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Description 

The  present  invention  relates  to  a  process  for 
the  production  of  ethanol  by  fermentation.  In 
particular  it  relates  to  the  production  of  ethanol 
by  a  process  of  bacterial  fermentation,  in  which 
there  is  improved  fermentation  efficiency  and 
product  yield  as  compared  to  prior  art  methods. 

The  traditional  process  of  fermentation  is 
carried  out  in  a  conventional  batch  operation 
utilizing  yeast  as  the  fermenting  organism.  To 
increase  the  efficiency  a  variation  of  the  batch 
operation  occasionally  includes  recycling  of  the 
yeast  cells  by  systems  such  as  sedimentation, 
centrifugation,  or  ultrafiltration.  Normally  this 
batch  operation  is  conducted  in  two  stages.  The 
first  stage  involves  propagation  of  the  yeast  and 
is  referred  to  as  the  growth  stage.  The  second 
stage  involves  the  anaerobic  process  of  ethanol 
production  which  is  accompanied  by  a  depletion 
of  the  oxygen.  Further  propagation  of  the  yeast 
occurs  during  the  anaerobic  process  of  ethanol 
production. 

Typically,  a  yeast  inoculum  is  prepared  in  stage 
one.  The  requirements  for  maximum  yeast  re- 
production  are  adequate  amounts  of  carbon, 
nitrogen,  minerals  and  oxygen,  a  pH  in  the  range 
of  3.5  to  4.5,  and  a  temperature  in  the  range  of  29 
-  35°  C.  Aerobic  growth  conditions  define  a 
system  for  more  efficient  production  of  yeast  but 
under  which  no  ethanol  is  produced. 

Stage  two  is  the  fermentation  stage  where  the 
alcohol  is  actually  produced  by  the  yeast  from 
the  fermentable  sugars.  The  yeast  inoculum 
produced  in  stage  (i)  is  used  to  seed  a  large 
fermenter  previously  filled  with  the  substrate, 
which  may  be  molasses,  corn,  etc.,  adjusted  to 
the  appropriate  pH,  temperature  and  sugar 
concentration.  The  inoculation  rate  can  be  5  to  10 
million  cells  per  ml  and  during  the  fermentation 
the  viable  cell  count  can  increase  to  150  -  200 
million  cells  per  ml.  Heat  produced  is  controlled 
through  the  use  of  cooling  coils.  At  these  yeast 
levels,  a  final  ethanol  concentration  of  about  9  to 
11  %  (v/v)  can  be  obtained  in  30  to  70  hours  with 
batch  fermentation.  Increasing  the  yeast  content, 
as  is  the  case  with  cell  recycle,  can  considerably 
reduce  the  time  required  for  completion  of  the 
fermentation.  For  example,  with  a  cell  density  of 
800  to  1000  million  cells  per  ml,  it  is  possible  to 
reduce  the  fermentation  time  to  4  to  10  hours. 

It  is  recognized  that,  although  conditions  of 
strict  anaerobiosis  promote  maximum  production 
of  ethanol,  growth  of  yeast  is  suppressed.  In- 
herent  in  this  fermentation  process  is  the  coup- 
ling  of  growth  with  the  rate  of  alcohol  pro- 
duction.  Consequently,  in  order  to  optimize 
ethanol  production,  either  the  degree  of  aeration 
must  be  finely  controlled,  or  the  medium  must  be 
supplied  with  growth-promoting  supplements 
(for  example,  ergosterol  or  unsaturated  fatty 
acids  such  as  oleic  acid). 

The  present  invention  describes  a  process  for 
the  production  of  ethanol  by  bacterial  rather  than 
yeast  fermentation.  The  process  utilizes  the 

bacterium  Zymomonas  as  the  fermenting  or- 
ganism.  A  number  of  different  strains  of  Zy- 
momonas  mobilis  may  be  used;  for  example 
ATCC  29191,  ATCC  10988,  etc.  The  process 

5  consists  of  two  stages,  an  initial  stage  for  the 
production  of  biomass,  and  a  second  stage  for 
the  production  of  ethanol.  The  growth  stage  in 
this  process  occurs  anaerobically  and  is  ac- 
companied  by  the  production  of  ethanol.  The 

10  fermentation  stage  also  occurs  under  anaerobic 
conditions.  However,  in  the  bacterial  process 
according  to  the  present  invention  the  production 
of  ethanol  is  essentially  uncoupled  from  growth 
(i.e.  production  of  biomass).  Thus,  during  the 

15  production  of  ethanol  from  such  a  "resting 
culture",  only  a  small  proportion  of  the  substrate 
is  converted  to  biomass  and  ethanol  production 
is  maximized.  It  follows  that  production  of 
ethanol  in  the  absence  of  growth  with  the 

20  bacterial  process  can  be  achieved  simply  by  the 
addition  of  fermentable  sugar  and  this  system 
thereby  is  capable  of  yielding  high  alcohol  levels. 
Production  of  ethanol  using  Zymomonas  is  dis- 
closed  by  P.L.  Rogers,  et  al  in  Biotechnilogy 

25  Letters  1165  -  70  (1979). 
Accordingly,  the  present  invention  comprises  a 

process  for  producing  ethanol  by  fermentation, 
which  comprises  culturing  a  microorganism 
capable  of  producing  ethanol  and  which  is  a 

30  number  of  the  genus  Zymomonas  two  stages 
comprising 

(i)  producing  a  bacterial  cell  suspension 
together  with  ethanol  in  an  ethanol  concentration 
range  that  .doe£  not  substantially  inhibit  pro- 

35  duction  of  the  microbial  cells  in  a  medium 
containing  a  source  of  nitrogen  and  a  source  of 
carbon  and 

(ii)  producing  ethanol,  in  the  absence  of 
substantial  bacterial  cell  production,  by  the 

40  addition  of  fermentable  sugar  to  the  bacterial  cell 
suspension  produced  in  (i),  wherein  the  sugar 
concentration  in  stage  (ii)  does  not  exceed  6  °/o 
w/v  and  wherein  either 

a)  the  bacterial  cells  are  collected  and  resus- 
45  pended  in  further  medium  between  stages  (i)  and 

(ii)  or 
b)  the  two  stages  of  the  process  are  conducted 

in  two  fermenters  with  the  bacterial  cells 
produced  by  continuous  culture  in  the  first 

50  fermenter  being  continuously  transferred  to*  the 
second  of  the  fermenters  for  Stage  (ii). 

55  Stage  (i) 

Growth  of  Zymomonas  mobilis  is  conducted  in 
an  aqueous  nutrient  medium.  The  medium  may 
be  either  a  natural  nutrient  medium,  a  synthetic 

60  culture  medium  or  a  semi-synthetic  culture 
medium  as  long  as  a  suitable  carbohydrate 
source  and  the  essential  nutrients  for  the  growth 
of  the  microorganism  are  present.  Although  the 
growth  stage  in  the  process  is  normally  used  to 

65  generate  sufficient  quantities  of  biomass  for  the 

2 
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"f1"""""  wi  me  ici  inciiiaiiuii  siaye,  ine  Diomass 
may  also  be  recycled  with  concomitant  reduction 
in  the  essential  nutrients  required  by  the  process. 

In  general,  conditions  which  may  be  used  to 
promote  growth  of  Z.  mobilis  are:  adequate 
carbon  supply,  adequate  nitrogen  supply,  ap- 
propriate  organic  growth  factors,  adequate 
mineral  supply,  essentially  anaerobic  conditions, 
agitation  of  the  culture,  temperature  in  the  range of  20  -  40°  C,  and  pH  in  the  range  of  4  to  8. 

As  carbon  source  for  both  the  growth  and  the 
fermentation  stages  of  the  process  various 
carbohydrates  may  be  used.  The  carbohydrates 
include,  for  example,  sugars  such  as  glucose, 
fructose,  sucrose;  molasses;  starch  hydrolysate; 
cellulose  hydrolysate;  etc.  These  substances  may be  used  either  singly  or  in  mixtures  of  two  or 
more. 

As  a  nitrogen  source,  various  kinds  of  inorganic 
or  organic  salts  or  compounds,  for  example 
ammonium  salts  such  as  ammonium  chloride, 
ammonium  sulfate,  etc.,  or  natural  substances 
:ontaining  nitrogen,  such  as  yeast  extract,  casein 
nydrolysate,  corn  steep  liquor  etc.,  or  amino 
acids  such  as  glutamic  acid  may  be  employed, 
rhese  substances  may  also  be  used  either  singly 
>r  in  combinations  of  two  or  more. 

Inorganic  compounds  which  may  be  added  to 
he  culture  medium  include  magnesium  sulfate, 
jotassium  monohydrogen  phosphate,  potassium 
lihydrogen  phosphate,  sodium  chloride,  mag- lesium  sulfate,  calcium  chloride,  iron  chloride, 
nagnesium  chloride,  zinc  sulfate,  cobalt  chloride, 
:opper  chloride,  borates,  molybdates,  etc. 

Organic  compounds  which  may  be  desirable 
or  the  operation  of  the  process  include,  for 
ixample,  vitamins  such  as  biotin,  calcium  panto- 
henate,  and  the  like,  or  organic  acids  such  as 
itric  acid  or  amino  acids  such  as  glutamic  acid. 
The  microorganisms  may  be  grown  under  the 

ommonly-named  operating  conditions  of  either 
iatch  or  continuous  culture,  with  or  without  cell 
scycle  in  either  case.  The  culturing  or  ferment- 
tion  is  conducted  under  essentially  anaerobic 
onditions  with  agitation  of  a  submerged  culture, 
t  a  temperature  of  for  example  20  -  40°  C,  and  a 
H  of  for  example  4.0  to  8.0.  The  preferred 
onditions  are  a  temperature  of  about  30°  C  and  a 
H  of  about  5.5.  It  may  be  desirable  to  add 
ertain  pH  regulating  agents  to  the  medium 
uring  the  course  of  culture  fermentation,  such 
s  sodium  hydroxide,  hydrochloric  acid,  or  the 
ke. 

In  the  second  stage  of  the  process  a  broth  of 
igh  ethanol  content  is  produced  by  ferment- 
:ion.  Additional  carbon  in  amounts  such  that  the 
rial  ethanol  concentration  reaches  the  desired 
vel  is  added  to  the  spent  broth  containing  the 
acterial  biomass.  The  carbon  may  be  added 
ther  stepwise  or  continuously  as  a  concentrated 

solution,  but  must  never  exceed  approximately  6 
%  (w/v).  The  options  available  as  possible  carbon 
sources  for  fermentation  are  described  in  stage 
(i)  of  the  process. 

5  The  fermentation  may  be  operated  under  the 
process  conditions  of  so-called  fed-batch  or 
continuously,  with  or  without  cell  recycle  in  either 
case.  Process  parameters  for  good  production  of 
ethanol  include  temperature  in  the  range  of  20  - 10  40°  C,  pH  in  the  range  of  4  to  8,  mixing  of  the 
fermenting  broth,  and  essentially  anaerobic 
conditions.  The  preferred  temperature  is  about  28 
to  33°  C,  and  the  preferred  pH  is  about  5.5.  It  may be  necessary  or  desirable  to  add  pH  regulating 

15  agents  as  described  in  stage  (i).  Anaerobic 
conditions  ay  be  maintained  by  bubbling  a  slow 
stream  nitrogen  through  the  broth.  Occassionally 
additional  nutrients  as  described  in  stage  (i)  may be  added  to  the  fermenter. 

20  The  invention  will  be  better  understood  by 
reference  to  the  following  examples  which  illus- 
trate  the  invention. 

'.0 
Example  1 

i  litres  ot  a  fermentation  medium  having  the 
Tonowmg  composition  were  placed  in  a  14  litre 

10  fermenter  vessel: 

Glucose  10%  (w/v) 
Yeast  extract  (Difco)  1  .0  % 
KH2P04  0,25  o/o 

?5  NH4CI  0.16% 
MgS04  0.1  % 
Citric  Acid 

1.0  mM 
CaCI2  •  2H20  100  u.M 

'0  FeCI3  •  6H20  90  u.M 
MnCI2  •  4H20  50  uM 
ZnS04  •  7H20  25  uM 
CoCI2  •  6H20  10  u.M 
CuCI2  •  2H20  5  u.M 

5  H3BO3  5  uM 
M0O3  10  uM 
Biotin  1.0mg/L 
Ca  Pantothenate  1.5mg/L 

£/  bu  ml  ot  seed  culture  of  Zymomonas  mobilis 
ATCC  29191  grown  in  a  medium  of  the  above 
composition  was  added  to  the  above  ferment- 
ation  medium.  Cultivation  was  carried  out  at  a 
temperature  of  30°  C  with  a  nitrogen  flow  into  the 

5  fermenter  and  with  stirring  at  a  rate  of  300  rpm. The  pH  was  maintained  at  5.5  with  8N  KOH. 
After  growth  had  terminated,  the  bacterial  cells 

were  collected  by  centrifugation  and  resuspen- ded  in  fresh  medium  of  the  above  composition  to 
?  give  a  bacterial  cell  concentration  of  20  g/L. 

1200  ml  of  the  concentrated  bacterial  cell 
suspension  were  placed  in  a  2  litre  fermenter 
vessel.  Stage  (ii)  of  the  process  was  initiated  by 
the  addition  of  32  ml  of  a  75  %  glucose  solution 

»  to  the  fermenter.  A  further  450  ml  of  75  % 
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glucose  was  tnen  pumped  into  the  fermenter 
vessel  over  the  course  of  2  hours.  Utilization  of 
the  sugar  was  complete  after  2.5  hours  giving  an 
ethanol  concentration  of  10.1  °/o. 

Stage  (ii)  of  the  process  was  repeated  a  further 
four  times  using  whe  bacterial  cells  generated  by 
a  single  stage  (i)  of  the  process.  After  each 
passage  through  stage  (ii),  the  bacterial  cells 
were  collected  by  centrifugation  and  resuspen- 
ded  in  1200  ml  of  fresh  medium  of  the  above 
composition.  Glucose  was  added  in  the  manner 
described  above  for  the  first  passage  of  the  cells 
through  stage  (ii).  In  each  of  the  four  cycles 
utilizing  the  same  biomass,  the  glucose  was 
completely  utilized  after  2.5  hours  with  an  ethanol 
concentration  of  approximately  10  %  being 
obtained  in  each  instance. 

txampie  z 

Stage  (i)  of  the  process  was  conducted  in  a  740 
ml  fermenter  containing  320  ml  of  the  ferment- 
ation  medium  described  in  Example  1  and  stage 
(ii)  was  conducted  in  a  2  litre  fermenter  con- 
taining  1740  ml  of  the  same  medium. 

The  stage  (i)  fermenter  was  inoculated  with  7 
ml  of  seed  culture  of  Zymomonas  mobilis  ATCC 
29191  grown  in  a  medium  of  the  composition 
described  in  example  2;  stage  (ii)  was  inoculated 
with  12  ml  of  the  same  seed  culture.  Cultivation 
was  carried  out  at  30°  C  with  a  nitrogen  flow  into 
the  fermenters  and  with  a  stirring  rate  of  300  rpm. 
The  pH  of  each  fermenter  was  maintained  at  5.5 
with  2N  KOH. 

After  growth  had  terminated  two  pumps  were 
employed  to  make  the  system  continuous.  The 
first  pump  supplied  sterile  medium  containing 
12.6  °/o  glucose  (other  components  as  in  Example 
2)  at  a  flow  rate  of  78  ml/hr.  Under  these 
conditions,  the  bacterial  cell  concentration  in  the 
stage  (i)  fermenter  was  4.5  g/L,  the  ethanol 
concentration  was  5.3  °/o  and  the  residual  glucose 
concentration  was  0.6  °/o.  The  volume  of  the  stage 
(i)  fermenter  was  maintained  at  320  ml  by 
continuously  transferring  culture  to  the  stage  (ii) 
Fermenter  at  a  flow  rate  of  78  ml/hr.  The  second 
pump  supplied  a  sterile  70  %  glucose  solution  to 
the  stage  (ii)  fermenter  at  a  flow  rate  of  24  ml/hr. 
giving  a  total  flow  in  and  out  of  the  fermenter  of 
102  ml/hr.  Under  these  conditions,  the  bacterial 
sell  concentration  in  the  stage  (ii)  fermenter  was 
1.4  g/L,  the  ethanol  concentration  was  9.9  °/o  and 
the  residual  glucose  concentration  was  1.2  %. 

:xampie  6 

In  this  example  Zymomonas  mobilis  ATCC 
!9191  was  cultured  in  two  fermenters  which  were 
>perated  in  tandem  in  a  similar  manner  as 
Jescribed  in  Example  2.  In  this  example,  how- 
iver,  the  biomass  contained  in  the  effluent  from 

the  second  fermenter  was  retained  and  added 
back  to  the  second  fermenter.  Biomass  recycle  to 
the  second  fermenter  was  achieved  by  con- 
tinuously  processing  the  contents  through  a 

5  Pellicon  Ultrafilter  Cassette8  (Millipore  Corp.) 
containing  6  sq.  ft.  of  HA  type  Millipore  filters. 
The  culture  medium  used  in  this  example  was  of 
the  same  composition  as  examples  2  and  3 
except  the  yeast  extract  was  0.5  %  (w/v).  The 

10  constant  volume  of  the  first  fermenter  (stage  (i)) 
was  1600  ml.  It  was  fed  culture  medium  con- 
taining  glucose  (131  g/L)  at  a  constant  rate  of  414 
ml/hr.  The  temperature  and  pH  were  maintained 
at  30°  C  and  5.5  respectively.  The  steady-state 

15  concentration  of  biomass  in  the  first  fermenter 
was  4.2  g  D.W/L  and  the  ethanol  was  5.1  %  (w/v). 

The  effluent  from  the  first  fermenter  was  fed 
continuously  and  directly  to  a  second  fermenter 
which  was  operated  at  a  constant  volume  of  760 

20  ml.  A  solution  of  60  °/o  w/v  glucose  was  pumped 
into  the  second  fermenter  at  a  constant  rate  of 
120  ml/hr.  The  effluent  from  the  second  fermen- 
ter  was  processed  through  the  filtration  system 
with  the  cells  being  returned  to  the  second 

25  fermenter.  The  biomass  level  in  the  second 
fermenter  was  48  g  D.W/L  and  was  kept  rela- 
tively  constant  by  removing  biomass  at  a  rate  of 
about  27  ml/hr.  The  concentration  of  ethanol  in 
the  cell-free  filtrate  leaving  the  system  was  10.4 

30  %  w/v  and  the  residual  sugar  was  1.7  °/o. 
Operation  of  the  two  stage  system  at  an  elevated 
biomass  level  in  the  second  fermenter  as  a 
consequence  of  effluent  filtration  and  biomass 
recycling  resulted  in  an  increased  ethanol  pro- 

35  ductivity  of  the  second  fermenter  (product 
produced  per  unit  volume  per  unit  time). 

40  Claims 

1.  A  process  for  producing  ethanol  by 
fermentation,  which  comprises  culturing  a 
microorganism,  capable  of  producing  ethanol, 

i5  and  which  is  a  member  of  the  genus  Zymomonas 
in  two  stages  comprising  (i)  producing  a  bacterial 
cell  suspension  together  with  ethanol  in  an 
ethanol  concentration  range  that  does  not 
substantially  inhibit  production  of  the  bacterial 

50  cells  in  a  medium  containing  a  source  of  nitrogen 
and  a  source  of  carbon,  and  (ii)  producing 
ethanol  in  the  absence  of  substantial  bacterial 
cell  production  by  the  addition  of  fermentable 
sugar  to  the  bacterial  cell  suspension  produced  in 

55  (i),  wherein  the  sugar  concentration  in  stage  (ii) 
does  not  exceed  6  °/o  w/v  and  wherein  either 

a)  the  bacterial  cells  are  collected  and  resus- 
pended  in  further  medium  between  stages  (i)  and 
(ii)  or 

50  b)  the  two  stages  of  the  process  are  conducted 
in  two  fermenters  with  the  bacterial  cells 
produced  by  continuous  culture  in  the  first 
fermenter  being  continuously  transferred  to  the 
second  of  the  fermenters  for  stage  (ii). 

55  2.  A  process  as  claimed  in  claim  1  wherein  the 
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bacterial  cells  are  produced  in  a  mineral  salt 
medium  containing  NH4+  ions  as  the  sole  source 
of  nitrogen  or  in  such  a  medium  supplemented 
with  an  organic  source  of  nitrogen. 

3.  A  process  as  claimed  in  claim  1  or  claim  2, 
wherein  bacterial  cell  and  ethanol  production  are 
conducted  under  anaerobic  conditions  within  a 
pH  range  of  4  to  8  and  a  temperature  range  of  20 
-40°C. 

4.  A  process  claimed  in  any  one  of  the 
preceding  claims  wherein  the  carbon  source  for 
bacterial  cell  and  ethanol  production  is  glucose, 
fructoce  or  sucrose,  any  mixture  of  these  sugars 
or  a  polysaccharide  hydrolysate  containing  one 
or  more  of  these  sugars. 

5.  The  process  of  any  one  of  the  preceding 
claims,  wherein  the  two  stages  of  the  process  are 
conducted  in  the  same  fermenter  by  continuos 
addition  of  the  fermentable  sugar  after  termin- 
ation  of  bacterial  cell  production. 

6.  A  process  as  claimed  in  any  one  of  claims  1 
to  4  wherein  the  two  stages  of  the  process  are 
conducted  in  the  same  fermenter  by  intermittent 
addition  of  the  fermentable  sugar  after  termin- 
ation  of  bacterial  cell  production. 

7.  The  process  of  claim  5  or  6,  wherein  the 
bacterial  cells  are  collected  at  the  end  of  the 
second  stage  of  the  process  and  resuspended  in 
a  fermentable  sugar  solution  and  the  bacterial 
cells  are  returned  to  stage  (ii). 

8.  The  process  of  any  one  of  claims  1  to  4, 
wherein  the  two  stages  of  the  process  are 
conducted  in  two  fermenters  with  the  second 
fermenter  being  a  constant  volume  fermenter 
which  permits  the  complete  utilization  of  a 
continuos  feed  of  the  fermentable  sugar  required 
for  the  second  stage  of  the  process. 

9.  The  process  of  claim  8,  wherein  a  portion  of 
the  bacterial  cells  from  the  second  fermenter  are 
removed  from  the  effluent  by  continuous  filtr- 
ation  or  sedimentation  and  returned  to  stage  (ii). 

Patentanspruche 

1.  Verfahren  zur  Herstellung  von  Ethanol  durch 
Fermentation,  das  umfaSt  die  Kultivierung  eines 
Mikroorganismus,  der  Ethanol  bilden  kann  und 
der  ein  Vertreter  des  Genus  Zymomonas  ist,  in 
zwei  Stufen,  umfassend 

i)  die  Herstellung  einer  Bakterienzellen- 
suspension  zusammen  mit  Ethanol  in  einem 
Ethanol-Konzentrationsbereich,  der  die  Bildung 
der  Bakterienzellen  in  einem  eine  Stickstoffquelle 
und  eine  Kohlenstoffquelle  enthaltenden  Medium 
nicht  wesentlich  hemmt,  und 

ii)  die  Herstellung  von  Ethanol  in  Abwesenheit 
einer  wesentlichen  Bakterienzellenbildung  durch 
Zugabe  eines  fermentierbaren  Zuckers  zu  der  in 
(i)  gebildeten  Bakterienzellensuspension,  wobei 
die  Zuckerkonzentration  in  der  Stufe  (ii)  6  Gew. 
/Vol  °/o  nicht  iibersteigt  und  worin  entweder 

a)  die  Bakterienzellen  gesammelt  und  erneut 
suspendiert  werden  in  einem  weiteren  Medium 

zwischen  den  Stufen  (i)  und  (ii)  oder 
b)  die  beiden  Stufen  des  Verfahrens  in  zwei 

Fermentern  durchgefiihrt  werden,  wobei  die 
durch  kontinuierliche  Kultivierung  in  dem  ersten 

5  Fermenter  gebildeten  Bakterienzellen  zur  Durch- 
fuhrung  der  Stufe  (ii)  kontinuierlich  in  den  zwei- 
ten  Fermenter  uberfiihrt  werden. 

2.  Verfahren  nach  Anspruch  1,  worin  die 
Bakterienzellen  in  einem  Mineralsalzmedium,  das 

10  NH4+-lonen  als  einzige  Stickstoffquelle  enthalt, 
oder  in  einem  solchen  Medium,  das  durch  eine 
organische  Stickstoffquelle  erganzt  ist,  gebildet 
werden. 

3.  Verfahren  nach  Anspruch  1  oder  2,  worin  die 
15  Bakterienzellen-  und  Ethanol-Bildung  unter  ana- 

eroben  Bedingungen  innerhalb  eines  pH-Wert- 
bereiches  von  4  bis  8  und  innerhalb  eines 
Temperaturbereiches  von  20  bis  40°  C  durch- 
gefiihrt  werden. 

20  4.  Verfahren  nach  einem  der  vorhergehenden 
Anspruche,  worin  die  Kohlenstoffquelle  fur  die 
Bakterienzellen-  und  Ethanol-Bildung  Glucose, 
Fructose  oder  Saccharose,  irgendein  Gemisch 
dieser  Zucker  oder  ein  Polysaccharid-Hydrolysat, 

25  das  einen  oder  mehrere  dieser  Zucker  enthalt,  ist. 
5.  Verfahren  nach  einem  der  vorhergehenden 

Anspruche,  worin  die  beiden  Stufen  des  Verfah- 
rens  in  dem  gleichen  Fermenter  durchgefiihrt 
werden  durch  kontinuierliche  Zugabe  des  fer- 

30  mentierbaren  Zuckers  nach  Beendigung  der 
Bakterienzellen-Bildung. 

6.  Verfahren  nach  einem  der  Anspruche  1  bis  4, 
worin  die  beiden  Stufen  des  Verfahrens  in  dem 
gleichen  Fermenter  durchgefiihrt  werden  durch 

35  intermittierende  Zugabe  des  fermentierbaren 
Zuckers  nach  Beendigung  der  Bakterienzellen- 
Bildung. 

7.  Verfahren  nach  Anspruch  5  oder  6,  worin  die 
Bakterienzellen  am  Ende  der  zweiten  Stufe  des 

40  Verfahrens  gesammelt  und  in  einer  fermentier- 
baren  Zuckerlosung  erneut  suspendiert  werden 
und  die  Bakterienzellen  in  die  Stufe  (ii)  zurtick- 
gefuhrt  werden. 

8.  Verfahren  nach  einem  der  Anspruche  1  bis  4, 
45  worin  die  beiden  Stufen  des  Verfahrens  in  zwei 

Fermentern  durchgefuhrt  werden,  wobei  der 
zweite  Fermenter  ein  Fermenter  mit  konstantem 
Volumen  ist,  der  die  vollstandige  Ausnutzung  der 
kontinuierlichen  Beschickung  aus  dem  fermen- 

50  tierbaren  Zucker,  der  fur  die  zweite  Stufe  des 
Verfahrens  erforderlich  ist,  erlaubt. 

9.  Verfahren  nach  Anspruch  8,  worin  ein  Teil 
der  Bakterienzellen  aus  dem  zweiten  Fermenter 
durch  kontinuierliche  Filtration  oder  Sedimenta- 

55  tion  aus  dem  Abstrom  entfernt  und  in  die  Stufe 
(ii)  zuriickgefuhrt  wird. 

60  Revendications 

1.  Procede  pour  la  production  d'ethanol  par 
fermentation,  dans  lequel  on  cultive  un  microor- 
ganisme  capable  de  produire  de  I'ethanol,  et  qui 

65  est  un  membre  du  genre  Zymomonas,  compor- 

5 
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tant  aeux  etapes: 
(1)  la  production  d'une  suspension  de  cellules 

bacteriennes  et  de  I'ethanol  dans  une  gamme  de 
concentration  d'ethanol  qui  n'inhibe  pratique- 
ment  pas  la  production  des  cellules  bacteriennes, 
dans  un  milieu  contenant  une  source  d'azote  et 
une  source  de  carbone,  et, 

(2)  la  production  d'ethanol  en  I'absence  de 
production  sensible  de  cellules  bacteriennes  par 
I'addition  de  sucre  fermentescible  a  la  suspen- 
sion  de  cellules  bacteriennes  produite  en  (1), 

dans  lequel  la  concentration  en  sucre  dans 
I'etape  2  ne  depasse  pas  6  °/o  (en  poids  par 
volume)  et  dans  lequel  soit 

a)  les  cellules  bacteriennes  sont  recueillies  et 
remises  en  suspension  dans  un  autre  milieu  entre 
les  etapes  (1)  et  (2),  soit 

b)  les  deux  etapes  du  procede  sont  realisees 
dans  deux  fermenteurs,  les  cellules  bacteriennes 
produites  par  culture  continue  dans  le  premier 
fermenteur  etant  transferees  en  continu  dans  le 
second  des  deux  fermenteurs  pour  I'etape  (2). 

2.  Procede  selon  la  revendication  1,  dans  lequel 
les  cellules  bacteriennes  sont  produites  dans  un 
milieu  de  sels  mineraux  contenant  des  ions  NH+4 
en  tant  que  seule  source  d'azote,  ou  dans  un  tel 
milieu  auquel  est  ajoutee  une  source  organique 
d'azote. 

3.  Procede  selon  la  revendication  1  ou  la 
revendication  2,  dans  lequel  la  production  de 
cellules  bacteriennes  et  d'ethanol  est  realisee 
dans  des  conditions  anaerobies  avec  un  pH 
compris  entre  4  et  8  et  une  gamme  de  tempera- 
ture  de  20  a  40°  C. 

4.  Procede  selon  Tune  des  revendications 
precedentes,  dans  lequel  la  source  de  carbone 
pour  la  production  de  cellules  bacteriennes  et 
d'ethanol,  est  le  glucose,  le  fructose,  ou  le 
saccharose,  tout  melange  de  ces  sucres  ou  un 
tiydrolysat  de  polysaccharide  contenant  un  ou 
plusieurs  de  ces  sucres. 

5.  Procede  selon  I'une  des  revendications 
precedentes,  dans  lequel  les  deux  etapes  du 
procede  sont  realisees  dans  le  meme  fermenteur 
Dar  addition  continue  du  sucre  fermentescible, 
jne  fois  terminee  la  production  des  cellules 
aacteriennes. 

6.  Procede  selon  I'une  des  revendications  1  a  4, 
Jans  lequel  les  deux  etapes  du  procede  sont 
■ealisees  dans  le  meme  fermenteur  par  addition 
ntermittente  du  sucre  fermentescible  une  fois 
:erminee  la  production  des  cellules  bacteriennes. 

7.  Procede  selon  la  revendication  5  ou  la 
evendication  6,  dans  lequel  les  cellules  bacte- 
iennes  sont  recueillies  a  la  fin  de  la  seconde 
stape  du  procede  et  replacees  en  suspension 
ians  une  solution  de  sucre  fermentescible,  et  les 
:ellules  bacteriennes  sont  recyclees  a  I'etape  (2). 

8.  Procede  selon  I'une  des  revendications  1  a  4, 
Jans  lequel  les  deux  etapes  du  procede  sont 
•ealisees  dans  deux  fermenteurs,  le  second 
ermenteur  etant  un  fermenteur  a  volume  cons- 
ant  qui  permet  ('utilisation  d'une  alimentation 
:ontinue  en  le  sucre  fermentescible  necessaire 
)our  la  seconde  etape  du  procede. 

9.  Procede  selon  la  revendication  8,  dans  lequel 
une  partie  des  cellules  bacteriennes  du  second 
fermenteur  est  retiree  de  I'effluent  par  filtration 
ou  sedimentation  continue,  et  recyclee  vers 

5  I'etape  (2). 
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