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The search for alternative energy sources to diversify and expand the renewable energy matrix has intensified 

in recent years, both in Brazil and worldwide. Consequently, the interest in biomass as an energy source has 

grown significantly. Various biomass conversion methods can be applied, including biochemical routes such as 

anaerobic digestion and alcohol fermentation, and thermochemical routes such as combustion, pyrolysis, and 

gasification. In the state of Maranhão, Brazil, agricultural residues are abundant, particularly babassu coconut 

shells and açaí seeds. These residues are traditionally used for babassu nut oil extraction and açaí pulp 

production. Within this context, the present study aimed to evaluate the products generated from biomass 

gasification using babassu coconut shells and açaí seeds as feedstocks, to produce energy and high-value-

added by-products. The study was conducted through computer simulations using Aspen Plus software (version 

8.8). The chemical compositions of each biomass were adapted and implemented in the simulator’s standard 

model. The gasification process was simulated, yielding 78.52% gas, 15.34% liquid, and 6.14% solid for 

babassu coconut shells. For açaí seeds, the yields were 79.04% gas, 15% liquid, and 5.95% solid. In the gas 

phase, syngas concentrations reached 64.23% for babassu shells and 60.81% for açaí seeds. The results 

demonstrate that both biomasses, when applied to the gasifier model, can accurately predict the final 

composition of the product gas, confirming their substantial energy potential. 
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1. Introduction 

The excessive use of fossil fuels has generated negative environmental impacts, motivating the transition to 

renewable sources, such as biomass. Biomass is considered a primary source of renewable energy, comprising 

all organic matter of animal or plant origin (EPE, 2018). It is increasingly used as a raw material to meet global 

energy demand sustainably, particularly for heat and electricity generation and to produce fuels, solvents, and 

other industrial inputs (Rocha and Andrade, 2013). Currently, there has been attention directed toward the 

utilization of residual biomass for energy purposes, for example, citing two abundant sources in the state of 

Maranhão, Brazil, such as biomass from coconut, babaçu, and açaí. The babassu coconut consists of four 

usable parts: the husk, which is formed by the epicarp (11%), mesocarp (23%), and endocarp (59%), and 

kernels (7%). However, 93% of the husk is normally wasted during manual breaking processes (EMBRAPA, 

1984). Regarding açaí, the seed has shown promise for energy production, being the main byproduct in pulp 

production, representing 83% of the fruit (Lins et al., 2017). The products obtained from biomass conversion, 

which can have considerable energy potential, depend on the characteristics of the raw material and the 

processing technology used. The utilization of these residues can be done through thermochemical processes 

(such as combustion, pyrolysis, gasification, and liquefaction), aiming at adding value to the fruit, as well as 

minimizing the environmental impacts associated with its non-processing. Gasification plays a crucial role in 

addressing future global energy demands (Tezer, 2022). In gasification, temperatures are between 800 and 

1000 °C, and with a relatively low presence of oxidizing agent, the highest yields are obtained in the gas phase 
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(Maitlo et al., 2022; Figueroa et al., 2013). Syngas, also called synthesis gas, is one of the main products of 

gasification (Camacho-Ardila et al., 2025). It has received considerable attention, as it is the basic input to 

produce other high-value-added products through Fischer-Tropsch synthesis and fermentation processes 

(Eichler et al., 2015). Given the growing demand for cleaner, renewable, and sustainable energy sources, and 

knowing that biomass has great potential to meet these demands, it is relevant to investigate the use of biomass, 

especially the agricultural residues from Maranhão, in thermochemical processes and to evaluate the products 

generated. This work evaluates the potential of using açaí seeds and babaçu coconut husks, simulated in the 

Aspen Plus software, to obtain higher value-added products, such as synthesis gas. Maranhão is a state located 

in the northeastern region of Brazil, characterized by a strong agricultural economy and significant production 

of biomass residues.  

The region presents high availability of agroindustrial waste, particularly from babassu coconut and açaí 

processing, which are widely consumed and industrialized. Despite this abundance, a large portion of these 

residues remains underutilized, leading to environmental and disposal challenges. Therefore, the selection of 

Maranhão as a case study is justified by its high biomass availability and the potential for developing sustainable 

energy solutions based on local resources. 

2. Simulation 

The Aspen Plus simulator was the software used to simulate the gasification process of babassu coconut shells 

and açaí seeds. The components used in the simulation were divided into solids, unconventional components, 

and conventional components. The conventional components included the gas phase with H2, CO, CO2, CH4, 

and H2O; benzene was used for tar; unconventional components included char, biomass, and ash; and carbon 

was used as a solid component. The RK-SOAVE (Redlich-Kwong-Soave) method, which is suitable for nonpolar 

or slightly polar mixtures such as hydrocarbons and light gases (ASPEN TECHNOLOGY INC., 2013), was used 

to determine the thermodynamic properties of the conventional components.  

In this simulation, Tar was represented by benzene (C6H6) as a model compound, following common 

simplifications adopted in Aspen Plus-based gasification studies. A Technology equivalence ratio (ER) value of 

0.25 was considered, which is within the typical range for biomass gasification processes reported in the 

literature. 

2.1 Biomass characterization 

Table 1 presents the characterization of the biomass according to its proximate and elemental analysis. The 

information regarding the proximate analysis was obtained through the work of LIMA 2017 carried out in the 

laboratories of UFMA, considering the moisture, volatile matter, ash, and fixed carbon content according to 

ASTM standards E871-82, D3175-11, E1534-93, and D3172-13. Subsequently, the correlations of Ardila et al. 

(2024) were used for the elemental compositions of C, H, and O of each of the biomasses, and N was calculated 

by difference. For the higher heating value, the correlation of Yin (2011) was used in its elemental analysis. The 

HCOALGEN and DCOALIGT models were employed to calculate the enthalpy and density, respectively, of all 

non-conventional components. 

Table 1: Proximate and ultimate analysis of biomasses used in the simulation 

Biomass 
Proximate (dry basis-w/w%) Ultimate (dry basis-w/w%) 

VM FC Ash 
C H O 

N 

Babassu shells 92.18 1.92 5.9 44.75 6.15 42.59 0.62 

Açaí seeds 90.58 1.06 8.36 43.47 6.05 41.57 0.55 

a: Characterization carried out by the authors; VM: Volatile material; FC: Fixed carbon 

2.2 Char characterization 

Similar to biomass, the models chosen for characterizing the char were HCOALGEN and DCOALIGT. The 

PROXANAL and ULTANAL analyses (Table 2) included in the simulation were based on empirical values 

corresponding to dry char obtained from the pyrolysis of an agroindustrial biomass (Tinwala et al., 2015). 

2.3 Ash Characterization 

The same methodology was used to characterize the ash; that is, the HCOALGEN and DCOALIGT models 

were used to determine the enthalpy and density, respectively, of the ash. For the proximate and elemental 

analyses, the ash component was considered to be 100%, and the other components (C, H, O, and N) were 

zero. 
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Table 2: Proximate and ultimate analysis of char 

Proximate (dry basis -w/w%)a Ultimate (dry basis-w/w%)a 

Volatile material-VM  30.43 C 63.44 

Fixed carbon-FC 51.56 H 1.29 

Ash 18.01 N 0.75 

  O 17.25 

a Tinwala et al., 2015 

2.4 Model Description 

Figure 1 shows the flowsheet of the biomass gasification process under study. In this model, the process was 

described in four stages: biomass drying and pyrolysis, and the gasification and combustion of the char 

produced from the biomass. The gasifier used was a countercurrent moving bed reactor. This model was 

simulated in a moving bed reactor, in which a set of RCSTR blocks was used. RCSTRs are reactors employed 

when the kinetics are known. Table 2 describes the operations used in the flowcharts. 

 

 

Figure 1: Biomass gasification flowsheet (Aspen Technology INC (2014, p. 12)) 

In simulations, the MIXCINC flow class is considered, which allows conventional and non-conventional flows to 

be used in the simulation. Temperatures of 298 K were considered for the power supply (BIO), and operating 

conditions for equipment in the simulator were: RYield (dried) at 600 K and RYield (pyrolysis) at 900 K. These 

parameters remain fixed in each simulation. 

Gasification can be classified according to the gasifying agents used, such as air, steam, steam/oxygen, 

steam/air, and air/oxygen. In this work, steam and oxygen were used as gasifying agents. The combination of 

both is capable of generating a higher calorific value and products with more gaseous components of interest.  

The equivalence ratio (ER), when using air or oxygen, and the steam-to-biomass ratio (SB), when using steam 

in the gasification process, are important parameters that must be considered. In this work, an SB value of 2.85 

was used. A steam-to-biomass ratio (SB) of 2.85 was selected based on literature recommendations, where 

higher SB values favor hydrogen production and improve gas quality (Maitlo et al., 2022). 

2.5 Model Validation 

To ensure the reliability of the simulation results, the model was qualitatively validated by comparison with 

literature data reported for biomass gasification in fixed-bed and fluidized-bed reactors (Figueroa et al., 2013; 

Trninić et al., 2020; Loha et al., 2014). The predicted syngas composition showed good agreement with reported 

ranges, particularly for CO and H2, which are the main components of synthesis gas. 

Although no direct experimental validation was performed for the specific biomasses studied, the consistency 

of the results with previously published experimental and simulation studies supports the validity of the adopted 

modeling approach. 
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Table 3: Description of the flowsheet for the gasification process presented in Figure 1 

ASPEN PlusTM 

Name 

ID Block Description 

RYIELD 

DRYING Simulation of the biomass drying step. The moisture content of the 

babaçu shells biomass was considered to be 10%, and that of the açaí 

seed was considered to be 15%. 

PYROLYS 
It simulates biomass pyrolysis based on experimental data (Tinwala et 

al., 2015). 

SEP 

SEP-1 It simulates the separation of water from biomass 

SEP-2 
It simulates the separation of volatiles generated in the pyrolysis of 

char. 

SEP-3 It simulates the separation of gases from the solid part. 

HEATER MIX-EXCH 
It provides heat for the drying and pyrolysis processes through the 

heat generated by the gas. 

MIXER MIX-GASIN Mixes water and O2 with gaseous products 

RCSTR GASIF 1…10 It simulates char gasification and combustion 

RSTOIC CHAR-DEC 
It decomposes the char into C, H2, O2, N2, and ash to facilitate the 

simulation of gasification and combustion 

3. Results and Discussions 

Figure 2 presents a simplified diagram of the main substances involved in the simulation and their respective 

mass flow rates. These flows vary according to the compositions described during the simulation; for example, 

for the babassu shell biomass, the reference moisture content was 10%, consequently the amount of water to 

be removed in the SEP-1 block is different from the simulation carried out for açaí seeds, with a moisture content 

of 15%. The main stages of the gasification process are explained in Table 3. 

 

Figure 2: Mass balance of biomass gasification 

Figure 3 shows that for both biomasses, the highest yield was in the gaseous phase, at 78.52% for babassu 

shells and 79.04% for açaí seeds. These results were expected, since in gasification, most of the yield is used 

for gas production. The lowest yield was in terms of solids. The literature reports yield from sugarcane bagasse 

gasification processes ranging from 1% to 12% in the liquid phase, 1% to 8% in the solid phase, and 80% to 

98% in the gaseous phase (Figueroa et al., 2014). In this study, the liquid composition was greater than or equal 

to 15%, the solid composition was less than 6.2%, and the gaseous composition was greater than 78%.  
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Figure 3: Mass composition obtained from gasification 

Table 4 summarizes the inlet and outlet temperatures of the reactor set. These temperatures varied for each 

biomass studied. It was observed that the temperatures for açaí processing were slightly higher in the solid 

streams than for the same streams in babassu processing. This may be related to the higher moisture content 

in the açaí seed, requiring higher operating temperatures. 

Table 4: Temperature results after biomass processing 

Biomass 
Temperature (K) 

ELEM-SLD GASI-GAS SLD-OUT GAS-IN 

Babassu shells 370 1290 717.8 634.8 

Açaí seeds 357 1308 715.8 634.7 

Table 5 shows the composition of the gases produced at the end of the gasification process. Based on the 

results obtained (Table 5), it was observed that the largest quantities produced were carbon monoxide and 

hydrogen, which together represented 64.23% and 60.81% of the total product streams from the processing of 

babassu coconut shells and açaí seed, respectively. This quantity is significant from the perspective of utilizing 

synthesis gas, a gaseous mixture composed mainly of H2 and CO, for conversion into synthetic fuels and high-

value-added chemicals. The compositions of these gas streams using the two biomasses studied were very 

similar, which was expected given their very similar compositions and the very close moisture content. In 

gasification, the objective is to maximize gas yield, especially of CO and H2. However, the gas composition 

depends on several factors, such as the biomass used as raw material, the reactor configuration, and the 

operational parameters of the gasification process (Figueroa et al., 2014). 

Loha et al. (2014), in their work on biomass gasification simulation in fluidized beds, found approximate values, 

in mole fraction, of dry gas between 12.5 to 15% CO, 7.5 to 14% H2, 16 to 19.5% CO2, and 3 to 4% CH4. Trninic 

et al. (2020), when studying biomass gasification in fixed-bed or slow-moving gasifiers, reported values between 

33.66% and 46.64% CO; 28.68 to 36.67% H2; 17.11 to 28.64% CO2; and 3.38 to 4.54% CH4 by volume, on a 

dry basis and without considering the amount of N2. For their part, Yu et al. (2018), in their studies on biomass 

gasification in a circulating fluidized bed reactor, found 74.93% CO, 5.61% H2, 18.47% CO2, 0.99% CH4 by 

volume, dry basis, and considering only the components mentioned above. 

The variations observed compared to the literature are attributed to the use of oxygen and steam as gasifying 

agents instead of air, which increases the H2 fraction by avoiding nitrogen dilution. Furthermore, differences in 

reactor configuration, kinetic parameters, and the higher moisture content of the biomass (especially in açaí) 

influence the specific thermal profiles and tar yields of this model. 

The presence of residual O2 in the product gas (approximately 5–6%) is attributed to the use of oxygen as a 

gasifying agent and to the non-stoichiometric conditions adopted in the model. In practical gasification systems, 

small amounts of unreacted oxygen may remain due to incomplete reactions and mixing limitations. Additionally, 

the modeling assumptions in Aspen Plus may contribute to this behavior. 

137



Table 5: Composition of the gaseous product stream 

Component Gas composition using babassu 

coconut shell (% molar dry basis) 

Gas composition using Açaí 

seeds (% molar dry basis) 

CO 46.79 43.47 

H2 17.44 17.34 

O2 5.40 5.86 

CO2 12.9 15.83 

CH4 8.84 8.78 

N2 2.86 2.98 

C6H6 (Volatile) 5.77 5.74 

4. Conclusions 

The moving bed model implemented in Aspen Plus® proved effective in predicting the composition of the gas 

produced from Maranhão waste. The high synthesis gas yields (greater than 60%) confirm that babassu shells 

and açaí seeds are viable energy resources that can mitigate the environmental impact of agroindustrial waste 

and strengthen the regional energy matrix. 

Acknowledgments 

The authors would like to express their gratitude to CAPES (Coordenação de Aperfeiçoamento de Pessoal de 

Nível Superior) for the financial support provided under “CAPES - Finance Code 001”, specifically through 

project process no. 88881.510240/2020-01, within the framework of the CAPES Program 013/2020 – PDPG 

Amazônia Legal. 

References 

Ardila, C. Y., Figueroa, J.E.J., Wolf M., M.R., 2024. Mathematical models for predicting the higher heating value 

and ultimate analysis of biomass, Industrial Crops and Products, 208, 117777.    

ASPEN TECHNOLOGY INC. 2014. Aspen Plus User Guide. 

Camacho-Ardila Y., Figueroa J.E.J., Coha-Vesga P.M., 2025. Simulation of the Pyrolysis of Biomass Based on 

Ultimate and Proximate Characterizations, Chemical Engineering Transactions, 118, 373-378. 

Da Rocha, G. O., De Andrade, J. B., 2013, Química sem fronteiras: o desafio da energia. Química Nova, 36, 

10, 1540–1551, 2013. 

Eilchler, P., Santos F., Toledo, M., Zerbin, P., Schmitza G., Alvesa, C., Lúcias Riesa, L., Gomes, F., 2015, 

Produção do biometanol via gaseificação de Biomass lignocelulósica. Quimica Nova, 38, 6, 828–835, 2015. 

EMBRAPA (EMPRESA BRASILEIRA DE PESQUISA AGROPECUÁRIA), 1984, Babaçu: programa nacional de 

pesquisa. Brasília: Embrapa-DDT. 

EPE (EMPRESA DE PESQUISA ENERGÉTICA), 2018, Balanço Energético Nacional 2018. Rio de Janeiro: 

EPE. 

Figueroa, J.E.J., Ardila, Y.C., Hoss L.B., Filho, R.M. Wolf M.M.R., 2013, Evaluation of pyrolysis and steam 

gasification processes of sugarcane bagasse in a fixed bed reactor, Chemical Engineering Transactions, 

32, 925-930. 

Figueroa, J. E.J., Ardila, Y.C., Filho, R. M., Wolf, M.R., 2014, Fluidized bed reactor for gasification of sugarcane 

bagasse: Distribution of syngas, bio-tar and char. Chemical Engineering Transactions, 37, 229-234. 

Lins, R. B. S.,Serra, R. L., Prado, M. M., Marques, L. G., 2017, Secagem da Biomass de açaí via radiação 

infravermelho. In: Congresso Brasileiro de Engenharia Química em Iniciação Científica, 12, São Carlos.  

Loha, C., Chattopadhyay, H., Chatterjee, P. K., 2014. Three-dimensional kinetic modeling of fluidized bed 

biomass gasification. Chemical Engineering Science, 109, 53–64. 

Maitlo, G., Ali, I., Mangi, K.H., Ali, S., Maitlo, H.A., Unar, I.N., Pirzada, A.M., 2022, Thermochemical Conversion 

of Biomass for Syngas Production: Current Status and Future Trends, Sustainability, 14, 2596.  

Tezer, Z., Karabağ, N., Öngen, A., Çolpan, C.O. A., 2022, Biomass gasification for sustainable energy 

production: A review, International Journal of Hydrogen Energy, 47, 34, 15419-15433. 

Trninić M., Stojiljković D., Manić N., Skreiberg Ø., Wang L., Jovović A., 2020, A mathematical model of biomass 

downdraft gasification with an integrated pyrolysis model, Fuel, 265.  

Yu, X., Blanco, P.F., Makkawi, Y., Bridgwater A.V, 2018, CFD and experimental studies on a circulating fluidised 

bed reactor for biomass gasification, Chemical Engineering and Processing - Process Intensification, 130, 

284-295. 

138

https://www.proceedings.blucher.com.br/author-user-profile/Ui4gQi4gUy4gTElOUw==
https://www.proceedings.blucher.com.br/author-user-profile/Ui4gTC4gU0VSUkE=
https://www.proceedings.blucher.com.br/author-user-profile/TS4gTS4gUFJBRE8=
https://www.proceedings.blucher.com.br/author-user-profile/TC4gRy4gTUFSUVVFUw==

	3jaimesfigueroa.pdf
	Gasification of Agricultural Waste from Maranhão, Brazil: Process Simulation




