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Fermenter	  opera+on	  

Technology	  for	  biobased	  products	  



Fermenter	  opera+on	  
Different	  modes	  

Batch	   ConAnuous	  
(chemostat)	   Fed-‐batch	  
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No	  feeding	   No	  removal	  

All	  nutrients	  
in	  excess	  



2	  0	  

0	  
Batch	  

4	  3	  2	  1	  

Slope	  =	  μmax	  

4	  3	  1	  

Time	  

Lo
g	  
(N

X)
	  

μ	  
(h

-‐1
)	  

Time	  

μmax	  

Inoculum	  added,	  lag	  phase	  
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Exponen+al	  growth	  phase	  	  
Substrate	  in	  excess,	  μ	  =	  μmax	  

2	  

Sta+onary	  phase	  
Substrate	  depleted,	  μ	  =	  0	  	  3	  

Death	  phase	  
Cells	  start	  to	  die,	  μ	  <	  0	  4	  

All	  nutrients	  in	  excess,	  
before	  inoculum	  	  	  0	  
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Batch	  

Simple	  
High	  growth	  rate	  cells	  
Short	  process	  

Limited	  control	  environment	  
Max	  growth	  rate	  is	  usually	  
not	  max	  producAon	  



Batch	  
Biomass	  balance:	  	   No	  in	  and	  ouVlow	  



Batch	  
Biomass	  balance:	  	  



Chemostat	  

Nutrients	  	  
and	  feedstock	  

FermentaAon	  
broth	  

ConAnuous	  feeding	  
ConAnuous	  removal	  

Growth	  rate	  determined	  
by	  diluAon	  rate	  



Chemostat	  
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Start-‐up	  phase	  (batch)	  
μ	  =	  μmax	  ,	  qp	  =	  low	  
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Steady	  state	  phase	  
μ	  =	  μopt,	  qp	  =	  qp,opt	  

2	  

qp,opt	  decreases	  3	  
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Chemostat	  

Steady	  state	  	  
Controlled	  environment	  
OpAmal	  producAon	  condiAons	  

Takes	  Ame	  to	  start	  up	  
Loss	  of	  producAon	  capacity	  
	  
	  
ContaminaAon	  risk	  



Chemostat	  
Biomass	  balance:	  	  

Steady	  state	  

Ideal	  broth	  ouVlow:	  cx,out	  =	  cx	  
Biomass	  concentraAon	  inflow:	  cx,in	  =	  0	  

DiluAon	  rate:	  



Fed-‐batch	  

Nutrients	  	  
and	  feedstock	  

Feeding	  

ProducAon	  rate	  decreases	  
All	  nutrients	  
in	  excess	  

Cell	  growth	  is	  limited	  by	  
the	  supply	  of	  substrate	  

Stopped	  when	  
producAon	  rate	  
decreases	  too	  
much	  
Batch	  phase	  Fed-‐batch	  phase	  



3	  2	  1	  

3	  2	  1	  

Fed-‐batch	  

N
X	  (
m
ol
)	  

Time	  

µ	  
(h

-‐1
)	  

Time	  

Start-‐up	  phase	  (batch)	  
μ	  =	  μmax	  	  

1	  

Feed	  phase	  
μ	  =	  μopt	  
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Transport	  limita+on	  
μ	  <	  μopt	  	  
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Fed-‐batch	  

Simple	  set-‐up	  
Long	  cycles	  
Good	  condiAons	  for	  producAon	  

Not	  as	  opAmal	  as	  chemostat	  

High	  product	  Ater	  



Opera+on	  in	  industry	  

Batch	   Chemostat	   Fed-‐batch	  
OperaAon	  Ame	   +	   +++	   ++	  

Maintaining	  sterility	   +++	   +	   ++	  

Product	  Ater	   +	   ++	   +++	  

ProducAvity	   +	   +++	   ++	  

Employed	  in	  industry	   ++	   +	   +++	  



See	  you	  in	  the	  next	  unit!	  


