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The transition toward a low-carbon economy has accelerated the development of technologies that valorize
renewable resources to produce high-value chemicals from lignocellulosic biomass, particularly furfural (FF)
and 5-hydroxymethylfurfural (HMF). However, biomass conversion typically requires multiple pretreatment
steps, increasing process complexity and costs. In this study, we evaluated an integrated sugarcane bagasse
(SCB)-based biorefinery. The objective was to reduce pretreatment requirements through one-pot aqueous
conversion. For this purpose, a cellulose- and hemicellulose-rich solid stream obtained after alkaline
pretreatment of SCB (ISRar) was used. The conversion was catalyzed by niobium phosphate (PNb). In this
step, ISRap is converted through hydrolysis and dehydration mechanisms under acidic conditions. The
process simulation covered alkaline pretreatment of SCB, one-pot conversion, and product separation (HMF,
FF, and co-products). A processing capacity of 8,330 kg/h of SCB was considered, yielding 96.2 kg/h of HMF,
221 kg/h of FF, 76.6 kg/h of levulinic acid (LA), 109.5 kg/h of formic acid (FA), and 157 kg/h of glucose.
Techno-economic analysis estimated a total capital investment of USD 73.82 million and an annual operating
cost of USD 32.3 million. The FA and glucose separation section accounted for 73.45 % of capital investment
and 71.44 % of annual operating costs due to their low concentrations and constraints associated with
azeotrope formation. Under the optimized scenario, the estimated production costs were USD 4.63/kg for
HMF, USD 5.96/kg for FF, and USD 13.55/kg for LA.

1. Introduction

The transition toward a low-carbon economy has intensified the development of processes based on
renewable resources, driven by demands for energy security, economic growth, and environmental
sustainability (Lee et al., 2022). In this context, lignocellulosic biomass stands out as a strategic feedstock for
producing value-added products. In Brazil, sugarcane biorefineries use carbohydrate-rich lignocellulosic
residues as fuel to meet energy demands and achieve self-sufficiency (Basso et al., 2011) . However, direct
energy valorization may limit the potential of biomass as a source of platform chemicals (Carvalho et al.,
2021). Among these resources, sugarcane bagasse is particularly abundant in the sugar-energy sector and
holds strong potential for integration into biorefineries aimed at producing renewable chemicals. Biomass
conversion into chemical platform molecules generally requires pretreatment steps to disrupt the
lignocellulosic matrix and make carbohydrates from cellulose and hemicellulose available (Carvalho et al.,
2021). Among the most relevant molecules for biorefineries, (Bozell and Petersen, 2010) highlighted HMF and
FF, which are primarily obtained via acid-catalyzed dehydration of carbohydrates and have broad applicability
as intermediates for chemicals, fuels, and polymers (Lee and Wu, 2021). The industrial production and
commercialization of FF already occur at an industrial scale, particularly in China, which accounts for
approximately 90 % of global production (Dalvand et al., 2018). In contrast, industrial-scale HMF production
remains limited, despite initiatives such as Avantium, headquartered in Geleen (The Netherlands), which aims
to develop technologies for a fossil-free chemical industry by 2050 (AVANTIUM, 2024). The literature reports a
wide range of biomasses, solvents, and catalysts for producing HMF and FF (Wang et al., 2021; De Jesus
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Junior et al., 2022), including heterogeneous catalysts such as niobic acid (HNb) and niobium phosphate
(PNb), whose surface acidity promotes carbohydrate conversion into furanic products (De Carvalho et al.,
2018, 2019; De Jesus Junior et al., 2024). However, conventional strategies for producing HMF and FF from
lignocellulosic biomass often require multiple additional fractionation steps to generate pentose- and hexose-
rich streams, followed by separate reactors and downstream separation trains, which increases operational
complexity and process costs and ultimately limits industrial feasibility. Accordingly, approaches minimizing
pretreatment requirements while enabling HMF and FF production from biomass represent a promising
pathway to reduce overall costs. Motivated by this opportunity, this study aims to assess a streamlined route
for producing HMF and FF from a solid holocellulose fraction derived from sugarcane bagasse (ISRap),
combining process simulation, techno-economic and sensitivity analyses.

2. Materials and methods
2.1 Experimental design

Experimental data for SCB characterization were taken from De Jesus Junior et al. (2025) , who reported 41.6
+ 3 wt% cellulose, 24.0 + 1 wt% hemicellulose, 21.2 + 2 wt% lignin, 7.3 + 0.8 wt% extractives, 2.9 + 0.1 wt%
acetyl groups, 1.3 £ 0.1 wt% uronic groups, and 1.52 + 0.02 wt% ash. Alkaline pretreatment conditions were
adopted from Jin et al. (2020), who produced ISRap containing 12 wt% lignin for second-generation ethanol
production. The pretreatment was performed at 12 % (w/v) biomass loading using a 0.7 % (w/v) NaOH
aqueous solution at 70 °C for 3 h, yielding 74 % residual solids and achieving cellulose and hemicellulose
recoveries of 97.1 + 0.2 % and 81 + 1 %, respectively. Reaction conditions for ISRap conversion to HMF, FF,
LA, and FA were adopted from the optimized parameters reported by De Jesus Junior et al. (2025).
Conversion was performed in a one-pot system in which polysaccharide hydrolysis, monosaccharide
isomerization, and dehydration to furanic products occur in the same reactor, avoiding prior fractionation into
pentose- and hexose-rich streams. The reaction was conducted in water using niobium phosphate (PNb) as a
heterogeneous catalyst, with an ISRap-to-catalyst mass ratio of 3:1 and a solids loading of 6 % (dry basis).
The optimal conditions (200 °C, 60 min) yielded 42.7 g HMF/kg ISRap, 68.5 g FF/kg ISRap, 38 g FA/kg ISRap,
and 34 g LA/kg ISRap. These data were used to validate the simulation and benchmark its ability to reproduce
experimental yields under the same operating conditions.

2.2 Process simulation, techno-economic and sensitivity analyses of HMF and FF production

The simulation of the simultaneous production of HMF, FF, and coproducts from SCB was developed in
Aspen Plus (version 12.1). The proposed process was divided into three stages: biomass pretreatment;
conversion of the ISRap into HMF, FF, LA, FA, and glucose; and separation and purification of the products. In
addition, the following assumptions were adopted: (i) the process operates under steady-state conditions; (ii)
to represent streams containing both conventional and nonconventional components, the stream type was
defined as “MIXNC”. The alkaline pretreatment step aimed to promote the separation of lignin from SCB by
solubilizing it from the cellulose-hemicellulose-lignin complex, enabling the production of ISRap for the
subsequent conversion stage. For simulation purposes, the pretreatment unit was modeled at a processing
capacity of 8,330 kg/h of biomass (wet basis), with a moisture content of 36 %. The reactions considered in
the pretreatment stage included cellulose hydrolysis to glucose (1), hemicellulose hydrolysis to xylose (2),
lignin solubilization (3), and extractives solubilization (4). The conversion of ISRap to FF and HMF was
represented by reactions (5) and (6), respectively, whereas HMF degradation to FA and LA was described by
reaction (7).

CeH1005 + H20 == CsH100s5 (1) CsH1005 = CeHsO3 + 2H20 (5)

(Cellulose) (Glucose) (Cellulose) (HMF)

CsHgO4 + H20 == C5H100s5 (2) CsHgO4 = C5H4O2 + 2H20 (6)

(Hemicellulose) (Xylose) (Hemicellulose) (FF)

Lignin (solid) === |_ignin (aqueous) (3) CsHeO3 + 2H20 === CH202 + CsHsO3 (7)
(HMF) (FA) (LA)

Extractives (solidy = Extractives (aqueous) (4)

The separation train proposed in this work starts after the ISRap conversion step to HMF and FF. First, HMF,
FF, LA, and FA are recovered from the reaction medium via liquid-liquid extraction using methyl isobutyl
ketone (MIBK) as the extracting solvent, with a solvent-to-feed mass ratio of 1:11. The top stream is enriched
in MIBK and the target products, while the remaining compounds leave in the bottom stream and are sent to a
second separation stage. In this stage, the top stream containing MIBK, FF, HMF, and LA is directed to a
series of distillation columns for solvent recovery and product purification. In parallel, the bottom stream from
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the extraction column, containing MIBK, water, FA, and glucose, first undergoes solvent recovery. The
remaining aqueous solution (water, glucose, and FA) is then subjected to a second liquid-liquid extraction step
using 2-methyltetrahydrofuran (2-MTHF) as the solvent at a mass ratio of 1:6.85, aiming to concentrate FA in
the organic phase. Finally, additional distillation steps are used to recover the solvent, purify FA, and enable
glucose recovery (G). The liquid-liquid extraction columns were simulated at 40 °C using the UNIQUAC
(Universal Quasi-Chemical) thermodynamic model. For the remaining process units, the NRTL (Non-Random
Two-Liquid) model was adopted (Laitinen et al., 2021; Mannistd et al., 2018). The UNIQUAC binary interaction
parameters were obtained from the data reported by Mannistd et al. (2018) and Laitinen et al. (2021). For
component pairs for which parameters were not available in the literature, binary interactions were estimated
using the UNIQUAC Functional-group Activity Coefficient (UNIFAC) method. The economic feasibility of the
proposed process was evaluated using the Excel-based spreadsheet developed by Peters et al. (2003),
assuming a plant operating 24 h per day in three 8 h shifts for 330 days per year, with 35 days allocated for
maintenance activities. The plant lifetime was set to 20 years, with a 3-year construction and installation
period. Equipment purchase costs were estimated using Aspen Process Economic Analyzer. Product selling
prices were determined based on the capital investment and processing costs, assuming a fixed payback
period of 3.6 years. A sensitivity analysis was performed by varying bagasse processing capacity, sugarcane
bagasse price, ISRap conversion, equipment acquisition costs, and utility costs, each by -25% and +25%, to
assess their effects on the economic performance of the process.

3. Results and discussion

The simulation of alkaline pretreatment to obtain ISRap starts with the mixing of water, NaOH, and SCB in tank
MIST-01 (Figure 1). The resulting slurry is then pumped, heated to the operating conditions, and fed to the
conversion reactor (REAC-1), which operates at 70 °C and 1.01 bar. In this unit, reactions (1-4) take place,
with lignin solubilization being the predominant pathway. To reduce energy demand, part of the heat from the
reactor outlet stream (S5) is recovered in the heat exchanger HEAT-1. The reaction stream is subsequently
filtered (FILT-1), and the residual solids (S7) are washed with water in mixer MIST-02, followed by a second
filtration step (FILT-2) until a solids content of 36 % is reached. At the end of pretreatment, a cellulose- and
hemicellulose-rich solid residue (ISRap) with a lignin content close to 12 % is obtained, along with black liquor
containing solubilized lignin as a by-product (BL). The residual solid yield was 74 % relative to the initial
biomass, with recoveries of 97.1 % for cellulose and 80.77 % for hemicellulose.

PUMP-6
7, FOIPs
& 533

Figure 1: Process flow diagram (PFD) for production of HMF, FF, LA, and glucose from sugarcane bagasse.

During the ISRap conversion stage to HMF, FF, and coproducts, ISRap is mixed with water in mixer MIX-3 to
reach a solids loading of 6 wt% (dry basis). The resulting slurry is then pumped (PUMP-2), heated in heat
exchangers HEAT-3 and HEAT-4, and fed to the conversion reactor (REAC-2), operated under the optimized
conditions (200 °C, 60 min, and 6 wt% solids), where reactions (5-7) take place. To reduce energy
consumption, the reactor outlet stream (S13) is used to preheat the feed stream (S10). The reaction stream is
subsequently depressurized through valve VALV to 1.01 bar and sent to filter FILT-3 to separate the residual
solid fraction (S16) from the liquid fraction (S17). Under these conditions, production rates of 96.23 kg/h HMF,
221 kg/h FF, 76.62 kg/h LA, 109.5 kg/h FA, and 157 kg/h glucose were obtained, corresponding to a total
product recovery of 158.5 kg per tonne of SCB (dry basis). For comparison, Zang et al. (2020) reported 233 kg
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of products per tonne of biomass when evaluating furfural and ethanol production from switchgrass via direct
conversion in a biphasic system (choline chloride/MIBK) under homogeneous H,SO, catalysis. The liquid
fraction after ISRap conversion consists mainly of water, glucose, FA, LA, HMF, and FF. The formation of
water-FA and water-FF azeotropes prevents separation by conventional distillation, requiring the use of a
hybrid liquid-liquid extraction and distillation scheme. MIBK was selected as the extracting solvent due to the
greater availability of binary interaction data in the literature, which enables more consistent and reproducible
modeling, despite its non-renewable origin. The solvent effectively extracted HMF, FF, and LA as the extract
stream from the LLE column (S19), using a solvent-to-feed ratio of 1:1.29 (w/w). The solvent was then
separated from the mixture containing HMF, FF, and LA as the overhead product of distillation column CD-1
and sent to the solvent recovery section. The bottom product from CD-1, containing the mixture of furanic
compounds and levulinic acid, was further separated using two distillation columns (CD-2 and CD-3),
producing FF as the overhead product of CD-2, LA as the overhead product of CD-3, and HMF as the bottom
product of CD-3. Mass flow rates of 220 kg/h FF, 76.5 kg/h LA, and 96.2 kg/h HMF were obtained, all with
purities above 99.3 %. The raffinate stream from LLE-1 (S24), containing MIBK and water+FA+glucose, was
transferred to the solvent recovery system (S25) together with stream S22. MIBK was recovered using a
hybrid scheme comprising two rectification columns (CD-4 and CD-5) and an intermediate decanter (DEC).
Decantation was possible due to the formation of a biphasic MIBK-water mixture. The aqueous outlet stream
from the decanter (S29) was recycled to CD-4, while the organic phase was sent to CD-5. The recovered
MIBK stream (MIBK-R), with a purity of 99.99 %, was obtained as the bottom product of CD-5 and recycled
back to LLE-1. Due to solvent losses throughout the process, a make-up stream of 0.815 kg/h of MIBK was
required. After HMF, FF, and LA separation, the (H20+FA+G) stream, containing water, formic acid, and
glucose at 1.8 bar, is depressurized in a flash tank (FLASH) and transferred to the second hybrid separation
system (liquid-liquid extraction/distillation). In the liquid-liquid extraction column (LLE-2), formic acid is
extracted from the feed stream using 2-MTHF as the extracting solvent at 40 °C, with a solvent-to-feed mass
ratio of 6.85:1 (w/w). The extract stream from LLE-2 (S37), containing FA, 2-MTHF, and water, is sent to
distillation column CD-6 to recover 2-MTHF as the overhead product, while the aqueous FA solution obtained
as the bottom stream (S51) is distilled in column CD-7 to produce 128.17 kg/h of FA at 85 % purity as the
overhead product (FA) and residual water (102.31 kg/h) as the bottom product (H20-4). The raffinate stream
(S42), containing water, glucose, and 2-MTHF, is directed to the solvent recovery section (CD-8 and CD-9),
enabling the recovery of 4,798.74 kg/h of 2-MTHF at 99.98 % purity (S50) and a glucose stream of 157.39
kg/h (GLUCOSE) with 4.5 % moisture in column CD-10. The recovered 2-MTHF streams (S50 and S39) are
recycled to LLE-2, with a make-up flow of 0.088 kg/h of 2-MTHF to compensate for solvent losses(S40).
Solvent recovery is facilitated by phase splitting between 2-MTHF and water in the decanter (DEC-2), which
enables separation into an organic-rich stream (S45) and an aqueous-rich stream (S47). The operating
parameters used in all columns are summarized in Table 1.

Table 1: Operating parameters used for the columns in the proposed process.

Parameter Pressure Temperature Number of Distillate rate

(bar) °C) stages Feed stage (mol/h) Reflux ratio MOL-D
LLE-1 1.01 40 25 1 - - -
CD-1 0.2 Equil. 35 22 452.89 0.8 -
CD-2 0.01 Equil. 23 18 2.29 0.1 -
CD-3 0.001 Equil. 23 - 0.66 1.5 -
CD-4 14 Equil. 23 10-1 - - 0.7
CD-5 1.01 Equil. 17 1 - - 0.3
LLE-2 1.01 40 12 1 - - -
CD-6 1.01 Equil. 53 23 27.88 45 -
CD-7 0.1 Equil. 37 12 34 6 -
CD-8 0.8 Equil. 30 1-7 - - 0.197
CD-9 1.01 Equil. 55 12 55.72 4.5 -
CD-10 0.1 Equil. 23 12 2706 0.01 -

MOL-D: bottom stream flow rate to feed flow rate ratio; Equil: Equilibrium temperature.

Regarding the economic outcomes, the proposed project requires a total capital investment of USD 73.82
million, of which 2.45 % is associated with the pretreatment section, 3.26 % with the conversion section, 20.84
% with the HMF/FF/LA separation section, and 73.45 % with the water/FA/glucose separation section. Annual
operating costs were estimated at USD 32.3 million/year, allocated as 10.83 % for pretreatment, 1.15 % for
conversion, 16.58 % for HMF/FF/LA separation, and 71.44 % for the FA and glucose separation section. The
high capital and operating expenditures associated with FA and glucose separation are likely related to the
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low concentrations of these compounds in the liquid phase, as well as azeotrope formation between water and
formic acid and between water and 2-MTHF, which hinders solvent recovery and overall separation efficiency.
Based on the results obtained for each process section, the economic feasibility of two scenarios was
assessed. Scenario 1 considered the full process, including pretreatment, conversion, and separation of HMF,
FF, LA, FA, and glucose. In Scenario 2, the FA and glucose separation section was excluded. However, the
techno-economic assessment, accounting for equipment purchase costs, raw material expenses (based on
market prices), and utilities, indicated that under the conditions evaluated both scenarios exhibited a negative
net present value (NPV), and therefore were not economically feasible. Consequently, product prices were
proportionally increased to estimate the selling prices required to achieve a fixed payback period of 3.6 years
for both scenarios. For Scenario 1, the estimated selling prices were USD 12.83/kg for HMF, USD 16.50/kg for
FF, USD 37.50/kg for LA, USD 2.25/kg for FA, and USD 7.65/kg for glucose, resulting in an average product
cost of USD 15.35/kg. For Scenario 2, the estimated prices were USD 4.63/kg for HMF, USD 5.96/kg for FF,
and USD 13.55/kg for LA, with an average cost of USD 8.38/kg. The results indicate that the additional FA and
glucose separation section (Scenario 1) increased product costs by 64 % compared to Scenario 2. This
increase is primarily attributed to the higher contribution of total capital investment and operating costs in
Scenario 1. Although Scenario 2 still yields values above current market prices, the results remain competitive
when compared with techno-economic estimates reported in the literature for routes relying on multiple
pretreatment steps. Bicalho (2020) estimated the minimum selling price (MSP) of HMF assuming a 3.6-year
payback period and evaluated production from sweet sorghum using two pretreatment stages (dilute-acid or
hydrothermal pretreatment followed by alkaline pretreatment), obtaining MSP values ranging from USD 27.86
to 60.0/kg. In this context, the HMF cost estimated in this study (USD 4.63/kg, Scenario 2) is approximately 5
to 10 times lower, suggesting an advantage of alkaline pretreatment integrated with the simultaneous
production of HMF, FF, and LA due to a reduced number of processing steps and associated capital
investment. Consistently, Wiranarongkorn et al. (2023) also reported economic limitations for the production of
HMF, FF, and electricity from lignocellulosic biomass when two pretreatment stages (dilute acid followed by
enzymatic hydrolysis) are employed under commercial pricing assumptions. To identify strategies for
improving the economic feasibility of HMF, FF, and LA production from sugarcane bagasse, a sensitivity
analysis was performed for Scenario 2, considering variations in bagasse processing capacity, feedstock
price, ISRap conversion, equipment acquisition costs, and utility expenses. The results indicated that
processing capacity was the variable with the greatest influence on the products’ selling price, since a 25%
reduction increased this value by 93.97%, whereas a 25% increase reduced it by 19.18%. In addition,
increases of 13.15% and 18.53% were observed when bagasse price, utility costs, and equipment acquisition
costs were increased. In contrast, a 25% increase in ISRap conversion reduced the selling price by 11.64%.
These trends suggest that the low concentrations of HMF, FF, and LA in the reaction medium impose greater
demands on the separation stage and require higher processing capacity, directly affecting utility consumption
and equipment sizing.

4. Conclusions

This study evaluates an integrated biorefinery based on sugarcane bagasse using process simulation and
techno-economic analysis. The process targets the simultaneous production of HMF and furfural, with levulinic
acid, formic acid, and glucose as coproducts. The concept relies on the one-pot conversion of a holocellulose-
rich solid (ISRap) obtained via alkaline pretreatment. The results indicate that the proposed route is technically
sound and reduces the number of steps required in conventional schemes, supporting process integration and
improved utilization of the carbohydrate-rich fraction of the biomass. However, the economic assessment
indicates that feasibility is largely driven by downstream separation, particularly for formic acid and glucose,
due to their low concentrations and azeotrope formation, which increase separation complexity and costs.
Scenario comparisons further show that simplifying this section can significantly reduce costs and improve
competitiveness.

Acknowledgments

This study was financed, in part, by Coordenacéo de Aperfeigoamento de Pessoal de Nivel Superior - CAPES
- Brasil - Finance Code 001 - Process n. 88887.505928/2020-00. Also, the authors gratefully acknowledge the
financial support of Sdo Paulo Research Foundation - FAPESP - Brasil - Process n. 2022/16379-8.

References

Avantium N.V. Bringing Releaf® to the Market: Annual Report 2024. Annual report covering the period
January 1 to December 31, 2024. Amsterdam, Netherlands: Avantium N.V., 2024.



144

Basso, L.C., Olitta, T., Nitsche, S., 2011. Ethanol Production in Brazil: The Industrial Process and Its Impact
on Yeast Fermentation, in: Biofuel Production-Recent Developments and Prospects. InTech.
https://doi.org/10.5772/17047

Bicalho I.T., 2020, Simulation and techno-economic analysis of 5-hydroxymethylfurfural production from sweet
sorghum bagasse, MSc Thesis, Federal University of Vigosa, Vigosa, Brazil.

Bozell, J.J., Petersen, G.R., 2010. Technology development for the production of biobased products from
biorefinery carbohydrates—the US Department of Energy’s “top 10” revisited. Green Chemistry 12, 539—
55. https://doi.org/10.1039/b922014c

Carvalho, M.J., Oliveira, A.L., Pedrosa, S.S., Pintado, M., Madureira, A.R., 2021. Potential of sugarcane
extracts as cosmetic and skincare ingredients. Ind. Crops Prod.
https://doi.org/10.1016/j.indcrop.2021.113625

Dalvand, K., Rubin, J., Gunukula, S., Clayton Wheeler, M., Hunt, G., 2018. Economics of biofuels: Market
potential of furfural and its derivatives. Biomass Bioenergy 115, 56-63.
https://doi.org/10.1016/j.biombioe.2018.04.005

De Carvalho, E.G.L., Rodrigues, F. de A., Monteiro, R.S., Ribas, R.M., da Silva, M.J., 2018. Experimental
design and economic analysis of 5-hydroxymethylfurfural synthesis from fructose in acetone-water system
using  niobium  phosphate as  catalyst. Biomass  Convers. Biorefin. 8, 635-646.
https://doi.org/10.1007/s13399-018-0319-5

De Carvalho, R.S., de A. Rodrigues, F., Monteiro, R.S., da Silva Faria, W.L., 2019. Optimization of Furfural
Synthesis from Xylose Using Niobic Acid and Niobium Phosphate as Catalysts. Waste Biomass
Valorization 10, 2673-2680. https://doi.org/10.1007/s12649-018-0272-3

De Jesus Junior, M.M., De Avila Rodrigues, F., Da Costa, M.M., Guirardello, R., 2022. Economic Evaluation
for Bioproducts Production from Carbohydrates Obtained from Hydrolysis of Sugarcane Bagasse. Chem.
Eng. Trans. 92, 703-708. https://doi.org/10.3303/CET2292118

De Jesus Junior, M.M., Rodrigues, F. de A., da Costa, A.C., Guirardello, R., 2025. Efficient one-pot production
of HMF and furfural from pretreated sugarcane bagasse using a niobium-based catalyst. Results in
Engineering 28. https://doi.org/10.1016/j.rineng.2025.107330

De Jesus Junior, M.M., Rodrigues, F., Guirardello, R., 2024. Study of Niobium as a Catalyst for Conversion of
Cellulosic Biomass into Multiple Value-Added Products in Aqueous Medium. Chem. Eng. Trans. 109, 85—
90. https://doi.org/10.3303/CET24109015

Jin, Y., Shi, Z., Xu, G., Yang, H., Yang, J., 2020. A stepwise pretreatment of sugarcane bagasse by alkaline
and hydroxymethyl reagent  for  bioethanol production. Ind. Crops Prod. 145.
https://doi.org/10.1016/j.indcrop.2020.112136

De Jesus Junior, M.M., Fernandes, S.A., Borges, E., Baéta, B.E.L., Rodrigues, F. de A., 2022. Kinetic study of
the conversion of glucose to 5-hydroxymethylfurfural using niobium phosphate. Molecular Catalysis 518.
https://doi.org/10.1016/j.mcat.2021.112079

Laitinen, A.T., Parsana, V.M., Jauhiainen, O., Huotari, M., Van Den Broeke, L.J.P., De Jong, W., Viugt, T.J.H.,
Ramdin, M., 2021. Liquid-Liquid Extraction of Formic Acid with 2-Methyltetrahydrofuran: Experiments,
Process Modeling, and Economics. Ind. Eng. Chem. Res. 60, 5588-5599.
https://doi.org/10.1021/acs.iecr.1c00159

Lee, C.B.T.L,, Wu, T.Y., 2021. A review on solvent systems for furfural production from lignocellulosic
biomass. Renewable and Sustainable Energy Reviews 137. https://doi.org/10.1016/j.rser.2020.110172

Lee, Chien Chiang, Xing, W., Lee, Chi Chuan, 2022. The impact of energy security on income inequality: The
key role of economic development. Energy 248. https://doi.org/10.1016/j.energy.2022.123564

Mannistd, M., Pokki, J.P., Alopaeus, V., 2018. Quaternary and ternary LLE measurements for solvent (2-
methyltetrahydrofuran and cyclopentyl methyl ether) + furfural + acetic acid + water between 298 and
343 K. Journal of Chemical Thermodynamics 119, 61-75. https://doi.org/10.1016/j.jct.2017.12.015

Peters, M.S., Timmerhaus, K.D., West, R.E., 2003. Plant Design and Economics for Chemical Engineers, 5th
ed. McGraw-Hill.

Wang, Jinghua, Cui, H., Wang, Jiangang, Li, Z., Wang, M., Yi, W., 2021. Kinetic insight into glucose
conversion to 5-hydroxymethyl furfural and levulinic acid in LiCI-3H20 without additional catalyst. Chemical
Engineering Journal 415. https://doi.org/10.1016/j.cej.2021.128922

Wiranarongkorn, K., Im-orb, K., Patcharavorachot, Y., Maréchal, F., Arpornwichanop, A., 2023. Comparative
techno-economic and energy analyses of integrated biorefinery processes of furfural and 5-
hydroxymethylfurfural from biomass residue. Renewable and Sustainable Energy Reviews 175.
https://doi.org/10.1016/j.rser.2023.113146

Zang, G., Shah, A., Wan, C., 2020. Techno-economic analysis of an integrated biorefinery strategy based on
one-pot biomass fractionation and furfural production. J. Clean. Prod. 260.
https://doi.org/10.1016/j.jclepro.2020.120837



	6dejesusjunior.pdf
	Process Simulation and Economic Evaluation of HMF and Furfural Production from Sugarcane Bagasse Hydrolysis using Niobium Phosphate Catalysts




