beer produced, a grain throughput estimate of 1.36 pounds 
of grain used per gallon of beer (42.3 pounds per barrel af beer) i s  factored 
in (Shreve, 1977). The emission fac tor  then becomes 10.9 pounds per thousand 
gallons of beer. 

To convert this f igure  t o  pounds per 

Since no California breweries dry t h e i r  spent gra in ,  



however, t h i s  emission fac tor  i s  n o t  applicable t o  the s t a t e  brewing 
industry . 

Lavignino and Henderson (1979) conducted t e s t s  a t  one brewery and 
reported fugi t ive  ethanol emissions within the brewhouse and yeas t  disposal 
area t o t a l l i n g  23 and 40 tons per year ,  respectively.  
obtained by averaging instantaneous concentration readings taken a t  various 
locat ions using a portable organic vapor analyzer. 
calculated by multiplying the concentration by the maximum a i r  conditioning 
intake flow ra te .  Yeast disposal emissions were calculated by assuming t h a t  
spent yeas t  contains two percent by weight e thanol ,  and t h a t  t h i s  e n t i r e  
f rac t ion  evaporates from the to ta l  amount of yeas t  used a t  the brewery in one 
year.  
i n t o  account the various spent yeast  storage and disposal methods used by 
s t a t e  breweries ( s e e  Section 4.2.1).  

The f i r s t  estimate was 

An emission r a t e  was 

Besides being based only on process data,  this estimate does not take 

Given the inappl icabi l i ty  of these emission fac tors ,  a conclusive 
source t e s t ing  program was warranted. Our program was conducted i n  two 
pi i r ts :  thc  pre - tes t  r ~ ~ f  tort  ng i Phase 1) and quanti t a t i  L'S source t s s t i  ng 
(Phase 11).  The purpose of Phase I monitoring was to ident i fy  important 
emission sources, qua l i t a t ive ly  charac te r ize  the vo la t i l e  organic compounds 
( V O C s )  emitted from these sources and t o  determine the most e f f i c i e n t  methods 
f o r  Phase I1 sampling and analysis.  The purpose of the  Phase I1 t e s t ing  was 
t o  quant i ta t ive ly  character ize  the VOCs emitted from important sources 
iden t i f i ed  during Phase I t e s t ing .  Source testing was conducted a t  one small 
and one large brewery i n  California.  (The large brewery wishes to remain 
unident i f ied.)  The ra t iona le  for  their select ion i s  discussed i n  Section 
4.2.2. 

5.2 PHASE I MONITORING 

The following section will describe the test protocols used a t  both 
breweries d u r i n g  the pre- tes t  monitoring phase, followed by a br ief  
descr ipt ion and discussion of the sampling results. 

5.2.1 Sampling Procedures 
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The purpose o f  t h e  i n i t i a l  survey was t o  i d e n t i f y  no t  on l y  t h e  
s i g n i f i c a n t  emission sources w i t h i n  t h e  breweries se lected f o r  sampling, bu t  

a lso  t o  q u a l i t a t i v e l y  cha rac te r i ze  t h e  v o l a t i l e  organic compounds (VOCs) 
emit ted.  Furthermore it was necessary t o  t r y  a v a r i e t y  o f  sampling 

techniques i n  order  t o  se lec t  t h e  most appropr ia te  means f o r  q u a n t i f y i n g  VOCs 

dur ing  Phase I 1  mon i to r ing  a c t i v i t i e s .  

The f o l l o w i n g  sampling devices were used dur ing  t h e  i n i t i a l  s i t e  

0 Tedlar bags 

0 Charcoal tubes 
0' Tenax t r a p s  

W a t e r - f i l l e d  impingers 

0 The Foxboro Model 128 Organic Vapor Analyzer (OVA) f o r  

inspec t ion  a t  Anchor Brewing Company i n  San Francisco and a t  F a c i l i t y  A: 

i d e n t i f y i n g  p o i n t  sources and general areas o f  VOC release. 

Given our  understanding be fore  t h e  p r o j e c t  o f  t h e  l i k e l y  nature o f  brewery 
VOC emissions, we be l i eve  t h a t  these devices,  o r  combinations the reo f ,  would 
be t h e  nost  appropr iate.  The i r  s u i t a b i l i t y  i n  the  h igh  mois ture,  h igh  
temperature envi  roninent o f  many brewery processes had t o  be evaluated. 

5.2.1.1 Ted1 a r  Bag Sampl i n q  

Samples o f  whole gas were c o l l e c t e d  f rom var ious sources us ing  

8 - l i t e r  Tedlar  bags conta ined i n  po lye thy lene carboys. 

contained one p a r t  which was at tached t o  t h e  Ted lar  bag and another which was 

open t o  t h e  i n s i d e  o f  the  carboy. 
by apply ing a vacuum t o  t h e  carboy th rough t h e  open por t .  

The carboy l i d  

The Tedlar  bag was f i l l e d  w i t h  sample gas 

A sampling probe c o n s i s t i n g  o f  1 /4- inch s t a i n l e s s  s tee l  and t e f l o n  
A Gast Model MDA o i l - l e s s  diaphragm vacuum tub ing  was used where necessary. 

pump was used t o  evacuate t h e  carboy, a t  a f l o w  r a t e  o f  approximately 1 

L/min. The sampling t ime was about e i g h t  minutes a t  each o f  t h e  s i t e s  
sampled. 

capped w i t h  a t e f l o n - l i n e d  septum cap, and the  carboys were sent t o  the  SA1 

Laboratory i n  La J o l l a ,  C a l i f o r n i a .  

Fo l low ing  sample c o l l e c t i o n  t h e  i n l e t  p o r t  t o  t h e  Ted lar  bag was 
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5.2.1.2 Charcoal Tube Sampling 

Gas samples were col  1 ected us ing charcoal  tubes avai 1 ab1 e through 

SKC Inc. The tubes were packed w i t h  f r o n t  and backup sect ions o f  a c t i v a t e d  
charcoal ,  con ta in ing  400 and 200 mg o f  charcoal ,  respec t i ve l y .  

sampled through two tubes i n  ser ies  us ing a Dupont Model P200A po r tab le  a i r  

sampling pump a t  a f l o w  r a t e  o f  about 50 m l / m i n .  The pumps were c a l i b r a t e d  

t o  t h e  s ta ted  f l o w  us ing a bubble f l o w  meter and checked be fore  and a f t e r  
each sample c o l l e c t i o n .  

Gas was 

A 1/4- inch s t a i n l e s s  s tee l  and t e f l o n  sampling probe was used a t  

I n  a d d i t i o n ,  d r y i n g  tubes c o n t a i n i n g  250 mg o f  sodium s u l f a t e  most s i t es .  

(SKC, Inc.) were used upstream o f  t h e  charcoal  tubes t o  h e l p  remove mois ture 

a t  one o f  t h e  sampling s i t es .  
a n t i c i p a t e d  problems associated w i t h  t h e  a n a l y s i s  o f  wet charcoal tube, as 
w i l l  be discussed i n  Sec t ion  5.2.3.3. Fo l l ow ing  sample c o l l e c t i o n ,  t h e  
charcoal  tubes were capped, placed i n  w a t e r - t i g h t  p l a s t i c  bags and shipped i n  
i ce  tu t i i e  S A I  Laboratory. 

Dry ing  tubes were used because of t h e  

- _. 

5.2. 

u a -  
Dupo 

. 3  Tenax Trap Sampl i n q  

Gas samples were a l s o  c o l l e c t e d  us ing  Tenax t r a p s  c o n s i s t i n g  o f  
nch s t a i n l e s s  s tee l  t u b i n g  packed w i t h  100 mg o f  Tenax GC sorbent. 
t Model P200A pumps were c a l i b r a t e d  t o  sample a t  a f l o w  r a t e  o f  

approximately 20 ml/min; t h e  c a l i b r a t i o n  procedure was t h e  same as descr ibed 
f o r  charcoal  tube sampling. 

0.6 L. Fo l l ow ing  sample c o l l e c t i o n  t h e  t r a p s  were capped, placed i n  

wa te r - t i gh t  p l a s t i c  bags, and shipped i n  i c e  t o  t h e  SA1 Laboratory. 

Tenax t r a p  sample volumes ranged between 0.3 and 

5.2.1.4 Impinger T r a i n  Sampling 

W a t e r - f i l l e d  impingers were a l s o  used t o  sample t h e  var ious  gas 

streams f o r  VOC a t  t h e  breweries. 
s t a i n l e s s  s tee l  and t e f l o n  tub ing  used as a sampling probe; two 25-1111 midget 
impingers each f i l l e d  w i t h  20 m l  o f  de ion ized water; a midget impinger f i l l e d  

The sampling t r a i n  cons is ted  o f  1 /4- inch 
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w i t h  s i l i c a  gel t o  d r y  the  gas before en te r ing  the  pump; and an MSA por tab le  

vacuum pump set  t o  sample a t  a f l o w  r a t e  o f  approximately 1 L/min. The f l o w  

was monitored dur ing  t n e  sampling per iod  us ing a rotameter which had been 
prev ious ly  c a l i b r a t e d  us ing a bubble f l o w  meter. Fo l low ing  sample 
c o l l e c t i o n ,  impinger contents were t r a n s f e r r e d  t o  40 m l  g lass  v i a l s ,  placed 

i n  wa te r - t i gh t  p l a s t i c  bags and s to red  i n  i c e  du r ing  shipment t o  t h e  SA1 

Laboratory. 

5.2.1.5 OVA Sampling 

The Foxboro Model 128 OVA uses a f lame i o n i z a t i o n  de tec to r  t o  

de tec t  the  presence o f  organic  vapors d e l i v e r e d  t o  it by means o f  a small 

diaphragm sampling pump. 
organic hydrocarbons, it has a l i n e a r  working range o f  0 t o  10,000 ppmv 

organic vapor and a response t ime  o f  approximately two seconds. 
instrument was c a l i b r a t e d  a t  t h e  sampling s i t e s  us ing c e r t i f i e d  
methane- in-air  gas standards a v a i l a b l e  through MG Burdet t  Gas Products Co. 

It was used main ly  du r ing  t h e  i n i t i a l  s i t e  v i s i t s  t o  mon i to r  c e r t a i n  p o i n t  

and f u g i t i v e  sources w i t h i n  t h e  byeweries. 

When used i n  t h e  survey mode t o  de tec t  t o t a l  

The 

5.2.1.6 F i e l d  QA/QC Procedures 

Charcoal tube and Tenax t r a p  f i e l d  blanks were generated by 

handl ing blank tubes and t r a p s  i n  a manner i d e n t i c a l  t o  t h e  samples. 

Impinger t r a i n  f i e l d  b lanks were generated by t r a n s f e r r i n g  20 m l  o f  de ion ized 

water t o  an impinger,  t r a n s f e r r i n g  t h e  water t o  a 40-ml g lass  v i a l ,  and then 

sh ipp ing t h e  v i a l  t o  t h e  l a b o r a t o r y  i n  t h e  same i c e  chest as t h e  samples. 

5.2.2 Ana ly t i ca l  Procedures 

Th is  sec t ion  descr ibes t h e  e x t r a c t i o n  and ana lys i s  procedures used 

i n  handl ing samples c o l l e c t e d  f rom Anchor Brewing Co. and F a c i l i t y  A du r ing  
Phase I moni tor ing.  
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5.2.2.1 Ted la r  Bag Samples 

The gaseous contents  o f  the  Ted lar  bags were analyzed d i r e c t l y  

us ing packed column gas chromatography w i t h  f lame i o n i z a t i o n  d e t e c t i o n  

(GC/FID). 
t h e  i n j e c t i o n  p o r t  o f  t h e  gas chromatograph us ing  a 10-ml gas t i g h t  syringe. 

A Hewlet t  Packard 5730A gas chromatograph equipped w i t h  a 3388A I n t e g r a t o r  

and f lame i o n i z a t i o n  de tec to r  was used f o r  t h e  analyses. Table 5.2-1 l i s t s  
the  column, oven temperature program, gas f l o w  ra tes ,  and o the r  GC cond i t i ons  

used i n  t h e  ana lys i s  o f  t h e  Tedlar  bag contents .  

A 10-ml a l i q u o t  o f  each sample was t r a n s f e r r e d  and i n j e c t e d  i n t o  

5.2.2.2 Charcoal Tube Samples 

Charcoal tube contents  were analyzed us ing  sol  vent desorp t ion  o f  

t h e  charcoal  f o l l owed  by packed column GC/FID ana lys i s  o f  t h e  ex t rac ts .  

Charcoal from t h e  f r o n t  and back tubes was t r a n s f e r r e d  t o  3.5 m l  g lass  v i a l s  
w i t h  t e f l o n - l i n e d  septum caps. Then 1.5 m l  o f  e i t h e r  1 percent 2-butanol i n  
carbon d i s u l f i d e  o r  1 percent t e t rahyd ro fu ran  i n  carbon d i s u l f i d e  were added 

t o  t h e  samples. 
samples was c a l l e d  f o r  due t o  t h e  h igh  water content  o f  some o f  t h e  samples. 
The samples which had water en t ra ined i n  t h e  charcoal  (determined by v i s u a l  

observa t ion)  were desorbed w i t h  t h e  te t rahyd ro fu ran  m ix tu re  wh i l e  t h e  

remaining samples were desorbed w i t h  t h e  2-butanol  mix ture.  

minimum desorp t ion  per iod  o f  one hour, sample e x t r a c t s  were analyzed by 

packed-column GC/FID us ing  t h e  cond i t i ons  l i s t e d  i n  Table 5.2-1. 

sample e x t r a c t s  were re-analyzed a f t e r  a d d i t i o n a l  desorp t ion  t ime (maximum - 
36 hours) and no increase i n  the  desorbed components was measured. Thus t h e  
one hour minimum desorp t ion  t ime was determined t o  be s u f f i c i e n t .  

The use o f  two so lvent  mix tu res  f o r  desorp t ion  of t h e  

Fo l low ing  a 

Some o f  t h e  

Charcoal tube f i e l d  blanks were analyzed i n  t h e  same manner as t h e  

I n  a d d i t i o n ,  desorp t ion  e f f i c i e n c y  samples were generated and 

The desorp t ion  

samples. 

analyzed us ing bo th  o f  t h e  so lvent  mix tu res  descr ibed above. 
e f f i c i e n c i e s  f o r  e t h y l  a lcohol  and e t h y l  ace ta te  were determined by s p i k i n g  

charcoal  tubes w i t h  va r ious  known amot,*ts o f  t h e  two compounds, and then 

ana lyz ing  t h e  tubes i n  t h e  same manner -s t h e  sample tubes. 
charcoal  tubes and tubes sa tura ted  w i t h  de ion ized water  were spiked and 
analyzed us ing t h e  methods descr ibed above. 

Both d r y  
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Table 5.2-1 

G C / F I D  CONUITIONS USED I N  THE ANALYSIS OF TEOLAR BAG AND 
CHARCOAL TUBE SAMPLES 

Parameter GC/FID 

Column dimensions 6 - f t  x 2-mn I D ,  g lass 

Column packing 0.1% SP-1000 on 80/100 Carbopack C 

Column temperature program 70°C f o r  2 minutes 

8°C/minute t o  22OoC 

2 2 0 ' ~  f o r  10 minutes 

I n j e c t i o n  p o r t  temperature 25OoC 

Detector  temperature 250°C 

C a r r i e r  gas N i t rogen  

Car r i e r  gas f l o w  20 ml/minute 

Oetector gases and f l ows  Hydrogen -- 30 ml/min 

A i r  -- 240 ml/min 
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The gas chromatograph used i n  these analyses was c a l i b r a t e d  each 
day w i t h  standards prepared i n  both o f  t h e  so lvent  mix tu res  descr ibed above. 

The standards prepared f o r  c a l i b r a t i o n  conta ined e t h y l  a lcohol  and e t h y l  
acetate and were prepared v o l u m e t r i c a l l y  us ing  t h e  pure solvents.  

t h ree -po in t  c a l i b r a t i o n  curve was es tab l i shed a t  t h e  beginning o f  t h e  

analyses t o  check t h e  l i n e a r i t y  o f  t h e  GC/FID. The c a l i b r a t i o n  was checked 

a t  the  beginning o f  each day and a f t e r  every 10 sample analyses. 

A 

5.2.2.3 Tenax Trap Samples 

Tenax t r a p  samples were analyzed d i r e c t l y  by  heat desorp t ion  onto a 
capi  11 ary  co l  umn f o l  1 owed by temperature programed gas chromatography w i t h  

mass spectrometer d e t e c t i o n  (GC/MS). The tenax t r a p s  were heat desorbed by 

p lac ing  t h e  t r a p  i n  t h e  heated j a c k e t  o f  a Tekmar LSC 2 purge-and-trap dev ice 
which was i n t e r f a c e d  t o  t h e  i n j e c t i o n  p o r t  o f  a F inn igan 4000 GC/MS. 

the  h igh  water content  o f  t h e  tenax t r a p s  it was not  poss ib le  t o  analyze 

these samples. 
plugged w i t h  water, which made it imposs ib le  t o  complete the,analyses. 

Due t o  

Upon heat desorbing t h e  samples, t h e  c a p i l l a r y  column became 

5.2.2.4 Impinger T r a i n  Samples 

Impinger t r a i n  contents  were analyzed (1) d i r e c t l y ,  by packed 

column GC/FID f o r  v o l a t i l e  cons t i t uen ts ,  and (2 )  f o l l o w i n g  so lvent  e x t r a c t i o n  
by c a p i l l a r y  column GC/FID f o r  semi -vo la t i l e  components. D i r e c t  ana lys i s  was 
performed on t h e  samples us ing  t h e  Hewle t t  Packard 573DA GC w i t h  t h e  3388A 

In teg ra to r .  The 
G C / F I D  was c a l i b r a t e d  i n  t h i s  mode us ing  e t h y l  a lcohol  and e t h y l  ace ta te  
standards prepared i n  de ion ized water. 

The GC ana lys i s  cond i t i ons  are presented i n  Table 5.2-2. 

The impinger t r a i n  contents were ex t rac ted  us ing  EPA Method 625 

e x t r a c t i o n  techniques descr ibed i n  t h e  3 December 1979 Federal Regis ter .  I n  
summary, t h e  samples were ex t rac ted  t h r e e  t imes a t  n e u t r a l  pH w i t h  methylene 

ch lo r i de .  The e x t r a c t s  were combined and d r i e d  over sodium s u l f a t e ,  and 

concentrated t o  an approp r ia te  volume f o r  GC/FID ana lys is .  
analyses o f  t h e  impinger  t r a i n  e x t r a c t s  were performed on a Hewle t t  Packard 

The GC/FID 
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Table 5.2-2 

G C / F I O  CONDITIONS USE0 I N  THE DIRECT ANALYSIS OF IMPINGER 
T R A I N  CONTENTS 

Parameter 

Column dimensions 

Col umn packing 

Column temperature program 

I n j e c t i o n  p o r t  temperature 

Detector temperature 

C a r r i e r  gas 

C a r r i e r  gas f l o w  

Detector gases and f l ows  

GC/FIO 

3 - f t  x 4-mn IO, g lass  

3% Carbowax 2OM/0.5% H3P04 on 
60/80 Carbopack B 

7OoC f o r  2 minutes 

16'C/minute t o  160°C 
160°C fo r  10 minutes 

25OoC 

250°C 

Ni t rogen 

60 ml/minute 

Hydrogen -- 50 m l  /mi  nu te  

A i r  -- 500 ml/minute 



Parameter 

Table 5.2-3 

GC/FIO CONDITIONS USE0 I N  THE ANALYSIS OF IMPINGER TRAIN 
EXTRACTS 

C a p i l l a r y  column dimensions 

L i q u i d  phase 

F i l m  th ickness  

Column temperature program 

I n j e c t i o n  p o r t  temperature 

Detector  temperature 

C a r r i e r  gas 

Detector  gases and f lows 

Makeup gas and f l o w  

S p l i t l e s s  i n j e c t i o n  volume 

GC/FIO 

30-m x 32-mn I D ,  fused s i l i c a  

OB5 

0.25 micrometers 

4 5 ' ~  f o r  5 minutes 

3.5OC/minute t o  28OoC 

28OoC f o r  10 minutes 

28OoC 

350°C 

He1 i urn 

Hydrogen -- 30 ml/minute 

A i r  -- 240 ml/minute 

N i t rogen -- 30 ml/minute 

1 m i c r o l i t e r  
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r -  

5840A gas chromatograph equipped w i t h  a c a p i l l a r y  i n l e t  system and a fused 

s i l i c a  c a p i l l a r y  column. 
presented i n  Table 5.2-3. 

The c a p i l l a r y  column GC/FIO ana lys i s  cond i t i ons  are 

P r i o r  t o  analyz ing samples t h e  GC/FIO was c a l i b r a t e d  us ing a 

ser ies  o f  even and odd n-alkanes from nC-8 through nC-32. 

standard was prepared g r a v i m e t r i c a l l y  i n  hexane from t h e  pure compounds. The 

instrument was r e c a l i b r a t e d  d a i l y  o r  a f t e r  every 10 sample analyses. 

The c a l i b r a t i o n  

5.2.2.5 GC/MS Sample Analys is  Procedures 

To f a c i l i t a t e  t h e  i d e n t i f i c a t i o n  o f  unknown components i n  t h e  
sample ex t rac ts ,  a representa t ive  s e l e c t i o n  o f  e x t r a c t s  was analyzed by 

packed and capi  11 ary  column GC/MS. Charcoal tube e x t r a c t s  were analyzed 

us ing packed column GC/MS techniques w h i l e  impinger conten t  e x t r a c t s  were 

analyzed us ing c a p i l l a r y  column GC/MS techniques. A F inn igan Model 4000 

computer-contro l led G U M S  system was used f o r  t h e  analyses o f  t h e  se lected 
ex t rac ts .  
checked and adjusted us ing decaf1 u o r o t r i  phenyl phosphine. The mass was 

c a l i b r a t e d  us ing a computer-stored re fe rence t a b l e  o f  t h e  c a l l b r a t i o n  
compound. 

used f o r  the  c a l i b r a t i o n  o f  t h e  GC/FIO i n  t h e  analyses descr ibed above. 

P r i o r  t o  sample analyses t h e  mass c a l i b r a t i o n  o f  t h e  GC/MS was 

The GC/MS was f u r t h e r  c a l i b r a t e d  us ing t h e  same standards as were 

The mass spectrometer was operated i n  t h e  e l e c t r o n  impact 

i o n i z a t i o n  mode us ing convent ional  parameters. T y p i c a l l y ,  one- t o  two-second 

scans from mass 30 t o  mass 450 (amu) were obtained, and da ta  a c q u i s i t i o n  was 

i n i t i a t e d  a t  t h e  beginning o f  t h e  GC temperature p r o g r a m i n g  run. I o n  source 

p o t e n t i a l s  were opt imized f o r  s e n s i t i v i t y ,  and t h e  e l e c t r o n  m u l t i p l i e r  was 
operated a t  appropr ia te  vo l tages f o r  opt imal  s ignal  t o  noise. 

Charcoal tube e x t r a c t s  were analyzed by i n j e c t i n g  2 m i c r o l i t e r s  of 
sample onto a 6 - f t  x 2-m ID glass column packed w i t h  0.1 percent SP-1000 on 
80/100 Carbopack C. 
and was then programed t o  220°C a t  8'C/min. 

t rans fer red  d i r e c t l y  t o  t h e  mass spectrometer v i a  an a l l - g l a s s  t r a n s f e r  
system u t i l i z i n g  a g lass j e t  separator.  

The GC oven was h e l d  isothermal  a t  7OoC f o r  2 minutes 
The e f f l u e n t  f rom t h e  GC was 
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Inp inger  e x t r a c t s  were analyzed by s p l i t l e s s  i n j e c t i o n  o f  1 
m i c r o l i t e r  o f  sample onto a 30-m x 0.25-rn I D  DB5 fused s i l i c a  c a p i l l a r y  

column. 
programed t o  275OC a t  5'C/min. 

d i r e c t l y  t o  t h e  mass spectrometer as descr ibed above f o r  packed column 

analyses. 

The GC oven was he ld  isothermal a t  3OoC f o r  5 minutes and was then 
The e f f l u e n t  f rom t h e  GC was t r a n s f e r r e d  

The mass spectrometer was in te r faced  t o  a computer system t o  a l l ow  

a c q u i s i t i o n  o f  cont inuous mass scans f o r  t h e  d u r a t i o n  o f  t h e  chromatographic 

program. The computer system was a l so  equipped w i t h  mass storage devices f o r  

saving a l l  data f rom GC/MS runs. 

o f  any GC/MS r u n  f o r  s p e c i f i c  ions and p l o t t i n g  t h e  i n t e n s i t y  o f  t h e  ions  

versus t ime o r  scan number. 

Software was a v a i l a b l e  t o  a l l o w  searching 

5.2.3 Phase I Tests  a t  Anchor Brewing Company 

Emission measurements were made on t h e  morning and af ternoon of 20 
December 1982. WPilt.hPr cnnditinns cnnsisterl nf intermittent r.-in, .-n .-ir 

temperature o f  about 55OF (13OC) and moderate winds f rom t h e  south between 10 

t o  25 m i l e s / h r  ( 4  t o  11 meters/sec). 

5.2.3.1 F a c i l i t y  D e s c r i p t i o n  

The brewery i s  housed i n  a t h r e e - s t o r y  s t r u c t u r e  i n  t h e  Pot re ro  

H i l l  d i s t r i c t  o f  San Francisco, which i s  l a r g e l y  r e s i d e n t i a l  on t h e  south, 

and c o m e r c i a l / i n d u s t r i a l  on the  notheast and west. O f  t h e  small brewer ies 

i n  C a l i f o r n i a ,  Anchor's p roduc t ion  capac i t y  o f  around 29,500 bb ls /year  makes 

i t  t h e  l a rges t .  

of 2 brews/day, 4 days/week, wi th t h e  remain ing day spent b o t t l i n g .  

Dur ing a f i ve-day  work week, t h e  brewery produces an average 

F igu re  5.2-1 i s  a d e t a i l e d  f l o w  diagram o f  t h e  brewing process a t  
Anchor. A general d i scuss ion  o f  t h e  brewing process i s  g iven  i n  Sect ion 
3.2.1. 

Steam beer i s  brewed i n  e s s e n t i a l l y  t h e  same process used by o the r  small 

breweries,  wi th t h e  except ion of s l i g h t l y  increased pr imary fe rmenta t ion  

The f a c i l i t y  brews t h r e e  brands o f  beer:  steam beer, p o r t e r  and ale. 
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Figure 5 . 2 - 1 .  Brewing Process Flow Diagram - Anchor Brewing Company 
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temperatures and a carbonat ion method c a r r i e d  o u t  e n t i r e l y  by "krausening" 
( induced secondary fe rmenta t ion  i n  c losed c e l l a r  tanks) .  

ad juncts  i n  i t s  beer. 

Anchor uses no 

Mashing, spent g r a i n  f i l t r a t i o n  and wor t  b o i l i n g  take  p lace  near 

each other  i n  the  brew house. Wort i s  cooled i n  a p la te -heat  exchanger which 

s h e l t e r s  i t  from t h e  atmosphere. Fermentat ion takes p lace  i n  a separate, 

c losed room con ta in ing  20-by-30 ft shallow, open ferment ing vessels.  The 

room has i t s  own a i r - c o n d i t i o n i n g  system which main ta ins  a f a i r l y  cons tan t  

temperature and f l o w  r a t e  i n t o  and o u t  o f  the room. B o t t l i n g  occurs i n  a 
separate p a r t  o f  the b u i l d i n g .  

b o t t l i n g  t o  ma in ta in  c lean cond i t ions .  

t h e  munic ipa l  sewer. 

a c losed tank ou ts ide  t h e  f a c i l i t y  and hauled away about once a week by a 

c a t t l e  feed processor.  

t h i r d  o f  a brew's spent yeas t  i s  reused as seed i n  another brew w h i l e  t h e  

remaining p o r t i o n  i s  d ra ined t o  the  munic ipa l  sewer. 

Windows i n  t h i s  area a r e  kept  c losed dur ing  
Waste and s p i l l e d  beer i s  dra ined t o  

Spent g ra ins  a re  screw-conveyed from the  l a u t e r  t u n  t o  

Spent hops are  p laced ou ts ide  i n  a dumpster. About a 

Through d iscuss ion  w i t h  brewery personnel ,  l i t e r a t u r e  reviews and a 

v i sua l  i nspec t i on  o f  the f a c i l i t y ,  we i d e n t i f i e d  s i x  p o t e n t i a l l y  impor tan t  
emission sources. F igure  5.2-2 i l l u s t r a t e s  t h e  c o n f i g u r a t i o n  o f ,  and t h e  

sampling p o i n t s  (denoted by the  do t )  f o r ,  each emission source. F igu re  5.2-3 

shows a top-view schematic l a y o u t  o f  the  l o c a t i o n s  o f  each source. A l l  o f  
the impor tan t  emissions we i d e n t i f i e d  are i n t e n t i o n a l l y  vented t o  the  
atmosphere. 

occur ma in ly  by convect ion as they do n o t  have exhaust blowers. Emissions 
from the h o t  w o r t  tank and spent g r a i n  tank occur as working losses  du r ing  

ma te r ia l  t r a n s f e r .  The brew k e t t l e  stack scrubber and fe rmenta t ion  room 
exhaust vents  a re  blower ass is ted.  

Emissions from t h e  mash tun, l a u t e r  tun and brew k e t t l e  s tacks 

Dur ing Phase I ,  we sampled c o n t r o l l e d  emissions from the  brew 

k e t t l e  scrubber w h i l e  d u r i n g  Phase 11, the scrubber was tu rned o f f  so t h a t  we 

cou ld  sample brew k e t t l e  emissions i n  a t o ta l l y  uncon t ro l l ed  mode. 

n o t  sample emissions from' the  spent g r a i n  h o l d i n g  tank d u r i n g  Phase I because of 
We d i d  
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safe ty  problems created by the f o u l  weather; sampling a t  t h i s  s i t e  was 

c a r r i e d  o u t  du r ing  Phase 11. Anchor Brewing does n o t  d ry  spent gra ins.  

5.2.3.3 Resul ts  and Discuss ion 

I n  t h i s  sec t ion  Phase I sampling r e s u l t s  f o r  Anchor Brewing Co. a re  

discussed. 

nature,  and t h a t  concent ra t ion  r e s u l t s  repo r ted  here are l i s t e d  on ly  t o  g i v e  

an i n d i c a t i o n  o f  the approximate l e v e l s  o f  VOC found a t  each o f  the  sampling 

s i t e s .  

It should be emphasized t h a t  these r e s u l t s  are q u a l i t a t i v e  i n  

Tedlar  Bag Analyses 

The analyses o f  the Tedlar  bag samples by the  GC/FID procedures 

descr ibed above showed no de tec tab le  components. 
bags contained condensed moisture,  which probably  sequestered any VOCs 

present i n  the  samples. Due t o  the  h igh  water vapor conten t  o f  the  sampled 

stack gases and the  poss ib le  i n s t a b i l i t y  o f  organic  compounds i n  the  Tedlar  

bags, t h i s  device was n o t  used d u r i n g  Phase I 1  moni tor ing.  

A f t e r  sampling, t h e  Ted lar  

Charcoal Tube Analyses 

The a n a l y t i c a l  procedure f o r  charcoal  tubes e n t a i l e d  the  use o f  two 
desorpt ion so lvents  depending on the  amount o f  water present  i n  the  sample. 

The r e s u l t s  o f  desorpt ion'  e f f i c i e n c y  t e s t i n g  us ing each o f  the  so l ven t  

mix tu res  i s  presented i n  Table 5.2-4. From the  r e s u l t s  i t  i s  apparent t h a t  
t h e  presence o f  water i n  the  sample i n t e r f e r e s  w i t h  the ana lys is .  The 

recovery o f  e thy l  a lcohol  from charcoal  sa tura ted  w i t h  water was o n l y  15 
percent  us ing the  te t rahydrofuran/carbon d i s u l f i d e  mix tu re ,  whereas when d r y  

charcoal  i s  used the  recovery o f  e t h y l  a lcoho l  i s  65 percent  us ing  the  
2-butanol i n  carbon d i s u l f i d e  mix tu re .  

wet charcoal us ing t h e  2-butanol/carbon d i s u l f i d e  mixture.  The need t o  

remove water vapor from the gas stream p r i o r  t o  the  charcoal  tube thus became 

apparent. 

through a dry  impinger i n  an i c e  ba th  upstream o f  the charcoal  tubes. 

r e s u l t s  o f  t h i s  sampling technique w i l l  be discussed f u r t h e r  i n  Sect ions 

5.3.4 and 5.3.5. 

No e t h y l  a lcohol  was recovered f r o m  

I n  the l a t e r  sampling, t h e  gas was cooled and d r i e d  as i t  passed 

The 

56 



Table 5.2-4 

DESORPTION EFFICIENCIES OF ETHYL ALCOHOL AND ETHYL ACETATE 
FROM CHARCOAL USING TWO DIFFERENT SOLVENT MIXTURES 

Compound Percent Desorption E f f i  ciencya 
b 10% te t rahydrofuran  b 1% 2-butanol 

ethanol 
e t h y l  ace ta te  

65 - t 5 (n-2) 
102 - t 19 (n.2) 

15 - t 1 (n-3)' 
99 - t 23 (n=3)' 

a Mean t standard e r r o r  

I n  carbon d i s u l f i d e  

Charcoal was saturated wi th  deionized water  p r i o r  t o  spiking 

- 
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Quan t i t a t i ve  data presented here (and f o r  a l l  o ther  sampled Phase I 
s i t e s )  should not be used f o r  comparison w i t h  Phase I 1  r e s u l t s .  
are not necessar i l y  q u a n t i t a t i v e l y  accurate and are  inc luded o n l y  t o  p rov ide  

background f o r  Phase I1 sampling and a n a l y t i c a l  p ro toco l  development. The 
r e s u l t s  of charcoal tube sample analyses f o r  Anchor Brewing Co. are shown i n  

Table 5.2-5. Measured concentrat ions f o r  t h e  mash tun  stack are  presented 

f o r  cases i n  which sodium s u l f a t e  d r y i n g  tubes were absent and present 

upstream o f  t h e  charcoal  tubes. The absence o f  d ry ing  tubes, i n  l i n e ,  
r e s u l t e d  i n  lower l e v e l s  o f  e t h y l  a lcohol  measured a t  the  s i t e .  Th i s  may be 

due t o  t h e  i n t e r f e r i n g  e f f e c t s  o f  t h e  small amount o f  water vapor present i n  

t h e  gas stream. Without a d ry ing  tube i n l i n e  t h e  water vapor would have 
occupied adsorp t ion  s i t e s  on the  charcoal ,  thereby decreasing t h e  adsorp t ion  

o f  the  e t h y l  a lcohol .  Therefore it i s  impor tant  t o  r e m v e  as much o f  t h e  
water as poss ib le  when us ing charcoal .  
ethanol would adsorb on to  sodium s u l f a t e  and t h e r e f o r e  be missed i n  our  

analys is .  It i s  d i f f i c u l t  t o  determine how much, i f  any, ethanol  was l o s t  
on t h e  sodium s u l f a t e  bu t  it would appear from ou r  Phase I r e s u l t s  t h a t  i t s  
b e n e f i c i a l  e f f e c t s  as a dess icant  outweigh i t s  negat ive  e f f e c t s  as a 

p o t e n t i a l  organic gas adsorbent. Since t h e  p o t e n t i a l  i n te r fe rences  from 

sodium s u l f a t e  des iccant  were unknown when we were des ign ing t h e  sampling 

t r a i n  f o r  Phase I1  moni tor ing,  t h e  d r y  impinger procedure descr ibed above was 
used instead. 
I1  charcoal  tube samples such t h a t  any p o t e n t i a l  i n te r fe rences  from e i t h e r  
the  water vapor or sodium s u l f a t e  dess icant  were e l iminated.  

These data 

There was some quest ion as t o  whether 

Th is  procedure appeared t o  remove t h e  water  vapor f rom Phase 

Fermentation room exhaust emissions showed t h e  h ighes t  

concent ra t ion  o f  e t h y l  a lcohol  o f  a l l  t h e  s i t e s  sampled a t  Anchor Brewing Co. 
The hot  wor t  tank vent a lso  showed r e l a t i v e l y  h i g h  concentrat ions o f  e t h y l  
a lcohol  and e t h y l  acetate. 

Impinger T r a i n  Analyses 

The r e s u l t s  o f  d i r e c t  a n a l y s i s  o f  impinger t r a i n  conten ts  f o r  VOCs 
are presented i n  Table 5.2-6. The e t h y l  a lcohol  content  o f  t h e  mash t u n  
exhaust us ing t h i s  method i s  i n  good agreement w i t h  t h a t  analyzed from , 



Table 5.2-5 

RESULTS OF CHARCOAL TUBE ANALYSIS BY GAS CHROMATOGRAPHY/ 
FLAME IONIZATION DETECTION, ANCHOR BREWING COMPANY, PHASE I  SAMPLING^ 

S i t e  

~ 

3 
~~ 

Concentrat ion (mg/m ) 

Ethanol E thy l  Acetate 

b 
Mash Tun Stack 
Mash Tun Stack' 

Fermentat ion Room 
Exhaust Vent 

Hot Wort 
Tank Vent 

43 + 6 ND 

60 + 1 ND 

180 ND 

- 
- 

126 + 6 21 - 

NU - no t  detected 
a Q u a n t i t a t i v e  data presented here should no t  be used f o r  comparison w i t h  

Phase 11 r e s u l t s .  

Mean + standard e r r o r ;  based on 3 r e p l i c a t e  analyses; sampling t r a i n  
w i thoTt  sodium s u l f a t e  d r y i n g  tube 

Mean + standard e r r o r ;  based on 3 r e p l i c a t e  analyses; sampling t r a i n  w i t h  
sodiuiii s u l f a t e  d r y i n g  tube. 
Mean + standard e r r o r ;  based on 2 r e p l i c a t e  analyses; e t h y l  ace ta te  on l y  
found-in one sample. 
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Table 5.2-6 

RESULTS OF DIRECT ANALYSIS OF IMPINGEK TRAIN CONTENTS USING GAS 
CHROMATOGKAPHY/FLAME I O N I Z A T I O N  DETECTION, ANCHOR BREWING COMPANY, PHASE Ia 

S i t e  
Ethanol 

(ms/m3) 

Mash Tun Stack 

Lauter Tun Stack 

Hot Wort Tank Ventb 

Brew K e t t l e  Stack' 

51 
NO 

162 - t 20 
17 

ND - not  detected 
a Q u a n t i t a t i v e  data presented here should not be used f o r  

comparison w i t h  Phase I1 r e s u l t s .  

Mean - t standard e r r o r ;  based on two r e p l i c a t e  analyses 

' Sample taken frm brew k e t t l e  stack scrubber ( c o n t r o l l e d  mode) 
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-- 

charcoal tubes. 
concentrations of ethyl alcohol than were measured by the charcoal method. 
No ethyl ace ta te  was detected a t  any of the s i t e s  using t h i s  method. 

Emissions from the hot wort tank vent had higher 

Table 5.2-7 l i s t s  t h e  compounds ident i f ied  in the impinger t r a i n  
ex t rac ts  analyzed by GC/MS. Several alcohols,  aldehydes, ketones, and 
various unidentified species were present. 
t en t a t ive ,  indicated t h a t  the h o t  wort tank vent exhaust had the  highest 
concentration of these semi-volati le components among the sampled s i t e s .  The 
mash t u n  stack exhaust a lso showed a r e l a t i v e l y  high concentration of 
semi-volati le species. 
scrubber with a s ta ted  control eff ic iency of 95 percent f o r  odorous 
hydrocarbon. 
semi-volati le organics f o r  a l l  sampled s i t e s .  

T h e  concentration da ta ,  although 

Brew k e t t l e  stack emissions were sampled through a 

This sampling s i t e  yielded the  second lowest concentration of 

OVA Sampl i ng Results 

The high water content in the gas streams limited the  use of OVA. 
We i n i t i a l l y  attempt.Pd t o  use t.he OVA t o  estimate VOC leve ls  i n  the spent 

grain tank exhaust during t r ans fe r  of grains  t o  the  tank. 
of the tank made sampling a t  the exhaust port  d i f f i c u l t ,  we used t h e  OVA t o  
sample the a i r  in the exhaust plane. 
condense in the l i n e s  of the instrument, making fu r the r  sampling with the  OVA 
impossible. 
exhaust locat ions low in water vapor content. 

Since the  location 

While we sampled, water began t o  

A s  a r e s u l t ,  fu ture  OVA sampling a c t i v i t i e s  were l imited t o  

5.2.4 Phase I Tests a t  Fac i l i t y  A 

Emission measurements were made on the  morning and afternoon o f  
21,Oecember 1982. 
a i r  temperature of about 58OF (14OC) with moderate winds from the  southwest 
a t  10 t o  15 mi/hr (4 t o  7 m/sec). 

Weather conditions consisted of l i g h t  t o  moderate r a in ,  an 
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Table 5.2-7 

RESULTS OF IMPINGER EXTRACT ANALYSES BY GAS CHROMATOGRAPHY4 
MASS SPECTKOMETRY, ANCHOR BREWING COMPANY, PHASE I SAMPLING 

S i t e  Species Concentrat ion 

(mg/m3) 

Mash Tun Stack 

b Brew K e t t l e  Stack 

Hot Wort Tank Vent 

methyl butanol  0.62 
pentanol 0.04 
hexanol 0.12 
hexanal 0.01 
phenyl acetaldehyde 0.02 
others 0.02 

subtota l  m 

furan methanol 0.03 
phenyl ethanol  0.04 
phenyl acetaldehyde 0.03 
f u r f u r a l  0.02 
hexadecanoic a c i d  0.02 
others 0.05 

subtota l  rn 
furan methanol 0.30 
phenyl ethenol  0.10 
methyl e t h y l  pentanone 0.20 
f u r f u r a l  0.50 
phenyl acetaldehyde 0.40 
tri azo1 opyr id inone 0.20 
others 0.57 

subtota l  727 

Lauter Tun Stack others 0.05 

a Q u a n t i t a t i v e  data presented here should no t  be used f o r  comparison w i t h  
Phase I1  resu l ts .  

Contro l led emission mode 
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5.2.4.1 F a c i l i t y  D e s c r i p t i o n  

The brewery, surrounded main ly  by open range and farmland and 

comnerci a1 es tab l  ishments, c u r r e n t l y  operates 24 hours/day, 365 dayslyear,  
and produces 15 brews per day. 

The brewery can be d i v ided  i n t o  t h r e e  main sect ions.  I n  t h e  

brewhouse, where mashing and wor t  b o i l i n g  take  place, a i r  c o n d i t i o n i n g  i s  
pass ive i n  nature. The fermentat ion area, housing t h e  alpha tanks and t h e  

aging tanks, con ta ins  an a i r  cond i t i on ing  system which keeps t h e  a i r  very  

cool ;  hence th i s  area i s  c losed t o  ou ts ide  ambient a i r  so t h a t  cool  i n s i d e  

a i r  may be conserved. 

s t r u c t u r e  which has no fo rced -a i r  cond i t ion ing .  Several hatches on t h e  r o o f  

can be opened t o  supply pass ive c o o l i n g  d u r i n g  emergencies; an ar ray  o f  r o o f  
fans  are r e g u l a r l y  used t o  supply pass ive c o o l i n g  a i r .  

The f i l l i n g  and packaging f a c i l i t y  i s  a warehouse-type 

F igu re  5.2-4 g i ves  a d e t a i l e d  process f l o w  diagram o f  brewing a t  
FacjWjt;. p.. The brew!.ry ~~~~ thc double-;;;h method whf--:- I 5 1 1 1  -:-- s 1 \ . 5  0.II" --A & - - ? - . .  " 0 1  leJ 

mal t  are f i r s t  cooked separate ly ,  then combined i n  t h e  mash t u n  and cooked 

f o r  several  more minutes. Spent g ra ins  f rom t h i s  process are  conveyed t o  a 
t r a n s f e r  f a c i l i t y  ou ts ide  t h e  brewery. 

t o  haul away t h e  ma te r ia l  i n  open con ta ine r  t r a i l e r s  w i t h  dimensions o f  8 x 

38 ft and 8 x 27 ft (Cooper, 1983). A f t e r  b o i l i n g ,  wor t  i s  cooled t o  

ferment ing temperature and aerated by g r a v i t y  f l o w  through several  v e r t i c a l  
tubes conta ined i n  a tower which extend down through water and g l y c o l  coo l i ng  
sect ions.  

wnen s t e r i l e  a i r  i s  f o r c e d  up through t h e  v e r t i c a l  tubes i n  countercur ren t  

f l ow  t o  t h e  descending wort. 
atmosphere through a stack. 

Trucks a r r i v e  about 13 t imes per day 

F igure  5.2-5 i s  a schematic o f  t h i s  device. Aera t ion  i s  achieved 

Evaporat ion gases are  exhausted t o  t h e  

Yeast i s  i n j e c t e d  as t h e  wort  en te rs  l a rge ,  rec tangu la r  pr imary 

fermentat ion vessels  c a l l e d  "alpha" tanks. 

open t o  t h e  ambient atmosphere f o r  t h e  f i r s t  30 hours o f  fermentat ion.  
o f  these vents i s  connected t o  a header which conduct f l o w  t o  a s i n g l e  roof 
vent. 

The tanks  have vents  which are  

Each 

As each brew reaches t h e  30-hour po i r i t ,  t h e  fermenter  vent i s  switched 
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/ 

Spent Gra in To Hau l ing  
Ho ld ing  Tank Trucks 

K e t t l e  --v 
1 

Hops 
S1 urry 
Tank 

Hops 
t r a i n e r  

Hot  Wort Trub 
Tank 

I ,, , 

I 

Earth F i l t e r s  

B o t t l e ,  Can & 

I Packaging 

C02 Storage 

t 
Beechwood 
Chips 

Tanks 
d c i n d i c a t e s  emission I / 

sampl i ng s i t e  
F igure  5.2-4. Brewing.Process Flow Diagram - F a c i l i t y  A 

64 



(100- 

Water I n l e t  

E 

- Air Outlet 

Typical Tube .Air Section 
,200 tubes) o t  in  contact 

Air Inlet-  

- Water Outlet 

Water Section 

w i t h  wort) 

- Glycol Outlet 
I _._.-- - Glycol Outlet L H W  
I--lrll 

Glycol Section 

S t e r i l e , A i r  In l e t  

- Wort Outlet  

Figure 5.2-5. Schematic o f  a Wort Cooler Aerator 
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f rom the  open t o  the  c losed pos i t i on ,  thereby prevent ing  t h e  escape of 

fermentat ion gases t o  the ambient atmosphere. 
v o l a t i l e s )  f rom fe rmenta t ion  are then passed through a C02 p u r i f i c a t i o n  and 

c o l l e c t i o n  system t h a t  inc ludes a water scrubber fo l l owed  by an a c t i v a t e d  
carbon bed. 
regenerated f o r  24 hours, every day, w i t h  most o f  the  v o l a t i l e s  be ing d r i v e n  

o f f  t o  t h e  atmosphere du r ing  t h e  f i r s t  f o u r  t o  f i v e  hours. 

two ac t i va ted  carbon beds are  connected i n  p a r a l l e l  so t h a t  when one i s  be ing 
regenerated, t h e  o ther  i s  on- l ine.  The brewery uses 49 alpha tanks, seven o f  

which may be hooked up t o  t h e  p u r i f i c a t i o n  system a t  one time. 
conta in  brews a t  var ious  stages o f  fermentat ion.  

Carbon d iox ide  (and o the r  

(Th is  system i s  descr ibed i n  Sect ion 3.2.1.) The beds are 

A t  F a c i l i t y  A, 

These tanks 

Af ter  pr imary fermentat ion i s  complete, t h e  brew i s  pumped t o  

ho r i zon ta l ,  cy1 i n d r i c a l  "aging" tanks where beechwood ch ips  are presented t o  

enhance secondary fermentat ion.  

emptied, t h e  spent yeast  i s  drawn o f f  t h e  bottom and pumped t o  a d i s t i l l a t i o n  

system ( t h e  on ly  one o f  i t s  k i nd  i n  t h e  s t a t e )  which recovers ethanol  f o r  use 
as a b o i l e r  f u e l  o r  sale. 

a re  placed i n  torpedo-shaped conta iners  and recyc led  i n  c h i p  washers us ing 

hot  water and steam. Vents f rom t h e  washers are l oca ted  on t h e  roof. Old 

ch ips  are deposi ted,  unwashed, i n  a d isposal  b i n  i n  a garage- l i ke  s t r u c t u r e  
i n  t h e  brewery. 
underground sump used as a ho ld ing  tank  be fore  t h e  waste i s  pumped t o  t h e  
d i s t i l l a t i o n  system. 

Once t h e  alpha tanks and c h i p  tanks are  

When t h e  ag ing  tanks are  emptied, beechwood ch ips  

Waste beer f rom f i l l i n g  opera t ions  i s  dra ined t o  an 

5.2.4.2 Emission Po in ts  

Through d iscuss ions w i t h  brewery personnel, l i t e r a t u r e  reviews and 

a v i sua l  i nspec t i on  o f  t h e  f a c i l i t y  we i d e n t i f i e d  several p o t e n t i a l l y  

impor tant  emission sources. 
and sampling p o i n t s  (denoted by t h e  d o t )  f o r ,  each emission source. The 
f o l l o w i n g  s i t e s  were considered t o  be o f  secondary importance and hence, 
because o f  t ime cons t ra in t s ,  were not  sampled du r ing  Phase I t e s t i n g :  

F igure 5.2-6 i l l u s t r a t e s  t h e  c o n f i g u r a t i o n  o f ,  

0 Rice Cooker Stack 

0 Stra inmaster  Stack 
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blower 

Rice Cooker Stack - I 1  
Mash Cooker Stack - 1.11 
Brew K e t t l e  Stack - 1, I I  
S t ra inmaster  Stack - I 1  

a 

N o r t  Cooler /Aerator  Stack - I 

P 
Alpha Tank Vent - I 
C02 P u r i f i c a t i o n  System - 

Ac t i va ted  Carbon Renge 

Beechwood Chip Washer Vent - 1,II 
( s i d e  view) 

Waste Beer Sump Vent - 11 

( s i d e  view) ( t o p  view) 

! r a t i o n  ' - n t  . 

Spent Gra in Ho ld ing  Tank - I 

denotes sampling p o i n t  
I = Phase I sampling s i t e  

I 1  = Phase I 1  sampling s i t t  
F igure  5.2-6. Con f igu ra t i on  o f  Exhaust Stacks and Vents a t  

F a c i l i t y  A 
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0 F i l l i n g  Area Roof V e n t i l a t i o n  Ducts 

0 Waste Beer Sump Vent 
0 Spent Gra in Disposal F a c i l i t y  

0 Becchwood Chip Disposal Area 

These s i t e s  were screened us ing the  OVA du r ing  Phase I1 sampling t o  determine 

i f  more t e s t i n g  was warranted (see Sect ion 5.3.5). 

Because of a schedul ing problem, we were unable t o  sample emissions 

du r ing  a c t i v a t e d  carbon regenerat ion f rom t h e  C02 p u r i f i c a t i o n  system; 
ra the r ,  we sampled emissions from the vent connected t o  the  fe rmenta t ion  

tanks open t o  the  ambient atmosphere. The f l o w  r a t e  f rom t h e  vent  was 

n e g l i g i b l e ;  emissions r e s u l t e d  f rom breath ing  losses. A l l  o f  t h e  remaining 
s i t e s  shown i n  F igu re  5.2-6 have b lower-ass is ted s tacks o r  vents. 

5.2.4.3 Resul ts  and Discussions 

I n  t h i s  sect ion,  Phase I sampling r e s u l t s  f o r  F a c i l i t y  A are 
discussed. The problems encountered d u r i n g  sampling and ana lys is  are very 
s i m i l a r  t o  those encountered a t  Anchor. 

Tedlar Bag Analyses 

Tedlar  bag samples were analyzed us ing  GC/FID ana lys i s  techniques 

descr ibed i n  Sect ion 5.2.2. The analyses again showed no de tec tab le  

components i n  t h e  samples. 
Ted1 a r  bags a1 so contained condensed moi sture.  

As w i t h  t h e  samples f rom Anchor Brewing Company, 

Charcoal Tube Analyses 

The r e s u l t s  o f  charcoal tube analyses from F a c i l i t y  A a re  presented 

i n  Table 5.2-8. E t h y l  a lcohol  and e t h y l  ace ta te  were t h e  two major  

components i d e n t i f i e d  a t  t h e  s i t e s  sampled us ing  t h i s  sampling and ana lys is  

technique. As would be expected e t h y l  a lcoho l  was h ighes t  i n  concent ra t ion  

a t  the  alpha tank vent. Brew k e t t l e  s tack emissions contained t h e  grea tes t  

concent ra t ion  o f  e t h y l  ace ta te  and a l so  contained l a r g e  amounts o f  e thy l  
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Table 5.2-8 

RESULTS OF CHARCOAL TUBE ANALYSES BY GAS CHROMATOGRAPHY/ 
FLAME IONIZATION DETECTION, FACILITY A, PHASE I  SAMPLING^ 

3 S i t e  Concentrat ion (mg/m ) 

Ethanol E thy l  Acetate 

Brew K e t t l e  Stack 22 69 
Mash Tun Stack 

Beechwood Chip Washer Vent 

Alpha Tank Vent b 

ND ND 

4 21 

3 17 ND 

ND - not  detected 

a y u a n t i t a t i v e  data presented here should no t  be used f o r  comparison w i t h  
Phase I 1  resu l t s .  
Sample represents tank brea th ing  l o s s  emissions wh i l e  open t o  atmosphere; 
Phase !I sample taken from a c t i v a t e d  carbon regenerat ion vent. 
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alcohol .  Un l ike  a t  Anchor Brewing Company, t h e  mash tun  stack a t  F a c i l i t y  A 

showed no de tec tab le  e t h y l  a lcohol  i n  t h e  exhaust gases. The beechwood c h i p  
washing vent had measureable bu t  r e l a t i v e l y  low concentrat ions o f  bo th  e t h y l  
a lcohol  and e thy l  acetate. 

Inp inger  T r a i n  Analyses 

Table 5.2-9 presents t h e  r e s u l t s  o f  d i r e c t  ana lys i s  o f  impinger 

t r a i n  contents  us ing  G C / F I D  techniques descr ibed above. Only e t h y l  a lcohol  

was de tec tab le  i n  the  samples us ing t h i s  technique. E thy l  a lcohol  l e v e l s  

measured us ing impingers and t h e  charcoal  tubes are  on ly  w i t h i n  about a 

fac to r  Of f i v e  o f  each other.  However i t  should be emphasized t h a t  these 
r e s u l t s  are by no means q u a n t i t a t i v e  and represent on l y  a q u a l i t a t i v e  

ana lys is  o f  brewery emission sources. 

The r e s u l t s  o f  ana lys is  o f  t h e  impinger t r a i n  content  e x t r a c t s  a re  

The major species i d e n t i f i e d  by GC/MS ana lys i s  from l i s t e d  i n  Table 5.2-10. 
brew k e t t l e  emission samples i nc lude  a lcohols ,  aldehydes, ketones and o the r  

miscel laneous compounds. Analyses showed t h a t  the mash tun stack contained 

t h e  grea tes t  concent ra t ion  o f  semi -vo la t i l e  organics. 
and t h e  spent g r a i n  ho ld ing  tank exhaust showed no measureable emissions w i t h  

t h e  except ion o f  one compound i d e n t i f i e d  f rom t h e  former. 

The wort  coo le r  stack 

5.3 PHASE I 1  MONITORING 

The purpose. o f  Phase I1 mon i to r i ng  was t o  q u a n t i t a t i v e l y  

charac ter ize  t h e  VOCs emi t ted  f rom sources i d e n t i f i e d  du r ing  Phase I 
monitor ing.  

breweries du r ing  t h e  second s i t e  v i s i t ,  f o l l owed  by a d e s c r i p t i o n  o f  t h e  
exhaust po in ts  and a d iscuss ion  o f  our sampl'ing r e s u l t s .  

The f o l l o w i n g  sec t i on  descr ibes t h e  t e s t  p ro toco ls  used a t  bo th  

5.3.1 Sampling Procedures 

As a r e s u l t  of our  experience i n  Phase I t e s t i n g ,  t h e  f o l l o w i n g  

methods were deemed most appropr ia te  and were mod i f i ed  where necessary f o r  

\ 
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Table 5.2-9 

RESULTS OF UIRECT ANALYSIS OF IMPINGER TRAIN CONTENTS USING GAS 

CHROMATOGRAPHYIFLAME IONIZATION DETECTION, FACILITY A, PHASE I  SAMPLING^ 

S i t e  Ethanol 

(ms/m3) 

Brew K e t t l e  Stack 

Mash Tun Stabk 

Beechwood Chip Masher Vent 

Wort Cooler Stack 

Spent Gra in Hold ing Tank Stack 

10 

18 
22 
ND 

4 

ND - n o t  de tec ted  
’ Q u a n t i t a t i v e  data presented here should no t  be used for  

comparison w i t h  Phase I 1  r e s u l t s .  
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Table 5.2-10 

RESULTS OF IMPINGER EXTRACT ANALYSES BY GAS CHROMATOGRAPHY/ 
MASS SPECTROMETRY, FACILITY A, PHASE I  SAMPLING^ 

3 S i t e  Species Concentrat ion (mg/m ) 

Brew K e t t l e  Stack 

Mash Cooker Stack 

fu ran  methanol 
hexanol 
phenyl e thanol  
myrcene 
p-caryophy l l  ene 
o thers  

subto ta l  

hexanol 
pentanol 
o thers  

subto ta l  

Wort Cooler Stack phenyl ethanol  

Spent t i ra in  Hold ing none detected 
Tank Vent 

0.04 
0.05 
0.20 
0.12 
0.05 
0.11 rn 
0.70 
0.20 
0.10 
1.00 

0.01 

- 

a Q u a t i t a t i v e  data presented here should no t  be used f o r  comparison w i t h  
Phase I1 r e s u l t s .  
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Phase I1 moni to r ing :  

0 Charcoal tubes; 
0 Impinger and XAD sorbent tube sampling t r a i n ;  and 

0 The Foxboro Model 128 OVA f o r  area and p o i n t  source 

measurements. 

The f i r s t  two sampling methods were designed t o  d i f f e r e n t i a t e  

between lower molecular  weight v o l a t i l e  compounds and medium t o  h igher  
molecular  weight semi -vo la t i l e  compounds. The lower  molecular  weight 
v o l a t i l e  compounds are most e f f e c t i v e l y  sampled and analyzed us ing  charcoal 
tubes, w h i l e  medium and h igher  molecular weight semi -vo la t i l e  compounds are  

more amenable t o  sampling and ana lys is  us ing  w a t e r - f i l l e d  impingers and an 
XAD sorbent tube as t h e  sample c o l l e c t i o n  media. 

5.3.1.1 Charcoal Tube Samplinq 

The charcoal  tube sampling method used du r ing  Phase I1  mon i to r i ng  

was mod i f i ed  s l i g h t l y  f rom t h a t  descr ibed i n  Sec t ion  5.2.1. The sampling 

t r a i n .  shown i n  F iqu re  5.3-1. cons is ted  of 1/4-inch s t a i n l e s s  s t e e l  and 
t e f l o n  t u b i n g  used as a sampling probe t o  a l l o w  access t o  sampling por ts .  

The probe was at tached t o  a Dudley bubb l ing  tube submerged i n  an i c e  ba th  
which acted t o  cool  t h e  sampled gas and t r a p  ou t  mo is tu re  before it reached 

t h e  charcoal  tube. The Dudley tube was at tached t o  two charcoal  tubes 

connected i n  se r ies  fo l l owed  by t h e  sampling pump. The pump was ca l i b ra ted ,  

as descr ibed prev ious ly ,  bo th  before and a f t e r  each sample c o l l e c t i o n .  

Sample f l ow  ra tes  ranged from 60 t o  75 ml/min. 
0.58 t o  11.2 l i t e r s .  

Sample volumes ranged f rom 

Fo l l ow ing  t h e  sampling pe r iod  t h e  sampling probe and Dudley tube 

were r i n s e d  with o rgan ic - f ree  deion ized water  which was t r a n s f e r r e d  t o  an 
amber g lass v i a l ;  a l l  samples, i n c l u d i n g  cha'rcoal tubes, were s to red  i n  i c e  

and shipped t o  t h e  S A 1  Laboratory f o r  ana lys i s .  

5.3.1.2 Impinger - XAD Sampling T r a i n  

The impinger sampling t r a i n ,  shown i n  F igu re  5.3-2, was redesigned 

f o r  Phase I1  moni tor ing.  A sampling probe c o n s i s t i n g  of 1 /4- inch s t a i n l e s s  
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s tee l  and t e f l o n  tub ing  was connected t o  th ree  125-1111 a l l  g lass impingers 

connected i n  ser ies;  t h e  f i r s t  two conta ined 75-ml o f  organic  f r e e  deionized 

water and the  t h i r d  was empty. The t h r e e  impingers were kept  i n  an i c e  bath 
du r ing  sampling. 

con ta in ing  about 3.5 grams o f  an equal m ix tu re  o f  XAD-2 and XAD-7 res ins.  
Dur ing Phase I analys is ,  we discovered t h a t  many o f  t h e  i d e n t i f i e d  compounds 

were not  r e a d i l y  so lub le  i n  water. Therefore,  a tube o f  XAD r e s i n  was added 
t o  t r a p  ou t  any compounds which may no t  have been absorbed i n  d i s t i l l e d  
water. The XAD r e s i n  m ix tu re  was held i n  p lace  i n  the  g lass tube w i t h  g lass 

wool. The use o f  bo th  XAD-2 and XAD-7 increased t h e  range o f  p o l a r i t y  o f  

compounds a t t r a c t e d  t o  t h e  adsorbents. The XAD tube was connected t o  an 

impinger f i l l e d  w i t h  s i l i c a  ge l  t o  d ry  t h e  gas p r i o r  t o  i t s  passage through a 
rotameter and sampling pump. 

ra tes ,  which ranged between 0.8 and 2.3 L/min. 

p rev ious l y  c a l i b r a t e d  us ing a l a r g e  volume bubble f l o w  meter. 

244 MCM constant a i r  f l o w  sampler pump was used t o  p u l l  gases through t h e  
sampling t r a i n .  

The empty impinger was connected upstream o f  a g lass tube 

The rotameter  was used t o  mon i to r  t h e  sampling 
The rotameter  had been 

A S i e r r a  Model 

Fo l low ing  sampling, t h e  impinger contents  were t r a n s f e r r e d  t o  

125-1111 amber glass b o t t l e s .  The sampling probe was r i n s e d  w i t h  de ion ized 

water and combined w i t h  the  impinger contents.  

used t o  ho ld the  r e s i n  i n  p lace were t r a n s f e r r e d  from t h e  g lass  tube t o  a 

g lass v i a l  w i t h  a t e f l o n  l i n e d  septum cap. Sample b o t t l e s  and v i a l s  were 

s tored i n  an i c e  chest and shipped t o  t h e  SA1 Laboratory  f o r  analys is .  

XAD r e s i n  and t h e  g lass wool 

5.3.1.3 Stack Exhaust Flow Rate Determinat ions 

A Kurz Model 415M hot-wi re anemometer was used t o  perform stack 

v e l o c i t y  t raverses  a t  Anchor Brewing Company. Traverses were taken a t  
var ious diameters along two perpend icu la r  t r a v e r s e  paths. 
taken near the  l o c a t i o n  o f  t h e  sampling probe a t  t h e  t o p  of  t h e  stack. 

Several readings were taken du r ing  each sampled c y c l e  enab l ing  us t o  

c a l c u l a t e  95-percent conf idence i n t e r v a l s  f o r  t h e  f l o w  ra te .  

necessary t o  perform v e l o c i t y  t rave rses  a t  F a c i l i t y  A because s t a f f  engineers 
prov ided stack f l o w  r a t e  data f o r  a l l  sampled s i t e s  based on t h e  

manufacturer 's  s p e c i f i c a t i o n s  f o r  i n d i v i d u a l  blowers. These data, however, 
were cor rec ted  t o  r e f l e c t  h igher  sampling temperatures. 

Measurements were 

It was not  
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5.3.1.4 OVA Samplinq 

The OVA was used t o  Screen several  s i t e s  a t  F a c i l  i ty  A, i n c l  udi ng 

t h e  d i s t i l l a t i o n  system, beechwood c h i p  d isposa l  b ins,  waste beer sump, and 

f i l l i n g  room r o o f  vents, t o  determine i f  more ex tens ive  sampling was 

warranted du r ing  Phase 11. 
methane- in-air  gas standards a v a i l  ab le  f rom MG Burde t t  Gas Products Co. 

The inst rument  was c a l i b r a t e d  us ing c e r t i f i e d  

5.3.1.5 F i e l d  QA/QC Procedures 

P r i o r  t o  f i e l d  sampling a method b lank o f  t h e  deion ized water used 

i n  t h e  impinger t r a i n  was analyzed t o  v e r i f y  t h a t  the  water was f r e e  from 
in te r fe rences .  F i e l d  charcoal  and impinger water b lanks were generated i n  

t h e  same manner as descr ibed under t h e  f i e l d  QA/QC procedure f o r  Phase I 
monitor ing.  

sampling tubes and then t o  one o f  t h e  v i a l s  used f o r  XAD sample storage. 
P r i o r  t o  use theXAD r e s i n  m ix tu re  was cleaned by Soxhlet  e x t r a c t i o n  f o r  24 

hours w i t h  methanol f o l l o w e d  by  Soxhlet  e x t r a c t i o n  w i t h  metnylene c h l o r i d e  

f o r  24 hours. 

XAD f i e l d  b lanks were generated by t r a n s f e r r i n g  XAD r e s i n  t o  t h e  

5.3.2 A n a l y t i c a l  Procedures 

5.3.2.1 Charcoal Tube Samples 

Charcoal tube contents  were analyzed us ing  t h e  same procedures 

o u t l i n e d  i n  Sec t i on  5.2.2 wi th  one except ion.  

were v i s i b l y  dry, one percent 2-butanol i n  carbon d i s u l f i d e  was t h e  on ly  
desorp t ion  so lvent  used. 

Since a l l  charcoal  samples 

The sampling probe and Dudley tube  r i n s e s  were analyzed d i r e c t l y  by 

packed column GC/FID fo r  v o l a t i l e  c o n s t i t u e n t s  us ing t h e  Hewle t t  Packard 
5730A GC w i t h  t h e  3388A In teg re to r .  The GC ana lys i s  cond i t i ons  were 
presented i n  Table 5.2-2. The GC/FID was c a l i b r a t e d  i n  t h i s  mode us ing  e t h y l  

a lcohol  and e t h y l  ace ta te  standards prepared i n  de ion ized water. 



5.3.2.2 Impinger - XAD Samples 

The impinger t r a i n  contents  were ex t rac ted  and analyzed us ing 

methods descr ibed e a r l i e r  i n  Sect ion 5.2.2. 

us ing standard Soxhlet  e x t r a c t i o n  techniques. 
Soxhlet  e x t r a c t i o n  th imb le  and ex t rac ted  f o r  24 hours r i t h  methylene 
ch lo r ide .  The methylene c h l o r i d e  was d r i e d  by passage over sodium s u l f a t e  
and r a s  then concentrated t o  an appropr ia te  volume f o r  GC/FID ana lys is .  
c a p i l l a r y  column GC/FID ana lys is  cond i t i ons  were presented i n  Table 5.2-2. 

XAD r e s i n  samples were ex t rac ted  

The XAD was t r a n s f e r r e d  t o  a 

The 

5.3.2.3 GC/FID Sample Ana lys is  Procedures 

The GC/MS procedures used f o r  ana lys i s  o f  samples c o l l e c t e d  dur ing  
XAD Phase I1 mon i to r i ng  were i d e n t i c a l  t o  those descr ibed i n  Sect ion 5.2.2. 

ex t rac ts  were analyzed us ing t h e  capi 11 a r y  co l  umn GC/MS methodology. 

5.3.2.4 Laboratory QA/QC Procedures 

Laboratory method blanks were processed i n  t h e  same manner as the  

samples t o  i nsu re  aga ins t  l abo ra to ry  contamination. 

charcoal ,  water, and XAD samples were analyzed t o  v a l i d a t e  t h e  accuracy o f  

the  a n a l y t i c a l  procedures. 

F o r t i f i e d  (sp iked)  

F o r t i f i e d  charcoal  samples were analyzed us ing i d e n t i c a l  procedures 

as f o r  t h e  samples t o  o b t a i n  desorp t ion  e f f i c i e n c i e s  f o r  e t h y l  a lcohol  and 

e thy l  acetate. The desorp t ion  e f f i c i e n c i e s  were determined by sp i k ing  t h r e e  

charcoal t raps  w i t h  between 0.16 and 0.90 mg o f  each o f  t h e  compounds. 

t raps  were analyzed i n  t h e  same manner as t h e  samples us ing 1 percent 

2-butanol i n  carbon d i s u l f i d e  as t h e  desorp t ion  so lvent .  

These 

Blank water and XAD r e s i n  were f o r t i f i e d  w i t h  1-hexanol, 
2-heptanone, octanal  , and benzaldehyde and were analyzed i n  t h e  same manner 

as t h e  samples. 

component added t o  150 m l  o f  b lank water and t o  3.6 grams o f  b lank XAD res in .  
The sp i k ing  amounts were about 0.4 t o  0.5 mg o f  each 
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5.3.3 Resu l ts  o f  Sampling T r a i n  E f f i c i e n c y  Tests 

Table 5.3-1 presents  the r e s u l t s  o f  charcoal  tube desorp t ion  

e f f i c i e n c y  runs f o r  ethanol  and e t h y l  acetate.  The concent ra t ion  o f  these 

two compounds i n  ac tua l  f i e l d  samples were ad jus ted  f o r  t h e i r  respec t i ve  
desorp t ion  

o f  o the r  components i n  the  samples were s i m i l a r l y  ad jus ted  us ing  the  average 

desorp t ion  e f f i c i e n c y  o f  ethanol  and e t h y l  acetate.  Table 5.3-2 presents  

r e s u l t s  o f  f o r t i f i e d  water and XAD r e s i n  e x t r a c t i o n  e f f i c i e n c y  runs us ing  

known q u a n t i t i e s  o f  f o u r  compounds. 

samples were ad jus ted  f o r  the  average e x t r a c t i o n  e f f i c i e n c y  (82.3 percent )  o f  

tne f o u r  t e s t  compounds from f o r t i f i e d  water. S i m i l a r l y ,  the  concent ra t ions  

repor ted f o r  XAD r e s i n  samples were ad jus ted  f o r  the  average desorp t ion  

e f f i c i e n c y  (66.9 percent)  o f  t h e  f o u r  t e s t  compounds from f o r t i f i e d  XAD. 

e f f i c i e n c i e s  as i n d i c a t e d  i n  Table 5.3-1, and the  concent ra t ion  

The concent ra t ion  r e s u l t s  f o r  impinger 

5.3.4 Tests a t  Anchor Brewing Company 

Emission measurements were made d u r i n g  the  mornings and af ternoons 

o f  10 March and 11 March 1983. 
overcas t  sk ies  w i t h  i n t e r m i t t e n t  sp r ink les ,  an a i r  temperature o f  about 6 loF 

(16OC), and l i g h t  t o  moderate winds from t h e  south. The second day was 
p a r t l y  cloudy, w i t h  an a i r  temperature o f  65OF (18OC) and l i g h t  winds from 
the southeast. 

Weather c o n d i t i o n s  t h e  f i r s t  day cons is ted  o f  

5.3.4.1 Emission P o i n t s  

Dur ing the  two days, we were ab le  t o  sample a l l  t h e  s i t e s  shown i n  
F igu re  5.2-2. Brew k e t t l e  emission sampling was conducted i n  t h e  main 
u n c o n t r o l l e d  s tack w i t h  t h e  scrubber tu rned o f f .  

5.3.4.2 Resu l ts  and D iscuss ion  

The f o l l o w i n g  sec t i on  discusses Phase I1 sampling r e s u l t s  from 

Anchor Brewing Company. Table 5.3-3 sumnarizes s i t e - s p e c i f i c  VOC 

concent ra t ions  and associated emission ra tes .  The general equat ion used t o  
c a l c u l a t e  d a i l y  emission r a t e s  was: 

A 



Table 5.3-1 

DESORPTION EFFICIENCIES OF ETHANOL AND ETHYL ACETATE FROM CHARCOAL U S I N G  ONE 
PERCENT 2-BUTANOL I N  CARBON DISULFIDE - PHASE I 1  

Compound Desorpt ion E f f i c i e n c y a  
( % I  

ethanol 

e thy l  acetate 
46 t 2 
93 + 2 

- 
- 

a Mean - t standard e r r o r  ( n = 3 )  

Table 5.3-2 

RESULTS OF ANALYSIS OF FORTIFIED BLANK WATER AND BLANK XAD RESIN USING 
METHYLENE CHLOKIDE EXTRACTION TECHNIQUES - PHASE I1 

Compound E x t r a c t i o n  E f f i c i e n c y  From Desorpt ion E f f i c i e n c y  
Blank Water (%)  From Blank XAD (%) 

1-hexanol 91.1 11.3 
2-heptanone 83.1 58.6 
octanol 69.9 66.7 
benzaldehyde 85.0 65.0 

Average 82.3 66.9 

Std. Dev ia t ion  8.9 7.8 

80 

3 



z z 

u 
0 
5 

U 
al 
U 

CT 

E 
0 

VI 
VI 

m 

.c 

.r 
E 
W 

Y 

E 
0 

U 

L 
U 
E al 
U c 
0 
V 

.r 

m 

al 
U 

v) 
.r 

3 

+ I  
N 

m 
N 

h 

4 
0 
3 

+I 
d 
0 

0 

In 
In 
r( 

4 
h 

* 
0 
d 

Y 
U 

U 
VI 

m 

& 

9 
4 

+ I  
N 
In 
m 

3 

0 
9 
+ I  
N 
0 
0 

v) s 

0 In 
SI 
N 

h 
N 

m 

+ I  
" 

0 
m 
W 
W 

W 
0 

0 

+ I  
m 
m 
0 

0 m 

W 
h 

m 
h 
d 

W 

d 
m 

+I 
m 
U 

d 
4 

N 
0 

0 

+ I  
h 
3 

0 

m 
c) 

N 
h 
N 

+I 
m 

m 
Q. 

N 

In 

N 

In 
h 

0 

+ I  
d 
h 

W 

W 
0 
4 

d 
0 
0 
A 

n 
0 03 0 
d zs  N 

In m o  0 

m 4 N  v) m "W 
" - 0 InN 7 . .  

y. 
4 
0 

+I 
m 0 

m In 
In 
N 
I 

al 
d 
00 
0 

+I 
4 
N 

h 

4 
U 
0 + 

81 



emission concentration i exhaust3flow 
r a t e ,  kglday = [(the sample,mg/m') kg/mg) ( r a t e ,  m / m i n  

(5.3-1) number of 
cycles per day 

process cycle 
time, min 

The concentration in the sample was calculated u s i n g  the following equation: 

m C .  = c , i  

C .  = 1.i + 'x,i 
' T  
1 

"I 

(5.3-2) 

(5.3-3) 

where Ci i s  the concentration of species i ,  m and V a r e  the mass col lected 
and volume sampled, respectively; and c ,  I ,  and x denote charcoal tubes,  
water impingers, and XAD r e s in ,  respectively.  Total reported concentrations 
represent the sums of a l l  individual species concentrations. In two minor 
cases,  bo th  sampling t r a ins  (charcoal and impinger/XAD) trapped out a common 
compound. To avoid double counting, data from the sampling t r a i n  which 
collected more of the compound was included i n  our analyses while data from 
the sampling t r a in  t h a t  col lected less was deleted.  

Fermentation Room 

By f a r  the most important s i t e  was the fermentation room exhaust 
stack which accounted fo r  93.5 percent of Anchor's t o t a l  dai ly  emission r a t e .  
Tables 5.3-4 and 5.3-5 show species p ro f i l e s  fo r  both sample runs. The f i r s t  
r u n  was used to  ca lcu la te  an emission r a t e  since the operating conditions 
were most representat ive of long-term conditions. 
accounted for  more than 99 percent of the to ta l  emissions. The category of 
"unidentified" r e fe r s  t o  compounds whose ident i f ica t ion  could not be 
characterized, b u t  do contr ibute  a f rac t ion  of the to ta l  emitted VOCs. I t  
will be shown l a t e r  t h a t  the (open) fermentation emission fac tor  i s  the 
highest of a l l  s i te -spec i f ic  emission fac tors  developed fo r  the s t a t e  brewing 
industry.  

In both runs, ethanol 

Brew Kett le  Stack 

The brew k e t t l e  stack, whose species p ro f i l e  i s  shown in Table 
5.3-6, i s  the second most s ign i f icant  source, accounting fo r  4.6 percent of 

a2 



z 

+ 
4 
I- z 
W 

W 
LL 

I 

W 

L L  
3 
CT 
P 
v) 
W 

V 
W 
P 
v) 

E: 

5 

- 
- 

n 
a 
c 
IT 
P 

c 
C 

V 
V 

.C 

.r 
E u 

c 
0 
.r 
Y 

a -  
m 
U 
0 
I- 

- 
m - -  m - w  
 am^ 

N . .  

m m  
m 

' 0 ° C  
. Y  

Y 

0 m m m  
A ? ?  
5 "  

2 9 9  

* w -  

N 

m h -  

m o o  
Y Y V  

- w h  

w - 0  
N 

" ; 2 ?  
h 

3 6 1 0  

n o 0  m 
? ' 4 ?  

o o m  o * -  
0 - 3  
N 

. . .  
4 

UI 
3 
W 
L 

U 

0 
I 
h a u 
I 

N 

0 
3 

u c a 
3 
W 
L n 
U 

0 
I 

U 
I 

m 
W c 
0 

E 
0 
L 
e 

n 

c 

_. - 

- 
2 

i 
W 
U c 
.r . 

a3 



n 
al 
U 

CL 

c 
0 

VI 
el 

m 

.- 

.r 
E 
W 

e 
0 

U c 
0) 
U 
L 
a, n. 

L 

\ 
VI 

h 

n 
7 
Y 

L 
5 
\ cn 
Y 

L r 
\ 
N 
0 

L 
.c 
\ 

Y 

rn 

c 
0 

U 
m 
L 
U c 
0) 
U c 
0 
V 

.- 

- 
m 
U 
0 
L 

- -  
N m  
N O  . .  
m m  co- 
Ln 

4 - 
w w  
? ?  
3 N  
N 
h -- 
0 -  m o  
N O  
. .  

Y Y  

m w  
N N  

N O  
W 

. .  

3 0  h m  

0, 

. .  
m o  

0 0  

N O  
W 

? ?  

TI m 
’c 

- u  
O E  
c a l  
m u  
.c .r u c  

.r 

.C 

a l a  

in 
cu 
U 

Y) 

d 

m 
I 

v 

zl 

m 
N 
h 

4 
m 
N - 
m 
in 

N 
m 

0 
0 

3 
2 

0 
N 

N 
W 

- 
rn 
c, 
0 + 

a4 



m a 
E 
E m 

m 
0 
I 
V 

m 

z 

2 
.I 

Y u 

v) 

j; 
2 
I- 
I- 
W 
Y 

x 
W m 

I 

W 
2 

Y 
0 e 

v) 
w 
u 
W 

V Y  

m 

I 

a 

- 
a 

n 
W 
U 

e 
E 
0 
VI 
VI 

E 
W 

m 

.r 

.- 

y. 
0 

U 
E 
al 
V 
L 
al a 

L 
h 
\ 
u) n - - 
L 
h 
\ 
m 
Y 

2 
0 
\ 
N 
0 

h 
0 
\ 
m 

v 

m 

c 
0 

U 

L 
U e 
al 
V 
E 
0 
V 

7 

m 

c 
m 
U 
0 
I- 

e 
0 - 
U 

L m  
U E  e\ 
a l m  
U E  c v  
0 
V 

m -  

0 c 
0 
a 

L) i5 

d W N h U h U h  
O q N u m m w m  . . . . . .  
~ n a h m + m -  
N d d  

~ 0 3 ~ o o n o  

~ ~ ~ m ) h 6 c n u  
0 0 3 0 3.0 h 0 . . . .  . . .  
m U N d  

0 m 
d 
Y 

0 
m 
W 
W 

m 
Y) 

4 
d 
v 

* 
U 

W 
N 
m 

m 
m 
m m 

W 
h 

m 
h 
d 

c 
m 
U 
0 
I- 

._ 
c 
E 
\ 

E 

.r 

m 

O N  
u?m 
0 -  
d X  aJ 
II 

u VIm 

v sal c X W  

c a m  
0 m L  

a w m  
m n  



the total  daily emissions from the small brewery. I t  should be noted t h a t  
these data represent uncontrolled emissions; d u r i n g  normal operations, Anchor 
uses a scrubber to reduce odorous hydrocarbons. 
will be lowered by the s ta ted control eff ic iency fac tor  of 0.95 for  emission 
inventory purposes (see Section 6.2) .  Figure 5.3-3 shows gas chromatograms 
for impinger and XAD resin ext rac ts  from the brew k e t t l e  stack sample. The 
chromatograms i l l u s t r a t e  the large number of compounds detected. 
the compounds found i n  greatest  quantity were recovered from the charcoal 
tube sample. These, and a1 1 subsequent, chromatograms include the residence 
times, i n  minutes, fo r  each peak (sample const i tuent)  eluted from the GC 
column. Dimethyl sulf ide (DMS) accounts fo r  about a t h i r d  of the to ta l  
emissions while the C5-aldehyde represents about 26 percent of the t o t a l .  
DMS i n  beer has been ascribed t o  several causes including the heat 
decomposition of S-methyl -L-methionine d u r i n g  wort b o i l i n g  (Anderson e t  a1 . , 
1971). Two compounds a re  reported as "C5-aldehydes" since posit ive 
ident i f icat ions could not be confirmed. As expected, myrcene, a hop o i l ,  was 
a l so  present in the sample. The category of "other" represents a number of 
posit ively ident i f ied  compounds, a l l  of which were i n  r e l a t ive ly  low 
quanti t ies.  

Emissions from t h i s  s i te  

However, 

Hot Wort Tank 

Working emissions from f i l l i n g  of the hot wort t a n k ,  shown i n  Table 
5.3-7, account for  almost one percent of the t o t a l  daily brewery emissions. 
Since only a t ransfer  is  involved, brew ke t t l e  and hot wort tank emissions 
have many compounds i n  comnon. Figure 5.3-4 shows gas chromatograms fo r  
impinger and XAD resin ex t rac ts  from the hot wort t a n k .  
chromatograms from the brew ket t le  and hot wort tank show t h a t  the two sites 
share many of the same compounds. Again, many of the major compounds from 
the hot wort t a n k  were col lected on the charcoal t u b e  sample. 
presence was probably due t o  contamination by fermentation-inducing organisms 
in the wort or from fermenting residues adhering t o  process equipment. 
same explanation may apply t o  the presence of ethanol (and other fermentation 
products) i n  samples taken a t  sites preceding actual fermentation operations. 
Analysis a1 so ident i f ied the presence of p-caryophyllene, a vo la t i l e  hop o i l  
which i s  expected to evaporate during wort boil ing and t ransfer .  Furfural ,  a 
compound resul t ing from the dehydration of pentose sugars found in cooking 
grain mixtures, was a l so  ident i f ied  in the sample. 

Comparisons of 

Ethanol's 

This 



.: i. 

.: . .  

c _  % 

ii f 
L I  I 

IC'*- 

~, . == 

c 
VI 
a, cc 

w 

c9'91 t 

'.'e* 
f2'21 
st.,. 

W 
c, 
V 

L 
c' 
X 

m 

"2 
a l m  - n  

m u  
= E  
E O  
v, 

0, 
E E  

W 3  
a J a J  c c L  

m 
4 L  
x o  r v u  
E T  
m a  
L I  
0 1 1  m 
E24 
.r u 
a m  
Ec, 
-v, 
- 0 )  
0- 

U 
Wc' 

L 
D Z  oal  
U L  
m a  
E 

s=.w 
V 

E 
W O  
m L  
(SILL 

.7 .r 

n 

52 

z-2 

m 
I m 

Ln 

al 
L 
D 
LL 

a 
.r 

87 



c z 
W 
5 

h 
I Y 

m z 
U 

rn c 
0) e 
7 PI n 0 
m z5 c 

I- 
0 
I 

n 
a 
n n 
4. 

c 
C 

" 
U 

.r 

.r 
E 
U 

L 
h 
1 
VI n - 
Y 

L 
h 
\ cn 
Y 

- 
2 
U 
1 
N 
0 
Y 

h m 
U 
\ cn 

E 
0 

U 

b L  
o u  c 
u w  
E V  w c  
v o  
L U  w 
0 -  

Y 
0 c 

E 
0 .  

.C 

m 

m 

U c 
0 
a 

i 
V 

Y 

h m m 3 h n r n r n  m m w r n h r n b n  
* d - d o o O o  
. . . . . . . .  

h 

? 
0 
I 

W 
N 

0 

- 
U 
0 

0 
v 

rn 
N 

d 

d 

? 
d 

3 
U 

rn 

m m m  
u r n -  
O N -  
. . .  

Y Y Y  

N h U  

0 4 0  
Y d r n  . .  

s z 2  . . .  
. + m m  

3 r n 0  r n n n  
Q U d  

N r (  

. . .  
V) 
e 
0 -0 

w .- 

0)  
U w 
.r E 
v. w 

- 
d 

? 
d 
m 
Y 

m 
U 

z 

U 

N 
Y 

h 
n 
m 
W 

0 z 

rn 
0 

3) 
N 

n 

- 
m 
U 
0 c 

..I 

E 

E 
\ 

E 

.C 

m 

7 

m a 

m 
U 
V 

3 
0 
4 

+I 

." I 

m u 'v 

x m  
.5 %? 3 
L s o  
0 x z  
z5 w u  
u n  

aa 



L 
W 
U 
m zz 
L 
W 
m 
E 
.r LS' I .C  
n 
E - 

I 

E .- 
VI 
W 
PI 

VI 
Y u 
m 
L 
U 
X h  
W E  

m w n  
- E  n o  

m m  
E 

E .r .- z 
V I W  

I 

S V  

SA 
O L  
4 0  
X T  u 0 s  
I=< 
m 
L I  
W 
rnY 
E C  
.r Q1 

-a 
E 

Ol- 
VIY 
E L  
m o  
L 3  m 
O Y  
Y O  
m 1  
E 
O W  
L T  
C Y  
V 

E 
V I 0  
m L  
C3U 

I 

2- 
+ m  

89 



r 

Mash Tun and Lauter  Tun 

The mash t u n  and l a u t e r  t u n  s tacks were among t h e  minor sources 

sampled a t  t h e  small brewery. 

percent of t h e  t o t a l  d a i l y  brewery emissions. 

t u n  and l a u t e r  stacks,  shown i n  Tables 5.3-8 and 5.3-9, revea l  many o f  t h e  

same compounds. Since t h e  l a u t e r  t u n  i s  o n l y  a f i l t e r i n g  dev ice  f o l l o w i n g  

mashing, t h e  two s i t e s  would be expected t o  have s i m i l a r  p r o f i l e s .  DMS shows 

up i n  bo th  t h e  mash t u n  and l a u t e r  tun f o r  t h e  reasons discussed e a r l i e r .  As 
seen i n  F igu re  5.3-5 t h e  chromatograms f o r  t h e  mash t u n  sample revea led  fewer 
gaseous compounds i n  t h e  emission stream. Only a r e l a t i v e l y  smal l  amount o f  

ethanol  was present  i n  spent g r a i n  tank  emissions, as shown i n  Table 5.3-10. 

Together  they  account f o r  l e s s  than one 

Species p r o f i l e s  f o r  t h e  mash 

5.3.4.3 Comments on Sampling Techniques 

The Dudley tube i n  t h e  charcoal  tube sampling t r a i n  shown i n  F igu re  

5.3-1 worked we l l  t o  prevent  mo is tu re  f r o m  e n t e r i n g  t h e  charcoal  tube. Most 

o f  t h e  major compounds i d e n t i f i e d  f rom each s i t e ,  i n c l u d i n g  DMS, ethanol ,  

e t h y l  ace ta te  and C 5  aldehydes, were c o l l e c t e d  and analyzed f r o m  charcoal  

tubes w h i l e  most o f  t h e  compounds inc luded  i n  t h e  ca tagor ies  o f  "o thers"  and 

" u n i d e n t i f i e d "  were c o l l e c t e d  i n  t h e  impinger/XAD r e s i n  sampl ing t r a i n .  

Heavy, semi -vo l  a t i  1 e compounds such as myrcene and p-caryophy l l  ene, bo th  o f  

which a r e  h i g h l y  photochemical ly  r e a c t i v e ,  were c o l l e c t e d  ma in l y  on t h e  XAD 
column. 

were present  i n  r e l a t i v e l y  smal l  q u a n t i t i e s ,  were found i n  imp inger  ex t rac ts .  

Charcoal tubes c o l l e c t e d  the g r e a t e s t  mass of VOCs per  s i t e  o f  a l l  t h e  o the r  
sampling t r a i n  components, f o l l o w e d  by  XAD r e s i n  and t h e  d i s t i l l e d  water 

impingers. Th is  f i n d i n g  i s  due, i n  p a r t ,  t o  t h e  s e l e c t i o n  o f  t h e  so l ven t  

used t o  e x t r a c t  t h e  compounds f rom the imp inger  water  and XAD r e s i n  samples. 

Th is  so lvent  probably  masked some o f  t h e  lower  mo lecu la r  weight compounds 

d u r i n g  GC/FID sample ana lys is .  The charcoa l  tube was used because i t s  
a n a l y s i s  would reveal  lower  mo lecu la r  weight  compounds (such as e thano l )  

masked by  t h e  impinger/XAD analyses. 

The h igher  mo lecu la r  weight a l coho ls  and aldehydes, a l l  o f  which 

90 
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5.3.5 Tests a t  F a c i l i t y  A 

Emission measurements were made on the mornings and af ternoons o f  8 
and 9 March 1983. Weather cond i t i ons  on t h e  f i r s t  day cons is ted  o f  p a r t l y  
cloudy sk ies,  an a i r  temperature o f  about 7OoF ( 2 1 O C )  and l i g h t  winds f rom 

the  southwest. The second day 's  weather cond i t i ons  were almost i d e n t i c a l .  

5.3.5.1 Emission Po in ts  

I n  v iew o f  our  Phase I sampling r e s u l t s ,  we decided not  t o  r e t e s t  

emissions from the  spent g r a i n  ho ld ing  tank and t h e  wor t  coo le r  stack. As 

mentioned i n  Sect ion 5.2.4.2, du r ing  Phase I ,  breatn ing  l o s s  emissions were 

sampled d i r e c t l y  f rom a vent connected t o  a maximum o f  seven alpha tanks, 

eacn conta in ing  brews a t  var ious stages o f  fermentat ion.  Emissions from t h i s  

vent were not sampled du r ing  Phase I1 s ince vo lumet r ic  f l o w  r a t e s  were 
n e g l i g i b l e  r e l a t i v e  t o  o the r  major vented sources; emissions resu l ted  f rom 
breath ing  losses. 

1nss.s +rem en. individs! brew 2nd then scalin; up t c  seven would be 8 

complex task.  

c y c l e  would be required. Because o f  t h e  phys ica l  l a y o u t  o f  t h i s  system, i t  

was not poss ib le  o r  d e s i r a b l e  a t  t h e  t ime  t o  sample emissions from one alpha 

tank. L i t e r d t u r e  searches encompassing i n d i v i d u a l  fe rmenta t ion  emission 

c n a r a c t e r i s t i c s  d i d  no t  p rov ide  a l t e r n a t e  sources o f  data. The s i t e s  sampled 
du r ing  Phase I1  were as f o l l o w s :  

At tempt ing t o  est imate t o t a l  VOC emissions from breath ing  

Emission data f rom one alpha tank, over an e n t i r e  fe rmenta t ion  

Rice c o o l e r  stack 

0 Mash t u n  stack 

0 S t r a i n n a s t e r  s tack 

0 Brew k e t t l e  stack 

C02 p u r i f i c a t i o n  system 

0 Beechwood c h i p  washer vent 

0 Waste beer sump. 

- Ac t i va ted  carbon regenera t ion  vent 

95 



OVA Screening Resul ts  

As mentioned i n  Sect ion 5.2.4.2, several secondary s i t e s  were 
screened us ing the OVA to determine i f  f u r t h e r  t e s t i n g  was warranted. 

those s i t e s  tested,  on l y  the  s t ra inmaster  and r i c e  cooker stacks and the 

waste beer sump requ i red  f u r t h e r  t e s t i n g .  
concentrat ions of ethanol were es tab l i shed  by t a k i n g  several  readings i n  the  
s t a f f  park ing  l o t  which was f a r  away from any s i g n i f i c a n t  VOC sources. 

Numerous readings were taken a t  each secondary source; i f  readings were 

s i g n i f i c a n t l y  above background, then e x t r a  t e s t i n g  was i n i t i a t e d .  The f i l i n g  
room exhaust ducts and the  beechwood c h i p  d isposal  area were found t o  emi t  

VOC concentrat ions a t  o r  around background. 

O f  

I n  us ing t h e  OVA, background 

Emissions from spent g r a i n  disposal  were n o t  sampled d i r e c t l y ;  however our 

ana lys is  w i l l  show t h a t  emissions from t h i s  s i t e  are n e g l i g i b l e .  

5.3.5.2 Resul ts  and Discuss ion 

Table 5.3-11 sumnarizes s i t e - s p e c i f i c  VOC concent ra t ions  and 

associated emission ra tes .  
5.3-2 and 5.3-3. 

regenerat ion u n i t  were c a l c u l a t e d  us ing  Equat ion 5.3-1. 

Concentrat ions were c a l c u l a t e d  us ing  Equat ions 
Emission r a t e s  f o r  a l l  s i t e s  except t h e  a c t i v a t e d  carbon 

The emission r a t e  f o r  the  C02 p u r i f i c a t i o n  system du r ing  a c t i v a t e d  

carbon regenerat ion was ca l cu la ted  as fo l lows.  

"most o f  the v o l a t i l e s "  a re  d r i ven  o f f  du r ing  the  f i r s t  f o u r  o r  f i v e  hours o f  
regenerat ion when t h e  desorp t ion  temperature i s  about 25OoF. 

was unava i lab le  as t o  e x a c t l y  what percentage i s  d r i ven  o f f  du r ing  t h i s  

per iod. )  A l l  v o l a t i l e s  are even tua l l y  desorbed a f t e r  t h e  24-hour 

regenerat ion c y c l e  i s  complete. 
means 90 percent o f  the mass adsorbed on the. a c t i v a t e d  carbon. 

assumption was considered reasonable by a brewing i n d u s t r y  rep resen ta t i ve  

( S t i e r ,  1983); i n fo rma t ion  on desorp t ion  r a t e  as a f u c t i o n  o f  temperature was 
no t  ava i l ab le .  

i s  ca l cu la ted  by the f o l l o w i n g  equat ion:  

According t o  S t i e r  (1983), 

( I n fo rma t ion  

We w i l l  assume t h a t  "most o f  the  v o l a t i l e s "  
Th is  

The t o t a l  mass o f  VOCs em i t ted  dur ing  one regenera t ion  c y c l e  

DF 
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t o t a l  VOC emi t ted  
per cyc le ,  k g  

measured concent ra t jon)  ( exhaust3flow) 
i n  the  sample, mg/m r a t e ,  m /min (300 min) (5.3-4) 

(0.9)(106 mg/kg) 

Crawford (1976) shows t h a t  t h e  r a t i o  between the  concent ra t ion  of a 
p o l l u t a n t  i n  the  desorpt ion stream and i t s  concent ra t ion  i n  the  i n p u t  t o  an 

adsorber system i s  constant  and i s  l e s s  than one. 
t h a t  the  VOC concentrat ion i n  the emission stream i s  f a i r l y  constant  du r ing  

the f i r s t  f o u r  to f i v e  hours o f  regenerat ion,  a f t e r  which 90 percent  o f  t h e  

t o t a l  mass has been emi t ted  (desorbed). Since our emissions t e s t i n g  covered 

the f i r s t  two hours o f  regenerat ion,  we can assume t h a t  the  measured 
concent ra t ion  was f a i r l y  constant  over f i v e  hours. 

From t h i s ,  we may i n f e r  

During the course o f  the  p r o j e c t ,  a quest ion was r a i s e d  i n  regards 

t o  the p o s s i b i l i t y  o f  es t ima t ing  the  amount o f  VOCs (main ly  e thano l )  absorbed 
i n  the water scrubber component o f  the  C02 p u r i f i c a t i o n  system. 

could have been used to inven to ry  the amount o f  VOCs disposed i n  the sewer 
system. Th is  es t imat ion  was n o t  poss ib le  because t o  do so would have 

requ i red  sampling the  raw fe rmenta t ion  gas e n t e r i n g  t h e  scrubber t o  determine 
the i n l e t  VOC concentrat ion.  With t h i s  i n fo rma t ion  and data c o l l e c t e d  a t  the  

regenerat ion vent a con t ro l  e f f i c i e n c y  f o r  the  scrubber cou ld  have been 

derived. 

r a t e s  i n  the system, are n o t  r e a d i l y  ava i l ab le .  

These data 

Also, vo lumetr ic  f l o w  r a t e s  which are needed t o  c a l c u l a t e  mass f l o w  

Brew K e t t l e  Stack 

The brew k e t t l e  s tack  showed t h e  h ighes t  VOC emission r a t e ,  

accounting f o r  45.5 percent  o f  the  t o t a l  d a i l y  emissions. .Table 5.3-12 

presents the species p r o f i l e  f o r  t h i s  s i t e .  Upon comparing brew k e t t l e  stack 

emissions from F a c i l i t y  A and Anchor Brewing (see F igures  5.3-3 and 5.3-6) we 

f i n d  t h a t  they have many compounds i n  cornon.. 

dimethyl s u l f i d e  (DMS) account f o r  75 percent  o f  t h e  t o t a l  emissions. A l l  o f  

the  major compounds i d e n t i f i e d  were c o l l e c t e d  on the  charcoal  except f o r  

myrcene and p-caryophyl lene, which were c o l l e c t e d  on the XAD. 
of ethanol a t  t h i s  s i t e  (and t h e  mash cooker)  was probably  due t o  

contaminat ion by fe rmenta t ion  induc ing  organisms i n  the wor t  o r  f rom 
fermenting residues adher ing to process equipment. 

A t  F a c i l i t y  A, myrcene and 

The presence 
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Stra inmaster  Stack 

The s t ra inmaster  stack,  whose species p r o f i l e  i s  shown i n  Table 

5.3-13, was t h e  second most impor tant  source, c o n t r i b u t i n g  17.6 percent o f  

t h e  t o t a l  d a i l y  brewery emissions. 
of DMS emissions a t  t h e  brewery; DMS accounted f o r  79.7 percent o f  t h e  

emissions from t h i s  s i t e .  
on charcoal .  

Th is  s i t e  was the  s i n g l e  l a r g e s t  source 

A l l  the major compounds i d e n t i f i e d  were c o l l e c t e d  

Beechwood Chip Washer Vent 

The beechwood c h i p  washer vent c o n t r i b u t e d  10.7 percent o f  the  

t o t a l  d a i l y  emissions; ethanol  accounted f o r  over 98 percent o f  t h e  t o t a l  

emissions from t h i s  s i t e ,  as shown i n  Table 5.3-14. A d e s c r i p t i o n  o f  t h e  

a n a l y t i c a l  method d iscuss ing  t h e  q u a n t i f i c a t i o n  o f  VOC emissions i s  found i n  
Sect ion 5.3.2. 

Emissions from t h e  a c t i v a t e d  carbon regenerat ion vent,  shown i n  

Table 5.3-15, represent  8.6 percent o f  t h e  t o t a l  emissions f rom t h e  brewery. 

Table 5.3-16 shows r e s u l t s  o f  emissions t e s t i n g  d u r i n g  t h e  l a s t  1.5 hours o f  

t h e  regenera t ion  cyc le .  Only concentrat ions are shown. We o r i g i n a l l y  

in tended t h i s  t e s t  t o  encompass another regenera t ion  pe r iod  du r ing  t h e  f i r s t  

hours o f  t h e  cyc le ,  b u t  a schedul ing mixup r e s u l t e d  i n  ou r  sampling t h e  wrong 
t ime per iod.  

v o l a t i l e s  (ma in ly  e thano l )  do remain a f t e r  f i v e  hours o f  regenerat ion.  
Comparing t h e  two runs we f i n d  t h a t  a small percentage o f  the  

Waste Beer Sump 

The waste beer  sump was i n i t i a l l y  screened us ing  t h e  OVA. Readings 
were h igh  enough above background t o  warrant  f u r t h e r  sampling. Since ethanol  

was assumed t o  be t h e  predominant c o n s t i t u e n t  i n  t h e  exhaust stream, o n l y  

charcoal  tubes were used f o r  sample c o l l e c t i o n .  Resu l ts  o f  t h e  sampling, 

shown i n  Table 5.3-17, conf i rmed t h i s  assumption. Sump VOC emissions 
c o n t r i b u t e d  8.6 percent o f  t h e  d a i l y  t o t a l  from t h e  brewery. 
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Table 5.3-16 

SPECIES PROFILE - C02 P U K I F I C A T I O N  SYSTEM, ACTIVATED CARBON 
REGENERATION VENT, RUN #2, FACILITY Aa 

~~ ~ 

Canpound 

Concentration Percent o f  

(ms/m3) Tota l  Concentration 

~ 

ethyl  acetate  24.00 45.40 

ethanol 11.00 20.81 

C5-alcohol 8.70 16.46 
C7-ester 3.44 6.51 
dimethyl s u l f i d e  2.70 5.11 
unident i  f i e d  1.96 3.71 

i.06 z.uu ^I*-.-- 
" C I I S I  > 

Tota l  52. a6 100.00 

Run #2 taken during l a s t  1.5 hours o f  the  cycle .  a 
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Mash and Rice Cookers 

Mash cooker emission r e su l t s  are  shown i n  Table 5.3-18. 
Concentration data were derived from two d i f f e r e n t  sampled cycles. 
const i tuents  emitted from t h i s  s i t e  were ethanol (53 percent) and DMS (44  
percent). As described e a r l i e r ,  the  presence of ethanol in the  sample 
probably r e su l t  from the  fermentation of grain residues adhering t o  the walls 
inside the stack. Emissions from t h i s  s i t e  represented 7.7 percent of the 
to t a l  brewery VOC emi ss i  ons. 

The major 

The r i ce  cooker stack was a very minor source of VOC emissions as 
shown in Table 5.3-19. 
on XAD and in the impinger water, respectively.  

Hexanal and the unidentified compounds were collected 

Spent Grain Disposal 

Emissions from the spent grain disposal f a c i l i t y  were not d i r ec t ly  
.I 1 _ _ n L _ _ _  

wzaauvcd uut ~ I I C J  r11aac i i  iilsiiitoi.ing, but it was s t i l i  iiecessitr-y tu ueteniiirie 

i f  t h i s  s i t e  contributed s ign i f i can t ly  t o  t o t a l  da i ly  VOC emissions from 
breweries. 
t h a t  i t s  species p ro f i l e  would be very s imi la r  t o  t ha t  of the strainmaster 
stack p ro f i l e  ( see  Table 5.3-13). 
spent grains from the strainmaster t o  the  disposal f a c i l i t y  is interrupted 
only by a temporary holding tank. 
primary const i tuent  in  strainmaster exhaust, we focused on analysis  of 
emissions of t h i s  specie. 

To analyze the  emissions from the disposal f a c i l i t y ,  we assumed 

As i s  shown in Figure 5.2-4, the  flow of 

Since dimethyl su l f ide  (DMS) was the 

The f i r s t  s tep  was t o  determine the amount of DMS o r ig ina l ly  
present i n  the grains. Before proceeding t o  estimate this quant i ty ,  we begin 
with the assumption tha t  the barley malt contains an average of 10 ppm methyl 
methionine by weight (Dickenson, 1979). From stoichiometry, conversion of 
a l l  of t h i s  r e s u l t s  in  the formation of 3.8 ppm o f  DMS (assuming t h a t  none 
en ters  the beer during processing). An additional 5 ppm of DMS may already 
be present in the original grain (Dickenson, 1979). A maximum of 8.8 ppm, by 
weight, of the  chemical would therefore  be ava i lab le  for emissions. Each 
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brew uses an average of 38,000 l b  o f  g ra in ,  so t h a t  t h e  o r i g i n a l  mass o f  DMS 

i s  est imated t o  be (38,000 lb ) (8 .8  x = 0.334'1b. 

The mash cooker and s t ra inmaster  stack are  the  two s i t e s  which have 

t h e  p o t e n t i a l  o f  e m i t t i n g  DMS p r i o r  t o  spent g r a i n  t r a n s f e r r a l  t o  t h e  

disposal  f a c i l i t y .  (Ac tua l l y ,  some DMS does remain i n  t h e  beer a f t e r  

f i l t e r i n g  i n  t h e  strainmaster.)  
s i t e s ,  as der ived  from Tables 5.3-13 and 5.3-18, i s  est imated by m u l t i p l y i n g  

t h e  DMS concentrat ion i n  t h e  emissions a t  bo th  s i t e s  by t h e i r  respec t i ve  
stack f l o w  ra tes  and c y c l e  times. 

The maximum mass o f  DMS emi t ted  a t  these two 

The mash cooker and s t ra inmaster  are est imated t o  emi t  0.098 l b  

(0.044 kg)  and 0.402 l b  (0.182 kg)  per brew, respec t i ve l y .  

o f  DMS emi t ted  from these s i t e s  i s ,  t he re fo re ,  0.500 l b ,  which i s  g rea te r  
than t h e  o r i g i n a l  0.334 l b  ca l cu la ted  t o  be o r i g i n a l l y  present i n  t h e  grains.  
Even w i t h  the  l a r g e  amount o f  v a r i a b i l i t y  expected i n  these c a l c u l a t i o n s  t h e  

p o t e n t i a l  f o r  s i g n i f i c a n t  emissions from spent g r a i n  d isposal  i s  small. Th is  
conclus ion i s  a l so  strengthened somewhat by t h e  Phase I r e s u l t s  o f  spent 
g ra in  ho ld ing  tank emission t e s t s .  Emissions from t h i s  s i t e  were so 
negl i gib1 e t h a t  f u r t h e r  Phase I1 t e s t i n g  was deemed unwarranted (see Sect ion 
5.2.4). 

The sum o f  masses 

5.3.5.3 Comnents on Sampling Techniques 

From t h e  r e s u l t s  o f  Phase I1  sampling a t  t h e  l a r g e  and small 

breweries,  charcoal tubes c o l l e c t e d  t h e  h ighest  percentage o f  VOC on a t o t a l  

mass bas is  f rom a l l  . t h e  major s i t e s .  
acetaldehyde, e t h y l  acetate,  and o the r  C5-aldehydes were a l l  i d e n t i f i e d  f rom 

charcoal tube analyses. However, XAD r e s i n  was a lso  va luab le  f o r  c o l l e c t i n g  
c o n s t i t u e n t s  such as myrcene, p-caryophyl lene and o the r  h igher  molecular  
weight compounds. 

Major compounds such as ethanol ,  DMS, 

11') 



5.4 DERIVATION OF EMISSION FACTORS 

5.4.1 Anchor Brewing 

The f o l l o w i n g  equat ion i s  used t o  c a l c u l a t e  a l l  p rocess-spec i f i c  

emission f a c t o r s :  

VOC concen t ra t i on  (exhaus5 f low)  
i n  t h e  sample,mg/m rate,m /min 

(4.54 x lo5 mg/lb) 

emiss ion3fac tor  
( l b s  VOC 10 /bb l  beer produced) = 

1 process c y c l e  
t ime,  min 

amount o f  beer produced 
per cycle,  bbl s 

(5.4-1) 

It i s  no t  poss ib le  t o  present emission f a c t o r s  based on g r a i n  throughput,  as 
t o  do so would permi t  d e r i v a t i o n  o f  c o n f i d e n t i a l  in fo rmat ion .  Table 5.4-1 
presents t h e  parameters and process-spec i f i c  emission f a c t o r s  as c a l c u l a t e d  
from Equat ion 5.4-1. u n c e r t a i n t y  ranges f o r  emission f a c t o r s  are based on ~5 
percent conf idence i n t e r v a l s  ca l cu la ted  f o r  exhaust f l o w  r a t e  measurements. 

The spent g r a i n  tank emission f a c t o r  i s  expressed as an i n e q u a l i t y  due t o  t h e  

exceedence o f  t h e  anemometer measurement range. The fe rmenta t ion  room 

exhaust emission f a c t o r  i s  based on Run #1 (see Table 5.3-15). as t h i s  

p a r t i c u l a r  measured c y c l e  i s  most rep resen ta t i ve  o f  normal ope ra t i ng  
cond i t i ons .  

A t  23 kg VOC emi t ted  per 1000 bb l  o f  beer, t h e  fe rmenta t ion  room 
exhaust vent  was t h e  s i n g l e  h ighest  source o f  VOC per  b a r r e l  o f  any s i t e  

measured du r ing  t h e  study. Th is  emission f a c t o r  i s  almost 14 t imes g rea te r  

than t h a t  of t h e  brew k e t t l e  stack,  t h e  next  h ighes t  emission f a c t o r .  

5.4.2 F a c i l  i t y  A 

Equations 5.3-2, 5.3-3 and 5.4-1 were used t o  c a l c u l a t e  emission 
fac to rs  f o r  a l l  s i t e s  except t h e  a c t i v a t e d  carbon regenera t ion  vent. An 

emission f a c t o r  f o r  t h e  waste beer sump was n o t  de r i ved  because no o the r  
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brewery i n  t h e  s t a t e  uses one. 

p rocess-spec i f i c  emission f a c t o r s  f o r  F a c i l i t y  A. 
Table 5.4-2 presents  t h e  parameters and 

The emission f a c t o r  f o r  t h e  a c t i v a t e d  carbon regenerat ion was 

de r i ved  by c a l c u l a t i n g  t h e  t o t a l  emissions per  cyc le  us ing Equat ion 5.3-4 and 
then d i v i d i n g  t h e  r e s u l t  by t h e  amount o f  beer produced from t h a t  cyc le .  

t h i s  case seven fermenters,  each conta in ing  800 b a r r e l s  o f  beer., pass t h e i r  

emissions through t h e  system du r ing  one cyc le .  Therefore,  t h e  amount o f  beer 
produced i s  (800) (7)  = 5600 bbls. 

I n  

The amount of beer produced per beechwood c h i p  washing c y c l e  was 

est imated as f o l l o w s :  

amount o f  beer - - ( 3  torpedoes/cyc le) (800 bbls /brew) = 343 bbls. 
per cyc le ,  bb l  s 

( 7  torpedoes/brew) 

The amount o f  beechwood ch ips  recyc led  f r o m  one brew i s  enough t o  f i l l  seven 
torpedoes. The washer can ho ld  a maximum o f  t h r e e  torpedoes per cycle.  

A t  0.7 kg VOC em i t ted  per 1000 b b l s  o f  beer, t h e  brew k e t t l e  stack 
had t h e  h ighes t  emission f a c t o r  der ived  from F a c i l i t y  A. 
f a c t o r  i s  s t i l l  o n l y  about 3 percent o f  fe rmen ta t i on  room exhaust emission 

f a t o r  de r i ved  f o r  t h e  small brewery. 

Th is  emission 
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6.0 

ESTIMATION OF ORGANIC COMPOUND EMISSIONS I N  CALIFORNIA 

The l a s t  step i n  our assessment o f  t h e  brewing i n d u s t r y  i n  

C a l i f o r n i a  was t o  est imate emissions o f  v o l a t i l e  organic compounds (VOCs) 
from a l l  breweries i n  t h e  state.  

6.1 

were 1 

METHODOLOGY 

Emissions from each brewery i d e n t i f i e d  by our quest ionnai re survey 

emission factors .  Our general methodology i s  descr ibed i n  t h e  next  sect ion.  
Special adjustments were made f o r  Anchor Brewing and F a c i l i t y  A. These 
departures from the  general methodology are descr ibed i n  Sect ion 6.1.2. 

u l a t e d  by m u l t i p l y i n g  i n d i v i d u a l  product ion rates.  by t h e  var ious  

6.1.1 General Methodology 

The general equat ion f o r  t h e  emissions from a f a c i l i t y  was: 

annual beer product ion,  b b l s  X 

(mash t u n  EF) t ( l a u t e r  t u n  EF) + ... )] (6.1-1) 

[( ) emissions, l b / y r  = 

( 1000 

3 where EF = process-speci f ic  emission f a c t o r  i n  l b s  VOC emi t ted  per 10 b b l s  
o f  beer produced. 

Equation 6.1-1 expands t o  inc lude a l l  app l i cab le  process-speci f ic  
emission f a c t o r s  (EF) f o r  t h e  l a r g e  and small breweries (on ly  two are shown 

i n  the  equation). 
ca lcu la ted  using emission f a c t o r s  developed from t e s t s  a t  Anchor Brewing 

Emissions from the  small and l a r g e  breweries were 
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Company and Fac i l i t y  A (See Tables 5.4-1 and 5.4-2),  respectively.  
"strainmaster" emission f ac to r  was used to  estimate emissions from large 
breweries using l a u t e r  tuns. 
strainmaster a re  not expected to be significant1.y d i f f e ren t .  The r i ce  cooker 
emission fac tor  was used to  estimate emissions from breweries u s i n g  d i f f e ren t  
adjuncts such as corn or other  cerea ls .  
already very small compared w i t h  other sites, any v a r i a b i l i t y  i n  emissions 
from non-rice adjunct cooking would not s ign i f i can t ly  a l t e r  t o t a l  estimated 
emissions. 
f a c i l i t i e s  i n  the s t a t e  which use the process. 

The 

The emission p ro f i l e  from a lauter t u n  and a 

Since this emission fac tor  i s  

The beechwood chip emission fac tor  was applied only t o  those 

Final ly ,  da i ly  and hourly emissions were calculated fo r  each 
brewery by dividing the emission estimate by the appropriate time uni t .  
example, a plant  emitting 1 ton/year operating 10 hours/day, 260 dayslyear 
would have the following shor t  term emissions: 

For 

= 7.7 lbs/day ( 1  ton/year)(2000 lbs / ton)  Daily emissions = 

(260 days/year) 

Hourly emissions = ( 7 . 7  lbslday)  = 0.77 lbs/hour 
(10 hours/day) 

Annual emissions aggregated by geographic region, production process and firm 
s i ze  are presented i n  Section 6.2. Data on individual f irms, including dai ly  
and hourly emissions a re  contained in a separate  document. To protect  
conf ident ia l i ty ,  the l a t t e r  has been made ava i lab le  only to  the Air Resources 
Board. 

6.1.2 Method f o r  Anchor Brewing and F a c i l i t y  A 

Unlike the method used to  ca l cu la t e  emissions from breweries not 
sampled during the pro jec t ,  annual emission r a t e s  fo r  Anchor Brewing and 
Fac i l i t y  A were estimated from source tests; r e s u l t s  are shown i n  Tables 
5.3-3 and 5.3-11, respectively.  
appropriate estimate of yearly emissions from Anchor, we applied a 95-percent 
control e f f ic iency  fac tor  to brew k e t t l e  emi.ssions which r e f l e c t s  the water 
scrubber manufacturer's s ta ted eff ic iency f o r  control1 i n g  "odorous" 
hydrocarbons. 

For the purposes of constructing an 



6.1.3 Speciat ion Methodology 

Annual emission ra tes  were est imated f o r  each compound i d e n t i f i e d  

i n  our source tes ts .  Weighted mass f r a c t i o n s  were est imated f o r  each 

compound and then m u l t i p l i e d  by t o t a l  i n d u s t r y  emissions t o  g i v e  an average 
t o t a l  f o r  t h a t  compound. These weighted percentages take  i n t o  cons idera t ion  

t h e  preponderant amount o f  c e r t a i n  species (e.g. e thano l )  emi t ted  by small 
breweries. The procedure f o r  determin ing t h e  weighted percentages was as 
fo l lows.  

The t o t a l  annual emission r a t e s  f o r  each species found a t  Anchor 

Brewing and F a c i l i t y  A were ca l cu la ted  from data i n  Tables 5.3-4 through 

5.3-10 and Tables 5.3-12 through 5.3-19, respec t ive ly .  To determine the  
weighted average emission r a t e  f o r  species i from the  two breweries,  t h e  

f o l l o w i n g  equat ion was used: 

t o t a l  VOC 
emissions 

f rom F a c i l i t y  A 

t o t a l  emissions) ( t o t a l  voc ) + ( t o t a l  emissions 
f o r  species i emissions f o r  species i 

from Anchor a t  F a c i l i t y  A 

sum of VOC emissions 
from Anchor and F a c i l i t y  A 

1 

where 

weighted emission r a t e  (5)  was ca l cu la ted  by sumning together  a l l  speciated 

t o t a l s  from t h e  two f a c i l i t i e s .  
determined by d i v i d i n g  Ti' by 5. To determine t o t a l  i n d u s t r y  emissions o f  

species i, t o t a l  i n d u s t r y  VOC emissions were m u l t i p l i e d  by Pi. 

= weighted average emission r a t e  f o r  species i. A t o t a l  average 

The weighted f r a c t i o n  f o r  species i (Pi) was 

6.2 RESULTS 

6.2.1 Emissions By Geographic Unit 

According t o  ou r  est imates,  39 m e t r i c  t o n s l y r  (43 t o n s l y r )  o f  
r e a c t i v e  hydrocarbons were emi t ted  from brewing operat ions i n  C a l i f o r n i a .  

Table 6.2-1 shows est imated emissions by county. Los Angeles County, where 
t h e  l a r g e  brewing i n d u s t r y  i s  concentrated;accounted f o r  75 percent o f  t h e  

t o t a l  emissions; one brewery i n  t h i s  county con t r i bu ted  over 5 1  percent o f  
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ESTIMATED EM ONS FRO1 

Table 6.2-1 

THE BREWING PROCE S: DISTR BUT I O N  BY COUNTY 

Est imated Emissions Percent o f  

County 

A1 ameda 0.03 (0.06) 0.01 (0.01) 0.03 

B u t t e  0.32 (0.71) 0.07 (0.07) 0.18 

Los Angeles 82.42 (181.69) 28.99 (31.95) 14.93 

Sacramento 0.41 (0.91) 0.06 (0.07) 0.15 

San Francisco 6.90 (15.20) 2.49 (2.74) 6.44 
Sol ano 19.35 (42.66) 7.06 (7.77) 18.25 

Sonoma 0.04 (0.10) 0.01 (0.01) 0.03 

a m t  = m e t r i c  tons  

Percentage based on annual emissions 

Discrepancy i n  t o t a l  percentage i s  due t o  rounding. 
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the to ta l  emissions in the s ta te .  The small brewing industry, defined as 
those with capaci t ies  l e s s  than 60,000 bbls lyr ,  i s  located en t i r e ly  in 
northern California and accounts f o r  7 percent of the to t a l  emissions. 
Distribution of emissions by s t a t e  a i r  basin i s  shown in Table 6.2.2. 

the preponderance of emissions are in  southern California. 
t o  note t h a t  even t h o u g h  the small brewing industry accounts of only 0.2 

percent of the s t a t e ' s  annual production capacity, i t  contributes 7 percent 
of the to ta l  emissions. 
high fermentation room exhaust emission f ac to r  derived from the Anchor 
Brewing tests. This emission fac tor  represents emissions from primary 
fermentation in an environment open t o  the ambient atmosphere. 
breweries in the s t a t e ,  fermentation takes place i n  a closed system 
environment which greatly reduces potential  emissions from t h i s  brewing step. 

Again, 
I t  i s  interest ing 

This inequity i s  primarily due t o  the r e l a t ive ly  

A t  large 

6.2.2 Distribution of Emissions By Number of Firms 

Our r e su l t s  show t h a t  the bulk of the emissions from beer 
production are concentrated among the large breweries. 
6.2-1, about 75 percent of the large breweries account f o r  only 25 percent of 
the to ta l  emissions. 
breweries ( =  1 brewery) account f o r  over f i f t y  percent of the to t a l .  

As seen in Figure 

On the other hand, only about 10 percent of the 

6.2.3 Distributions of Emissions By Process S i t e  

Table 6.2-3 shows t h a t  the brew k e t t l e  stacks emit over 40 percent 
of the to t a l  emissions in the s t a t e ,  followed by s t ra inmaster / lauter  t u n  
stacks (16 percent),  activated carbon regenerators (15 percent) and beechwood 
chip washers (14  percent). 
contribute almost 7 percent of the to t a l  VOC emissions from breweries in  
California. 

Open fermenters in the small brewing industry 

6.2.4 Distribution of Emissions By Species 

As shown i n  Table 6.2-4 ethanol was t h e  major pollutant emitted 
from California breweries based on weighted percentages derived from the 



Table 6.2-2 

ESTIMATED EMISSIONS FROM THE BREWING PROCESS: 
DISTRIBUTION BY A I R  BASIN 

A i r  Basin 

Estimated Emissions Percent of  

kg/day (1 b/day) mt lyra ( t o n s l y r )  S ta te  Tota l  
b 

Sacramento Val 1 ey 0.73 (1.62) 0.13 (0.14) 
San Francisco Bay Area 26.32 (58.02) 9.57 (10.53) 
South Coast 82.42 (181.69) 28.99 (31.95) 

0.34 
24.74 
74.93 

T o t a l s  109.47 (241.33) 38.69 (42.62) loo.olc 

a Me t r i c  t on  
Percentage based on annual emissions 

Discrepancy i n  t o t a l  percentage i s  due t o  rounding 
C 
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Uniform D i s t r i b u t i o n  

Cumulative Percent o f  Breweries 

0 

Figure  6.2-1. Lorenz Curve For t h e  D i s t r i b u t i o n  o f  Emissions 
From Beer Product ion i n  C a l i f o r n i a  
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Table 6.2-3 

ESTIMATED EMISSIONS FROM BREWING: O ISTRIBUTION BY PROCESS S I T E  

S i t e  Est imated Emissions 
mt/yr ( t o n s / y r )  

Small Breweries 
-Mash tun  s tack 0.01 (0.01) 
Lauter  t u n  stack - - 
Brew k e t t l e  stack 0.01 (0.01) 
Hot  wort  tank vent  0.02 
Fermentat ion room exhaust 2.60 

subto ta l  2.64 2.91 

Large Breweries 
Mash cooker stack 2.65 (2.91) 
Adjunct cooker s tack 0.04 (0.05) 
S t ra inmas te r / l au te r  t u n  stack 6.05 (6.67) 
nreu k e t t l e  st2ck 15.68 \ r r  .L", 

Ac t i va ted  carbon regenera t ion  vent 5.65 (6.22) 
Beechwood c h i p  washer vent  5.36 (5.90) 

1 - 7  90 \  

Naste beer sump 
subto ta l  

0.62 
36.05 

T o t a l s  38.69 (42.62) 
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Table 6.2-4 

ESTIMATED EMISSIONS FROM THE BREWING PROCESS: 
DISTRIBUTION BY SPECIES 

Compound Weighted Percentagea Emissions 
mt/yr ( t o n s / y r )  

ethanol 
dimethyl s u l f i d e  
myrcene 

others 

c5-a1 dehydes 
u n i d e n t i f i e d  

acetaldehyde 

e thy l  acetate 

p-caryophyl l  ene 
a1 i phat ic  hydrocarbons 
c -es te rs  

c5-alcohol  s 
hexanal 

7 

~~ 

39.49 
27.38 

19.03 
4.18 

3.14 

2.02 

1.74 

1.04 
0.91 

0.57 
0.21 
0.18 

0.11 

~~ 

15.28 
10.59 
7.36 

1.62 

1.21 
0.78 

0.67 
0.40 

0.35 
0.22 
0.08 
0.07 

0.04 

~ 

(16.84) 
(11.68) 

(8.12) 
(1.78) 

(1.34) 

(0.86) 

(0.74) 
(0.44) 

(0.39) 

(0.24) 

(0.08) 
(0.05) 

(0.09) 

To ta l  100.00 38.67 ( 42.65) 

a See Sect ion 6.1.3 f o r  methodologies used t o  est imate weighted percentages. 

Emission ra tes  d i f f e r  f rom Table 6.2-1 t o  6.2-3 because o f  rounding. 
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Anchor Brewing and F a c i l i t y  A emission p r o f i l e s  (see Sect ion 6.1.3). 

accounted f o r  39.5 percent of the  t o t a l  VOC emissions i n  t h e  s ta te ,  fo l lowed 

by dimethyl  s u l f i d e  (27.4 percent)  and myrcene (19.0 percent) .  

Ethanol 

6.3 PLACING BREWERY EMISSIONS I N  PERSPECTIVE 

Est imated emissions from beer p roduc t ion  i n  C a l i f o r n i a  c o n s t i t u t e  

0.001 percent o f  t h e  s tatewide t o t a l  organic  gas (TOG) emissions, and 0.002 
percent o f  s t a t i o n a r y  source TOG emissions as repor ted  i n  t h e  1979 Statewide 

Emission Inventory  (CARB, 1981). To r e a l l y  p lace  our emissions i n  
perspect ive,  however, i t  i s  necessary t o  compare them w i t h  emissions from 

s p e c i f i c  geographical areas. Consider, f o r  example, Los Angeles (L.A.) 

County. According t o  t h e  F i n a l  1979 Emissions Inventory  (SCAQMD e t  al., 

1982), s t a t i o n a r y  sources i n  L.A. County emi t  469 tons lday  o f  r e a c t i v e  

organic gases (ROG). 
brewer ies i n  the  county i s  0.091 tons lday,  o r  about 0.019 percent  o f  t h e  
t o t a l .  

Our est imate o f  d a i l y  emissions f rom t h e  t h r e e  

Cur ren t l y  a v a i l  ab1 e invent.nry rlat.4 f o r  breweries centered arnund 

TOG and NOx emissions f rom f u e l  combustion f o r  steam generat ion and TSP 
emissions f rom baghouse a c t i v i t i e s .  I n  t h e  F i n a l  1979 Emissions Inventory ,  

ROG emissions from b o i l e r s  a t  L.A. County brewer ies t o t a l e d  3.6 tons lyear .  

Th i s  f i g u r e  does no t  r e f l e c t  f a c i l i t y  expansions t h a t  have taken p lace  s ince 

1979. 

increase i n  t o t a l  emissions from breweries.  
The i n c l u s i o n  o f  brewing process emissions would r e s u l t  i n  a 10- fo ld  
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7.0 

CONTROL OF IMPORTANT E M I S S I O N  SOURCES FROM BREWERIES 

As has been demonstrated i n  Chapters 5 and 6, v o l a t i l e  organic  

compound (VOC) emissions from non-combustion processes i n  breweries a re  
r e l a t i v e l y  small. A comprehensive rev iew o f  emission c o n t r o l  technologies 

and costs  was the re fo re  not  warranted. 

a t t e n t i o n  upon t h e  processes which are responsib le  f o r  t h e  h ighes t  percentage 
o f  brewery emissions - t h e  fe rmenta t ion  room a t  Anchor Brewing Company and 
the  brew k e t t l e  a t  F a c i l i t y  A - i n  o rder  t o  rev iew p r a c t i c a l  con t ro l  
a1 te rna t ives .  

Instead, we have focussed our 

7.1 FERMENTATION ROOM EMISSION CONTROL 

Emissions from t h e  fe rmenta t ion  room a t  Anchor Brewing Company's 
San Francisco p l a n t  are comprised c h i e f l y  o f  e t h y l  a lcohol .  

con t ro l  p o i n t  would be t h e  r o o f  vent, s ince emissions from i n d i v i d u a l  
ferment ing tanks are  channeled through it. 
assume a f low o f  22.1 m /min (780 cfm) and 5382 l b / y r  through t h i s  vent. 

Since ethanol  has a comnercial value, perhaps t h e  most c o s t - e f f e c t i v e  

approach would be t o  use carbon adsorpt ion,  s ince subs tan t i a l  adsorbate 

recovery i s  possible.  Adsorpt ion technology i s  we l l  advanced and, indeed, i s  

used i n  many breweries f o r  C02 p u r i f i c a t i o n .  

The l o g i c a l  

I n  t h e  f o l l o w i n g  d iscuss ion,  we 
3 .  

I n  a recent  ARB-sponsored study o f  e t h y l  a lcohol  emissions f rom 

winer ies,  F i e l d e r  and Bumala (1982) repo r ted  a purchase and i n s t a l l a t i o n  cos t  

o f  $35,000 f o r  a carbon adsorpt ion system w i t h  low-pressure steam adsorpt ion,  

t o  be app l i ed  t o  a f l o w  o f  270 cfm o f  exhaust a i r .  Whi le c a p i t a l  cos ts  a re  
not  l i n e a r l y  r e l a t e d  t o  a i r  f l o w  r a t e ,  we can assume f o r  t h e  purposes o f  our  
f i r s t - c u t  ana lys is  t h a t  they are. The cos t  o f  a system capable o f  hand l ing  

780 cfm would thus be about $100,000. Assuming an i n t e r e s t  r a t e  o f  18 

percent f o r  borrowed c a p i t a l ,  a ten-year equipment l i f e  and annual cos ts  o f  6 

percent fo r  maintenance l a b o r  and ma te r ia l s ,  and 5 percent f o r  taxes and 
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insurance, we f i n d  t h a t  annual ized cos ts  o f  t h e  equipment are approximately 

$30,000. The costs  o f  l abo r ,  e l e c t r i c i t y ,  and rep lac ing  spent carbon must be 
added, b u t  they are much smal ler  than t h e  annual ized c a p i t a l  cost .  

end o f  1982, t h e  maximum l i s t  p r i c e  f o r  e t h y l  a lcohol  was $1.97/gallon, o r  30 

cents  per pound (Greek, 1982). 

emissions o f  ethanol would b r i n g  the  brewery about $1,600 per year. Net 

con t ro l  cos ts  would t h e r e f o r e  be a minimum o f  $28,400, o r  about $5.28/1b 

recovered. 

A t  t h e  

Recovery and subsequent sa le  o f  t h e  annual 

Absorpt ion w i t h  water as t h e  scrubbing medium i s  another 

p o s s i b i l i t y ,  s ince ethanol  i s  h igh l y  so lub le  i n  water. However, t h e  

concent ra t ion  o f  ethanol  i n  t h e  fe rmenta t ion  room exhaust stream (about 100 

ppmv) probably makes t h i s  method i n e f f i c i e n t ;  absorp t ion  i s  u s u a l l y  

considered when t h e  VOC concent ra t ion  i s  about 200 t o  300 ppmv (S tand i fe r ,  

1980). 

expensive. 

The low p o l l u t a n t  concent ra t ion  a l so  makes i n c i n e r a t i o n  p r o h i b i t i v e l y  

-I -. . . . 7.2 DKtW KtllLE EMiSSlOri CUNTHOL 

Brew k e t t l e  emissions from F a c i l i t y  A c o n s i s t  o f  a v a r i e t y  o f  

v o l a t i l e  organic  compounds. 

c o n s i s t  o f  compounds which are ba re l y  s o l u b l e  o r  i n s o l u b l e  i n  water (myrcene, 

dimethyl  su i  f i d e ,  and m i  sce l  1 aneous a1 i p h a t i c  hydrocarbons), so t h a t  a 

water-based scrubber system would no t  l i k e l y  be p r a c t i c a l .  Use o f  organic  

so lvents  would t h e r e f o r e  be necessary i f  absorp t ion  were t o  be t h e  means of 

c o n t r o l ,  a l though d isposal  o f  spent so lvent  and VOC emissions f rom so lvent  
losses may be major  problems. 
c o n t r o l  by organic  so lvent  absorpt ion may be obta ined f rom cos t  curves 

presented by S t a n d i f e r  (1980). The i n s t a l l e d  c a p i t a l  cos t  f o r  a complete 
absorp t ion  and s t r i p p i n g  system w i t h  a VOC removal e f f i c i e n c y  o f  99.0 

percent,  t r e a t i n g  an a i r  f l o w  r a t e  o f  4,700 acfm ( t h e  f l o w  r a t e  a t  F a c i l i t y  

A) would be between $360,000 and $1.4 m i l l i o n  i n  December 1979 d o l l a r s .  

According t o  t h e  Council o f  Economic Advisers (1982), c a p i t a l  cos ts  increased 

by 30.8 percent from December 1979 t o  August 1982. The present c a p i t a l  cos t  

f o r  t h e  system would t h e r e f o r e  be more l ike '$470,000 t o  $1.8 m i l l i o n .  Using 

About 76 percent  o f  t h e  emissions, by mass, 

A rough es t imate  o f  t h e  cos ts  o f  emission 
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the  assumptions presented in Section 7.1,  the annualized capi ta l  cost would 
therefore be between $160,000 and $600,000 per year ,  or about $22 t o  $84 per 
pound of pollutant removed. Since these f igures  are already SO high, we did 
n o t  attempt t o  estimate operating and maintenance costs. 

Pol 1 u t a n t  removal by activated carbon adsorption i s  another 
possibi l i ty .  From cost  curves developed by Basdekis and Parmele (1980), we 
estimated a December 1979 ins ta l led  capi ta l  cost  of $257,000; in August  1982 
t h i s  cost would be $336,000. 
aforementioned assumptions, would be $112,000. 
pol lutants ,  the operating capacity of activated carbon i s  typ ica l ly  8 lb/100 
l b  carbon. 
require about 89,500 l b  of carbon. 
1982), the price o f  activated carbon was assumed t o  be $1.60 per pound. 
Assuming carbon replacement every f i v e  years ,  the annual cost  would be about 
$28,600. Combined steam and e lec t r ica l  costs  would be of t h e  same order o f  
magnitude as the carbon costs. The to t a l  capi ta l  and operating cost f o r  t h i s  
approach would therefore  be about  $170,000, or about $24 per pound o f  
pollutant removed. 

Annualized capi ta l  costs, using the 
For mst of the brew k e t t l e  

T h u s ,  t o  remve the estimated 7160 lb /yr  of pollutants would 
In a previous SA1 analysis (Rogozen, 
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APPENDIX A 

OTHER COMPOUNDS' IDENTIFIED FROM SOURCE TESTS 
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1 
Table A . l  g ives a de ta i l ed ,  s i t e - s p e c i f i c  l i s t  o f  compounds inc luded 

i n  the category o f  "o thers"  g iven i n  Chapter 5 species p r o f i l e s  f o r  Anchor 

Brewing and F a c i l i t y  A. 
these compounds may have r e s u l t e d  from t h e  use o f  s i l i c o n e  and t e f l o n  tub ing  

i n  the  sampling t r a i n s .  
extremely low concentrat ions r e l a t i v e  t o  compounds i d e n t i f i e d  i n  the  species 
p r o f  i 1 es . 

It should be noted t h a t  the presence o f  some o f  

A l l  compounds l i s t e d  i n  Table A . l  were present  i n  



Table A . l  

OTHER COMPOUNDS IDENTIFIED FROM SOURCE T E S T S ~  

Compound 

FACILITY A 

Brew K e t t l e  Stack (7.75) 
hexanal 
heptanal 

propanoic acid,  c es ter  

c y c l i c  hydrocarbon (CloH16) 

dimethyl -methylene b i c y c l  oheptane 
c9 e s t e r  

a1 i p h a t i c  hydrocarbon 

methyl-methylethenyl cyclohexene 
nonanal 
cll e s t e r  
cyc l  i c  hydrocarbons ( Cl5HZ4) 
dihydromethyl f u r a n  
fu ran  methanol 

c6 a lcohol  
dimethyl furanone 

c8 ketone 
phenyl ethanol 

5 

Strainmaster Stack (4.85) 

hexanal 

heptanal 
nonanal 

c6 alcohol  
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CO Purif icat ion System (3.101 4 
acet ic  acid,  butyl ester 
butanoic acid, ethyl e s t e r  
myrcene 
ace t ic  acid,  c, ester 
ace t ic  acid,  c8 ester 

ANCHOR BREWING 

Brew Kettle Stack ( 5 . 6 3 )  
methyl-butanoic acid,  methyl e s t e r  
hexanal 
sulf inyl-bis  methane 
heptanal 
c8 e s t e r  
cycl ic  hydrocarbon (CloH16) 
dimethyl -methylene bicycl oheptane 
propanoic ecid,  pentyl ester 
c9 ester 
a1 iphat ic  hydrocarbon 
methyl -methyl ethenyl cyclohexene 
heptanoic acid, methyl ester 
nonanal 
pentanoic acid,  c5 ester 
octanoic acid,  methyl ester 
methyl-methylene octadiene-one 
c ketone 
cl0 acid,  methyl ester 
dihydro furan 
dihydromethyl furanone 
furfural  
hexenal 
furanyl ethanone 
c6 ketone 
benzaldehyde 
phenyl ethanol 



Hot Wort Tank (8.14) 
d i  hydromethyl fu ran  
hexanal 

furancarboxal dehyde 

hexenal 

heptanal 

C8 e s t e r  
c y c l i c  hydrocarbon 
benzaldehyde 

dimethyl -methylene bicycloheptane 
methyl-methylene octadiene 

c9 e s t e r  

a l i p h a t i c  hydrocarbon 

methyl -methyl ethenyl cyc l  ohexene 
benzene acetaldehyde 

phenyl ethanone 
methyl -pentenyl f u ran  

nonanal 
pentanoic acid,  c5 e s t e r  

octanoic ac id ,  methyl e s t e r  
nonenoic acid, methyl e s t e r  

nonanoic acid, methyl es te r  
undecanone 

decenoic acid, methyl es te r  

decanoic acid, methyl e s t e r  

c y c l i c  hydrocarbons 

furanmethanol 

c6 ketone 

fu rany l  ethanone 

dimethyl-benzene methanol 
hydroxy-methoxy benzaldehyde 

Mash Tun Stack (2.69) 

c6 ketone 
hexanal 
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. . . .  furfural 
heptanal 
cI1 alkane 
nonanal 
hexenal 

, . . .  .. . -: .' pke.nyl acetaldehyde 

. . 

: -kycl ohexen-one 
. I  

.... 

->!.,:!: .' . ,  . .  : . .  , _ )  . 
-. - . . . . . . . .  
. . . . . .  . . . .  . .......... 

a 
:' Numbers$ in: parentheses adjacent *eo:. 5.i.teriname:. repre.sent t h e  percent of the 

.... . .  /,. 
i . .  ,total VOC cmcentratibn..meatured at'T.hW3'ite. . . . .  

. . . . . . . .  .. ..... i i  .i. . . . . . . .  . . .  . .  
. . . . .  - 
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