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We	   use	   ma themaBca l	  
programming	   techniques	   to	  
accomplish	   the	   synthesis	   of	  
the	  producBon	  of:	  
	  
bioethanol,	   FT-‐diesel	   and	  	  
hydrogen,	  from	  Switchgrass,	  	  
	  
	  biodiesel	  from	  cooking	  oil	  or	  
algae	  oil.	  
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Introduction 



Approach	  

0.-‐	  IdenBfy	  the	  alternaBve	  technologies	  	  (HUGE	  LITERATURE	  REVIEW)	  
	  
1.-‐	  Develop	  special	  purpose	  models	  for	  the	  different	  units.	  	  
	  
2.-‐Model	  the	  whole	  process:	  Superstructure	  
	  
3.-‐Decide	  on	  the	  	  objecBve	  funcBon	  
	  

	  Cost,	  energy,	  environmental	  concerns	  (LCA)	  
	  
4.-‐Propose	  soluBon	  strategy	  
	  
5.-‐Evaluate	  the	  results.	  
	  

	  Sensi9vity	  analysis	  
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Features	  and	  Models	  

	  Exothermic	  fermentaBon	  reacBons	  that	  operate	  at	  low	  temperature	  and	  
are	  not	  a	  source	  of	  heat	  as	  in	  tradi9onal	  petrochemical	  plants.	  	  
	  

	  Tend	  to	  require	  a	  large	  amount	  of	  water	  or	  large	  energy	  demand	  in	  
dis9lla9on	  columns	  for	  separa9ng	  highly	  diluted	  mixtures.	  
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2.-‐	  Dimensional	  Analysis	  	  

3.-‐	  Rules	  of	  Thumb	  

4.-‐	  Design	  of	  experiments	  
	  
5.-‐	  CorrelaBons	  	  	  
	  
6.-‐MechanisBc	  modeling	  

1.-‐	  Short-‐cut	  

There	  is	  usually	  lack	  of	  good	  
understanding	  of	  the	  biochemical	  
reactors,	  pretreatments,	  etc.	  due	  to	  
the	  presence	  of	  complex	  mixtures,	  
lack	  of	  experimental	  informa9on,	  
and	  no	  commercial	  simulator	  has	  
these	  units.	  

Models	  



BIOpt	  

Model	  the	  whole	  process:	  Superstructure	  

Decide	  on	  the	  objecBve	  funcBon	   5	  



Results 
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AFEX	  

Dilute	  acid	  

Hydrolysis	  and	  Fermenta9on	  

Rec9fica9on	  

Adsorp9on	  

Molecular	  sieves	  

Pervapora9on	  

Ethanol	  from	  hydrolysis	  of	  Switchgrass	  

Experimental	  

First	  principles	  

Rules	  of	  thumb	  

MarSn,	  M.,	  Grossmann,	  I.E.	  (2012)	  AIChE	  J	  8	  (5)	  1538-‐1549	  



Results 

Ethanol	  via	  gasificaBon	  of	  
Switchgrass	  
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MarSn,	  M.,	  Grossmann,	  I.E.	  (2011)	  AIChE	  J.	  57,	  12,	  3408,	  3428	  

GasificaBon	   Reforming	   Clean	  up	   CO/H2	  	  Adj.	  
Sour	  gases	  removal	  

FermentaBon	  

Catalysis	  
Experimental	  

First	  principles	  

Rules	  of	  thumb	  



Results 

FT	  Diesel	  via	  gasificaBon	  of	  Switchgrass	  
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GasificaBon	   Reforming	   Clean	  up	  

Experimental	  First	  principles	   Rules	  of	  thumb	   Mechanis9c	  

Composi9on	  Adj.	  

Sour	  gas	  removing	  Synthesis	  

Upgrading	  

MarSn,	  M.,	  Grossmann,I.E	  (2011)	  	  Ind.	  Eng.	  Chem	  Res,	  50	  (23),13485–13499	  



Results 

Superstructure	  flowsheet	  for	  the	  producBon	  of	  biodiesel	  
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MarSn,	  M.,	  Grossmann,	  I.E.	  	  I&EC	  DOI.	  10.1021/ie2024596	  



Results 

ProducBon	  of	  biodiesel	  from	  algae	  
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New	  design	  

TradiBonal	  recovery	  of	  algae	  

ExtracBon	  

Experimental	  First	  principles	   Rules	  of	  thumb	  Mechanis9c	  

MarSn,	  M.,	  Grossmann,	  I.E.	  	  I&EC	  DOI.	  10.1021/ie2024596	  



Results 
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2.-‐Reactor	  opera9ng	  condi9ons	  to	  op9mize	  bioDiesel	  produc9on	  

3.-‐Recycle	  of	  excess	  of	  methanol	  	  

	  Simultaneous	  op9miza9on	  and	  heat	  integra9on	  of	  the	  process	  

1.-‐Structural	  decisions	  to	  make.	  Process	  technologies	  

ProducBon	  of	  biodiesel	  

Experimental	  First	  principles	   Rules	  of	  thumb	   DOE	  
MarSn,	  M.,	  Grossmann,	  I.E.	  	  I&EC	  DOI.	  10.1021/ie2024596	  



Summary	  of	  Results	  
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Conclusions	  

-‐-‐MathemaBcal	  programming	  techniques	  offer	  a	  powerful	  
tool	  to	  synthesize	  bioprocesses	  to	  make	  them	  economically	  
aeracBve	  and	  environmentally	  friendly.	  
	  
-‐-‐Biomass	  and	  waste	  are	  promising	  raw	  material	  for	  biofuels.	  
	  	  
-‐-‐The	  range	  of	  biofuels	  is	  broad:	  hydrogen,	  bioethanol,	  
biodiesel,	  green	  gasoline	  and	  diesel,	  biomethanol….	  
	  
-‐-‐It	  is	  feasible	  to	  produce	  second	  generaBon	  of	  biofuels	  but	  
further	  development	  is	  required	  in	  purificaBon	  and	  reacBon	  
technologies	  to	  increase	  water	  recycle	  and	  reuse	  and	  increase	  
the	  yield	  of	  the	  processes.	  
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