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Abstract 

This study aims to develop a simulation model of the main operations in a pelletization process: 

combustion of biomass, solid separation, and drying of fresh biomass to be converted into pellets. 

This simulation will allow the use of several types of biomass, with minimal effort from the user. The 

results were compared and adjusted according to the pellets industrial plant data. Different integration 

scenarios will also be analysed to convert the excess heat of the process into electricity and useful heat. 

A simple gasification model was developed to reproduce the results of an experimental study. 

 

1. Introduction 

Energy consumption has been steadily 

increasing in the last centuries, relying mostly on 

the use of fossil fuels. Resource management 

and environmental impact is forcing to a change 

of paradigm and consequent investment in 

renewable energy sources.    

Biomass presents an attractive option due to 

the possibility of generating thermal energy, 

electricity and biofuels. Thermal energy can be 

produced through the direct conversion of 

biomass, while electricity can only be generated 

with an intermediate fluid (steam) in a Rankine 

cycle. Biofuels and valuable bio products may 

also be obtained by thermochemical or 

biochemical processes (Figure 1). 

 

 

Figure 1 – Different technologies to produce biofuels 

(REN21, 2017) 

 

The use of simulators, like Aspen Plus, is 

useful to reproduce the behaviour of the 

industrial processes aforementioned, and 

consequently allow offering valuable insight 

during study and optimization of these 

processes. 

Combustion and drying models have been 

developed by Aspentech, but these ones require 

a permanent input of calculated parameters 

when considering different raw materials and 

operational conditions. The present work deals 

with the construction of an automatic model that 

simulates the process and enables consequent 

analysis of different operational conditions, 

biomass types and flowrates. 

This work studies the main operation units of 

a pelletization process (combustion, solid 

separation and drying), as presented in Figure 2. 

 

 

Figure 2 – Different technologies to produce biofuels 

(REN21, 2017) 
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This process generates high temperature 

streams. Thus, to increase the global efficiency 

of process it was analysed different integration 

scenarios which includes the production of 

electricity, circulating through a turbine the steam 

produced in the boiler. Cogeneration will also be 

analysed since the thermal energy generated 

simultaneously with electricity will be used in the 

process. 

A gasification model was also explored 

through several steps: drying, fast pyrolysis and 

gasification. Drying consists in reducing the 

biomass moisture content to at least 20%. Fast 

pyrolysis is the production of biochar and bio oil 

through rapid and intense heating (approximately 

at 500°C) of the biomass feed. Gasification 

consists in gas-solid reactions (Figure 3) and 

gas-gas reaction between biochar and the 

reaction gas (steam, air or oxygen). 

 

 

Figure 3 – Gas-solid reactions 

 

2. Biomass characterization 

Different biomass may be characterized, in 

dry basis, by its proximate and ultimate analysis. 

These analyses include ash and chlorine 

content. However, Aspen Plus only accepts 

feeds if: 

1. ash content of proximate and ultimate 

analysis are the same; 

2. sulphur content of ultimate analysis is equal 

to sulphate content, of the sulphate 

analysis. 

Vassilev et al. (2010) present a review of 

proximate and ultimate analysis for different 

biomass feeds. Table 1 and Table 2 summarize 

those analyses. The ultimate analysis was 

modified according to the requested Aspen 

format. 

 

Table 1 – Proximate analysis, (Vassilev et al., 2010; 

Ferreira, 2015) 

 

 

Table 2 – Biomass ultimate analysis (Aspen format) 

(Vassilev et al.,2010; Ferreira, 2015) 

 

 

3. Direct Combustion 

The furnace is an equipment where occurs 

the combustion (ex: biomass) with air, giving rise 

to combustion gases at relatively high 

temperatures. Aspen Plus® simulator does not 

have its own model for furnace simulation. So, a 

furnace was defined, using a set of blocks 

outlined in Figure 4. 

 

 

Figure 4 – Furnace block diagram 

The furnace, where the combustion of 

biomass with air occurs, was simulated in Aspen 

Plus using different Aspen models, such as 

RYield and RGibbs reactors, Mixer, Split 

Separator and Heater (see Figure 5).  A brief 
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description of the different process blocks is 

given below: 

Furnace 1 – RYield reactor: Inputs – reaction 

yield distributions (obtained in “Combust 

calculator” using proxanal, ultanal e sulfanal 

analysis). 

Furnace 2 – RGibbs reactor: Inputs:  heat of 

biomass decomposition (from Furnace 1); air 

flow rate that is obtained in “Air calculator” using 

the biomass flow rate and the percentage of 

excess of air. 

Furnace 1 and Furnace 2 simulate the biomass 

combustion, which is described by the following 

reaction: 

Biomass + O2  CO + CO2 + SO2 + H2O + NOx      (1) 

 

Furnace 3 – “Mixer”: the temperature of the 

combustion gases that are sent to the dryer is 

adjusted to the required value through the 

addition of air.  

Furnace 4 – “Split”: separation of ash from 

the gases of combustion. 

Furnace 5 – Heater: the temperature of the 

combustion gases is recalculated using furnace 

efficiency (EFF calculator). 

 

 

Figure 5 – Furnace block Aspen diagram 

 

The results obtained in the Aspen simulation, 

using input data corresponding to the base case 

of an industrial pellets unit (Table 3), are 

presented in Table 4. 

 

 

Table 3 – Industrial pellets plant data (input in Aspen 

furnace simulation) 

 

 

Table 4 – Aspen simulation results for the furnace 

block using input data from Table 3. 

 

 
 

 

4. Solid-Gas separation 

The solid fraction in the combustion gas 

stream must be strongly decreased to avoid 

fouling problems in downstream operations. 

Perry’s (2008) suggests for particle removal 

treatment a cyclone, a filter and an electrostatic 

precipitator. A cyclone and a filter were simulated 

in Aspen Plus. The method used for cyclone´s 

calculations was the Muschelknautz, which only 

requires the introduction of the pressure drop to 

calculate the operation’s efficiency. A DESIGN-

SPEC was implemented which sets the 

efficiency at 75%, and manipulates the pressure 

drop. This efficiency will be increased later, if 

necessary to follow Portuguese legislation, 

regarding particle emissions. 

A filter was simulated according to a gas rate 

of 10 m/s and a pressure loss of 0,05 bar, 

corresponding to the maximum acceptable 

values by the simulator. Green (2008) points that 

the maximum temperature in filers is around 
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90°C, for natural fiber filters and 260°C for 

synthetic fiber ones, which considerably lower 

when compared with the process conditions. 

The electrostatic precipitator needed the 

introduction of more detailed parameters, such 

as gas mixture dielectric constant. However, 

Green (2008) suggests an electrostatic 

precipitator efficiency of 91%.  

The cyclone was chosen because it is the 

best economic option (Figure 6). 

 

Figure 6 – Solid separation unit´s cost (Matche, 2017) 

 

5. Drying operation 

The production of pellets has an initial stage 

of sawdust drying. The flue gases will be used 

directly to perform this drying, being premixed 

with fresh air in a mixing chamber to achieve the 

temperature and the gas flow for the dryer’s 

successful operation.  

 

5.1. Analysis of the heat capacity for solids, 
calculated by Aspen Plus 

Solid biomass is heated in the dryer in a large 

temperature range. Therefore, it was important to 

analyse how Aspen Plus deals with heat transfer 

in solids. Aspentech (2013) introduces different 

methods for heat capacity calculations, namely 

Kirov (Equation 2) and Cubic Interpolation 

(Equation 3). 

𝐶𝑝𝑖,𝑗 = 𝑎𝑖,𝑗1 + 𝑎𝑖,𝑗2𝑇 + 𝑎𝑖,𝑗3𝑇2 + 𝑎𝑖,𝑗4𝑇3 (2) 

where T (K), i, j, indexes of components and 

constituents(Aspentech, 2013(a)); 

𝐶𝑝𝑑 = 𝑎1𝑖 + 𝑎2𝑖𝑇 + 𝑎3𝑖𝑇2 + 𝑎4𝑖𝑇3  (3) 

where T (K) and I the element index. 

Dupont (2010) propose a method to calculate the 

heat capacity of biomass solids described by 

Equation 3. 

𝐶𝑝𝑏𝑖𝑜𝑚𝑎𝑠𝑠𝑎 = 5,340𝑇 − 299 (𝐽𝑘𝑔−1𝐾−1)            (4) 

 

where T (K) and I the element index. 

Because moisture content is quite high in 

biomass feeds, a study of the influence of this 

parameter on the heat capacity of the solid was 

carried out. Figure 7 compares the results of the 

heat capacity calculations as a function of the 

moisture content.  

 

 

Figure 7 – Comparison of heat capacity methods 

(Dupont et al., 2013; Aspentech, 2013) 

 

Figure 7 allows concluding that the Cubic 

Interpolation method presents the best 

approximation. This can be selected in the option 

Properties, of the simulator, in 

Methods>NCProps, third option of HCOALGEN, 

placing the index 2. 

 

5.2. Models of dryers 

In the present work, several dryer options 

have been tested: the proposed solution by 

Aspentech (2013), the DRYER block presented 

in Aspen Plus, and a third alternative, using a 

MIXER block. 

The main characteristics of sawdust, which 

will be dried to produce pellets, are presented in 

Table 5.  
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Table 5 – Input data for sawdust dryer 

 

 

5.2.1. Model of Dryer “Aspentech” 

This model has been suggested to dry a coal 

stream. It consists of a block RSTOIC, controlled 

by a CALCULATOR, in which the drying occurs, 

and a FLASH2, where the gas-solid separation 

occurs, as shown in Figure 8.  

 

Figure 8 – Aspen blocks for dryer “Aspentech” model  

 

Block RSTOIC, named DRYER1, introduces 

the drying reaction of non-conventional solids: 

𝐵𝐼𝑂𝑀𝐴𝑆𝑆𝐴 (𝑠) → 0,0555084𝐻2𝑂 (𝑔)            (5) 

 

Aspen Plus assumes that biomass molecular 

weight is 1g/mol, and therefore water must have 

a coefficient of 0,0555084 (1/18). 

The CALCULATOR, SECAGEM, defines the 

moisture fraction in the dry sawdust and 

calculates the extent of the reaction in the 

RSTOIC (equation 6).  

(𝐻2𝑂𝑒𝑛𝑡𝑟𝑎−𝐻2𝑂𝑠𝑎𝑖)

(100−𝐻2𝑂𝑠𝑎𝑖)
        (6) 

 

Block FLASH2, DRYER2, executes the 

separation, with a duty input of 0 Gcal/hr. 

5.2.2. Model of Dryer “DRYER BLOCK” 

The “DRYER BLOCK” model makes use of 

the imbibed dryer block, presented in Aspen 

Plus. In order to work with this block one must 

access the Setup>Solids folder, and activate 

water as a moisture component. The heat duty 

must be 0 Gcal/hr, because the heat must come 

exclusively from the inlet streams. The simulation 

employed used WATER, in DRY basis, to a 

fraction of 0,1 in the output stream. This block 

requires detailed data, like drying curves that 

were not available. 

 

5.2.3. Model of Dryer “MIXER BLOCK” 

This model has no mass contact blocks 

during the drying phase, and only heat is 

exchanged. The sawdust enters a dryer and 

exits at 10% moisture content and 80°C. The 

heat that must be used in the drying block is 

extracted through a heat stream connected to a 

HEATER, where the gas stream enters, and 

cools down. Later on, the removed liquid water is 

mixed with the gas stream to cool it down due to 

the evaporation of water. The simulation will be 

accepted if the vapour fraction of the outlet gas 

stream is one, which corresponds to the 

evaporation of all water removed from the 

biomass. The Figure 9 presents this sequence. 

 

Figure 9 – Aspen blocks for dryer “Aspentech” model  

 

The chosen dryer model was the first one, 

since it was the one recommended by Aspen. 
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5.2.4. Safety issues regarding storage 

Dry sawdust when stored above certain 

temperature may incur in auto ignition or dust 

explosions. IEA Bioenergy (2017) states that 

typically dry biomass for pelletization is stored 

between 90°C and 180°C. A DESIGN-SPEC, 

SEGURAN, was created to ensure those 

conditions by the manipulation of the air inlet in 

the mixing chamber. Table 6 presents the air 

inlet flowrate for several exit temperatures. 

 

Table 6 – Air flowrate as a function of the final 

temperature of the sawdust at the exit of the dryer 

 

 

From the dryer simulation, using the first 

alternative method, a sensitivity analysis was 

performed by varying the amount of sawdust 

processed as well as the initial moisture content. 

Figure 10 presents the final dryer temperature 

and the water flow removed as a function of the 

amount of sawdust for an initial humidity of 40%. 

This figure also shows that for higher flowrates of 

sawdust (> 15 ton/h) it is no longer possible to 

dry, because the amount of water remains 

constant. 

 

Figure 10 - Influence of the flowrate sawdust on the 

temperature and the water content in the outlet dryer 

gases (Sawdust moisture= 40%; Outlet dryer gases: 

flow rate = 50870 kg/h; temperature= 300ºC). 

 

Figure 11 shows the final temperature of the 

dryer and the water removed as a function of the 

initial moisture of 7 ton/h of sawdust. In this case,  

it is possible to dry the sawdust independently of 

moisture content up to 55%. 

 

Figure 11 - Influence of the sawdust moisture on the 

temperature and the water content in the outlet dryer 

gases (Sawdust flow rate = 7000 kg/h; Outlet dryer 

gases: flow rate = 50870 kg/h; temperature= 300º C). 

 

 

6. Biomass conversion processes 

Several biomass conversion processes have 

been also analysed, such as electricity 

production, cogeneration and steam gasification. 

 

6.1. Electricity production  

The strategies to produce electricity consist in 

the production of superheated steam used in a 

set of turbines, sometimes with reheating in 

between. The gas stream outlet temperature at 

the boiler must be optimized to maximize the 

superheated steam production, but at the same 

time to generate a gas stream with a 

temperature, that allows its use in the dryer. 

Table 7 shows the results for several process 

conditions. 
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Table 7 – Simulation of electricity production using 

steam 

 

 

6.2. Cogeneration 

Cogeneration implies the use of process 

energy to produce both heat and electricity. This 

process needs hot water for greenhouses 

heating. 

Three different integration scenarios were 

evaluated to simulate the cogeneration process, 

where hot water is produced through the outlet 

gases of the boiler or indirectly by the steam 

coming out of the turbine.  

The first alternative assumes that steam, after 

expanding in a turbine at 2 bar, produces hot 

water to achieve the conditions to be used in the 

greenhouses.  

The second scenario is similar to the first one, 

but uses an extraction turbine. A first turbine has 

an output at 5 bar, and a fraction goes to another 

turbine and expands to 0,3 bar. The 5 bar steam 

fraction enters a heat exchanger and heats the 

water for the greenhouses. This process is 

presented in Figure 12. 

 

 

Figure 12 – Aspen diagram block for cogeneration 

alternative  

The results for several split fractions are 

presented in Table 8. 

 

Table 8 – Simulation of electricity production using 

steam 

 

 

The third alternative assumes that the 

exhaust gases coming from the furnace are used 

to produce superheated steam and consequently 

the gases are still used to produce hot water 

before entering in the mixing chamber.  

A comparison between the three methods 

was made. The third one may result in larger 

corrosion problems due the direct contact 

between the combustion gas and the heat 

exchanger. Between the first and second 

alternatives, one must choose the one that 

adequate more to the user’s present needs: hot 

water or electricity. It must be noted that the 

second method needs a larger equipment invest, 

due to the extraction turbine. 

 

7. Conclusions and future work 

The present dissertation developed a 

simulation model in Aspen Plus of part of an 

industrial process of pelletizing, including a 

combustion unit, a gas-solid separation and 

drying operation. The available industrial data 

allowed a good comparison, namely in the 

combustion stage.  

This model allows a simulation for the main 

unit operation in a pellets plant for different 

biomass feeds and different operational 

condition, without the intervention of the user.  

Due to the untapped heat in the process, 

electricity generation and water heating 

operations were also studied to increase global 

efficiency.  
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A rice stem feed was used to develop a 

gasification simulation model. Due to the lack of 

industrial data for this process, a literature data 

was used in the different calculation steps.  

As future work, there is a need for a deeper 

analysis of the results of the processes studied, 

comparison with industrial data, and also the 

development of a more detailed gasification 

model. 

 

References  

Aspentech (2013). Aspen Physical Property 

System – Physical Property Models. V7.3.2, 

Aspen Technology, 314-316. 

Dupont, C., Chiriac, R., Gauthier, G., & 

Toche, F. (2013). Heat capacity measuraments 

of various biomass types and pyrolysis residues. 

Fuel, Elsevier. Chinese Academy of Agricultural 

Sciences. Vol. 11, 63-66. 

Ferreira, I. (2015). Solução Integrada de 

Valorização de Resíduos Florestais, Dissertação 

de Mestrado em Engenharia Química, Instituto 

Superior Técnico – Universidade de Lisboa. 

IEA - International Energy Outlook 2017, EIA. 

Estados Unidos da América. 

Matches (2017) -

http://www.matche.com/equipcost/Default.html 

(accessed at 18 October 2017) 

REN21- Renewables 2017 Global Status 

Repor. REN21, Alemanha. 

Green, D. W. (2008). Perry’s Chemical 

Engineers’ Handbook. 8ª ed. McGraw-Hill. 

USA.Vol. 17. 

Vassilev, S. V., Baxter, D., Andersen, L. K., 

Vassilev, C. G. (2010)., An overview of the 

chemical composition of biomass. Fuel. Elsevier. 

Bulgarian Academy of Sciences. Vol. 89, 913-

933. 

 




