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Highly	
  qualified	
  and	
  experienced	
  team	
  
•  Staff	
  with	
  internaEonal	
  experience	
  

	
  (Portugal,	
  The	
  Netherlands,	
  Canada,	
  France,	
  Germany,	
  Switzerland)	
  
	
  
	
  
	
  
	
  
State-­‐of-­‐the-­‐art	
  facili9es	
  
•  Process	
  development,	
  opEmizaEon	
  and	
  

integraEon	
  
•  Process	
  scale-­‐up,	
  de-­‐risking	
  and	
  validaEon	
  

	
  (2-­‐250L	
  and	
  beyond)	
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Microbial	
  strain	
  screening	
  
•  High-­‐throughput	
  plaXorm	
  opEmally	
  designed	
  to	
  screen	
  biocatalysts	
  and	
  assess	
  

process	
  condiEons.	
  
•  Typical	
  screening	
  of	
  process-­‐relevant	
  acEviEes:	
  able	
  to	
  use	
  C5	
  carbon	
  sources;	
  

resist	
  to	
  the	
  presence	
  of	
  inhibitors;	
  low	
  salt	
  concentraEons).	
  
	
  
Process	
  development	
  and	
  op9miza9on	
  
•  CulEvaEon	
  strategies	
  maximizing	
  producEviEes,	
  yields	
  and	
  Eters.	
  
•  Process	
  integraEon	
  opportuniEes	
  with	
  raw	
  material	
  pre-­‐processing	
  and	
  with	
  

downstream	
  processing.	
  
	
  
Process	
  scale-­‐up,	
  de-­‐risking	
  and	
  valida9on	
  
•  2L,	
  10L,	
  50L	
  and	
  250L	
  bioreactors	
  for	
  scale-­‐up	
  and	
  process	
  de-­‐risking.	
  
•  Access	
  to	
  faciliEes	
  from	
  1,000L	
  to	
  150,000L	
  capacity.	
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Process	
  intensifica9on	
  è	
  Improve	
  the	
  economics	
  of	
  the	
  process	
  

•  Ex.	
  Marine	
  bacteria	
  extract	
  producEon	
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Clients:	
  from	
  small	
  start-­‐ups	
  to	
  mulE-­‐billion	
  USD	
  mulEnaEonals	
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Process	
  intensifica9on	
  è	
  Improve	
  the	
  economics	
  of	
  the	
  process	
  

•  Ex.	
  Industrial	
  enzyme	
  producEon	
  

Clients:	
  from	
  small	
  start-­‐ups	
  to	
  mulE-­‐billion	
  USD	
  mulEnaEonals	
  

€1300	
  /AU	
  

€200	
  /AU	
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Large	
  pulp	
  and	
  paper	
  company,	
  world	
  leader	
  in	
  premium	
  office	
  paper	
  (PT):	
  
FermentaEon-­‐based	
  valorizaEon	
  of	
  carbon-­‐rich	
  liquid	
  waste	
  streams	
  from	
  pulp	
  
and	
  paper	
  mills.	
  

Mul9na9onal	
  chocolate	
  producer	
  and	
  leading	
  plas9cs	
  research	
  ins9tute	
  (IT/ES):	
  
DeconstrucEon	
  and	
  transformaEon	
  of	
  carbohydrate-­‐rich	
  solid	
  residues	
  into	
  
materials	
  suitable	
  for	
  packaging	
  applicaEons.	
  

Innova9ve	
  enzyme	
  engineering	
  company	
  (FI):	
  Increase	
  the	
  producEvity	
  and	
  
reduce	
  the	
  cost	
  of	
  the	
  producEon	
  of	
  the	
  enzyme.	
  

Marine	
  biotech	
  start-­‐ups	
  (PT;	
  CH/UK):	
  Increase	
  the	
  yield	
  and	
  producEvity	
  of	
  the	
  
producEon	
  of	
  cell	
  extracts	
  with	
  cosmeEc	
  use	
  or	
  biomass	
  for	
  nutriEon	
  applicaEons.	
  

Beverage	
  company	
  (PT):	
  Increase	
  the	
  robustness	
  and	
  scale-­‐up	
  of	
  the	
  producEon	
  
of	
  an	
  innovaEve	
  fermented	
  beverage.	
  

Biotech	
  start-­‐up	
  (PT):	
  Process	
  transiEon	
  and	
  opEmizaEon	
  from	
  shake	
  flask	
  to	
  pilot	
  
scale	
  of	
  a	
  biofouling	
  control	
  formulaEon	
  for	
  marine	
  applicaEons.	
  



Collaborative R&D 
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At	
  the	
  forefront	
  of	
  scien9fic	
  development	
  
•  7	
  EU	
  co-­‐funded	
  large	
  collaboraEve	
  projects	
  with	
  partners	
  across	
  the	
  

industrial	
  biotechnology	
  and	
  marine	
  biotechnology	
  value	
  chain	
  
•  49	
  companies	
  

•  29	
  universiEes	
  and	
  RTDs	
  

	
  

•  25	
  countries,	
  3	
  conEnents	
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FermentaEon	
   Downstream	
  
processing	
  

Raw-­‐material	
  

Product	
  

Fairly	
  defined	
  raw	
  materials	
  
Mostly	
  used	
  “as	
  is”	
  in	
  the	
  process	
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Downstream	
  
processing	
  

Cell 
separation 

Crude 
purification Concentration 

High 
purity 

Medium 
purity 

Formulation 

Whole-cell 
products 

Chemicals 
Industrial acids 

Antibiotics 

Supplements, Bulk 
pharmaceuticals 

Food and feed 
Acids for consumption 

Industrial 
enzymes 

Injectable 
pharmaceuticals 

Fermentation 

Typical	
  impact	
  of	
  DSP	
  on	
  the	
  process	
  costs	
  for	
  bulk	
  
products:	
  10-­‐50%	
  of	
  the	
  process.	
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§  Potato pulp hydrolysate  

 
 
 

§  Banana press juice  

§  Corn Hydrolysate  

§  Spent sulfite liquor 

Only	
  a	
  fracEon	
  of	
  the	
  components	
  will	
  be	
  consumed	
  in	
  the	
  fermentaEon	
  
The	
  rest	
  will	
  remain	
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Microbial	
  biomass	
  grown	
  on	
  refined	
  hydrolysate:	
  

Same	
  microbial	
  biomass	
  grown	
  on	
  spent	
  sulfite	
  liquor:	
  



Biorefineries 
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Pre-­‐
processing	
   FermentaEon	
   Downstream	
  

processing	
  

Raw-­‐material	
  

Product	
  

Pre-­‐processing	
  and	
  DSP	
  are	
  closely	
  related,	
  similar	
  operaEons	
  and	
  goals.	
  



Design considerations 

•  Composition of the raw material 
•  Co-/by-products produced during the 

fermentation 
•  Required specifications of the end-product 
•  Translatable to industrial operation using 

industry-standard equipment 
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Increasingly	
  hot	
  topic	
  

•  Patents.	
  Most	
  for	
  succinic	
  acid.	
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Succinic	
  acid	
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Many	
  op9ons	
  (theore9cally)	
  possible	
  
8 BioMed Research International

Fermentation broth

Supernatant/filtrate

Ultrafiltrate

Centrifugation/filtration

Ultrafiltration

Precipitation Extraction Electrodialysis Chromatography Membrane 
separation

Concentrated succinic acid

Purified succinic acid

Cells

Proteins/polysaccharides

Crystallization

Succinic acid solution

In situ separation Cell recycle

Concentrating

Figure 3: Strategic approaches for the separation and purification of succinate from the fermentation broth.

Table 3: Comparison of different downstream processing strategies for succinate separation and purification.

Downstream processing
strategies Advantages Disadvantages

Crystallization Easy to be operated; without additional reagents. Low succinate yield and purity; recrystallization is
required.

Precipitation Low technological barriers; inexpensive
precipitants.

Requirement of large quantities of precipitants;
generation of useless by-products.

Extraction High output and low energy consumption. Pretreatment of the fermentation broth is required;
expensive extraction agents used for reactive extraction.

Electrodialysis Relatively mild conditions; can be used for
continuous separation.

High energy consumption; high cost of the membranes;
low selectivity for succinate.

Chromatography Easy to be scaled up. Regeneration of the chromatographic matrix requires
large amounts of acids and alkalis.

In situ separation Can be coupled with the fermentation process;
relieving product inhibition.

Relatively complicated processes; regeneration of
separation sorbent is required.

to make the final product suitable for commercial use.
Among different extraction methods, the reactive extraction
of succinate using aliphatic amines as reactive components
has been widely reported. The distribution coefficient of
succinate in different phases could be easily controlled via
adjusting the pH value of the fermentation broth. About
99.8% of purity and 73.1% of recovery rate could be obtained
through a newly developed reactive extraction process [79].
However, most of the studies on reactive extraction were
performed with pure aqueous phases and the process is often
interfered by contaminated acids, impurities, carbon sources,
protein, or salts. Electrodialysis is another process capable
of separating succinate from nonionized compounds and
can be combined with continuous fermentation to realize in
situ recovery of succinate [80]. The main drawback of this
process is its high energy consumption and the expensive and
easily polluted membranes. The chromatography methods,
especially using ion exchange or adsorption resin, have been
recently reported in many studies [81]. An adsorbent resin
NERCB09 was found to have a high adsorption capacity
of succinate with an excellent recycling property [82]. The
same as many other chromatographic processes, the resin
used has to be regenerated frequently and the regeneration
of sorbent needs a large quantity of acid and alkali, resulting

in additional pollutions. As high concentration of succinate
would inhibit cell growth, removing the inhibitory product
directly from the ongoing fermentation broth might enhance
its production. The strategies of extraction, electrodialysis,
and chromatographic absorption have the potential to be
used for in situ separation. In situ product removal always
requires a specific integrated fermentation system [83]. The
requirement of specific bioreactor increases the production
costs.

Up to now, separation and purification of succinate from
the fermentation broth is still an economical obstacle for its
biological production. The downstream processing methods
employed by BioAmber for commercial production were
mainly based on the classical crystallization strategy [84]. No
commercial applications have been reported using the other
recovery techniques discussed above since the separation
methods studied so far have some drawbacks or limitations.
The key challenge to successfully separate succinate from
the fermentation broth is how to apply these downstream
processing technologies to large-scale industrial processes in
a cost- and time-effective manner. In addition, separation
process coupled with upstream fermentation, that is, in situ
product removal, deserves more attentions in the future.

Cao	
  et	
  al.,	
  BioMed	
  Research	
  InternaEonal,	
  2013,	
  ArEcle	
  ID	
  723412	
  
hjp://dx.doi.org/10.1155/2013/723412	
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Specifica9ons	
  for	
  final	
  use,	
  ex.	
  polymeriza9on	
  

Diacids	
  required	
  for	
  polymerizaEon	
  
	
  
Monocarboxylic	
  acids	
  stop	
  the	
  reacEon	
  
due	
  to	
  the	
  lack	
  of	
  the	
  funcEonal	
  group	
  
Required	
  for	
  the	
  polymerizaEon	
  reacEon	
  
to	
  go	
  on	
  
	
  
Some	
  caEons	
  will	
  dramaEcally	
  reduce	
  the	
  
lifeEme	
  of	
  the	
  polymerizaEon	
  catalysts	
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Raw	
  material	
  -­‐	
  SSL	
  

Salts,	
  including	
  Na+	
  and	
  Ca2+	
  
	
  
Monocarboxylic	
  acids,	
  ex.	
  aceEc,	
  formic	
  
	
  
Lignosulphonates	
  
	
  
	
  
Fermenta9on	
  
	
  
Other	
  dicarboxylic	
  and	
  monocarboxylic	
  acids	
  
	
  
Other	
  metabolites	
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Figure 7.2. Metabolic pathways for glucose and galactose in Saccharomyces cerevisiae. Entities in
bold were analysed throughout the experiments in this work.
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Precipitation 

FermentaEon	
  Mg2+	
  or	
  
Na+	
  Salts	
   SeparaEon	
  

Cells/waste	
  

AcidificaEon	
  

H2SO4	
  

Cooling	
  Wash	
  Acid	
  
crystals	
  

Liquor/waste	
  
MgSO4	
  or	
  Na2SO4	
  

MgA	
  or	
  Na2A	
  

Crude	
  
A	
  

Advantage of fermenting at lower pH: 
•  Less consumption of Na salts for pH control 
•  Less consumption of acid in acidification step 
•  Less waste generated 
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•  Separation of charged species through charged membranes 
•  Normally preceded by stringent polishing steps, ex. nanofiltration 

•  Despite its potential, due to the very complex nature of the raw 
materials, may be challenging. 

Advantages: Disadvantages:  
▫  Modular (linear scale-up),  
▫  Can be applied in-situ,  
▫  Regeneration of pH control agent,  
▫  Relatively mild conditions. 

▫  Requires very low concentrations of divalent cations 
▫  Prone to fouling 
▫  High energy consumption 
▫  High capital investment 



Alternatives: Extraction 
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Extraction 

•  Different affinity between aqueous medium and organic phase: 
•  The solvent reduces the solubility of the dicarboxylic acid on 

the liquid phase causing its precipitation, or 
•  The dicarboxylic acid is more soluble in the organic phase and 

is thereby removed from the fermentation medium. 

•  Unless “green solvents” can be used, it will be avoided. 

Advantages: Disadvantages:  
▫  Low technological barriers,  
▫  Customization to the molecule of interest,  
▫  Possibility of solvent recycling.  

▫  May involve high amounts of organic liquids 
▫  Toxicity issues: impact on solvent 
containment and effluent treatment 



Alternatives: Extraction 
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Extraction – Amine complex formation 

•  The formation of a dicarboxylic acid – amine complex soluble on 
the organic phase may increase the efficiency of the extraction of 
the undissociated acid (“reactive extraction”). 

•  pH, pKa1, concentration of carboxylic acid and amine, polarity of 
the diluent, the operating temperature and regeneration of the acid 
are factors requiring optimization. 

•  Can be implemented as membrane reactive extraction and in-situ 
separation could be envisaged (but technologically challenging). 



Alternatives: Adsorption 
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Adsorption 

•  Use of an adsorbent (various interactions possible) in a fixed bed 
column through which the dicarboxylic acid solution is circulated. 

•  High capacity, specificity and low cost of regeneration are needed. 

•  It is normally used as a polishing step at the end of the DSP. 

Advantages: Disadvantages:  
▫  In situ application,  
▫  Specificity,  
▫  Less by-products. 

▫  Normally the regeneration produces high salt effluents 
▫  Generally high capital investment 
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BioConSepT – Deliverable D5.1  11 

 

 

 

Figure 2: Process schemes for the separation/purification of SA 

Bio-­‐Con-­‐Sept:	
  D5.1	
  Technology	
  roadmap	
  for	
  the	
  purificaEon	
  of	
  
plaXorm	
  chemicals	
  and	
  side	
  products,	
  24-­‐3-­‐2014	
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Acid from lignocellulosic residues 
-  In-situ cell recycle: cell-free product stream and keep a high concentration of the 

biocatalyst within the bioreactor (higher productivities) 
-  Reagent reuse: NaOH used in the pH control of the fermentation recovered in 

the electrodialysis step converting sodium carboxylate to carboxylic acid (lower 
operational costs) 

Cell-­‐free	
  stream	
  
towards	
  acid	
  
purificaEon	
  

Lignocellulosic	
  
hydrolysate	
  

sugars	
  

Cell	
  recycle	
  

Micro	
  or	
  ultra-­‐filtraEon	
  
membrane	
  

Electrodialysis	
  

Acid	
  

NaOH	
  
for	
  pH	
  
control	
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Energy	
  

Energy	
  

 
Carotenoid purification and formulation: 
-  Less operations, less energy requirements, safer operation 
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Energy	
  

FermentaEon	
   Solvent	
  
extracEon	
   Drying	
   Polymer-­‐	
  

izaEon	
   Homopolymer	
  

Energy	
  

FermentaEon	
   Solvent	
  
extracEon	
  

Polymer-­‐	
  
izaEon	
   Co-­‐polymer	
  

Solvent	
  

Solvent	
   Solvent	
  
recovery	
  

Solvent	
  

 
Diacid extraction and polymerization 
-  Less operations, less energy requirements, safer operation 
-  However, no buffering between steps. 
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