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Figure 1 Sequence of hydrolysis, dehydration and aldol-condensation reactions to produce 
precursor jet fuel from lignocellulosic biomass.
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Introduction
W. Shen et al. (2011) reported that jet fuels range alkanes could be obtained from
lignocellulosic biomass by a novel route, wherein C5 sugar was firstly produced by hydrolysis
of biomass and then converted into furfural.
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Materials and methods. Overview
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Raw materials

Component Sugarcane 
bagasse Coffee cut-stems Fique

bagasse
Cellulose 46.74 40.39 50.79

Hemicellulose 23.62 34.01 14.19

Lignin 19.71 10.13 12.47

Ash 1.13 1.27 21.84

Extractives 8.79 14.18 0.69

Table 1 Composition of the lignocellulosic biomass used in this work (% wt dry basis).

Materials and methods
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Experimental process description
Figure 2 Flowsheet for process to obtain jet fuel precursor.

Materials and methods

1 2 3
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Dilute-acid pretreatment
110ºC, 1:10 (%wt) solid:liquid
i) H2SO4 solution (2 %v/v), 5h.

ii) H2SO4 solution (10% v/v), 30min.

Dehydration reaction
90ºC,1.5h, 500rpm, 2.4g NaCl

i) H2SO4 solution (2 %v/v)
ii) H2SO4 solution (10% v/v)

Aldol-condensation reaction
120ºC, 7-10atm, 24h, 

40mg MgO-ZrO2
i) 55 wt. % total organics, 

furfural/acetone= 1 by moles, 
methanol/water= 1.85 by volume

Materials and methods
Experimental process description

1 2

3
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Materials and methods

Alkane precursor determination

Alkane precursor (4-(2-furyl)-3-buten-2-
one) identification is made with a gas 
chromatograph (Agilent Technologies 
6850 Series II) equipped with a mass 

selective detector (MSD 5975B). 

Sugars and furan-based compounds 
determination

Sugars and furan-based compounds 
during the acid hydrolysis, dehydration 
and aldol-condensation reactions are 
quantified by the HPLC system (ELITE 

LaChrom) using an ORH-801 
Transgenomic® column. 

Sample analysis
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Materials and methods
Simulation procedure
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Results and discussion
Acid hydrolysis

Raw material
Condition 1 Condition 2

g xylose/g hem g furfural/g hem g xylose/g hem g furfural/g hem

SCB 0.81±0.004 0.054±0.001 0.60±0.016 0.076±0.003

CCS 0.50±0.030 0.024±0.002 0.51±0.010 0.023±0.002

FB 0.58±0.017 0.019±0.003 0.54±0.025 0.017±0.001

Table 2 Results of the acid hydrolysis.

hem: hemicellulose

Xylose and furfural are the interesting products and a platform to obtain the precursor of 
jet fuels. 
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Results and discussion
Dehydration reaction

Raw material Condition 1 (g furfural/g xylose) Condition 2 (g furfural/g xylose)
SCB 0.060±0.008 0.060±0.005

CCS 0.063±0.002 0.067±0.005

FB 0.092±0.009 0.045±0.005

Table 3 Results of dehydration reaction.

Rong et al. (2012) reported that xylose dehydration to furfural has a yield below 
10% when acid concentration is nearly to 2.5% w/w. On the other hand, the yield 
reduces to 0.51% when the concentration of sulfuric acid reaches 12.5% w/w[10].
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Results and discussion
Aldol-condensation reaction

Raw 
material

Condition 1
(% disappearance 
of furfural)

Final FA (4-(2-furyl)-
3-buten-2-one) yield 
(g/g of 
hemicellulose)

SCB 71.7±0.018 0.14± 0.004
CCS 96.5±0.014 0.12± 0.004
FB 92.9±0.008 0.08± 0.002

Table 4 Results of aldol-condensation reaction.
The data reported in literature 

indicate a disappearance 
percentage of 66% in the 

same conditions of the 
procedure developed in this 

work [12]. 

When aldol-condensation 
reaction is carried out for 
operation condition 2, the 

formation of interest products is 
not recorded for any raw 

material.
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Results and discussion
Simulation results
 According to results from the technical assessment, SCB, CCS and 

FB have relative high FA (4-(2-furyl)-3-buten-2-one) yields 0.14, 0.13 
and 0.08 grams of precursor per gram of lignocellulosic biomass, 
respectively. The good content of hemicellulose in these residues, 
the efficiency in acid hydrolysis and dehydration stages, involve 
good flows of product.

 The production cost is 6.02, 5.57 and 10.22 USD per kilogram of 
precursor for SCB, CCS and FB, respectively. In this sense, the 
economic margins are -20.45, -11.41 and -104.34% for SCB, CCS and 
FB, respectively.
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Results and discussion
Simulation results

Figure 3 Total costs distribution for SCB, CCS and 
FB to produce jet fuel precursor.

The utilities cost represents 
approximately more than 50% 
of total production cost which 

is related with the great 
amount of energy that 

demands the aldol-
condensation reaction to 

generate the FA. As can be 
seen there are not significant 
changes in the percentages 
of distribution between the 

residues.
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Results and discussion
Simulation results

Figure 4 Environmental results for SCB, CCS and 
FB to produce jet fuel precursor.

SCB is the process 
with greater flow of 

FA and released 
energy that can be 

exploited, 
consequently is the 

friendliest 
environmental 

process.



 This work contributes to the implementation of simultaneous 
processes for the transformation of agroindustrial wastes to 
obtain sugars, furan-based compounds and precursor of 
liquid alkane range jet biofuel, focusing on the 
comprehensive utilization of raw materials. 

 Additionally, this work shows that MgO-ZrO2 catalyst allows 
converting carbohydrate-derived compounds, like furfural, to 
water-soluble intermediates (precursor FA). These compounds 
are the base for future production of liquid alkanes.
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Conclusions



 The authors express their acknowledgments to the
Universidad Nacional de Colombia at Manizales, 
Facultad de Ingeniería y Arquitectura, Instituto de 
Biotecnología y Agroindustria, Laboratorio de Materiales 
Nanoestructurados y Funcionales, Laboratorio de 
Intensificación de Procesos y Sistema Híbridos, 
Laboratorio de Magnetismo y Materiales Avanzados.

19

Research Group in Chemical, Catalytic and Biotechnological Processes

Acknowledgements



[1] J. Moncada, L. G. Matallana, and C. A. Cardona, “Selection of process pathways for biorefinery design using optimization tools : A Colombian 
case for conversion of sugarcane bagasse to ethanol, poly-3-hydroxybutyrate (PHB) and energy,” Industrial & Engineering Chemistry Research, 
vol. 52, pp. 4132–4145, 2013.

[2] S. I. Mussatto, J. Moncada, I. C. Roberto, and C. A. Cardona, “Techno-economic analysis for brewer’s spent grains use on a biorefinery 
concept: the Brazilian case.,” Bioresource technology, vol. 148, pp. 302–10, Nov. 2013.

[3] “IEA - International Energy Agency. Key world energy statistics 2014,” Cited: 24-01-15.

[4] D. E. Resasco, S. Sitthisa, J. Faria, T. Prasomsri, and M. P. Ruiz, “Furfurals as chemical platform for biofuels production,” Heterogeneous Catalysis 
in Biomass to Chemicals and Fuels, vol. 661, pp. 1–33, 2011.

[5] C. M. Cai, T. Zhang, R. Kumar, and C. E. Wyman, “Integrated furfural production as a renewable fuel and chemical platform from 
lignocellulosic biomass,” Journal of Chemical Technology & Biotechnology, vol. 89, pp. 2–10, Jan. 2014.

[6] X. Huang, Q. Zhang, T. Wang, Q. Liu, L. Ma, and Q. Zhang, “Production of jet fuel intermediates from furfural and acetone by aldol 
condensation over MgO/NaY,” Journal of Fuel Chemistry and Technology, vol. 40, pp. 973–978, Aug. 2012.

[7] C. J. Barrett, J. N. Chheda, G. W. Huber, and J. A. Dumesic, “Single-reactor process for sequential aldol-condensation and hydrogenation of 
biomass-derived compounds in water,” Applied Catalysis B: Environmental, vol. 66, pp. 111–118, Jun. 2006.

[8] D. Wardzinska and A. Malinowski, “Catalytic conversion of furfural towards fuel biocomponents,” CHEMIK, vol. 66, pp. 982–990, 2012.

[9] J.-P. Lange, E. van der Heide, J. van Buijtenen, and R. Price, “Furfural--A promising platform for lignocellulosic biofuels.,” ChemSusChem, vol. 5, 
no. 1, pp. 150–66, Jan. 2012.

[10] C. Rong, X. Ding, Y. Zhu, Y. Li, L. Wang, Y. Qu, X. Ma, and Z. Wang, “Production of furfural from xylose at atmospheric pressure by dilute sulfuric 
acid and inorganic salts.,” Carbohydrate research, vol. 350, pp. 77–80, Mar. 2012.

[11] Q. Jin, H. Zhang, L. Yan, L. Qu, and H. Huang, “Kinetic characterization for hemicellulose hydrolysis of corn stover in a dilute acid cycle spray 
flow-through reactor at moderate conditions,” Biomass and Bioenergy, vol. 35, pp. 4158–4164, Oct. 2011.

[12] W. Shen, G. A. Tompsett, K. D. Hammond, R. Xing, F. Dogan, C. P. Grey, W. C. Conner, S. M. Auerbach, and G. W. Huber, “Liquid phase aldol 
condensation reactions with MgO–ZrO2 and shape-selective nitrogen-substituted NaY,” Applied Catalysis A: General, vol. 392, pp. 57–68, Jan. 
2011.

20

Research Group in Chemical, Catalytic and Biotechnological Processes

References



[13] J. N. Chheda and J. A. Dumesic, “An overview of dehydration, aldol-condensation and hydrogenation processes for production of liquid 
alkanes from biomass-derived carbohydrates,” Catalysis Today, vol. 123, pp. 59–70, May 2007.

[14] V. Aristizábal-Marulanda, “Jet biofuel production from agroindustrial wastes through furfural platform,” Master thesis. Departamento de 
Ingeniería Química. Universidad Nacional de Colombia sede Manizales, 2015.

[15] X. Liu, M. Lu, N. Ai, F. Yu, and J. Ji, “Kinetic model analysis of dilute sulfuric acid-catalyzed hemicellulose hydrolysis in sweet sorghum bagasse 
for xylose production,” Industrial Crops and Products, vol. 38, pp. 81–86, Jul. 2012.

[16] V. U. Ambalkar and M. I. Talib, “Synthesis of furfural from lignocellulosic biomass as agricultural residues: A review,” The International Journal 
of Engineering and Science, pp. 30–36, 2012.

[17] “Transgenomic - Advancing Personalized Medicine,” 2015. [Online]. Available: http://world.transgenomic.com/chromatography/organic-
acid/ic-sep-ice-orh-801.

[18] Ž. Krkošová, R. Kubinec, G. Addová, H. Jurdáková, J. Blaško, I. Ostrovský, and L. Soják, “Gas chromatographic - mass spectrometric 
characterization of monomethylalkanes from fuel diesel,” Petroleum & Coal, vol. 49, pp. 51–62, 2007.

[19] J. M. Botero, “Design and Evaluation of Sustainable Biorefineries from Feedstocks in Tropical Regions,” Master thesis. Departamento de 
Ingeniería Química, Universidad Nacional de Colombia sede Manizales, 2012.

[20] “ICIS Chemical Pricing. Price reports for chemicals,” 2010. [Online]. Available: http://www.icis.com/chemicals/channel-info-chemicals-a-z/.

[21] “ALIBABA 2016 International Prices.” [Online]. Available: www.alibaba.com.

[22] “NME, N.m.y.E. LyD considers risky the propose of an energetic development based on shale gas,” 2013. [Online]. Available: 
http://www.nuevamineria.com/revista/2013/.

[23] D. M. Young and H. Cabezas, “Designing sustainable processes with simulation : the waste reduction ( WAR ) algorithm,” Computers & 
chemical engineering, vol. 23, pp. 1477–1491, 1999.

[24] I. Agirrezabal-Telleria, I. Gandarias, and P. L. Arias, “Production of furfural from pentosan-rich biomass: analysis of process parameters during 
simultaneous furfural stripping.,” Bioresource technology, vol. 143, pp. 258–64, Sep. 2013.

[25] R. Weingarten, J. Cho, W. C. Conner, Jr, and G. W. Huber, “Kinetics of furfural production by dehydration of xylose in a biphasic reactor with 
microwave heating,” Green Chemistry, vol. 12, p. 1423, 2010. 

21

Research Group in Chemical, Catalytic and Biotechnological Processes

References



Thank you for your attention
22

Research Group in Chemical, Catalytic and Biotechnological Processes

Valentina Aristizábal M.1, Carlos A. García V.1, Carlos A. Cardona A.1, Germán Aroca A.2

1Instituto de Biotecnología y Agroindustria, Departamento de Ingeniería Química , Universidad 
Nacional de Colombia sede Manizales, Manizales-Colombia

2 Departamento de Ingeniería Bioquímica. Facultad de Ingeniería.  Pontificia Universidad de 
Valparaíso, Valparaíso – Chile

varistizabalm@unal.edu.co, caagarciave.@unal.edu, ccardonaal@unal.edu.co, german.aroca@pucv.cl


