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ABSTRACT

Simulation models were used to characterize the gasification process of a Nilotica Wood Chips Biomass in Sudan.
The lower heating value (LHV) of wood chips derived syngas reaches the maximum heating value of 35 MJ/kg for
ER=25% at biomass moisture content of 35%, gasification pressure of 30bar, and gasification temperature of
1000°C.An optimum equivalence ratio of ER=25%, achieved a higher regenerative power of 98 MW at a higher
regenerator effectiveness of 95%, and a produced syngas rate of 5 kg/s. With air as a gasifier agent, the increase in
gasification pressure enhanced the reaction rate and the product’s conversion of the gasification reaction, which
yielded higher concentrations of the H, and CH, at the syngas product. As the initial moisture content increases, the
results predict a decrease in the gasification temperature and the lower heating value of the syngas., due to change of
the syngas composition. The model observed that, the Biomass gasifier’s flow rate is higher at lower gasification
temperature. Additionally, the biomass flow rate is higher at higher gasifier pressure. At higher gasification pressure
of 80 bar, the flow rate of the wood chips reached the maximum value of 11.75 kg/s, for the optimum ER of
25%,with a moisture content of 40% and a gasifier temperature of 1600°C.As the moisture content increases the
results predict a decrease in the regenerator gas turbine power due the decrease of the syngas heat value. The results
show that, higher the efficiency of the gasifier, the lower the quantity of the biomass flow rate. The predicted data
depicted massive decrease in the gasifier efficiency upon increasing the biomass moisture content. For wood chips,
the H, and CO mole fractions reached the maximum values at the lowest values of the ER, while at the optimum ER
the H, mole fraction depicted a value of 1.74%,0.7% of CO, and 8.14% of CH,, for a LHV of 31400 kJ/kg of
syngas. The highest value of the syngas composition is depicted by N, (53.73%), since air is the gasifier medium.

1. INTRODUCTION

Agriculture is considered the driving force for income and livelihood in Sudan as this sector occupies between 60%
and 80% of the population (Farida, 2014), and is also considered as the engine of growth for other economic sectors
such as trade, industry and transport (Fig.1). Biomass is considered as a renewable energy source in Sudan because
the carbon in biomass is regarded as part of the natural carbon cycle widely produced on land. Biomass is a
biological material that consists of forest, agricultural, and paper waste (Prasad et al., 2007, Zabaniotou, et al.,2007).
Biomass fuels, such as wood, cow dung, and agricultural residues, are collected mainly from the local environment
and have become a traded commodity. Biomass (such as wood, agricultural residue, and municipal waste) with its
renewability and worldwide availability is expected to play a key role in future energy scenarios.

Figure 1: Wood Biomass in Sudan (Farida, 2014).

In practice, the gasification of the biomass particle first occurs through a particle drying step, followed by a
pyrolytic step (Li et al.,2008, Czernik et al., 2010) which leads to devolatilization and shrinking of the original
particle (Hart et al.,2013). With the last step being char gasification, the pyrolysis step occurs gradually from the
surface to the center of a biomass particle. In a biomass gasifier, biomass is burned in a limited amount of air. The
amount of air supplied is less than the amount of air required for complete burning. This converts the biomass
(which consists of carbon, hydrogen, oxygen, etc.) into an inflammable mixture of gases known as producer gas
syngas/wood gas (Kollman et al., 1968). The producer gas consists of carbon monoxide (CO), hydrogen (H,), and
methane (CHy), along with carbon dioxide (CO,) and nitrogen (N,).The nitrogen is not combustible; however, it
does occupy volume and dilutes the syngas as it enters and burns in an engine. Classification of biomass gasifiers
based on the density factor (ratio of dense biomass phase to total reactor volume) is a simple and effective method of
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classification. In this way the gasifiers can be classified into (a) dense phase gasifiers and (b) lean phase gasifiers. In
lean phase gasifiers, for example, apart from the fluidized bed, the biomass occupies very little reactor volume, that
is, 0.05—0.2 m’. Most of the gasifiers employed for decentralized applications in developing countries are dense
phase reactors, mostly fixed bed reactors; they have typical density factor of 0.3—0.08 m*(TERI, Report 2006).The
choice of one type of gasifiers over another is dictated by fuel, its final available form, size, moisture content, and
ash content. Fixed bed gasifiers are more suitable for small-scale power generation and industrial heating
applications (Kouhikamali, et al.,2015). Four types of reactors exist: updraft or countercurrent gasifiers, downdraft
or cocurrent gasifiers, cross-draft gasifiers, and fluidized-bed gasifiers. In general, gasification technology is
selected on the basis of available fuel quality, capacity range, and gas quality conditions. Downdraft gasifier is
suitable for 1kW to 1MW range thermal capacity, whereas updraft is 1.1 MW to 12 MW, fluidized-bed gasifier is
IMW to 50 MW, and cross-draft gasifiers are 10 MW to 200 MW range thermal capacity (Dayton, 2002). A review
(Knoef, 2000) of gasifier manufacturers in Europe, USA and Canada concluded that 75% of the designs were
downdraft type, 20% of the designs were fluidized bed systems, 2.5% of the designs were updraft type and 2.5%
were of various other designs.

On the other hand, the use of gas turbine units to generate electricity has become an attractive endeavor due to the
comparatively low initial capital cost as well as its stability of supply under varying circumstances. Another
outstanding feature of this equipment is its capability of quick starting using a wide variety of fuels (Monetti et
al.,2011) from natural gas, syngas to residual oil or powdered coal (Nag,2008, Sheng L.et al.,2013, ASME, 1992,
ISO, 1983).Another feature of the GT equipment is the availability of better materials for construction and the use of
adequate blade cooling systems (Sanjay et al.,2014, Bakar RA et al.,2011) to counter the inlet gas temperature which
can often exceed 1200°C (Nag,2008,E.J.Ziurys et al.,1959, V. Gansesan,1992, C.F. Taylor,1985). As a result of this,
the overall thermal efficiency of a GT plant can be about 35%, which is almost the same as that of a conventional
steam power plant. Moreover, the GT normally characterized with its low weight per unit power, was exclusively
used to drive aviation systems of all kinds on aircrafts. It is also being increasingly used in land vehicles like buses
and trucks and to drive locomotives and marine ships. In oil and gas industries, the GT is widely employed to drive
auxiliaries like compressors, blowers, and pumps (Nag,2008, Meherwan, 2002).Researchers have conducted
research different methods to increase thermal efficiency of regenerative GT cycles (Perry et al.,1997, Sheng L.et
al.,2013), one of which is the reheating process used to increase thermal efficiency of gas and steam turbine cycles.
Similarly, regeneration is utilized to increase thermal efficiencies of both the simple GT and the steam turbine
cycles. Another important procedure to increase the thermal efficiency of the power plant cycle is the combined
cycle, which consists of a GT and a steam turbine cycles (Al-Sayed,2008, Nag,2008, A.McKonkey et al.,1993).

This work aims to reinforce the understanding of a regenerative RGT as a thermal process utilizing the integration of
the biomass gasification unit at the combustor, as well as applying similar design parameters of Khartoum North
Station (GT,187 MW) (Mast M et al.,2002) in Sudan. The study pushes for establishing a qualified operational and
conceptual design procedure for the Integrated Biomass Gasification for Regenerative Gas Turbine Unit “IBGRGT”.
The work also presents a preliminary strategy to identify the performance and evaluation criterion of the
Gasification of Biomass Process utilizing the effect of various operating conditions.

2. MODELING OF COMPONENTS

A schematic of a regenerative gas turbine and Biomass Integrated Unit (BIGT) with the syngas producer is shown in
Fig.3. The system consists of a hot air driven gas turbine, compressor, combustor, and regenerator beside gasifier
unit. The gasifier in the system produces syngas using gasification of dry biomass. The biomass material will be fed
to the gasifier at ambient conditions as described briefly on the Fig.3. Since air is the gasification medium,
gasification occurs in the presence of compressed air and produces the syngas, which enters the combustion chamber.
A thermodynamic equilibrium method based on a stoichiometric approach according to the method of
Jarungthammachote and Dutta (Dutta et al., 2007) , was used for modeling the gasifier. This model is used to predict
the syngas composition at the gasifier working temperature and pressure. The gasification global reaction can be
written as (Kouhikamali, et al.,2015 , Littlewood, 1977 , Perry et al.,1997 ):

CH,O,N, +wH,0+m(0, +3.76 N,)— x,H, + x,CO + x,CO, + x,H,0+x;CH , + x,N, M
Since oxidation reactions in the gasifier almost achieve an equilibrium state, by considering their equilibrium
constant expression the secondary gas phase reactions can be derived. These reactions are:

C+2H, —>CH, ()
CO+H,0— CO, +H, (€))

The above reactions are known as methanation reaction and gas-water shift reaction, which the equilibrium
constants for them are given as follows:
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Finally, for the calculation of gasification temperature (T i) the energy balance is applied as Mc Kendry, 2002) :
B somass F W0 =%, (1 + 20 )+ x, (07 o+ AR) 43, (B o+ h) 45, (00, o+ AR) (O

f,Biomass

55 (1) ey, + AR) + x4 (7, + AR)
where, h ;’i is the formation enthalpy in terms of kJ/kmol, and its value for all the chemical compositions is zero in

the reference state and A/ ? is the enthalpy difference value for the given state with reference state. The GT power
plants consist of four components including the compressor, combustion chamber (CC),turbine, and generator. The
integrated biomass regenerative combined cycle arrangement considered in Fig.3 is a clear presentation on how to
utilize the hot turbine exhaust gas. The fresh atmospheric air from the surrounding is filtered and drawn
continuously into the circuit, then the energy is added by the combustion of the fuel in the chamber unit. The
products of combustion are expanded through the turbine (Rajput,1995) and consequently produce electrical work
while the rest of the exhaust gases are discharged into the Biomass Gasifier and Regenerator units.

Table 1: Initial design parameter of the integrated biomass gas turbine system.

Parameter Value Unit
Rated Biomass Consumption 4-13 kg/s
Gasification Temperature 1000-1600 °C
Temperature of Gas at Gasifier Outlet 250-400 °C
Biomass Feeding Machinery ’
Desired Gasifier Operation Continuous (minimum 300) days/yr
Gas Turbine Inlet Temperature 1200 °C
Compressor Pressure Ratio 15 -
Biomass Moisture Content 25-80 %
Gasifier Working Pressure 10-80 bar
Air Gasification Mass Flow Rate 15-35 kg/s

Biomass samples were collected from a Mimosaceae Tree (Sunt Tree) available in East part of Sudan (Gedaref
State), having a trunk (stem) diameter of 15 cm and height of 75 cm, approximately. The tree was grown in a
disturbed forest field located 10 km on a countryside of the Gedaref City. After collection, the raw samples were
saved in a plastic container and thereafter processed carefully in the lab using various tools such as hammer mill,
electric blender, mesh or filter, small basin, digital scales, bomb calorimeter, high temperature furnaces and watch
glasses. The stem sample cultivated 50 cm from the roots, prepared with a size of 2*2*6 cm. The sample was then
sieved to obtain a uniform particle size of less than 841 microns (20 Mesh size). The powdered sample was packed
separately in airtight bags, ensuring no contact of biomass with ambient air prior to analysis. The sample used in the
study are shown in Fig.2.The corresponding proximate and limate analysis results are shown in Table 2.

ARG

Figure 2: Wood Bioass Sources and Samples.

Table 2: Proximate and ultimate analysis of wood chips.

Proximate Analysis (wt %) Ultimate Analysis (wt %) Higher Heating Value
(Al Qaht et al., 2017) (HHV)(kJ/kg)
Water  Ash Volatile  Fixed Carbon C H o N S
37.88 1.43 68.49 30.08 48 6 44 0.40 - 19094.94

Ultimate analysis of Acacia Nilotica according to the data of (Al Qaht et al., 2017) , reported the weight percentages
of Carbon, Hydrogen, Nitrogen, Sulphur and Oxygen elements are 48%, 6%, 0.40%, 0.00% and 44% respectively.
The gasifier’s required power output, QO (MWth), is an important input parameter specified by the client. Based on
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this, the designer makes a preliminary estimation of the amount of fuel to be fed into the gasifier and the amount of
gasifying medium. The volume flow rate of the product gas, Vg(Nm3/s), from its desired lower heating value,

LHVg(MJ/Nm3 ), is found by (Basu,2010):
] b T

-t - i sl
v | =
- - Gasfier | wet Biomass
o1 |o2 '
: « | o ]
aramic Heat
& N A
Domestic Use 2
D i
s Compressor Gas Turbine

Figure 3: The regenerative gas turbine cycle integrated with Biomass Gasifier Unit.

3 (7)
Vo = (N’"j
& LHV. sec

gas

The net heating value or lower heating value (LHV) can be calculated from the gas composition (y;), according to
(Basu,2010):

v ®)
LHY,, = v, *LHY,

To find the biomass feed rate, M, the required power output is divided by the LHV of the biomass (LHV},,) and by

the gasifier efficiency, #,.r (Basu,2010):
€]
M = 0
LHYV,

*

Biomass 77 gef

The theoretical air requirement for complete combustion of a unit mass of a fuel, m, is an important parameter. It is
known as the stoichiometric air requirement. Its calculation is shown in Eq. (10) (Basu,2010):

kg.air (10)
kg.dry fuel

For an air-blown gasifier operating, the amount of air required, M,, for gasification of unit mass of biomass is found
by multiplying it by another parameter ER (Basu,2010):

M, = {0. 1153C + 0.3434(1{ = %) +0. 04345} (

M, =M, ER an
For a fuel feed rate of M, the air requirement of the gasifier, My, is (Basu,2010):
Mﬁ, =M, .ER.Mf (12)

The equivalence ratio (ER) is an important gasifier design parameter. It is the ratio of the actual air-fuel ratio to the
stoichiometric air-fuel ratio. This term is generally used for air-deficient situations, such as those found in a gasifier
(Basu,2010):

ER(< l'O)Gasiﬁcati)n = ACtual Alr . EA(> 1O)

' Stoichiometric Air

Where EA is the excess air coefficient. The quality of gas obtained from a gasifier strongly depends on the ER value,
which must be significantly below 1.0 to ensure that the fuel is gasified rather than combusted. The oxygen
requirement of a gasifier can be met by either air supply or an air-separation unit that extracts oxygen from air. The
efficiency of gasification is expressed as cold-gas efficiency or hot-gas efficiency. Cold-gas efficiency is the energy
input over the potential energy output. If M, kg of solid fuel is gasified to produce M, kg of product gas with an
LHYV of Q,, the efficiency is expressed as (Basu,2010):

0,.M, (14)
CLHV,,.M,

Biomass*
Where LHV;is the lower heating value (LHV) of the solid fuel. The hot-gas efficiency,#,, can be defined as
(Basu,2010):

(13)

Combustion

ncg
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n,, = Qg'Mg +‘]wg,CPg'(Tf _T()) (15)
he =
¢ LHVBiomass' f

Where T is the gas temperature at the gasifier exit or at the burner’s entrance, and 7y is the temperature of the fuel
entering the gasifier. The isentropic outlet temperature leaving the compressor is modeled by the equation
(Alsanousi et al.,2017, Nag,2008, Konstantin Volkov, 2012, Prasad, L. (2012):

Ya=1 (16)

T, _(P)

T, (Fj

The specific heat ratio for airy, was taken as 1.4 and was predicted aty, = 1.3 for the gas.The isentropic efficiency

of the compressor and turbine was taken to be in the range of 85% to 90%. The isentropic compressor efficiency is

expressed by the equation (Shapiro et al.,2008, Abdalla et al.,2011):

) T2s _ T] (17)
T 27 TI

Where, T, and T, are the compressor inlet and outlet air temperatures respectively and T, is the compressor

isentropic outlet temperature. The specific work required to run the compressor work (W) is modeled with the
following equation (Abdalla et al.,2011):

N

7171 _J (18)

Va

W, =i, Cp (T, = T,) =, C, T

The energy balance in the combustion chamber (Nag,2008):

i, Cp, T, +1it, LHV +1i1,C,, T, = (sin, + i1, )C,p, TIT (19)
Whereriisis the fuel mass flow rate in (kg/s), m,is the air mass flow rate (kg/s), LHV is the fuel’s low heat value,
TIT is the turbine inlet temperature,Cp . is the specific heat of fuel, and T¢ is the temperature of the fuel. The
specific heat of the flue gas was modeled with Cpg = 1.07 kJ /kg. K efficiency was set at 95%, and a pressure drop
of AP; . = 0.4785 bar in the combustor. Accordingly, the efficiency of the combustor was modeled as (Nag,2008):

— i, Co TIT —1i1,C, T, (20)
o i, LHV,
The regenerator effectiveness € was modeled according to the equation (Shapiro et al.,2008):
T,-T 2y
e=13 2
T,-T,
The network from the GT unit was expressed by the equation (Abdalla et al.,2011, Nag,2008,Tariq et al., 2014):
Yo~ 22
. . . . . rp y(,] -1 ( )
Wier xo =Weer —W. = mgCPgTITﬂt 1 E— _maCPHTI

c
rp Ve

The output power from the GT is expressed with the equation (Nag,2008,Tariq et al., 2014):

])RGT = [I/i/RGT - W,]* nMechnGen (23)

The mechanical (1y,.,) and generator (1., ) efficiencies were taken to be 92% and 95% respectively. The heat
supplied (per kg. air) to the combustor was modeled according to the equation (Nag,2008):

B m LHV n¢ - B LAV, *Nee (24)
add m,, AFR
The GT efficiency was determined by the equation (Nag,2008, Straznicky et al., 2009):
7 _ WRGT,Net (25)
over,RGT — .
Qadd

3. RESULTS AND DISCUSSIONS
The gasification process was simulated using wood chips as biomass available in Sudan. Detailed energy analysis
derived to investigate the optimal design conditions of the system that integrate the Biomass unit with the
Regenerative Gas Turbine Power Plant. The work executed the Thermodynamics Engineering Equation Solver
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(EES) codes. The work investigates air as a gasification medium to produce syngas fuel for wood chips (Acacia
Nilotica).

The composition of the products determines the quality of the syngas produced. Normally,CH4,CO,H, are the major
constituents of the final product. As can be observed in Fig.4, the increase of the equivalence ratio (ER) in a gradual
range of ER=5-50% leads to an increase in the lower heating value of the syngas. However, the results revealed that
there is an optimum equivalence ratio (ER), for each heat value. The lower heating value (LHV) of wood chips
derived syngas reaches the maximum heating value of 35 MJ/kg for ER=0.25 at a gasification pressure of
30bar,biomass moisture content of 35%,and gasification temperature of 1000°C. However, after the ER of 25% , the
results depict massive decrease of the lower heating value of the syngas. This can be regarded as the point of the
optimal design of the system to derive the amount of the needed air for the assigned biomass quantity at the gasifier.
The amount of air used is the key parameter for designing the gasifier unit. Higher values of the equivalence ratio
(ER), leads to excessive air, which revealed a complete combustion of the biomass. The complete combustion of the
biomass revealed higher concentrations of CO, ,water vapor, and low heat values of the syngas.

E 38000 g‘ .
5 36000 ; i o
S i i
£ 34000 4N 2815
32000 e 2 e,
2 1 M=35Y% % 85 SEEEY S b
S 30000 gt \y +M=4gn/: © ./(_:r_/‘—/k F— N —o—Tgasification=1000 K
=] 28000 ] = 2 .25 e —h—Tgasitication=1200 K
et = —A—M=45% Aty
c * =407% ° > e * W -
£ 26000 - z 8 3 +Toasifcation=1400 K
® g ——M=50% o
g 24000 ——M=55% g 7.75 DO \ 0~ Taasitication=1600 K
. . . =07 . _AF0,
T 22000 j--g-ecictni—e o NI=60°% © x ¢ra1=45%
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Equivalence Ratio (ER)
Figure 5: Variation of equivalence ratio with gasifier biomass
mass flow rate at different gasification temperatures.

Equivalence Ratio (ER)
Figure 4: Equivalence Ratio versus syngas lower heating value for
different biomass moisture contents (M).

As the initial moisture content increases, the results predict a decrease in the gasification temperature and the lower
heating value of the syngas, due to a change in the syngas composition. Fig.5 depicts the variation of the
equivalence ratio (ER) and the gasifier Biomass flow rate at different gasification temperatures. As observed, the
biomass gasifier’s flow rate is higher at lower gasification temperature. Higher value of the biomass flow rate
reached at 8.65kg/s, which yielded 7 kg/s of syngas. The results show that, there is a turning point of the equivalence
ratio (ER),however with a further increase in ER will lead to a decrease in the biomass flow rate at the gasifier. As
observed in Fig.6, at constant gasification pressure of 30 bar, and wood chip moisture content of 40%, the increase
of the temperature exhibited an increase in the rate of combustion inside the gasifier, which revealed a decrease of
the syngas heat value and a massive reduction of the biomass flow rate. Fig.7 shows the equivalence ratio (ER), and
the released syngas LHV for wood chips at different gasification pressure (P=10-80 bar). As observed, increasing
the ER resulted in an increase of the syngas LHV for an optimum set of points of ER. At biomass moisture content
of 40%, a gasification pressure of 80 bar, temperature of 1600°C, and optimum ER of 25%, the LHV of the syngas
delivered a highest value of 31 MJ/kg among the predicted data.
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Equivalence Ratio (ER)

Figure 7: Effect of the equivalence ratio on syngas lower
heating value for different gasification pressures.

Equivalence Ratio (ER)
Figure 6: Equivalence ratio versus syngas lower heating value for
different gasification temperatures.
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The excessive rate of the ER, led to a decline in syngas LHV due to the increased rate of combustion products in the
composition of the syngas. For air as a gasifier agent, it was observed that the increase of the gasification pressure
enhanced the reaction rate and the product’s conversion of the gasification reaction, yielding higher concentrations
of the H, and CH,4 at the syngas product. As is evident, the gasification pressure is strongly dependent on the
gasification temperature and the composition of the syngas product. Fig.8 displays the influence of the ER varying
between 5-65%, on the gasifier biomass flow rate at different gasification pressure varying from 10-80 bar. As
observed, the biomass flow rate is higher at higher gasifier pressure. At higher gasification pressure of 80 bar, the
flow rate of the wood chips reached the maximum value of 11.75 kg/s, for the optimum ER of 25% at a moisture
content of 40% and a gasifier temperature of 1600°C. Beyond ER of 25%, the results depict gradual decrease of
gasifier mass flow rate due increasing of combustion rate and decreasing of the syngas heat value.

Equivalence Ratio (ER)
Figure 8: Influence of equivalence ratio on gasifier biomass mass flow
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Figure 9: Effect of biomass moisture content and equivalence
ratio (ER) on regenerator gas turbine power.

The relationship between the Biomass moisture content varying from 20-60% and the regenerative gas turbine
power at different equivalence ratios (ER=25-75%), is plotted in Fig.9. At the lowest biomass moisture content of
20%, gasifier temperature of 1200 °C, pressure of 30 bar, regenerative effectiveness of 45%, and a produced amount
of 7 kg/s of the syngas, the optimum ER of 25% depicted a higher value of the regenerator gas turbine power at160
MW.As the moisture content increases, the results predict a decrease in the regenerator gas turbine power due to a
decrease in the syngas heat value. The amount of the moisture content in the feedstock plays a major role on
identifying the quality of the biomass. High quantity of moisture effects the cellular parts of the wood chips (Mc
Kendry, 2002, Liu et al.,2007) resulting in a decrease of the energy content inside the cells of the wood. Moreover,
the gasifier system will require additional heat to remove the biomass’s moisture. Fig.10 plots the effect of ER
varying between 5-95%, on the wood chip mass flow rate at different gasifier efficiency ranging from 65-95%.As
observed, at a gasification temperature of 1200°C, pressure of 30 bar, turbine compression ratio of 15, moisture
content of 40%, an optimum ER of 25%, depicted a maximum wood mass flow rate of 12.70 kg/s at a gasifier

Figure 10: Variation of equivalence ratio with the biomass mass flow
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Figure 11: Variation of biomass moisture content with gasifier

thermal efficiency at different equivalence ratios.

Beyond an ER of 25%, the model predicts a massive decrease of the biomass flow rate, from increasing combustion
rate. The results show that, higher the efficiency of the gasifier, lower the biomass flow rate. The gasifier efficiency
is a major design parameter of the gasifier system. Increasing the gasifier’s efficiency will reduce irreversibilities
and other losses at the gasifier unit. Fig.11shows the influence of the Biomass moisture content varying in a range of
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25-80%, on the gasifier thermal efficiency at different values of equivalence ratios (ER=5-30%).The results depict
massive decrease on the gasifier efficiency upon increasing the biomass moisture content due losses of the energy
content at the Biomass and syngas heat values. As observed, at a gasification temperature of 1200°C, pressure of 30
bar, a maximum gasifier efficiency of 95% has been achieved at the lowest values of the Biomass moisture content
(M=25%). As evident, the irreversibilities of the gasifier is increasing due the higher quantity of the Biomass
moisture content. At a gasification temperature of 1200°C, pressure of 30 bar, moisture content of 40%, Fig.12
realized that increasing of the regenerator effectiveness will result in increasing the regenerative turbine power at
different compressor’s air flow rate. An optimum equivalence ratio of ER=25%, achieved a higher regenerative
power of 98 MW at a higher regenerator effectiveness of 95% and production amount of 5 kg/s of the syngas.
Beyond the optimum ER, massive decrease of RGT power occurred from a change in the syngas composition.
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< - ] = 65 -
T 95000 1 @ ] % Nitrogen (Nz)
S 90000 —+—ER=0.05 ——ER=0.10 g gg 1| —#—% Carbon Dioxide (CO)
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Regenerator Effectiveness Equivalence Ratio (ER)
Figure 12: Variation of regenerator effectiveness with regenerator Figure 13: Effect of equivalence ratio on the Wood Chip syngas
gas turbine power at different equivalence ratios. composition.

Fig.13 depicts the variation of ER in the range of ER=5-55%, with the percentage mole fraction of the syngas, at a
gasification temperature of 1200°C, pressure of 30 bar, regenerator effectiveness of 45%, compressor air
temperature of 200K, biomass moisture content of 40%, and a production amount of 5 kg/s of the syngas. At the
final product of the syngas composition, it was observed that, the N, and water vapor formation increases with the
increase of the ER, while the formation of CO,,CHy,H, and CO exhibited decreases upon increasing of the ER. For
wood chips, the H,, CH; and CO mole fractions reached the maximum values at the lowest values of the ER, while
at the optimum gasifier’s ER the H, mole fraction depicted a value of 1.74%, 0.70% of CO, and 8.14% of CHy,, for a
LHYV of 31400 kJ/kg syngas. The highest value of the syngas composition is depicted by N,.Due to the high nitrogen
content in the producer gas, air gasification produces a low heating value syngas. As can be noted, the nitrogen
content in the producer gas can be significantly reduced by using steam or oxygen as the oxidizing agent.

CONCLUSIONS

This work discussed and investigated the integration of the Biomass Gasifier unit with a Regenerative Gas Turbine
power plant, including the effect of various parameters. Simulation models were used to characterize the gasification
process of a Wood Chips Biomass in Sudan. This type of Biomass (Wood) is of great interest in the country due
wide domestic use and presence of agricultural lands. A parametric analysis of the released syngas composition,
temperature, pressure, LHV, Moisture content, Equivalence Ratio and Regenerative Gas Turbine Power were
investigated carefully to identify the optimal design points of the gasifier system available for such type of Biomass.
With an average syngas LHV of 30 MJ/kg, the results revealed that such type of Biomass (Wood Chips) can achieve
a highly thermal efficiency and be a valuable energy saving process for Regenerative Gas Turbine Unit.

NOMENCLATURE
Symbols
T Temperature (K) T Combustor Inlet XK T Compressor
¥ Temperature 5 Isentropic
Temperature
mf Fuel Mass (kg.fuel) & Regen.erator - PGT GT Power
Effectiveness
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e
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Mth

Pressure (kPa) n Combustor Efficiency - W Specific MW)
c.c ¢ Compressor
Work
Gasifier Actual Air Flow Rate (kg air) m Gas Mass (kg.ga Q Heat kW)
o s) add Qupplied
Specific Heat Ratio - /%4 Turbine Shaft Work MW) 4, Air Mass (kg air)
GT a
Isentropic Compressor - n Turbine Efficiency - C Heat (kJ/kg.K)
Efficiency T fa Capacity of
Air
Gasifier Efficiency - V. Syngas Mole Fraction - C Heat (kJ/kg.K)
! P Capacity of
Gas
Gasifier Stoichiometric Air (kg airkg Heat Capacity of Fuel (kJ/kg
Flow Rate dry fuel) Fr K)
Subscripts
ER Equivalence Ratio
RGT Regenerative Gas Turbine
Mech Mechanical
Gen Generator
EES Engineering Equation Solver
CcC Combustion Chamber
ATM Atmospheric
LHV Lower Heating Value
TIT Turbine Inlet Temperature
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