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 Middle East produces about 6500 thousand tons of date yearly. Date’s seed waste 

represents13-25% of these quantities by weight. This study presents a theoretical 
investigation for date seed combustion in a fluidized bed combustion unit. The study 

was carried out using ANSYS/Fluent software to solve numerically the governing 

equations of continuity, momentum, energy and mass diffusion using finite volume 
method. The simulation results show that the adiabatic flame temperature reaches 839 

K.  

 

INTRODUCTION 

 

Middle East countries produces about 6500 thousand tons of date yearly. The date’s seed waste represents 

13-25% of these quantities by weight. The lower heating value of date seeds varies between 16000 - 18000 

kJ/kg. There is a gap in the literature regarding utilizing the date seeds as biomass through direct burning. Al 

Asfar (2014) studied experimentally the gasification of date seed. He found out that the higher heating value of 

date seed reached 17,700kJ/kg, while the gasification process took place at 550̊ C temperature with 355-500μm 

particle size and 2.2157 m/s fluidization velocity.  

Hussain et al. (2014) studied the utilization of Saudi Arabian Date Palm waste through pyrolysis process. 

They did Thermogravimetric analysis to understand the pyrolysis behavior of palm date wastes and designed a 

fluidized bed (FB) to study and develop the optimum conditions for the pyrolysis of palm wastes. Their 

experimental results concluded that there are potential opportunities to use the date biomass waste as a potential 

fuel in Saudi Arabia. Joardder and Islam (2011) studied the converting of date seed waste into activated carbon 

and bio-fuel by fixed bed pyrolysis reactor. The date seed in particle form were pyrolysed in an externally 

heated fixed bed reactor with nitrogen as the carrier gas. The reactor was heated from 400°C to 600°C. A 

maximum liquid yield of 50% wt. and char of 30% wt. were obtained at reactor bed temperature of 500°C. The 

resulted oil is found to possess favorable flash point and reasonable density and viscosity.  

The main problem of utilizing date seeds is the continuity of the supply since it is a season product. This 

problem could be solved by co-firing date seeds with other fuels such as coal, oil shale, and other biomass like 

olive cake in industrial and utility boilers. This could decrease the NOX and SOX emissions resulted from the 

direct burning of conventional fuel. In this study, a mathematical model will be built to represent a physical of a 

fluidized bed burner for biomass, and a simulation will be implemented using ANSYS/Fluent software in order 

to estimate maximum temperature. 
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Physical and Mathematical Model: 

The elemental composition of Date Seed in terms of the molar percentages of C, H, O, N, S components in 

addition to thermal conductivity and heating value were determined from (Al Asfar, J.J., 2014). The physical 

model consists of an experimental combustion unit composed of a 0.5m-diameter, 3m-height vertical 

combustion chamber, two 0.3m-diameter cyclones and temperature measurement system. The design details 

were presented in (Al Asfar, J.J., et al., 2016). 

The mathematical model represents the governing equations of continuity, momentum, energy, mass 

diffusion and chemical combustion reactions kinetics. Those equations were solved numerically using a high 

resolution mesh accounting for the solid and gaseous phases, k-ε turbulence, non-premixed combustion model 

and reacting CFD model with same dimension and material of the experimental combustion burner of this study 

(User’s). 

The burner mesh was created with two velocity inlet surfaces; one for the air at 2 m/s and the other for the 

fuel with a flow rate of 0.01 kg/s, one pressure outlet surface at the exhaust and three walls surface with a 

temperature of 500 K for the combustion chamber walls. Non premixed combustion model was selected since 

the fuel and the oxidizer enter the chamber in distinct streams. Since non-adiabatic system is assumed the 

solution is required for the modeled transport equation for time average enthalpy: 
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Where Sh accounts for source terms due to radiation, heat transfer to wall boundary, and heat exchange 

with the second phase, and the total enthalpy is defined as: 
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Where Yj is the mass fraction of species j, and  
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is the formation enthalpy of species j at the reference temperature Tref,j. The turbulent viscosity 

is solved using the k  model that considers: 




2
k

Ct             (4) 

Where k and   are obtained from the transport equations and 
C

 is constant. 

The mole fraction of biomass species during the combustion process were estimated using probability 

density function (PDF) module integrated in ANSYS/Fluent software. Then, a discrete particle model (DPM) in 

3-D steady state space is used to solve numerically the governing equations of continuity, momentum, energy 

and mass diffusion to estimate species fraction before and throughout combustion, temperature, radiation, 

convection heat transfer, pressure, density, etc. The chemical reversible reactions involving those species during 

combustion were taken into account (User’s). Table 1 summarizes the mathematical model and the input data. 

 
Table 1: Summary of the mathematical model 

Space 3-D 

Time Steady 

Viscous Standard k-ε turbulence model 

Heat transfer  Enabled 

Species  
C, H, N, O, S, C(s), S(s), CH4, H2, CO, CO2, N2, O2, OH, H2O, C2N, C3, C2, H2S, SO, SO2, 

CS, NO, NO2 and C2H2 

Fuel date seed 

Fuel flow rate 0.01 kg/s 

Air velocity 2 m/s 

Wall temperature 500 K 

NOx model Thermal, prompt, fuel 

SOx model Thermal 

 

The simulation model was validated by comparing the results obtained the literature and the experimental 

results as shown in (Al Asfar, J.J., et al., 2016). The mathematical model shows good agreement with 

experimental results and the results are considered valid. 

 

RESULTS AND DISCUSSION 

 

The following set of figures present obtained simulation results of direct burning of Date Seed The de-

volatilization and burnout rate contours for olive cake presented in figure 1 shows that volatiles are released 
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with a maximum rate of 0.5 g/s occurs slightly downstream of solid fuel feeding position After that the burnout 

started with maximum rate of 0.0119. Figure 2, shows the temperature distribution in the fluidized bed burner. 

The maximum temperature in case of date seed is 839 K in flame front, and then started to decrease uniformly to 

761 K in the rest of the burner. 

 

Concluding Remarks: 

In this study, a simulation was implemented using ANSYS/Fluent software in order to estimate maximum 

temperature. It was found that the temperature contours of the combustion process showed that the adiabatic 

flame temperature was 839 K, the obtained result gave a good agreement with the literature. This result shows 

that Date Seed has a good potential to be used in electricity generation. Further studies shall be carried out on 

the feasibility of utilizing Date Seed in electricity generation 

 

 
 

Fig. 1: The DPM de-volatilization and burnout rates for Date Seed in a fluidized bed combustion chamber. 

 
 

Fig. 2: Temperature contours for fluidized bed olive cake combustion chamber 
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