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Abstract. The combustible gases production such as CO and H, derived from a biomass, achieved notoriety in the
worldwide energy matrix. Nowadays, these gases are used to generate electricity in fluidized bed gasification systems.
The process of biomass gasification in a fluidized bed can be divided into three main zones: combustion, reduction and
freeboard. In the combustion zone, the biomass reacts with the hot air flow which enters roughly through a distributor.
In this zone, the system reaches between 900°C-1430°C, releasing energy into the reduction region due to the
combustion reaction. In the presented work, the study was restricted to mathematical modelling in order to analyze,
not only the thermal, but also the mass effects in the combustion region. The mathematical model developed to use in
the combustion zone, formed by the partial differential equations system, was converted into a system of ODE and then
the Ruge Kutta Gill method was put into practice. This way, thermal as well as mass effects were analyzed in the
combustion region. Moreover, the production of CO and H, as well as a sensitive analysis, were examined so as to
validate the parameters which influence the dynamic model developed.
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1. INTRODUCTION

The politic strategies of the Brazilian electrictee foresee an amplification of the electric eygogoduction from
renewable sources. However, the electric energgymton from the gasification of solid biomass wessis a
promising alternative technology for this sectonisTtechnology involves an integration procesddihed-bed gasifier
(FBG)/gas turbine (GT), which can be configuredébgimple integration, that is, hardly a GT integdato FBG or
through combined cycle (Brayton/Rankine) that idelsi the integration of a GT and a steam turbing (@€grated to
FBG (Gabra et al., 20014, b, c).

The biomass gasification technology in a FBG netias detailed knowledge of the physical and chemical
phenomenon to optimize the energy efficiency indhsifier. However, the mathematical models areoittgmt tools to
investigate these physical and chemical phenometi@ishappen in the FBG. The mathematical modedsuaually
composed by moment, energy and mass balance eggiatiothe present work, it was just studied thergyn and mass
balance equations.

The FBG for a simple cycle plant or for a combirgdle plant is an equipment with complex operatibmerefore,
the gasification reactions of operational contro¢ difficult tasks. The referring mass balance #quna to each
component (reagents and products) of the gasificgirocess compose the mathematical modellinghto=BG. The
mathematical modelling developed for the FBG waslus simulate the gasification reactions companbahavior, as
well as the thermal behavior in the FBG.

The energy and mass balance equations developdtiefayasification process form a coupled partiffecéntial
equation (PDEs) system. The numerical solutiohisf PDEs system was accomplished with implemematfdRunge-
Kutta Gill method (Silva et al, 2002a, 2004b).

The cane bagasse is a promising solid fuel foptheer generation system in FBG with high efficiemnd at low
cost (Gabra et al., 2001, Bridgewater, 1995). Befive gasification process to be accomplishedctme bagasse
suffers a pre-treatment as the following stepsth@)cane bagasse is briquetted; (ii) drying tqpevate moisture; (iii) it
should be heated up to 3500C.

The gasification process involves the solid fudtamce in the top of the FBG and the air and steatrance in the
base of the FBG. In the gasification zone happensogeneous and heterogeneous reactions.

C+0Q =~ CO, 0
C+HO - CO+H (1
CO +HO = CO, + Hy (1
C+CQ - 2CO (V)

Therefore, the objective of this work is to analyze components behavior resulting (C, CQ, i, CO,, H,O) of
the gasification process through the modelling sintulation.



2. THEPHYSICAL MODELLING DEVELOPMENT FOR THE GASIFICATION PROCESS

Fluidized-bed gasifier (FBG) is usually dividedtimo zones: (i) a fluid-solid fluidization zone;)(& solid free zone
(Freeboard). The mathematical modelling developedhis work was just restricted to fluid-solid iflization zone. In
this zone will happen the combustion and gasificatieactions. The Figure 1 shows the FBG simplifieototype that
will be used for the simulation of this work.
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Figure 1. A fluidized-bed gasifier simplified mddEBG) for the electric energy production

In Figure 1, it was shown a FBG prototype, it $2d as tool to accomplish the numeric experimergsented in
the present work for the gasification process. Mahematical model developed for this work was fdated with
relation to temperatures of the gaseous and shbdgs with relation to componentg GO, CQ, H,O, H, and C. This
modelling development is subjecting the followinignglifying hypotheses: (i) nonisothermal system hwinergy
balance for the gaseous and solid phases one-donahs(ii) temperatures of the gaseous and solidsps are
modelled as models of thermal axial dispersioiy; ffie mathematical models for the components@D, CQ, H,O,

H, and C are one-dimensional pseudo homogeneousd Basg¢hese hypotheses, the EDPs system formedeby th
energy and mass balances is expressed as:

» Energy balance for the gaseous phase;

2
0Tqg €9PgCpgQq 9T, 0°T,
g grg~pg~g - 'g _ g
€g9Pg Cp:g at + Ag 9z _‘c’g)\g,‘i‘ff 622 _sshgs(Tg _TS) + (‘AHr,S) RI’a,hom)g 1)
e Initial and boundary conditions;
Tg\tzozo @)
0T, PyCpaQ

Ageff—3| =2 PO g{T o _} 3
geff a7 g As g‘Z:0+ g‘zzo (3)
0T
0z s=H

» Energy balance for the solid phase;

0Ty +£spscp,st 0Tg _ 62TS 3

SSpSCp,sW T A, 0z EsAseff 32 + &g hgs(Ts - Tg) *Ps jzln ejR; (_AHJ') ®)

e Initial and boundary conditions;

Toli =g =0 6)



0T, PsC psFs
As eff— :7[1- —T. —} 7
s eff a7 ot As 5‘z=0+ 5‘z=0 (7
0z
z=H

« Balances for the gaseous specigs@D, CQ, H,O and H.

a(Egngi)_’_Qg a(‘egngi) az(egngi) RTg R

=Dj + i;i=09, CQ COy, HoO andH 9
ot A, 0z Leff > 5 Ri31=02,CQCO, Ha 2 ©)
e Initial and boundary conditions;
Yi|t:0:0 (10)
a(s P Y-) Q
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The C that appears in the heterogeneous chemametioas is given in function of the burns ratetaf tndividual C
particles (Basu, 1999).
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a(SSpSYC) + K a(“3sPsYC) 0 (89 ngC) 3 RTg R
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ot As 0z Gl 5,2 p C 13)
» Initial and boundary conditions;
Vel 2o =0 (14)
dleg Py Yc F
grg __S -
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olegpg Y
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3.MATHEMATICAL MODELLING FOR THE KINETICS

The chemical equation system presented by thelVteeactions couples one homogeneous reaction lare t
heterogeneous reactions. The reactions I, || andw¥te classified as heterogeneous reactions, inéldll reaction
was classified as homogeneous. In the Table Igdhesponding rates for each one of these reactiens presented:

Table 1. Kinetic rates for I, Il, Ill and IV reaotis, References.
Reactions Rates References
_ 7( Yoo 29.790 ,
R =60x10 exp - Calleja et al (1981)
2 Tg
_ -166156) 083 -017
R|| —14,4SGX{—RT j CHZO (lOO(j Ec Jonget al (2003)
RTV2( Yo, V2 .
Ry =13x 10-¢ —9 02 |'“ oy~ 1209 Ross e Davidson (1982)
P 2 Ts
Yo 17966
R = 3,Ox105( 22 Jex;{— - Calleja et al (1981)
s

The total rates of each component for consumpti@h@oduction can be obtained by using the foll@aéguation
(Xiu et al, 2002).
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Wherevj is the stoichiometric coefficient of the componénin the reaction j the; is negative for the reagent
component. On the other hand, thg is positive for the product component. Therefdfes total rate for each
component was found as:

Ro, =-Rj (18)
Rab=(RH4Wﬂ—RN (19)
Rco = (Ry =R ) +2Ryy (20)
RH, =Ry + Ry (21)
RHZO::_(RH'*RHI) (22)

The carbon molar fraction that appears in the i@agtl, 1l and IV is calculated with relation toetitombustion of
the individual particles of carbon (Basu, 1999)eTiate of carbon (RC) of Equation (29) was givenshyinking
unreacted model (Levenspiel, 1984). The rate fisrrtiodel was given by Basu and Fraser (1991) as:

PV ShD
Rc = 22 ( Km K JYOZ K =12(p—02;kc=l006€xl{-7137j (23)

Ty ke *+km dcRTm Ts
4. RESULTSAND DISCUSSIONS

Equations (24)-(39) were solved with the Runge-&@ill's method application (Rice and Do, 1995)skquence,
it was developed a program in the Fortran 90 laggua delimit T, Ts, Yoz, Yco Ycox Yweo and Ye. The program
was fed with the numerical values of the Table 2.

Table 2. Data used in the simulation

Correlation References

)29 }é

2(y _
Vg (25,25)2+0,O651j5(p3 Pg

Vi = > -25,25 Sit e Grace, (1981)
sPg Hg

_ Vgg—V, Vgq—V

£s=Emf + 61000 Y exg 3 |: ¢ = 0,784-013%xp —I " Cui et al., (2000)
0,262 0,272

0,029 0,021
Emf = 0'58({i] Py Broadhurst e Becker
Ar Ps (1975)

Nug = (7—108g +53§)(1+ 07 Reg'z Pr%] + Reg'7 Pr%
Syamlal et al., (1993)
(1.33— 248g + 12 gé)

3

d
Ar =pg (ps—pg)g—z Abdullah et al., (2003
Hg
_ . _ Th
Fs =FsoXc: Qar =Qmf jar (1+£X)T_0F Scala e Salatino (2000)
£
1 90 1, 1 -0, coeco
Dieff T (Dki Dmi Vasconcelos et al.,
(2003)
6Ag,eff , NUs 212k
11 i; hg :g—g; S - 20 Oseff Syamlal et al., (1993)
hgs hg hs dg 9d§
_CpgHg B ds|Fs_Qar|pg Syamlal et al., (1993)
Py =970, Reg =S TG

)\g,eff Hg




Table 3. The simulation complementary parame(€emn et al., 2003)

Parameters Values Parameters Values Parameters esValu
ds 183,356 Gg 1,77x18 g 9,98
Ps 2530 Gs 4,02x16 As 150
Py 24 P 2,1x10 8,314
Hg 1,14x10° Vy 0,20 0,5
Ageft 2,49x10° AH; 3,835x10 As.eff 3,76x10"
Tgo 500°C Tso 600°C P 2,1x10

The Ty Ts, Yoz Ycor Ycoz Yreo @and Y variable behavior was shown in Figures (2), (8), (5) and (6).
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Figure 2. The gas phase temperature profilehofive different drainage at the gasifier entrance
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Figure 3. The solid phase temperature profilesHerfive different drainage at the entrance offigas
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Figure 4. The components,GCO, CQ, H, and HO molar fraction behavior.
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Figure 5: The component C molar fraction behafgofive different drainage of the solid phase

Figures (2) and (3) showed the temperatures dynproiiles of the gas and solid phases at exit effthid-solid
fluidization zone. It verified a substantial incseay of temperaturesyland T; with the decreasing of the gas and solid
drainages at the entrance of gasifier. The Figuse@vn that the gas temperature reaches the signtistate in t =
60s for a gas drainageg£>= 20x10* m® s, reaching a temperature 5f1200C. The Figure (4) shows the behavior of
the reagent and product components of the gasifitgirocess. In Figure (5), it was analyzed theabih of the
carbon component behavior for five solid draina@e.the other hand, the Figure (6) showed a vatidatase.
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Figure 6: Numerical cases validation with the &tere result
5. CONCLUSIONS

The forecasts of the temperatures behavior of #ise@us phase and of the solid phase, as welltae scbmponents
0O,, CO, CQ, H,0, H, and C were shown in this work. For such end, tetlped a mathematical model for variable
Tg, TS, Yoz Ycor Ycoz Y20, Yz @and Ye. The mathematical model simulation supplied theab®r of these you
varied, driving the following conclusions:

e The developed model allowed to analyze the varidiglesensibility with different drainage of entranukthe gas
(Qar,0), as well as it allowed to verify the vat@ah's sensibility with different drainage of entcarfs,0.

« The sewage Qar,0 and Fs,0 of entrance presemted)shfluence on variable Tg, Ts, YO2, YCO, YCQRIarC,
should be consumed in the control of LF.

6. NOMENCLATURE

As Gasifier cross area,’m

Co g Gas heat capacity, J/K mol

C, s  Solid heat capacity, J/K mol

D, eff Effective diffusion coefficient, s
F Mass flux of solid, kg/s

hgs Gas-solid transfer coefficient of solid, W/K

AH, Entalpy of reaction, kJ/mol

Qy Total volumeter flow rate, fs

R Reaction rates for the component, i 5 00, CQ, H,0 and H, s*

t time, s

Ty Gas temperature, K

T, Solid temperature, K

Y. Carbon molar fraction, dimensionless

Yi Molar fraction for the component i =0CO, CQ, H,O and H, dimensionless

6.1. Greek Letters

£ The gas fraction volume, dimensionless

€5 Bed porosity, dimensionless

Py Gas density, kg/fh

Ps solid density, kg/rh

Ageff The gas effective heat conductivity, J/m s K
As ef The solid effective heat conductivity, J/m s K
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APPENDIX-A

Table Al: Entrance and Parameter variablg$t,, 31, B2, Bz € B4

Tg‘z -0 (t)z Tent,g TS|Z =0 (t): Tents
_v0 _vO
YOZ,ar(t)‘ z=0" YOz,ar YCO,an(t)‘ z:O__YCO .ar
_vO _vO0
Yeopatl 220~ Ycopar Yca,(t)\zzo_ =Y.,
o = PaCng Qarliz _ PsCpsFsAz
1- Op=—————
)‘g,ef'f As Aseff As
p=lar A2 _Qar_ Az
As DOZ,eff As DCO,ef'f
[33 :%L 4 :% Az
As DCOZ,eff As DC,ef‘f




