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Mathematical Modeling of Biomass (Wood) Gasification

Abstract

The paper aims to work theoretical study by using three reactions for the wood burning analysis or
{Wood Gasification). First, we suggested a general equation with molar balance modified for the
burning. Results obtained, we solved multivariable nonlinear equations non-linear equations by
means of Newton-Raphson method. Using the computer program Matlab, we calculated the degree
of equilibriums heat for the reactions absolute (946°k, 763 °k, and 68 °k). Also, we calculate
thermodynamics functions for the reactions (AG, AH, K) with two AH™ (non- impulsive) and one

AH (impulsive).
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Introduction

Gasification is a process used to generate energy that is cleaner and more ﬁ:icnt than traditional
combustion processes. Gasification can be convert these materials into combustible gas,
mechanical and electrical power and synthetic fuels and chemicals (Babu and Sheth, 2006).

In this process, the materials that contain carbon-based are broke into a high-energy gas by
applying high temperatures in a space containing limited oxygen concentation. High temperatures
and little amounts of oxygen allow gasification process to significantly reduce the dangerous
emissions. In addition, gasification has other advantages, including active use of waste for energy,
efficient method of reduction of waste size, detoxification of dangerous materials (Smith et al.,
2004).

In spite of 1ts many advantages, gasification process has always been much expensive to gain a
more wide-scale adoption. Many attempts by scientists are being made to advance efficient,
flexible, and economic gasifiers for a variety of biomass feedstock in order to minimize the syngas

pollution level and maximize the energy output (Nilson et al., 2001).

In the present study, first, been proposed general equation with molar balance modified for the
wood buming. Results obtained, we solved multivariable nonlinear equations non-linear equations
by means of Newton-Raphson method. Using the computer program Mat lab, we calculated the
degree of equilibriums heat for the reactions Also. we calculate thermodynamics functions for the

reactions (AG, AH, K).

Theoretical Study

1. Thermodynamic Equilibrium Model:
Thermal or chemical balance evaluation is not depend on gasifier and so is simple for study the
effect of fuel and operation parameters. The chemical or thermal balance may not be achieved
within the gasifier; the equation gives the designer with a simple prediction of the maximum
available product of a desired product. However, it cannot predict the influence of
hydrodynamic or geometric factor, like momentum veloeity, or design vanables, like gasifier

depth. Chemical stoichiometry balance is based on the balance constant as described in the

following:




1.1 Assum ptions
1. It was assumed that all proposed reactions are perfect reactions.

2. [t was taken into consideration the effect of humidity inside the wood.
3. It has been neglecting impurities within the wood.
4. Tt was considered that all the amount of wood to burn completely without waste.

1.2 Biom asmlmposiﬁtm
Beginning, from the extra analysis of the wood and the mass fractions of the carbon, hydrogen

and oxvgen, the subsites wood formula C H,O, can be estimated, n = 1, with below:

a=HAnd b=g
C

‘
Where a and b are the mole fractions of (H/C) and (O/C) determined from the extra analysis of

the wood.

From the substitution fuel formula, the general shape of wood is CH; 44 Qg5 = CHy; (0.6H,0),

and therefore the specific molecular weight of the biomass about 24 (Mg;,n=24). For 1 mole of
a0d 1s being gasified in w moles of steam and m moles of air, the

global gasification reaction is written as fgllows:

CH, 0,4+ wH, O +m(0,+3.76N,) > nH,+n,CO +n,CO, +n,H,0+nCH,+nN,+nC (1)

Where w is the amount of water per mol of biomass, m is the amount of oxyegen per mol of

biomass, n;, B2, Wi, Ry, Hs, He and n- the stoichiometric coefficients of the products (all

stoichiometric coefficients in moles). All inputs on the left-hand side of Eq. (1) are defined at

25°

ﬁle molar quantity of water per mole of biomass (w) can be determined as:

Let, MC= moisture content per mole of biomass (wood)

100% = — M 1009
+ M, w

Mass of water

MC =

Mass of wet biomass M, .

Therefore, w given by:
o —23MC
18(1-MC) (2)




1.3 Mass balance

C: l=n, +n, +n, +n, (3a)
H: 1.4+2w=2n +2n, +4n, (3b)
O: 0.6 +w+2m=n, +2n, +n, (3¢)

1.4 Energy balance

The enthalpy equilibrium equation includes the amount of electricity:

I:; HJM—’_H}(H_,FHDH ]-[ch;rp‘])+rlhcc1nu1\ H‘HICD-'—H"I]} Co, +nH_,I"H D{lwp‘i—'—nll;cH
+1, Hf:c +‘5‘Tl:nl Cp,u_. +n'_-('p,t.'c: +H3Cp,t:t1_. (4)
+n,C pupt n.C pon,t 3.76mC PN __+n?(.? },_c)
Where the heat of formation are zero for all chemical elements at reference state (298 K, 1 atm)
as:

H%, =H?, =H%, =0
1.0, SN, f.}la

where HY ,  is the heat of formilmn of the biomass material. H7;, ., 1s the heat of fonnatiin
2 5
is the heat of formation of water vapor, H ., and HY .,

I Bicm

of liquid water, H

H.O{vap ) 18§ ooz

the heats of formation of the gaseous products, H} . is the heat of formation of solid carbon,

Coi, €o0.C e, - Cuo-Coon and €, are the specific heats of the gaseous products and
3

C, . is the specific heat of the solid carbon (soot) which is function of temperature (=f(T)), T is
the gasiﬁca'ﬁn temperature (~1173 K) and T, is the ambient temperature (298 K), as
AT=T, =T, . It is also mentioned that the Egjecyriciy value accounts for the energy required for the

gasification reaction.

Egn. (4) can be simplified to:
dHg,,, + wdHy, o, +E =ndH, +ndH., +ndH., +ndH, .,

+ndH., +3.76mdH, +n,dH.

Electricity

(3

Where:

dH for any gas = heat of formation + enthalpy change




ngm ZH_T'._M +AH, while dHu!c:m = H,cr".JL::J:.'}-"HJL_,mmm: and dH;;m = H,d::.rimr

At constant pressure, the specific heat can be written as:
T:

AH=[G,,,dT=C, AT (6)
A

Where C_ , 1s the average specific heat over the temperature change which is given by:

C irily C 2 D

= ABT, + 4T =TT, )+ — 7
R i 3( '];nr 1 _-} '-[\Il'l-\.2 ( )

Where T is the arithmetic mean temperature and given by:

Also, A, B, C and D are the constants for the properties of the gases concerned (the values of the
constants are given 1n Table 1) and R 1s the universal gas constant (8.314 J/mol.K).
The enthalpy of formation for solid biomass wood in reactant can be determined (De Souza-

Santos, 2004) as:

HF,.B'{om = LHVEl'nm + Ekzprnd nkHF,k (8)

b3

1.5 Equilibrium reactions

1.C+H,0-CO+H, (Primary water gas-shift reaction— endothermic)
2.CH,+H,0 —-CO+3H, (Methane decomposition—endothermic)

3. CO+H,0—=CO,+H, (gas shift—exothermic)




9)

KTl Ce (2)

Where x; is the mole fraction of the species i in the ideal gas mixture x;, = -
rota

v is stoichiometric number (positive value for products and negative value for reactants), P’

—_ 7
Nyotal = 21 My

iatandard pressure, | atm, and m,,,, is total mole of producer gas.

-For the primary water gas shift reaction

_ [€coz][Hz] Xy.Xg
K, _[Hzo] or K- _-\54 (10 a)
-For the methane decomposition
_ lcollHg)® i a3 10
Kz [CH4].[H;0] o Kg_ X4 X5 (IU b)
-For the water gas shift reaction
|COz][Hz] . XX .
Ks=iconmo; K- (10¢)
I'he equilibrium constant is a function of temperature only as follow:
AG’
InK=— — (1)
dink _ AH°
dT — RT? (=)
AH'
I K—fﬁdT+] (13)

Where [ is the constant of integration, AH” is given in the following equation:

A _ ) 8Bpp 4 ACqpg _AD
Lt (amT+ 277 + 55T - 2 (14)
(15)

==l 8By 8Cmz , AD
lnE{-RT+(ﬂA}ln'[‘+ 2'[‘+ 6T +2T2+;|r




AG® = —]—RT[(&A)lnT+%T+%T2+£+[] (16)

WhereAA, AB, AC and AD are calculated for each equilibrium reaction as:

AA = zjzprod A= .Zj:rr:ur.' Aj (17a)
AB = ZJ:prod By - Ej:reur: B; (17b)
AC = ijprod G- Ejzreuc G (17¢)
AD — Ej:prm.i Df - E_j:ﬂ.‘uc Dj (]?d}
InK; =£(T) (18a)
InKs =7(T) (18b)
InK3 =7(T) (18¢)

Results and Discussions

Building-up an equation for each reaction, we calculate the constant factor of heat balance and

(AG, AH, K) for each reaction respectively. in order to find out the amount of energy that produces

from gasification under heat degree (1500 °k - 273 "k). By using Matlab program (Newton-Raphson

method), we find out (n unknowns and w) for the main reaction and energy comes out of each
reaction as follow:




1. The first reaction is non- impulsive reaction with (AH+) reached heat equilibrium degree
(946 “k) and this is logical result because all the carbon turns into CO and CO: in
temperature high to (600 “k) then it changed to (AG-) which means the reactions becomes
impulsive at equilibrium degree as shown in figure (1) and we observe decreasing the free
energy with increasing reaction temperature as shown in figure (2).Also equilibrium
constant is increasing after the temperature (1200 k).

2. The Second reaction is same as first reaction that is non- impulsive reaction with (AH+)
reached heat equilibrium degree (763 °k), then it changed to (AG-) which means the
reactions becomes impulsive after equilibrium degree shown in figure (4) and we observe
decreasing the free energy with increasing reaction temperature as shown in figure (5).Also
equilibrium constant is increasing after the temperature (1250 K) as shown in figure (6).

3. The third reaction is impulsive reaction with (AH-) and staying (AH-) and this clear for each
imposed temperature degree shown in figure (7) where, we note the large gradient for
enthalpy through temperature (250 K). and we observe decreasing the free energy with
increasing reaction temperature and approximately similar behavior for free energy in first
and second reaction and this shown in figure (8).The equilibrium constant is increasing
after the temperature (1200 K) and also approximately similar in behavior for equilibrium
constant in first and second reaction and this as shown in figure (9).

Conclusions

1. For the moisture clear effect on the wood combustion process, the more the amount of moisture
high whenever moles numbers decreasing of burning wood because of the decreasing in carbonate
compounds.

2. In case of non- impulsive reactions when the reaction reaches to equilibrium state, the free
energy (AG) becomes negative value.

3. The relation between free energy (AG) and temperature 1s linear and this clear in figures (2, 5
and 8) and this identify with theoretical relation for (AG) and temperature.
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