
 

 

 

RESUMEN 

La producción sustentable de energía constituye uno de los desafíos más importantes del 

presente siglo. En particular, la producción de biocombustibles, basados en materias primas 

renovables, requiere aún de esfuerzos de investigación a nivel celular, de procesos y de plantas 

completas, para lograr competitividad económica frente a los combustibles fósiles. 

En la presente tesis, se proponen modelos matemáticos de creciente complejidad y se aplican 

metodologías de programación matemática avanzada para la resolución de problemas de diseño y 

optimización de procesos de producción de biocombustibles. Se formulan modelos matemáticos 

que describen desde la red metabólica de una cianobacteria hasta una planta completa de 

producción de bioetanol, considerando también procesos de extracción y deshidratación de 

etanol con fluidos supercríticos y procesos de fermentación discontinuos para la producción de 

hidrógeno. En este sentido, este trabajo analiza, en primer lugar, una planta de producción de 

etanol a partir de granos, en particular, sorgo granífero, una materia prima disponible en la región 

sudoeste de la provincia de Buenos Aires y La Pampa. Se trata de una tecnología madura, que 

resulta de interés a nivel regional y nacional. Se formulan balances de masa y energía para el 

proceso y se realiza una evaluación económica de una planta basada en la tecnología de 

molienda seca. A continuación, y con el objetivo de realizar aportes en el diseño de redes 

metabólicas para la producción sustentable de etanol, se propone un modelo matemático para una 

cianobacteria modificada genéticamente para producir etanol. Un punto importante es que en 

este caso la fuente de carbono no es glucosa, sino dióxido de carbono que se puede obtener de 

una corriente residual. Se formulan problemas de programación lineal mixto entera (MILP) en 

dos niveles y se propone una reformulación para la maximización simultánea del crecimiento 

celular y la producción de etanol, con resultados comparables a los reportados por una empresa 



 

 

 

que aplica esa tecnología. Asimismo, se presentan modelos rigurosos para la etapa final del 

proceso de producción de etanol: la deshidratación mediante un proceso de extracción con 

fluidos supercríticos, considerando diversas alternativas de integración energética, en un marco 

de optimización económica. Esta tecnología resulta altamente competitiva con las actuales 

tecnologías comerciales. 

Finalmente, se proponen modelos dinámicos de procesos de producción de biohidrógeno 

mediante consorcio de bacterias, en un bio-reactor discontinuo, y se estiman los principales 

parámetros cinéticos, basados en datos experimentales obtenidos para tal fin. 

  



 

 

 

ABSTRACT 

Sustainable energy production constitutes a main challenge within this century. In particular, 

biofuel production, which is based on renewable raw materials, still requires increased research 

efforts at cellular, process and plant levels to be economically competitive with fossil fuel 

production. 

In this work, mathematical models of increasing complexity are proposed for the design and 

optimization of biofuel production processes. Advanced mathematical programming techniques 

are applied for describing processes going from the metabolic network of a cyanobacterium to an 

entire ethanol plant, including extraction processes with supercritical fluids for ethanol 

dehydration and discontinuous fermentation processes for hydrogen production. 

As a first step, an ethanol plant based on grain sorghum is analyzed. This cereal is widely 

available in Buenos Aires and La Pampa provinces. Even though it is a mature technology, it is 

of regional and national interest. Mass and energy balances are formulated and an economic 

evaluation is carried out for a dry mill technology. 

To analyze a more sustainable alternative, a mathematical model is proposed for a genetically 

modified cyanobaterium producing ethanol. The important issue in this case is that the carbon 

source is no longer glucose but carbon dioxide that can be obtained from a residual stream. 

Mixed integer linear programming problems are formulated for the simultaneous maximization 

of cellular growth and ethanol production. The bilevel optimization problem is reformulated to a 

single level one, using duality theory concepts. Ethanol yields are comparable to experimental 

values reported by a commercial plant based on this technology. 



 

 

 

In the following step, rigorous models are proposed for energy integration and economic 

optimization of the ethanol dehydration step, through extraction with supercritical fluids. This 

technology turns out to be competitive with current commercial ones. 

Finally, dynamic kinetic models are proposed for hydrogen production through bacteria 

consortium in a batch fermentor, based on residual streams. Main kinetic parameters are 

determined by solving a dynamic parameter estimation problem based on experimental data for 

this process. 

 

  



BIBLIOGRAFÍA 

CITADA 
 

 

A 

AECE, I., 2011. American Association of Cost Engineering – Recommended Practice. 

Http://Www.Aacei.Org/. 

Aden, A., 2007. Water Usage for Current and Future Ethanol Production. Southwest 

Hydrology 6, 22-23. 

Agri-Energysolutions, 2009. Http://Www.Agri-Energysolutions.Com/. 

Ahmetović, E., Grossmann, I.E., 2010. Strategies for the Global Optimization of Integrated 

Process Water Networks. In: Pierucci, S., Ferraris, G.B. (Eds.), Computer Aided 

Chemical Engineering. Elsevier, Pp. 901-906. 

Alfaro, Y., Fernández, H., Segovia, V., 2008. Perspectivas De La Producción De Maíz Ante 

La Coyuntura De Su Uso Como Biocombustible. Inia Hoy, 8. 

Alper, H., Moxley, J., Nevoigt, E., Fink, G.R., Stephanopoulos, G., 2006. Engineering Yeast 

Transcription Machinery for Improved Ethanol Tolerance and Production. Science 

314, 1565-1568. 



Bibliografía citada 

 

193 

 

Ananda, N., Vadlani, P.V., Prasad, P.V.V., 2011. Evaluation of Drought and Heat Stressed 

Grain Sorghum (Sorghum Bicolor) for Ethanol Production. Industrial Crops and 

Products 33, 779-782. 

Anderson, S.L., Mcintosh, L., 1991. Light-Activated Heterotrophic Growth of the 

Cyanobacterium Synechocystis Sp. Strain Pcc 6803: A Blue-Light-Requiring Process. 

J Bacteriol 173, 2761-2767. 

Asadollahi, M.A., Maury, J., Patil, K.R., Schalk, M., Clark, A., Nielsen, J., 2009. Enhancing 

Sesquiterpene Production in Saccharomyces Cerevisiae Through in Silico Driven 

Metabolic Engineering. Metabolic Engineering 11, 328-334. 

Azar, C., Lindgren, K., Obersteiner, M., Riahi, K., Vuuren, D., Elzen, K.M.J., Möllersten, K., 

Larson, E., 2010. The Feasibility of Low Co2 Concentration Targets and the Role of 

Bio-Energy With Carbon Capture and Storage (Beccs). Climatic Change 100, 195-

202. 

 

B 

Bail, O., 1929. Ergebnisse Experimenteller Populationsforschung. Zeitung Immun-Forsch 60, 

10-15. 

Balat, M., Balat, H., Öz, C., 2008. Progress in Bioethanol Processing. Progress in Energy and 

Combustion Science 34, 551-573. 

Bard, J.F., 1998. Practical Bilevel Optimization: Algorithms and Applications. Springer. 



Bibliografía citada 

 

194 

 

Batstone, D.J., Jensen, P.D., 2011. 4.17 - Anaerobic Processes. In: Editor-in-Chief:  Peter, W. 

(Ed.), Treatise on Water Science. Elsevier, Oxford, Pp. 615-639. 

Batstone, D.J., Pind, P.F., Angelidaki, I., 2003. Kinetics of Thermophilic, Anaerobic 

Oxidation of Straight and Branched Chain Butyrate and Valerate. Biotechnology and 

Bioengineering 84, 195-204. 

Bekker, A., Holland, H.D., Wang, P.L., Rumble, D., Stein, H.J., Hannah, J.L., Coetzee, L.L., 

Beukes, N.J., 2004. Dating the Rise of Atmospheric Oxygen. Nature 427, 117-120. 

Belyea, R.L., Rausch, K.D., Tumbleson, M.E., 2004. Composition of Corn and Distillers 

Dried Grains With Solubles from Dry Grind Ethanol Processing. Bioresource 

Technology 94, 293-298. 

Biegler, L.T., Cuthrell, J.E., 1985. Improved Infeasible Path Optimization for Sequential 

Modular Simulators—Ii: The Optimization Algorithm. Computers & Chemical 

Engineering 9, 257-267. 

Biegler, L.T., Grossmann, I.E., Westerberg, A.W., 1999. Systematic Methods of Chemical 

Process Design. Prentice Hall Ptr, New Jersey. 

Bolsa De Comercio, 2011. Mercado De Granos., Rosario. 

Boran, E., Özgür, E., Van Der Burg, J., Yücel, M., Gündüz, U., Eroglu, I., 2010. Biological 

Hydrogen Production By Rhodobacter Capsulatus in Solar Tubular Photo Bioreactor. 

Journal of Cleaner Production 18, Supplement 1, S29-S35. 

Brignole, E.A., Andersen, P.M., Fredenslund, A., 1987. Supercritical Fluid Extraction of 

Alcohols from Water. Industrial & Engineering Chemistry Research 26. 



Bibliografía citada 

 

195 

 

Bro, C., Regenberg, B., Forster, J., Nielsen, J., 2006. In Silico Aided Metabolic Engineering 

of Saccharomyces Cerevisiae for Improved Bioethanol Production. Metab Eng 8, 102-

111. 

Brooke, A., Kendrick, D., Meeraus, A., 2005. Gams: A Users Guide. Scientific Press, Palo 

Alto, Ca. 

Burgard, A.P., Maranas, C.D., 2001. Probing the Performance Limits of the Escherichia Coli 

Metabolic Network Subject to Gene Additions Or Deletions. Biotechnology and 

Bioengineering 74, 364-375. 

Burgard, A.P., Pharkya, P., Maranas, C.D., 2003. Optknock: A Bilevel Programming 

Framework for Identifying Gene Knockout Strategies for Microbial Strain 

Optimization. Biotechnol Bioeng 84, 647-657. 

Burgard, A.P., Vaidyaraman, S., Maranas, C.D., 2001. Minimal Reaction Sets for Escherichia 

Coli Metabolism Under Different Growth Requirements and Uptake Environments. 

Biotechnol Prog 17, 791-797. 

Büyükokuroğlu, M.E., Altikat, S., Çiftçi, M., 2002. The Effects of Ethanol on Glucose 6-

Phosphate Dehydrogenase Enzyme Activity from Human Erythrocytes in Vitro and 

Rat Erythrocytes in Vivo. Alcohol and Alcoholism 37, 327-329. 

 

 

 

 

 



Bibliografía citada 

 

196 

 

C 

Cai, G., Jin, B., Saint, C., Monis, P., 2010. Metabolic Flux Analysis of Hydrogen Production 

Network By Clostridium Butyricum W5: Effect of Ph and Glucose Concentrations. 

International Journal of Hydrogen Energy 35, 6681-6690. 

Camara Argentina De Biocombustibles, 2012. Bioetanol. Carbio, Ciudad Autónoma De 

Buenos Aires. 

Castro, K.R.A., 2011. Determinación De Los Flujos Metabólicos En La Producción De 

Hidrógeno. Unidad Profesional Interdisciplinaria De Biotecnología. Instituto 

Politécnico Nacional, Mexico D.F., P. 112. 

Contois, D.E., 1959. Kinetics of Bacterial Growth: Relationship Between Population Density 

and Specific Growth Rate of Continuous Cultures. Journal of General Microbiology 

21, 40-50. 

Čuček, L., Martín, M., Grossmann, I.E., Kravanja, Z., 2011. Energy, Water and Process 

Technologies Integration for the Simultaneous Production of Ethanol and Food from 

the Entire Corn Plant. In: E.N. Pistikopoulos, M.C.G., Kokossis, A.C. (Eds.), 

Computer Aided Chemical Engineering. Elsevier, Pp. 2004-2008. 

Chang, J.-S., Lee, K.-S., Lin, P.-J., 2002. Biohydrogen Production With Fixed-Bed 

Bioreactors. International Journal of Hydrogen Energy 27, 1167-1174. 

Chen, S.-D., Lee, K.-S., Lo, Y.-C., Chen, W.-M., Wu, J.-F., Lin, C.-Y., Chang, J.-S., 2008. 

Batch and Continuous Biohydrogen Production from Starch Hydrolysate By 

Clostridium Species. International Journal of Hydrogen Energy 33, 1803-1812. 



Bibliografía citada 

 

197 

 

Chen, X., Sun, Y., Xiu, Z., Li, X., Zhang, D., 2006. Stoichiometric Analysis of Biological 

Hydrogen Production By Fermentative Bacteria. International Journal of Hydrogen 

Energy 31, 539-549. 

Cheng, C.-H., Hsu, S.-C., Wu, C.-H., Chang, P.-W., Lin, C.-Y., Hung, C.-H., 2011. 

Quantitative Analysis of Microorganism Composition in a Pilot-Scale Fermentative 

Biohydrogen Production System. International Journal of Hydrogen Energy 36, 

14153-14161. 

Chessa Fuente, A., 2007. La Calidad Del Sorgo Como Alimento Animal. Marca Líquida 

Agropecuaria 17, 65-68. 

Chilton, C., 1950. Six Tenths Factor Applies to Complete Plant Costs. Chem. Eng. 57, 112-

114. 

Choi, H.S., Lee, S.Y., Kim, T.Y., Woo, H.M., 2010. In Silico Identification of Gene 

Amplification Targets for Improvement of Lycopene Production. Appl Environ 

Microbiol 76, 3097-3105. 

Chong, M.-L., Rahim, R.A., Shirai, Y., Hassan, M.A., 2009. Biohydrogen Production By 

Clostridium Butyricum Eb6 from Palm Oil Mill Effluent. International Journal of 

Hydrogen Energy 34, 764-771. 

Chu, C.-F., Xu, K.-Q., Li, Y.-Y., Inamori, Y., 2012. Hydrogen and Methane Potential Based 

on the Nature of Food Waste Materials in a Two-Stage Thermophilic Fermentation 

Process. International Journal of Hydrogen Energy 37, 10611-10618. 

 

 



Bibliografía citada 

 

198 

 

D 

Davila-Vazquez, G., Alatriste-Mondragón, F., De León-Rodríguez, A., Razo-Flores, E., 

2008a. Fermentative Hydrogen Production in Batch Experiments Using Lactose, 

Cheese Whey and Glucose: Influence of Initial Substrate Concentration and Ph. 

International Journal of Hydrogen Energy 33, 4989-4997. 

Davila-Vazquez, G., Arriaga, S., Alatriste-Mondragón, F., León-Rodríguez, A., Rosales-

Colunga, L., Razo-Flores, E., 2008b. Fermentative Biohydrogen Production: Trends 

and Perspectives. Rev Environ Sci Biotechnol 7. 

Deng, M.-D., Coleman, J.R., 1999. Ethanol Synthesis By Genetic Engineering in 

Cyanobacteria. Applied and Environmental Microbiology 65, 523-528. 

Dexter, J., Fu, P., 2009. Metabolic Engineering of Cyanobacteria for Ethanol Production. 

Energy & Environmental Science 2, 857-864. 

Di Maggio, J.A., 2012. Análisis, Modelamiento Y Optimización De Caminos Metabólicos. 

Departamento De Ingeniería Química. Universidad Nacional Del Sur (Uns), Bahía 

Blanca, P. 201. 

Diaz, S., Gros, H., Brignole, E.A., 2000. Thermodynamic Modeling, Synthesis and 

Optimization of Extraction — Dehydration Processes. Computers & Chemical 

Engineering 24, 2069-2080. 

Dismukes, G.C., Carrieri, D., Bennette, N., Ananyev, G.M., Posewitz, M.C., 2008. Aquatic 

Phototrophs: Efficient Alternatives to Land-Based Crops for Biofuels. Curr Opin 

Biotechnol 19, 235-240. 



Bibliografía citada 

 

199 

 

Dragún, P., Moreno, A.M., Picasso, S., Lardizabal, J., Gatti, N., Telechea, J.M., Cont, A., 

2010. Monitoreo Y Estudio De Cadenas De Valor Oncca. Informe De Sorgo. Magyp 

Ministerio De Agricultura, Ganaderia Y Pesca. Argentina, P. 18. 

Drapcho, C.M., Nhuan, N.P., Walker, T.H., 2008. Biofuels Engineering Process Technology. 

Mcgraw-Hill, New York. 

Dunnett, A., Adjiman, C., Shah, N., 2008. A Spatially Explicit Whole-System Model of the 

Lignocellulosic Bioethanol Supply Chain: An Assessment of Decentralised 

Processing Potential. Biotechnology for Biofuels 1, 13. 

Dyczmons, N.G., 2006. Expression and Resulation of Membrane Proteins: Special Focus on 

Cytochrome Bd-Oxidase from Synechocystis Sp. Pcc 6803. In: Prof. Dr. M. Rogner, 

R.-U.B. (Ed.), Bochum, P. 149. 

 

E 

Ethanol Producer Magazine, 2011. Http://Ethanolproducer.Com/Issues/Browse/. 

 

 

 

 

http://ethanolproducer.com/Issues/Browse/


Bibliografía citada 

 

200 

 

F 

Ferreira, O., Brignole, E.A., Macedo, E.A., 2004. Modelling of Phase Equilibria for 

Associating Mixtures Using An Equation of State. The Journal of Chemical 

Thermodynamics 36, 1105-1117. 

Frey, M., 2002. Hydrogenases: Hydrogen-Activating Enzymes. Chembiochem 3, 153-160. 

Frosch, B.J., Fumasi, R.J., Richardson, J.W., Outlaw, J.L., Herbst, B.K., 2008. Estimating 

and Comparing Alternative Ethanol Processes and Feedsrock Choice., Integration of 

Agriculture and Energy Systems Conference. Afpc Agricultural and Food Policy 

Center. the Texas A&M University System., Atlanta, Ga. 

Fu, P., 2009. Genome-Scale Modeling of Synechocystis Sp. Pcc 6803 and Prediction of 

Pathway Insertion. Journal of Chemical Technology &#38; Biotechnology 84, 473-

483. 

Fu, P., Dexter, J., 2007. Methods and Compositions for Ethanol Producing Cyanobacteria. 

United States, P. 33. 

G-Proms, H.W.P.C., 2007. 

 

 

 

 



Bibliografía citada 

 

201 

 

G 

Gani, R., E. Grossmann, I., 2007. Process Systems Engineering and Cape – What Next? In: 

Valentin, P., Paul Şerban, A. (Eds.), Computer Aided Chemical Engineering. 

Elsevier, Pp. 1-5. 

Gawande, N.A., 2009. Modeling Microbiological and Chemical Processes in Municipal Solid 

Waste Bioreactor: Development and Applications of A Three-Phase Numerical Model 

Biokemod-3p. Department of Civil, Environmental, and Construction Engineering in 

the College of Engineering and Computer Science. University of Central Florida, 

Orlando, Florida, P. 364. 

Glavič, P., 2012. Thirty Years of International Symposia on Process Systems Engineering. 

Current Opinion in Chemical Engineering 1, 421-429. 

Gnansounou, E., Dauriat, A., 2010. Techno-Economic Analysis of Lignocellulosic Ethanol: 

A Review. Bioresource Technology 101, 4980-4991. 

Gomory, R.E., Baumol, W.J., 1960. Integer Programming and Pricing. Econometrica 28, 

521-550. 

Grains Council, U.S., 2008. Ddgs User Handbook.  A Guide to Distiller’s Dried Grains With 

Solubles (Ddgs). U.S. Grains Council, Washington, Dc. 

Gray, K.A., Zhao, L., Emptage, M., 2006. Bioethanol. Current Opinion in Chemical Biology 

10, 141-146. 



Bibliografía citada 

 

202 

 

Gros, H.P., 1997. Extracción Supercrítica De Organo-Oxigenados: Equilibrio Entre Fases Y 

Síntesis., Departamento De Ingeniería Química. Universidad Nacional Del Sur (Uns), 

Bahía Blanca. 

Gros, H.P., Bottini, S., Brignole, E.A., 1996. A Group Contribution Equation of State for 

Associating Mixtures. Fluid Phase Equilibria 116, 537-544. 

Gros, H.P., Bottini, S.B., Brignole, E.A., 1997. High Pressure Phase Equilibrium Modeling of 

Mixtures Containing Associating Compounds and Gases. Fluid Phase Equilibria 139, 

75-87. 

Gros, H.P., Díaz, S., Brignole, E.A., 1998. Near-Critical Separation of Aqueous Azeotropic 

Mixtures: Process Synthesis and Optimization. The Journal of Supercritical Fluids 12, 

69-84. 

Grossmann, I.E., 2003. Challenges in the New Millennium: Product Discovery and Design, 

Enterprise and Supply Chain Optimization, Global Life Cycle Assessment. In: 

Bingzhen, C., Arthur, W.W. (Eds.), Computer Aided Chemical Engineering. Elsevier, 

Pp. 28-47. 

Grossmann, I.E., Martín, M., 2010. Energy and Water Optimization in Biofuel Plants. 

Chinese Journal of Chemical Engineering 18, 914-922. 

Gujer, W., Zehnder, A.J.B., 1983. Conversion Processes in Anaerobic Digestion. Water 

Science & Technology 15, 127-167. 

Gutierrez, T., Buszko, M.L., Ingram, L.O., Preston, J.F., 2002. Reduction of Furfural to 

Furfuryl Alcohol By Ethanologenic Strains of Bacteria and Its Effect on Ethanol 

Production from Xylose. Appl Biochem Biotechnol 98-100, 327-340. 

 



Bibliografía citada 

 

203 

 

H 

Hallenbeck, P.C., 2004. Fundamentals and Limiting Processes of Biological Hydrogen 

Production. In: Jun, M., Yasuo, I., Matthias Rögnera2 - Jun Miyake, Y.I., Matthias, R. 

(Eds.), Biohydrogen Iii. Elsevier Science, Amsterdam, Pp. 93-100. 

Hallenbeck, P.C., Benemann, J.R., 2002. Biological Hydrogen Production; Fundamentals and 

Limiting Processes. International Journal of Hydrogen Energy 27, 1185-1193. 

Hawkes, F.R., Dinsdale, R., Hawkes, D.L., Hussy, I., 2002. Sustainable Fermentative 

Hydrogen Production: Challenges for Process Optimisation. International Journal of 

Hydrogen Energy 27, 1339-1347. 

Hawkes, F.R., Hussy, I., Kyazze, G., Dinsdale, R., Hawkes, D.L., 2007. Continuous Dark 

Fermentative Hydrogen Production By Mesophilic Microflora: Principles and 

Progress. International Journal of Hydrogen Energy 32, 172-184. 

Hoch, M.P., Espinosa, J., 2008. Conceptual Design and Simulation Tools Applied to the 

Evolutionary Optimization of A Bioethanol Purification Plant. Industrial & 

Engineering Chemistry Research 47, 7381-7389. 

Hong, S., Lee, C., 2007. Evaluation of Central Metabolism Based on A Genomic Database of 

Synechocystis Sp. Pcc 6803. Biotechnology and Bioprocess Engineering 12, 165-173. 

Horizoe, H., Tanimoto, T., Yamamoto, I., Kano, Y., 1993. Phase Equilibrium Study for the 

Separation of Ethanol-Water Solution Using Subcritical and Supercritical 

Hydrocarbon Solvent Extraction. Fluid Phase Equilibria 84, 297-320. 



Bibliografía citada 

 

204 

 

Huang, Y., Baker, R.W., Vane, L.M., 2010. Low-Energy Distillation-Membrane Separation 

Process. Industrial & Engineering Chemistry Research 49, 3760-3768. 

Hung, C.-H., Cheng, C.-H., Guan, D.-W., Wang, S.-T., Hsu, S.-C., Liang, C.-M., Lin, C.-Y., 

2011. Interactions Between Clostridium Sp. and Other Facultative Anaerobes in A 

Self-Formed Granular Sludge Hydrogen-Producing Bioreactor. International Journal 

of Hydrogen Energy 36, 8704-8711. 

 

I 

Iea, I.E.A., 2012. Key World Energy Statistics. Iea, Paris, France, P. 80. 

Ignizio, J.P., Cavalier, T.M., 1994. Linear Programming. Prentice Hall International Series in 

Industrial and Systems Engineering, Englewood Cliffs, Nueva Jersey. 

Indec, I.N.D.E.Y.C., 2013. Exportaciones Argentinas De Sorgo Granífero., Buenos Aires. 

Index, C.E., 2011. Www.Che.Com. P. Access Intelligence. Vol. 118 Nº115  

Inta  Anguil, E.E.A., 2007. Consideraciones Para El Cultivo De Sorgo Granífero. In: Animal, 

S.A.D.P. (Ed.). Inta, Anguil, La Pampa., P. 15. 

Iowa State University, 2011. Http://Www.Iastate.Edu/. 

 

 

http://www.iastate.edu/


Bibliografía citada 

 

205 

 

J 

Jacques, K.A., Lyon, T.P., Kelsall, D.R., 2003. The Alcohol Textbook 4th Ed. Nottingham 

University Press, Nottingham, Ng11 0ax, United Kingdom. 

Jaitalee, L., Dararat, S., Chavalparit, O., 2010. Bio-Hydrogen Production Potential from 

Market Waste. Environmentasia 3, 115-122. 

Johnnie, J., Austin, M., Sriram, G., Conway, M., Misra, A., 2012. Systems Engineering and 

Metabolic Engineering: A Side-By-Side Comparison. Procedia Computer Science 8, 

226-231. 

Joseph, K., Sallyards, M., 2012. Argentina. Grain and Feed Annual Crop 2012/13. Usda, P. 6. 

Jung, K.-W., Kim, D.-H., Kim, S.-H., Shin, H.-S., 2011. Bioreactor Design for Continuous 

Dark Fermentative Hydrogen Production. Bioresource Technology 102, 8612-8620. 

 

K 

Kan, E., 2013. Effects of Pretreatments of Anaerobic Sludge and Culture Conditions on 

Hydrogen Productivity in Dark Anaerobic Fermentation. Renewable Energy 49, 227-

231. 



Bibliografía citada 

 

206 

 

Kanehisa, M., Goto, S., 2000. Kegg: Kyoto Encyclopedia of Genes and Genomes. Nucleic 

Acids Res 28, 27-30. 

Kanehisa, M., Goto, S., Sato, Y., Furumichi, M., Tanabe, M., 2012. Kegg for Integration and 

Interpretation of Large-Scale Molecular Data Sets. Nucleic Acids Res 40, D109-114. 

Kaneko, T., Sato, S., Kotani, H., Tanaka, A., Asamizu, E., Nakamura, Y., Miyajima, N., 

Hirosawa, M., Sugiura, M., Sasamoto, S., Kimura, T., Hosouchi, T., Matsuno, A., 

Muraki, A., Nakazaki, N., Naruo, K., Okumura, S., Shimpo, S., Takeuchi, C., Wada, 

T., Watanabe, A., Yamada, M., Yasuda, M., Tabata, S., 1996. Sequence Analysis of 

the Genome of the Unicellular Cyanobacterium Synechocystis Sp. Strain Pcc6803. Ii. 

Sequence Determination of the Entire Genome and Assignment of Potential Protein-

Coding Regions. Dna Research 3, 109-136. 

Karuppiah, R., Peschel, A., Martín, M., Grossmann, I.E., Martinson, W., Zullo, L., 2008. 

Energy Optimization for the Design of Corn-Based Ethanol Plants Aiche Journal 54, 

1499-1525. 

Kehat, E., Ghitis, B., 1981. Simulation of An Extraction Column. Computers & Chemical 

Engineering 5, 171-180. 

Khanal, S.K., Chen, W.-H., Li, L., Sung, S., 2004. Biological Hydrogen Production: Effects 

of Ph and Intermediate Products. International Journal of Hydrogen Energy 29, 1123-

1131. 

Kim, T.H., Taylor, F., Hicks, K.B., 2008a. Bioethanol Production from Barley Hull Using 

Saa (Soaking in Aqueous Ammonia) Pretreatment. Bioresource Technology 99, 5694-

5702. 



Bibliografía citada 

 

207 

 

Kim, T.H., Taylor, F., Hicks, K.B., 2008b. Bioethanol Production from Barley Hull Using 

Saa (Soaking in Aqueous Ammonia) Pretreatment. Bioresource Technology 99, 5694-

5702. 

Knoop, H., Zilliges, Y., Lockau, W., Steuer, R., 2010. The Metabolic Network of 

Synechocystis Sp. Pcc 6803: Systemic Properties of Autotrophic Growth. Plant 

Physiol 154, 410-422. 

Kokossis, A.C., Yang, A., 2010. On the Use of Systems Technologies and A Systematic 

Approach for the Synthesis and the Design of Future Biorefineries. Computers & 

Chemical Engineering 34, 1397-1405. 

Kothari, A., Potrafka, R., Garcia-Pichel, F., 2012. Diversity in Hydrogen Evolution from 

Bidirectional Hydrogenases in Cyanobacteria from Terrestrial, Freshwater and Marine 

Intertidal Environments. Journal of Biotechnology 162, 105-114. 

Kraxner, F., Aoki, K., Leduc, S., Kindermann, G., Fuss, S., Yang, J., Yamagata, Y., Tak, K.-

I., Obersteiner, M., 2013. Beccs in South Korea—Analyzing the Negative Emissions 

Potential of Bioenergy As A Mitigation Tool. Renewable Energy. 

Krupp, M., Widmann, R., 2009. Biohydrogen Production By Dark Fermentation: Experiences 

of Continuous Operation in Large Lab Scale. International Journal of Hydrogen 

Energy 34, 4509-4516. 

Kuchmina, E., Wallner, T., Kryazhov, S., Zinchenko, V.V., Wilde, A., 2012. An Expression 

System for Regulated Protein Production in Synechocystis Sp. Pcc 6803 and Its 

Application for Construction of A Conditional Knockout of the Ferrochelatase 

Enzyme. Journal of Biotechnology 162, 75-80. 

Kumar, S., Singh, N., Prasad, R., 2010. Anhydrous Ethanol: A Renewable Source of Energy. 

Renewable and Sustainable Energy Reviews 14, 1830-1844. 



Bibliografía citada 

 

208 

 

 

L 

Laborde, M.Á., González, F.R., 2010. La Energía Del Hidrógeno. In: González, 

M.Á.L.Y.F.R. (Ed.). Ediciones Cyted Ciencia Y Tecnología Para El Desarrollo. 

Programa Iberoamericano. 

Lai, C.-L., Liou, R.-M., Chen, S.-H., Shih, C.-Y., Chang, J.S., Huang, C.-H., Hung, M.-Y., 

Lee, K.-R., 2011. Dehydration of Ethanol/Water Mixture By Asymmetric Ion-

Exchange Membranes. Desalination 266, 17-24. 

Land, A.H., Dotg, A.G., 1960. An Automatic Method of Solving Discrete Programming 

Problems. Econometrica 28, 497-520. 

Laopaiboon, L., Thanonkeo, P., Jaisil, P., Laopaiboon, P., 2007. Ethanol Production from 

Sweet Sorghum Juice in Batch and Fed-Batch Fermentations By Saccharomyces 

Cerevisiae. World J Microbiol Biotechnol 23, 1497-1501. 

Lay, J.-J., Lee, Y.-J., Noike, T., 1999. Feasibility of Biological Hydrogen Production from 

Organic Fraction of Municipal Solid Waste. Water Research 33, 2579-2586. 

Lee, S.K., Chou, H., Ham, T.S., Lee, T.S., Keasling, J.D., 2008. Metabolic Engineering of 

Microorganisms for Biofuels Production: from Bugs to Synthetic Biology to Fuels. 

Current Opinion in Biotechnology 19, 556-563. 

Levin, D.B., Pitt, L., Love, M., 2004. Biohydrogen Production: Prospects and Limitations to 

Practical Application. International Journal of Hydrogen Energy 29, 173-185. 



Bibliografía citada 

 

209 

 

Liberton, M., Berg, R.H., Heuser, J., Roth, R., Pakrasi, H.B., 2006. Ultrastructure of the 

Membrane Systems in the Unicellular Cyanobacterium 

Synechocystis Sp. Strain Pcc 6803. Protoplasma 227, 129-138. 

Licht, F.O., Products & Services, 2011. Ethanol: World Production. World Ethanol and 

Biofuels Report. Agra-Net.Com. Serving the Global Agrifood Insdustry, Uk. 

Lin, P.-Y., Whang, L.-M., Wu, Y.-R., Ren, W.-J., Hsiao, C.-J., Li, S.-L., Chang, J.-S., 2007. 

Biological Hydrogen Production of the Genus Clostridium: Metabolic Study and 

Mathematical Model Simulation. International Journal of Hydrogen Energy 32, 1728-

1735. 

Liu, I.C., Whang, L.-M., Ren, W.-J., Lin, P.-Y., 2011. The Effect of Ph on the Production of 

Biohydrogen By Clostridia: Thermodynamic and Metabolic Considerations. 

International Journal of Hydrogen Energy 36, 439-449. 

Liu, Y., Zhang, Y., Quan, X., Li, Y., Zhao, Z., Meng, X., Chen, S., 2012. Optimization of 

Anaerobic Acidogenesis By Adding Fe0 Powder to Enhance Anaerobic Wastewater 

Treatment. Chemical Engineering Journal 192, 179-185. 

López García, D., 2011. Modelación De La Producción De Biohidrógeno. Dept. of Material 

Science and Chemical Engineering. Politecnico Di Torino, Turín, P. 46. 

 

 

 

 



Bibliografía citada 

 

210 

 

M 

Mabee, W.E., Mcfarlane, P.N., Saddler, J.N., 2011. Biomass Availability for Lignocellulosic 

Ethanol Production. Biomass and Bioenergy 35, 4519-4529. 

Madigan, M., Martinko, J., Parker, J., 2003. Brock Biología De Los Microorganismos. 

Perason Educacion, Madrid. 

Magyp, M.D.A.G.Y.P., 2013. Www.Minagri.Gob.Ar/. 

Maranas, C.D., 2011. Optknock - Strain Redesign for Overproduction Using Gene/Reaction 

Deletions. The Pennsylvania State University - Chemical & Biological Systems 

Optimization Lab, University Park, Pennsylvania, United States. 

Martín, M., Grossmann, I.E., 2010. Superstructure Optimization of Lignocellulosic 

Bioethanol Plants. In: Pierucci, S., Ferraris, G.B. (Eds.), Computer Aided Chemical 

Engineering. Elsevier, Pp. 943-948. 

Martín, M., Grossmann, I.E., 2012. Biopt: A Library of Models for Optimization of Biofuel 

Production Processes. In: Ian David Lockhart, B., Michael, F. (Eds.), Computer Aided 

Chemical Engineering. Elsevier, Pp. 16-20. 

Martínez-Alcalá García, A., 2012a. Producción De Bioetanol: Mejora Del Proceso A Partir 

De Grano De Cereal Y De Biomasa Lignocelulósica Tratada Con Steam Explosion. 

Facultad De Farmacia. Universidad Complutense De Madrid, Madrid, P. 263. 

Martínez-Alcalá García, Á., 2012b. Producción De Bioetanol: Mejora Del Proceso A Partir 

De Grano De Cereal Y De Biomasa Lignocelulósica Tratada Con Steam Explosion 

Facultad De Farmacia. Universidad Complutense De Madrid, Madrid, P. 263. 



Bibliografía citada 

 

211 

 

Mejía, A.A.R., Vásquez, J.A., González, A.L., 2012. Bacteria, Source of Energy for the 

Future. Tecnura. Universidad Distrital Francisco José De Caldas. Colombia. 16. 

Melham, T., 2012. Modelling, Abstraction, and Computation in Systems Biology: A View 

from Computer Science. Progress in Biophysics and Molecular Biology. 

Metabolismobacterianomg, 2013. Glucólisis. In: Donoso, E. (Ed.). Creative Commons. 

Michelsen, M.L., 1982. The Isotermal Flash Problem: Part Ii: Phase Split Calculations. Fluis 

Fhase Equilibria 9. 

Mitchell, J.E., 2002. Branch-and-Cut Algorithms for Combinatorial Optimization Problems. 

Handbook of Applied Optimization, 65-77. 

Mojović, L., Pejin, D., Rakin, M., Pejin, J., Nikolić, S., Djukić-Vuković, A., 2012. How to 

Improve the Economy of Bioethanol Production in Serbia. Renewable and 

Sustainable Energy Reviews 16, 6040-6047. 

Monod, J., 1942. Recherches Mr La Croissance Des Cultures Bactkriennes. Pans: Hermann 

Et Cie. 

Monod, J., 1950. La Technique De Culture Continue. Thcorie Et Applications. Ann. Inst. 

Pasteur 79, 390. 

Montagud, A., Navarro, E., Fernandez De Cordoba, P., Urchueguia, J.F., Patil, K.R., 2010. 

Reconstruction and Analysis of Genome-Scale Metabolic Model of A Photosynthetic 

Bacterium. Bmc Syst Biol 4, 156. 

Montagud, A., Zelezniak, A., Navarro, E., De C rdoba, P. ., Urchueguía, J.F., Patil, K.R., 

2011. Flux Coupling and Transcriptional Regulation within the Metabolic Network of 

the Photosynthetic Bacterium Synechocystis Sp. Pcc6803. Biotechnology Journal 6, 

330-342. 



Bibliografía citada 

 

212 

 

Mtap, M.T.A.P., 2010. Ethanol Benchmarking and Best Practices. The Production Process 

and Potential for Improvement. 

Mu, Y., Wang, G., Yu, H.-Q., 2006. Kinetic Modeling of Batch Hydrogen Production 

Process By Mixed Anaerobic Cultures. Bioresource Technology 97, 1302-1307. 

Mu, Y., Yu, H.-Q., Wang, G., 2007. Evaluation of Three Methods for Enriching H2-

Producing Cultures from Anaerobic Sludge. Enzyme and Microbial Technology 40, 

947-953. 

 

N 

Nakamura, Y., Kaneko, T., Hirosawa, M., Miyajima, N., Tabata, S., 1998. Cyanobase, A 

Www Database Containing the Complete Nucleotide Sequence of the Genome of 

Synechocystis Sp. Strain Pcc6803. Nucleic Acids Res 26, 63-67. 

Naphtali, L.M., Sandholm, D.P., 1971. Multicomponent Separation Calculations By 

Linearization. American Institute of Chemical Engineering J. 17. 

Niu, K., Zhang, X., Tan, W.-S., Zhu, M.-L., 2011. Effect of Culture Conditions on Producing 

and Uptake Hydrogen Flux of Biohydrogen Fermentation By Metabolic Flux Analysis 

Method. Bioresource Technology 102, 7294-7300. 

Nogales, J., Gudmundsson, S., Knight, E.M., Palsson, B.O., Thiele, I., 2012. Detailing the 

Optimality of Photosynthesis in Cyanobacteria Through Systems Biology Analysis. 

Proceedings of the National Academy of Sciences of the United States of America 

109, 2678-2683. 



Bibliografía citada 

 

213 

 

Novick, A., Szilard, L., 1950. Description of the Chemostat. Science 112, 715-716. 

 

O 

O’brien, D.J., Roth, L.H., Mcaloon, A.J., 2000. Ethanol Production By Continuous 

Fermentation–Pervaporation: A Preliminary Economic Analysis. Journal of 

Membrane Science 166, 105-111. 

Oberhardt, M.A., Palsson, B.O., Papin, J.A., 2009. Applications of Genome-Scale Metabolic 

Reconstructions. Mol Syst Biol 5, 320. 

Orth, J.D., Thiele, I., Palsson, B.O., 2010. What Is Flux Balance Analysis? Nature 

Biotechnology 28, 245-248. 

 

P 

Pan, C.M., Fan, Y.T., Xing, Y., Hou, H.W., Zhang, M.L., 2008. Statistical Optimization of 

Process Parameters on Biohydrogen Production from Glucose By Clostridium Sp. 

Fanp2. Bioresource Technology 99, 3146-3154. 



Bibliografía citada 

 

214 

 

Park, J.H., Lee, K.H., Kim, T.Y., Lee, S.Y., 2007. Metabolic Engineering of Escherichia Coli 

for the Production of L-Valine Based on Transcriptome Analysis and in Silico Gene 

Knockout Simulation. Proc Natl Acad Sci U S A 104, 7797-7802. 

Paulo, C., Maggio, J.D., Estrada, V., Soledad Diaz, M., 2011a. Optimizing Cyanobacteria 

Metabolic Network for Ethanol Production. In: E.N. Pistikopoulos, M.C.G., Kokossis, 

A.C. (Eds.), Computer Aided Chemical Engineering. Elsevier, Pp. 1366-1370. 

Paulo, C.I., Di Maggio, J.A., Diaz, M.S., Ruggeri, B., 2013. Modeling and Parameter 

Estimation in Biofuel Discontinuous Production By Hydrogen Forming Bacteria 

(Hfb). In: Chief Editors: Sauro Pierucci, J.J.K. (Ed.). Cet: Chemical Engineering 

Transactions - Aidic: the Italian Association 

of Chemical Engineering, Milan, Italia. 

Paulo, C.I., Di Maggio, J.A., Estrada, V., Diaz, M.S., 2011b. Optimización De Redes 

Metabólicas. Iii Congreso De Matemática Aplicada Maci. Asamaci, Bahía Blanca, 

Buenos Aires, Argentina. 

Paulo, C.I., Diaz, M.S., Brignole, E.A., 2009a. Cost Evaluation for Bioethanol Dehydration 

With Supercritical Fluids Based on First Principles Models. Aiche, Annual Meeting. 

American Institute of Chemical Engineers Nashville, Tn, Usa. 

Paulo, C.I., Diaz, M.S., Brignole, E.A., 2009b. Energy Consumption Minimization in 

Bioethanol Dehydration With Supercritical Fluids. In: Rita Maria De Brito Alves, 

C.A.O.D.N., Evaristo Chalbaud, B. (Eds.), Computer Aided Chemical Engineering. 

Elsevier, Pp. 1833-1838. 

Paulo, C.I., Diaz, M.S., Brignole, E.A., 2010a. Cost Evaluation for Bioethanol Extraction and 

Dehydration Plant. In: Reverchon, P. (Ed.), 9th Conference on Supercritical Fluids 



Bibliografía citada 

 

215 

 

and Their Applications, Departament of Chemical and Food Engineering University 

of Palermo, Sorrento, Italy., P. 105. 

Paulo, C.I., Diaz, M.S., Brignole, E.A., 2010b. Hot Propane Process for Bioethanol 

Extraction and Dehydration. In: Fluids, I.I.C.O.S. (Ed.), Ii Iberoamerican Conference 

on Supercritical Fluids Prosciba 2010, Natal, Brazil., Pp. 185-191. 

Paulo, C.I., Diaz, M.S., Brignole, E.A., 2010c. Minimización De Costos En El Proceso De 

Extracción-Deshidratación De Bioetanol Con Propano Supercrítico. In: Idtq, P. (Ed.), 

Ii Reunión Interdisciplinaria De Tecnología Y Procesos Químicos, Huerta Grande-

Córdoba-Argentina. 

Paulo, C.I., Estrada, V., Di Maggio, J.A., Diaz, M.S., 2010d. Bioethanol from Cyanobacteria. 

Metabolic Network Optimization By Mathematical Modeling. 2nd. Pan American 

Congress on Plants and Bioenergy. Aspb, San Pedro-Sp, Brasil. 

Paulo, C.I., Estrada, V., Di Maggio, J.A., Diaz, M.S., 2010e. Metabolic Network 

Optimization for Synechocystis Pcc 6803 Bioethanol Production. Vi Congreso 

Argentino De Ingeniería Química - Caiq2010. Aaiq, Mar Del Plata-Buenos Aires-

Argentina. 

Paulo, C.I., Estrada, V., Di Maggio, J.A., Diaz, M.S., 2010f. An Milp Approach to the 

Optimization of Cyanobacteria Metabolic Network for Bioethanol Production. Aiche, 

Annual Meeting. American Institute of Chemical Engineers Aiche, Salt Lake City, Ut, 

Usa. 

Paulo, C.I., Estrada, V., Di Maggio, J.A., López Villegas, D., Brignole, E.A., Diaz, M.S., 

2011c. Informe Técnico A Dow Argentina: Estudio Preliminar De Producción De 

Biocombustibles. Plapiqui - Conicet - Uns, Bahía Blanca, P. 60. 



Bibliografía citada 

 

216 

 

Paulo, C.I., Soledad Diaz, M., Brignole, E.A., 2012. Minimizing Costs in Near-Critical 

Bioethanol Extraction and Dehydration Processes. Energy & Fuels 26, 3785-3795. 

Pavlostathis, S.G., 2011. 6.31 - Kinetics and Modeling of Anaerobic Treatment and 

Biotransformation Processes. In: Editor-in-Chief:  Murray, M.-Y. (Ed.), 

Comprehensive Biotechnology (Second Edition). Academic Press, Burlington, Pp. 

385-397. 

Peñaranda Contreras, O.I., Perilla Perilla, J.E., Algecira Enciso, N.A., 2008. Revisión De La 

Modificación Química Del Almidón Con Ácidos Orgánicos. Ingeniería E 

Investigación 28, 47-52. 

Peters, M.S., Timmerhaus, K.D., 1991. Plant Design and Economics for Chemical Engineers. 

Mcgraw-Hill, New York. 

Pétrole, I.F.D., 1981. Manual of Economic Analysis of Chemical Processes. Mcgraw-Hill 

Book Company, France. 

Pharkya, P., Burgard, A.P., Maranas, C.D., 2003. Exploring the Overproduction of Amino 

Acids Using the Bilevel Optimization Framework Optknock. Biotechnology and 

Bioengineering 84, 887-899. 

Plangklang, P., Reungsang, A., Pattra, S., 2012. Enhanced Bio-Hydrogen Production from 

Sugarcane Juice By Immobilized Clostridium Butyricum on Sugarcane Bagasse. 

International Journal of Hydrogen Energy 37, 15525-15532. 

 

 

 



Bibliografía citada 

 

217 

 

R 

Read, P., Lermit, J., 2005. Bio-Energy With Carbon Storage (Becs): A Sequential Decision 

Approach to the Threat of Abrupt Climate Change. Energy 30, 2654-2671. 

Reid, R.C., Prausnitz, J.M., Poling, B.E., 1987. The Properties of Gases and Liquids. 

Mcgraw-Hill. 

Rennola, L., Yépez, C., Bullón, J., Salazar, F., 2007. Treatment of Destillery Wastewaters 

Using Coagulants and Membranes. Revista Técnica De La Facultad De Ingeniería 

Universidad Del Zulia 30, 11-19. 

Riitonen, T., Eta, V., Hyvärinen, S., Jönsson, L.J., Mikkola, J.P., 2013. Chapter One - 

Engineering Aspects of Bioethanol Synthesis. In: Dmitry Yu, M. (Ed.), Advances in 

Chemical Engineering. Academic Press, Pp. 1-73. 

Rosillo-Calle, F., Walter, A., 2006. Global Market for Bioethanol: Historical Trends and 

Future Prospects. Energy for Sustainable Development 10, 20-32. 

 

S 

Saha, R., Verseput, A.T., Berla, B.M., Mueller, T.J., Pakrasi, H.B. and Maranas, C.D., 2012. 

Reconstruction and Comparison of the Metabolic Potential of 



Bibliografía citada 

 

218 

 

Cyanobacteriacyanothece Sp. Atcc 51142 and Synechocystis Sp. Pcc 6803. Plos One 

7. 

Sammons Jr, N., Yuan, W., Bommareddy, S., Eden, M., Aksoy, B., Cullinan, H., 2009. A 

Systematic Approach to Determine Economic Potential and Environmental Impact of 

Biorefineries. In: Jacek, J., Jan, T. (Eds.), Computer Aided Chemical Engineering. 

Elsevier, Pp. 1135-1140. 

Sarkar, N., Ghosh, S.K., Bannerjee, S., Aikat, K., 2012. Bioethanol Production from 

Agricultural Wastes: An Overview. Renewable Energy 37, 19-27. 

Schilling, C.H., Schuster, S., Palsson, B.O., Heinrich, R., 1999. Metabolic Pathway Analysis: 

Basic Concepts and Scientific Applications in the Post-Genomic Era. Biotechnol Prog 

15, 296-303. 

Sharma, P., Vlosky, R., Romagnoli, J.A., 2013. Strategic Value Optimization and Analysis of 

Multi-Product Biomass Refineries With Multiple Stakeholder Considerations. 

Computers & Chemical Engineering 50, 105-129. 

Shastri, A.A., Morgan, J.A., 2005. Flux Balance Analysis of Photoautotrophic Metabolism. 

Biotechnol Prog 21, 1617-1626. 

Sherman, L.A., 2003. Cyanobacterial Research. In: Lab, D.L.A.S.S. (Ed.). Department of 

Biological Sciences Purdue University, West Lafayette, in 47907. 

Show, K.Y., Lee, D.J., Tay, J.H., Lin, C.Y., Chang, J.S., 2012. Biohydrogen Production: 

Current Perspectives and the Way Forward. International Journal of Hydrogen Energy 

37, 15616-15631. 

Shuler, M.L., Kargi, F., 2001. Bioprocess Engineering: Basic Concepts. Prentice Hall. 



Bibliografía citada 

 

219 

 

Siia, Magyp, 2011. Sistema Integral De Información Agropecuaria. Faenas De Ganado, 

Provincia De Buenos Aires. Ministeria De Agricultura, Ganaderia Y Pesca. 

Presidencia De La Nación Buenos Aires. 

Skjold-Jorgensen, S., 1988. Group Contribution Equation of State (Gc-Eos): A Predictive 

Method for Phase Equilibrium Computations Over Wide Ranges of Temperatures and 

Pressures Up to 30 Mpa. Industrial & Engineering Chemistry Research 27. 

Skonieczny, M.T., Yargeau, V., 2009. Biohydrogen Production from Wastewater By 

Clostridium Beijerinckii: Effect of Ph and Substrate Concentration. International 

Journal of Hydrogen Energy 34, 3288-3294. 

Soria, T., 2012. Departamento De Ingeniería Química. Universidad Nacional Del Sur, Bahía 

Blanca. 

Soroush, M., Chmielewski, D.J., 2013. Process Systems Opportunities in Power Generation, 

Storage and Distribution. Computers & Chemical Engineering 51, 86-95. 

Spicer, C.C., 1955. The Theory of Bacterial Constant Growth Apparatus. Biometrics 11, 225-

230. 

Spitznagel, F., St. James, C., 2012. Estado De La Industria Argentina De Energías 

Renovables. Revista Clean Energy, Ciudad Autónoma De Buenos Aires. 

Sreela-Or, C., Imai, T., Plangklang, P., Reungsang, A., 2011a. Optimization of Key Factors 

Affecting Hydrogen Production from Food Waste By Anaerobic Mixed Cultures. 

International Journal of Hydrogen Energy 36, 14120-14133. 

Sreela-Or, C., Plangklang, P., Imai, T., Reungsang, A., 2011b. Co-Digestion of Food Waste 

and Sludge for Hydrogen Production By Anaerobic Mixed Cultures: Statistical Key 

Factors Optimization. International Journal of Hydrogen Energy 36, 14227-14237. 



Bibliografía citada 

 

220 

 

Stephanopoulos, G., Reklaitis, G.V., 2011. Process Systems Engineering: from Solvay to 

Modern Bio- and Nanotechnology.: A History of Development, Successes and 

Prospects for the Future. Chemical Engineering Science 66, 4272-4306. 

Steuer, R., Knoop, H., Machne, R., 2012. Modelling Cyanobacteria: from Metabolism to 

Integrative Models of Phototrophic Growth. J Exp Bot 63, 2259-2274. 

Streich, M., Bolkart, A., 1982. Heat Pumps and Orcs Can Effectively Compete in Waste-Heat 

Utilization Projects. Oil & Gas Journal 80. 

 

T 

Tamagnini, P., Leitão, E., Oliveira, P., Ferreira, D., Pinto, F., Harris, D.J., Heidorn, T., 

Lindblad, P., 2007. Cyanobacterial Hydrogenases: Diversity, Regulation and 

Applications. Fems Microbiology Reviews 31, 692-720. 

Tommasi, T., 2010. Experimental Evaluation of Design Bioreactor Parameters for Dark 

Bioh2 Production Using Organic Wastes. Dept. of Material Science and Chemical 

Engineering. Politecnico Di Torino, Turin, P. 205. 

 

 

 

 



Bibliografía citada 

 

221 

 

U 

Ulrich, G.D., 2004. Chemical Engineering. Process Design and Economics. A Practical 

Guide. Process Publishing, Durham, Nh, Usa. 

Usda, U.S.D.O.A., 2012. Current World Production, Market and Trade Reports. Usda 

Foreign Agricultural Service. 

 

V 

Valdez-Vazquez, I., Ríos-Leal, E., Esparza-García, F., Cecchi, F., Poggi-Varaldo, H.M., 

2005a. Semi-Continuous Solid Substrate Anaerobic Reactors for H2 Production from 

Organic Waste: Mesophilic Versus Thermophilic Regime. International Journal of 

Hydrogen Energy 30, 1383-1391. 

Valdez-Vazquez, I., Sparling, R., Risbey, D., Rinderknecht-Seijas, N., Poggi-Varaldo, H.M., 

2005b. Hydrogen Generation Via Anaerobic Fermentation of Paper Mill Wastes. 

Bioresource Technology 96, 1907-1913. 

Vallati, A., 2008. Cultivo De Sorgo. In: Inta, A. (Ed.). Inta Instituto Nacional De Tecnología 

Agropecuaria, Buenos Aires. 

Varma, A., Palsson, B.O., 1994. Metabolic Flux Balancing: Basic Concepts, Scientific and 

Practical Use. Nature Biotechnology 12, 994-998. 



Bibliografía citada 

 

222 

 

Vidal Vidal, R., 2009. Producción Fotosintética De Etanol Por La Cianobacteria 

Synechocystis Sp. Pcc 6803. Csic. Universidad De Sevill, Sevilla, P. 198. 

Vignais, P.M., Billoud, B., Meyer, J., 2001. Classification and Phylogeny of Hydrogenases. 

Fems Microbiology Reviews 25, 455-501. 

Viikari, L., Vehmaanperä, J., Koivula, A., 2012. Lignocellulosic Ethanol: from Science to 

Industry. Biomass and Bioenergy 46, 13-24. 

Vij, A., 2003. A Perspective on VOC Control Technology in the Industry. Ethanol Producer 

Magazine. Bbi International, Tom Bryan. 

 

W 

Wang, D., S. Bean, J. Mclaren, P. Seib, R. Madl, M. Tuinstra, Y. Shi, M. Lenz, X. Wu, Zhao, 

R., 2008. Grain Sorghum is a Viable Feedstock for Ethanol Production. Journal of 

Industrial Microbiology & Biotechnology 35, 313-320. 

Wang, J., Wan, W., 2009. Kinetic Models for Fermentative Hydrogen Production: A Review. 

International Journal of Hydrogen Energy 34, 3313-3323. 

Warner, R.E., Mosier, N.S., 2008. Ethanol - Dry Grind Process. Sun Grant Initiative and the 

University of Tennessee. 

Woods, P., 2013. Algenol Biofuels. Bonita Springs, Florida,. 



Bibliografía citada 

 

223 

 

Woods, R.P., Coleman, J.R., De Deng, M., 2001. Genetically Modified Cyanobacteria for the 

Production of Ethanol, the Constructs and Method Thereof Enol Energy Inc. , United 

States. 

Woods, R.P., Coleman, J.R., Deng, M.D., 2004. Genetically Modified Cyanobacteria for the 

Production of Ethanol, the Constructs and Method Thereof. Enol Energy Inc. 

(Toronto, Ca) United States. 

Wu, X., Jampala, B., Robbins, A., Hays, D., Yan, S., Xu, F., Rooney, W., Peterson, G., Shi, 

Y.C., Wang, D., 2010. Ethanol Fermentation Performance of Grain Sorghums 

(Sorghum Bicolor) With Modified Endosperm Matrices. J Agric Food Chem 58, 

9556-9562. 

 

X 

Xiao, B., Liu, J., 2009. Biological Hydrogen Production from Sterilized Sewage Sludge By 

Anaerobic Self-Fermentation. Journal of Hazardous Materials 168, 163-167. 

 

 

 

 

 



Bibliografía citada 

 

224 

 

Y 

Yang, C., Hua, Q., Shimizu, K., 2002. Integration of the Information from Gene Expression 

and Metabolic Fluxes for the Analysis of the Regulatory Mechanisms in 

Synechocystis. Appl Microbiol Biotechnol 58, 813-822. 

Ye, X., Zhang, X., Morgenroth, E., Finneran, K.T., 2012. Anthrahydroquinone-2,6-

Disulfonate Increases the Rate of Hydrogen Production During Clostridium 

Beijerinckii Fermentation With Glucose, Xylose, and Cellobiose. International 

Journal of Hydrogen Energy 37, 11701-11709. 

Yoshikawa, K., Kojima, Y., Nakajima, T., Furusawa, C., Hirasawa, T., Shimizu, H., 2011. 

Reconstruction and Verification of A Genome-Scale Metabolic Model for 

Synechocystis Sp. Pcc6803. Appl Microbiol Biotechnol 92, 347-358. 

 

Z 

Zabaloy, M., Mabe, G., Bottini, S.B., Brignole, E.A., 1992. The Application of High Water-

Volatilities Over Some Liquefied Near-Critical Solvents As A Means of Dehydrating 

Oxychemicals. The Journal of Supercritical Fluids 5, 186-191. 



Bibliografía citada 

 

225 

 

Zhang, W., Ma, Y., Xu, Y., Wang, C., Chu, F., 2013. Lignocellulosic Ethanol Residue-Based 

Lignin–Phenol–Formaldehyde Resin Adhesive. International Journal of Adhesion and 

Adhesives 40, 11-18. 

Zhao, H., Ma, K., Lu, Y., Zhang, C., Wang, L., Xing, X.-H., 2009. Cloning and Knockout of 

Formate Hydrogen Lyase and H2-Uptake Hydrogenase Genes in Enterobacter 

Aerogenes for Enhanced Hydrogen Production. International Journal of Hydrogen 

Energy 34, 186-194. 

Zomorrodi, A.R., Suthers, P.F., Ranganathan, S., Maranas, C.D., 2012. Mathematical 

Optimization Applications in Metabolic Networks. Metab Eng 14, 672-686. 

Zwietering, M.H., Jongenburger, I., Rombouts, F.M., Riet, K.V.T., 1990. Modeling of the 

Bacterial Growth Curve. Appl Environ Microbiol 56, 1875-1881. 

 

 


