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THE MODEL FOR DETERMINATION OF THE TEMPERATURE AND THE
GAS COMPOSITION OF BIOMASS GASIFICATION PRODUCTS BY THE
USE OF MATERIAL AND ENERGY BALANCES

o iy w ey r
Vladan Karamarkovi¢ ', Miljan Mara$evi¢, Rade Karamarkovié

Abstract:

The paper presents the model for the analytical determination of the temperature and the gas composition of
biomass gasification products in downdraft gasification reactors at atmospheric pressure. The temperature and
the gas composition were determined by the use of material and energy balances.
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INTRODUCTION

The main disadvantage of the existing models for
prediction of downdraft gasification gas composition is
only applying the material balance equations.
Analytically gained results for the temperature and the
gas composition by the use of material balance
equations are acceptable only for the precise relation
between moisture content of the biomass and the amount
of carbon that is used as a heat source for occurring of
gasification reactions, apropos for the definite heat loss
through sensible heat of gasification products.

The model modification, presented in this paper, is done
by applying the equation of energy balance and the
homogeneous reversal equation:

C02 + Hg = CO+ HQO

MODEL FOR DETERMINATION OF
THE BIOMASS GASIFICATION
TEMPERATURE

The assumption made for determination of the
temperature and the gas composition of biomass
gasification products is that in the reduction zone of
downdraft gasification reactor these reactions take place:

C+2H,< CH, (1.1)
C+C0O, < 2CO (1.2)
C+H,0 < CO +H, (1.3)
CO, + 1, < CO + H,0 (1.4)

The difference between this and other models is that this
model includes the fourth homogeneous reaction (1.4).
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Figure 1.1. Downdraft reactor scheme

B (kg) — the amount of the fuel that enters in the
rcactor

W (kg/kgB) — the moisture content of the fuel

L (kg/kgB) — the amount of air that enters in the reactor
X(.‘U: XH27 XCH47 X(_‘()z, XNZa XHZO: X(_j (kmol/km()l) — the
mole fractions of the reactions products at the
equilibrium mixture.

This is a complex mathematical problem that requires
solving the system of eight equations with eight
unknowns. The seven unknowns are the mole fractions
(XCO: XHZ: XCH47 )(COZj XN27 XHZOa Xc) and the elghth is
the gasification temperature.

The additional assumption, which states that whole
amount of the biomass hydrogen, is used as the heat
source for the reactions in the reduction zone is
introduced.
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The chemical equilibrium constant of the assumed
homogeneous reaction (1.4) depend on temperature, and
is determined with equation:

1855.6

logK, =1.6945— (1.5)

Determination of the gas composition and the
gasification temperature is done for the different values
of fix carbon that comes into the reduction zone, and for
the different biomass moisture content.
The equations for determination of the mole fractions in
equilibrium mixture and the temperature of biomass
gasification are:

XCO + XH“ - XCHq * XCOv + X;\'a + XH20 + XC =1 (16)

1 1
202 B E'XC13'|'XC'O2 +§'XHZ,7

= =4 (1.7)
ZHZ XHZ+2'XCH4+XHI()

ZC _XCO+XCOZ+XCH4+XC 1

= =— (1.8)
>N, X, B
(12635 X, +10785- X, +35880- X, )-
224
N (c-¢,) (1.9)
:Hdﬁ(l_qg)
12 (X oo + Xeo, + Xe,)
N J
Xog ~(l—-X
KH:LZC) (1.10)
P Xy
X2
K,= L “co (1.11)
(1_Xc)'XC0
X . X. .
K3:CO—H2p (1.12)
Xﬁzo'(l_Xc)
K4=M (1.13)
Xco2 'XH~

The dimensions in the above equations of material and
energy balances are:

C, ﬂ - the mass fraction of carbon in the ash
£ | keB

q, [" 0] - the entire heat loss through sensible heat, and

conduction and radiation

H, {E} - the biomass heating value.
kg

Hd,}—33900~C+117000~[H—%J—ZSOUW {kﬂ}
g

»  The amount of carbon:
Z Co ]_ C kmolC
12 kgB

»  The amount of oxygen:

-— 1

. /léWSRCSH\ ,,,,,,, 0,
20 g W RO T

»  The amount of hydrogen:
1 1 kmolH,
SNH, = | Ha—W | |2
2 9 kegB
»  The amount of nitrogen:

ZN2:L. N+Z §RC+8H—O k”nO[Nz
28 23 \3 . kgB

In equations (2.6), (2.8), (2.10), (2.11) and (2.12) there
is unburned carbon (Xc). The equations are derived on
this way:

X B g, ¥ X g, ¥y, B 5, FK gy 2 X =1 (1.14)

Xeo N X, N Xew, . Xco, N Xy, . X0
I-X, 1-X, =X, I-X, 1-%, L-X,
Xy

=1

CH, +p X : 4 p Ny
1-x. "1-x. T1-x.

Pcot Pco, ¥ Py ¥ Priyo ¥ Peuy Y Py, =P (1.15)

By using the partial pressures determined in the equation
(1.14), the equilibrium constants of chemical reactions
can be calculated by following equations:

1
Pnzh p'X/21
Pczo P Xgo
KZ_D Ty )
feo, W= Ac) Acp,
_PCO'PHJ XCO'XH2 P
, = =
PHZ() XHZO (I_XC)
XCO'XHZO
W=
Xcoz'XHl

The cquilibrium constants K; K, K; and K, of the
chemical equations were dctermined by laboratory
measurements, when the full equilibrium was reached
(homogeneous temperature, pressure, and concentration
fields after sufficient reaction time). These conditions
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can not exist in a real process.
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The system of equations was solved by the software
MATLAB R12, and the results are illustrated on the
figures (1.2), (1.3) and (1.4).

TABLE 1.1 GAS COMPOSITION

gi:;e';af:;g ) 703 | 681 | 662 | 645 | 630 | 615
EE; 1ol am“‘“rgois lu:ef 02 | 02 | 02| 02| 02| 02
W.(ko/lkaR)Y 5 5 5 5 5 5
et
The amount of burned 0.3 0.3 0.3 0.3 0.3 0.3
carbon R 6 6 6 6 6 6
i 00 | 00 | 01 | 01 | 01
Heat loss J 5 3 1 4 7 0.2
i 24 | 22. | 19. | 17. | 15. | 13.
XCO(%) 36 | 26 | 63 | 84 | 79 | 66
- 19 [ 19 | 18 | 1. | 19. | 18
AEL(%5) 00 | 11 | 81 | 13| o1 | 49
» 01 | 01 | 06 | 00 | 01 | 03
g [ A 9 | 3 | 3 |os |5 | 4
2 o 04 | 06 | 07 | 09 | L1 | 13
3 XCHA(%) 5 0 8 5 4 3
£ . 53 [ 70 [ 88 [ 1. | 12. | 13
3 | xCO:L%) o | 8 | 2 le | 13| 18
< =
. Ny 27 | 36 | 45 | 56 | 67 | 77
*H0(%) 3 8 7 8 6 7
27. | 27. | 26. | 25. | 25. | 25.
AN(8) 88 | 04 | 76 | 78 | 02 | 23
— 20. | 20. | 20. | 20. | 20. | 20.
*W(%) 00 | 00 | 00 | 00 | o0 | o0
TABLE 1.2 GAS COMPOSITION
Gasification 71 70 68 67 66 63
temperature (°C) 9 1 7 5 3 3
Thc amountl of 01 02 03
injected  moisture | 0.1 5 02 5 0.3 5
W|(kg//kgB) N
The amount of | 0.3 0.3 0.3 03 0.3 0.3
burned carbon R 5 5 5 5 5 5
0.0 | 0.0 | 00 0.0 0.0 0.0
Heat loss J Q 3 3 3 3 8
26. | 24. ] 23. | 21. | 20. | 18
0,
xCO(%) 74 1 60 | 15 | 44 | o1 | 46
18. | 19. | 19. | 20. | 20. | 20
0,
xH,(%) 59 | 01 | 52 | 00 | 28 | 54
01 | 00 ] 00 | 00| 0.0 | 00
0,
g | XO0 s | 718 | 4|8 |8
= 03 | 04 | 05 ] 06 | 08 | 09
= = 0,
g | XCHO) | g | s | 8o |1 |9
£ 46 | 58 | 69 | 79[ 89 | 98
E —_ ; .
5 | XOHh) > 1 9| 4|1 2
=~} ~ ~ ~ o ~ = .~ —
3 . 22 | 28 | 35| 42 | 49 | 56
HOM) | 5 g |2 | 1|1 |2
38 24 29. 25. 21 18
0,
() 20 | 15 | 50 | 68 | 93 | 57
9.0 | 13. | 16 | 20. | 23. | 25
{0 ‘
XWo(%) 9 | 04| 66 | 00| 07 | 92

Applying the energy balance equation with the definite
losses through sensible heat allows determination of gas
composition as a function of biomass moisture content
and an assumed amount of burned carbon at reduction
zone.

With the usc of the homogencous rcaction can be scen
the difference between the model prediction and real gas
composition at lower gasification temperatures. At
higher gasification temperatures, the predicted gas
composition coincides with a real gas composition.
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Figure 1.2 Gas compositions as a function of biomass

Vel (%)

moisture content

Temperawra gasifikacije (%0
G734

nr ma &ES

B

842 6315

TN

[
——
—]

_

—

10 15

a0

Visznost goriva Wa(%), (R=0.35%, J=0.08%)

Figure 1.3 Gas compositions as a function of biomass
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TABLE 1.3 GAS COMPOSITION

Gasification 584 574
temperature (°C) 624 | 614 | 604 | 394 2 2
The amount of | o5 | g3 | 93 | 04 | 04 | 05
I‘n_]CCth moisture 5 0 5 0 5 0
W(kg'kgB)
The amount of burned 0.2 0.2 0.2 0.2 0.2 0.2
carbon R 9 9 9 9 9 9
01 | 01 | 01 | 01 | 0.1 | o1
Heat loss J 4 4 4 4 4 4
15 | 13 [ 12 | 1. | 10. | 88
9,
AC0(;) 70 | 90 | 40 | o | 00 i
21. | 21. | 21. | 21. | 20. | 20
0,
*{0e) o4 | 56 | 35 | 17 | 94 | 76
04 | 01 | 01 | 02 | 0.0 | 00
0,
g | P9 9 | 4 1 4 | s | o
i= 14 | 17 [ 19 21 | 24 | 28
7 9. L7
: xCHy() o | 2| 4 | 3 g | i
13, | 14 [ 14 | 15 | 16. | 16.
o o,
g | XOL%) 08 | 10 | 61 | 44 | 16 | 88
<
& N 79 | 93 | 10. | 1L | 12. | 13.
xH0(%) 0 0 0 10 14 22
) 19. | 15 | 13, [ 10. | 7.0 | 41
0,
XN2(%) 49 58 67 35 9 0
20. | 23. | 25. | 28. | 3L | 33.
~(%%
xWa(%) 0 | 70 | 92| 57| 03 | 33
Temperawrs gasifikacije (°C)
624 614 E04 594 5842 5742
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Figure 1.4 Gas compositions as a function of biomass

moisture content

CONCLUSION

Comparing the model and experimental results of
biomass gasification gas composition one can notice the
same tendencics of some components, and some
differences at the different biomass moisture content and
the different amount of available carbon for endothermic
reactions occurring. In a real gasification reactor the
reactions equilibrium does not exist and it is the reason
why the difference between model prediction and
experimental results occurs. The values for equilibrium
constants which are used for analytical determination of
the gas composition, were obtained in laboratory
measuring where chemical equilibrium does exist
(homogeneous temperature, pressure and concentration
fields after sufficient reaction time) that is, the condition
which does not occur in a real process.

Comparing experimental results with the model
prediction of the gas composition can be concluded that
the model can be used for determination of the
temperature and the gas composition of biomass
gasification.
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