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Leaf waste has the potential to be converted into energy because of its
high availability both in the world and Indonesia. Gasification is a con-
version technology that can be used to convert leaves into producer gas.
This gas can be used for various applications, one of which is using it as
fuel for gas turbines, including ultra-micro gas ones, which are among
the most popular micro generators of electric power at the time. To
minimize the risk of failure in the experiment and cost, simulation is used.
To simulate the performance of gas turbines, the thermodynamic analysis
tool called Cycle-Tempo is used. In this study, Cycle-Tempo was used for
the zero-dimensional thermodynamic simulation of an ultra-micro gas
turbine operated using producer gas as fuel. Our research contributions
are the simulation of an ultra-micro gas turbine at a lower power output
of about 1 kWe and the use of producer gas from leaf waste gasification
as fuel in a gas turbine. The aim of the simulation is to determine the
influence of air-fuel ratio on compressor power, turbine power, genera-
tor power, thermal efficiency, turbine inlet temperature and turbine outlet
temperature. The simulation was carried out on condition that the fuel
flow rate of 0.005 kg/s is constant, the maximum air flow rate is
0.02705 kg/s, and the air-fuel ratio is in the range of 1.55 to 5.41. The
leaf waste gasification was simulated before, by using an equilibrium
constant to get the composition of producer gas. The producer gas that
was used as fuel had the following molar fractions: about 22.62% of CO,
18.98% of H,, 3.28% of CHy, 10.67% of CO; and 44.4% of N,. The simu-
lation results show that an increase in air-fuel ratio resulted in turbine
power increase from 1.23 kW to 1.94 kW. The generator power, thermal
efficiency, turbine inlet temperature and turbine outlet temperature de-
creased respectively from 0.89 kWe to 0.77 kWe; 3.17% to 2.76%;
782 °C to 379 °C and 705°C to 304 °C. The maximums of the generator
power and thermal efficiency of 0.89 kWe and 3.17%, respectively, were
obtained at the 1.55 air-fuel ratio. The generator power and thermal
efficiency are 0.8 kWe and 2.88%, respectively, with the 4.64 air-fuel
ratio or 200% excess air. The result of the simulation matches that of the
experiment described in the literature.

Keywords: producer gas, ultra-micro gas turbine, Cycle-Tempo.

Converting biomass to energy could be done by using gasification technology [1-2]. Biomass gasifi-
cation is still increasing commercially, which is caused by good electricity generation and efficiency, espe-

cially on small-scale power plants [3].

Leaf waste is a potential biomass source to produce energy through the gasification process [4-6]. The

utilization of leaf waste in this process is generally carried out in a downdraft gasifier [7] and more specifically,
an open top throatless downdraft gasifier [§—9]. The producer gas obtained from leaf waste gasification can be
used for a variety of applications such as drying, combustion in internal combustion engines and gas turbines.
One of the types of gas turbines is a micro gas turbine (MGT) with power below 1 MWe [10], and a MGT with
power in the range of 1-10 kWe could be called an ultra-micro gas turbine (UMGT) [11]. Air-fuel ratio in the
combustion chamber of a gas turbine is one of the most important parameters for the investigation of gas tur-
bine performance. The air-producer gas ratio in a gas turbine is in the range of 3 to 5 [12-13]. Producer gas
from leaf waste is still very rarely used in gas turbines.

Before conducting a direct experiment, it is necessary to initially predict the value of experimental
parameters that will be used as well as the amount of power that can be generated. To do this, a thermody-
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namic simulation can be used with. Cycle-Tempo, which is currently a very popular power generation calcu-
lation software based on a thermodynamic model. The use of Cycle-Tempo in simulating gas turbine power
plants has been carried out by several researchers [14-20].

There have been carried out several thermodynamic MGT simulations related to gas utilization from
gasification. El-Sattar, et al. [21] simulated the use of producer gas from biomass gasification (corn stover) in
MGTs whose mechanical turbine power can reach 214 kW. Altafini, et al. [22] simulated an MGT using
wood waste as fuel to generate power of 50 kW. El-Sattar, et al. [23] simulated MGTs using producer gas
fuels resulting from the gasification of cotton waste. The simulation was done using Cycle-Tempo. Simula-
tion results show that the mechanical power supplied to the generator can be 71 kW. Vera, et al. [24] used
Cycle-Tempo to perform a gas turbine simulation that was integrated with the biomass gasification to pro-
duce power of 30 kWe.

The literature review shows that Cycle-Tempo simulations have only been carried out on MGTs, As
far as UMGTs are concerned, no simulations have been reported from the researchers. In addition, the re-
searchers have not reported the use of producer gas from leaf waste gasification as fuel for UMGTs.

In this study was simulated a UMGT using producer gas from leaf waste as fuel to produce power of
about 1 kWe. The simulation was done using Cycle-Tempo with the variation of air-fuel ratio in the combus-
tion chamber. The novelty of the research is the use of producer gas from leaf waste gasification as fuel for
gas turbines and simulation of a UMGT with Cycle-Tempo.

Methodology

The simulation was carried out using the producer gas composition from the thermodynamic simula-
tion using an equilibrium constant of leaf waste gasification [25]. The composition of the producer gas used
in the simulation is shown in table 1 [25]. The simulation was carried out on condition that the fuel mass
flow rate is constant, the air flow rate is variable, and the air-fuel ratio is variable as shown in table 2. The
combustion process in the combustion chamber takes place at a pressure of 1.513 bar. The efficiencies of gas
turbine components were taken to be equal to Cycle-Tempo default values.

Fig. 1 shows the block diagram of UMGT simulation using Cycle-Tempo.

Table 1. Producer Gas Composition [25] Table 2. Fuel mass flow rate, air mass flow rate, and air-fuel ratio values

Constituent | Molar fraction Fuel mass flow rate, kg/s | Air mass flow rate, kg/s | Air-fuel ratio
cO 22.62% 0.005 0.00927 1.854
H, 18.98% 0.005 0.01159 2.318
CH,4 3.29% 0.005 0.01546 3.092
CO, 10.67% 0.005 0.02319 4.638
N, 44.449 0.005 0.02705 5411
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Fig. 1. Block diagram of UMGT simulation using Cycle-Tempo
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Results and Discussions

Fig. 2 shows the influence of air-fuel ratio on
the mechanical power of the compressor. The in-
crease in air-fuel ratio resulted in the increase in the
mechanical power of the compressor from 0.33 kW
to 1.15 kW for the increase in air fuel-ratio from 1.55
to 5.41, with an average increase by 28.93%. The
increase in air-fuel ratio caused the increase in the
mass flow rate of the air flowing through the com-
pressor. It required an increase in the mechanical
power of the compressor.

Fig. 3 shows the influence of air-fuel ratio on
the mechanical power produced by the turbine. The
increase in air fuel-ratio resulted in the increase in the
mechanical power of the turbine from 1.23 kW to
1.94 kW for the increase in air-fuel ratio from 1.55 to
5.41, with an average increase by 9.6%. The increase
in air-fuel ratio caused the increase in the mass flow
rate of the flue gas flowing through the turbine. The
increase in the mass flow rate of the flue gas caused
the turbine blades to rotate faster, increasing the me-
chanical power of the turbine. The resulting turbine
power produced matches the results of the experi-
ment conducted by F. Vidian et al [26].

Fig. 4 shows the influence of air-fuel ratio on
the power produced by the generator. The increase in
air-fuel ratio resulted in the decrease in the generator
power from 0.89 kWe to 0.77 kWe for the increase
in air-fuel ratio from 1.55 to 5.41, with an average
decrease by 2.8%. The increase in air-fuel ratio
caused the increase in the power needed by the com-
pressor, which, on average, is more significant
(28.93%), compared with the average increase in the
mechanical power generated by the turbine (9.6%).
Generator power is the net power generated, i.e. the
mechanical power of the turbine minus the mechani-
cal power of the compressor. In the field, a gas tur-
bine system usually works under the condition of
200% excess air or at an air-fuel ratio of 4.64, In this
simulation, under these conditions, the power that
can be generated reaches 0.8 kWe.

Fig. 5 shows the influence of air-fuel ratio on
thermal efficiency. The increase in air-fuel ratio re-
sulted in the decrease in the thermal efficiency of the
system from 3.17% to 2.76% for the increase in air-
fuel ratio from 1.55 to 5.41, with an average decrease
by 2.7%. The thermal efficiency was greatly influ-
enced by the decrease in the power of the generator,
where thermal efficiency is the power of the generator
divided by the input energy, the value of the latter be-
ing constant. This result matches the result reported by
M. M. Rahaman et al [27] and Ankit Kumar et al [28].
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Fig. 6 shows the influence of air-fuel ratio on 500
the turbine inlet and outlet temperatures. The increase - —#—Outlet Temperature of Turbine
in air-fuel ratio resulted in the decrease in the turbine InletTemperature of Turbine
inlet and outlet temperatures. The inlet temperature
decreased from 782 °C to 379 °C for the increase in
air-fuel ratio from 1.55 to 5.41, with an average de-
crease by 13%. The outlet temperature decreased from
705 °C to 304 °C for the increase in air-fuel ratio from
1.55 to 5.41, with an average decrease by 14.2%. This
is due to the increase in the mass flow rate of Nitrogen 155 185 2832 3.0 164
as an effect of the increased air-fuel ratio. Nitrogen Air-Fuel Ratio (kg of air/kg of fuel)
absorbed the heat released in the combustion process,
causing a drop in the flue gas temperature. The gas
expanded when it passed through the turbine, which is
why the turbine outlet temperature decreased. These results match the simulation results reported by
F. R. Martinez et. al. [29] and the result of the experiment by F. Vidian et al. [26].

The leaf waste can be used directly to feed the gasifier in the gasification process, which will reduce
the cost of fuel preparation. The power plant could be constructed portable so that it could be installed near
the fuel source, which would reduce transportation costs. An UMGT could be a development of a low-cost
turbo charger. UMGTs use producer gas from leaf waste gasification as fuel because the gas has competitive
cost compared to the fuel in other micro power systems. This system is also a method for solving environ-
mental problems related to the disposal or reduction of the volume of leaf waste.
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Fig. 6. Influence of ARF on the inlet and outlet
temperatures of the turbine

Conclusions

The results of simulation show that the producer gas from leaf waste gasification as an alternative
fuel for UMGTs has been used successfully. The leaf waste is a very promising alternative fuel for gas tur-
bines. The maximum of the generator power and thermal efficiency were 0.89 kWe and 3.17%, respectively,
at an air-fuel ratio of 1.55. Under the condition of 200% excess air or air-fuel ratio of 4.64, the generator
power and thermal efficiency were 0.8 kWe and 2.88%, respectively. The low of cost of fuel preparation,
fuel transportation and equipment make UMGTSs using producer gas from leaf waste gasification more com-
petitive with other micro power plants. This system could solve the environmental problems of disposing of
or reducing the volume of leaf waste.
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MopenoBaHHA MiKpOTYpOiHH, 110 MPALIOE€ HA OTPUMAHOMY B pe3yJbTaTi radudikamii
0naJioro JIMCTS TeHepaTopHoMYy rasi, 3a fonomororo Cycle-Tempo
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* HaykoBO-J0CIIi {HUI {HCTHTYT HAayKH i TexHiku, [lenapTaMeHT NpUKIaaHOi MexaHiku, YHiBepcuter Bacena,
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Onane nucms mae @eaukuti nomeHyian Ojisi NepemeoPeHHs 8 eHepailo 3a80SKU 1020 8eNUKIl 00CMYNHOCHI 6
ceimi, i 6 Inoonesii' y momy uucni. Iasugixayis — ye mexunonoeis 01 nepemeopeHHs IUcms 6 eeHepamopuuil 2as. Lleu
2a3 MOJHCHA 3ACMOCO8Y8aAmMU O/l PI3HUX Yinell, 30Kpema AK Naiuso 0iis 2a308uUx mypOiH, KI0UA0YYU MIKpOMYpPOIiHU, Wo
€ Ha yell Yac 0OHUMU 3 HAUNONYIAPHIWUUX MIKpO2eHepamopis enekmpoenepeii. [1]Jo6 36ecmu 00 MIHIMYyMY pu3uk Hegoaui
nio yac nposedeHHs: eKcnepumMenmie i no8'a3ami 3 HUMU BUMPAMU, BUKOPUCTNOBYEMbCA MOOETI08AHHA. [l MOOeNt08aH-
HA pobomu 2a3060i MYPOIHU 3ACTMOCOBYEMBbCA THCMPYMEHM mepMoouHamiunozo aunanizy Cycle-Tempo. ¥V yvomy oocri-
Oorcenni 3a donomozoio Cycle-Tempo 8UKOHAHO HyTbMEPHE MOOENO8AHHA MIKPOMYPOIHU, WO BUKOPUCMOBYE K NATUBO
2enepamopnuii 2as. Hawum eneckom 6 docniodcenns € MoOen08ants 2a3060i MikpomypoOinu 3 MeHuo0 6UXiOHoI0 ene-
KMPUYHOIO ROMYdiCHICIIO, O1u3bKko 1 kKBm, | 6U6UeHHs MONCIUBOCT BUKOPUCAHHSL 2EHEPAMOPHO20 2a3Y, OMPUMAHO20
6 pesyabmami 2azudikayii onanoeo aucms, K Naauea 01 2a3060i mypoinu. Mema MOOeno8aHHs — BUSHAYUMU CITY-
NiHb GNAUBY CHIBBIOHOULEHHS! NOGIMPA-NANUBO HA NOMYACHICIb KOMIPecopa, mypOiHU, eleKmpo2eHepamopd, mepmiy-
Hutl koe@iyienm kopucnoi 0ii (KK/[), memnepamypy nHa 6x00i ¢ myp6iny i Ha 6uxodi 3 nei. MooenroeanHs npoeoounocs
npu nocmitnit eumpami nanuea 0,005 ke/c, maxcumanvuiu eumpami nosimps 0,02705 ke/c i cniggioHoutenHi nosimpsi-
naauso 6 dianazomi 6i0 1,55 0o 5,41. I'azughikayis rucms Oyna 3mMo0enbosana pauiuie 3 UKOPUCTNIAHHAM KOHCMAHMU
pisHogazu 01 OMPUMAHHA CKAAOY 2eHepamopHO2o 2a3y. Ak nanuso 8uKopucmosysascs 2eHepamopHuil 2as, amomHi
yacmku K020 cmanosunu oauzvko 22,62% CO; 18,98% H,; 3,28% CHy 10,67% CO; i 44,4% N,. Pesyrvmamu mode-
JI0BAHHSL NOKA3AAU, WO 30ITbUEHHS CNIBGIOHOWEHHS NOGIMPS-NAIUBO NPUBOOUMb 00 30LTbULEHHS NOMYICHOCNT MYpOi-
nu 3 1,23 0o 1,94 kBm. I[lomyacnicme enexmpoeenepamopa, mepmiunuti KKJ[, memnepamypa na 6xo0i mypoinu i na
68UX00I 3 Hel 3HusunUCA, 8i0noeiono, 3 0,89 0o 0,77 kBm; 3 3,17 00 2,76%; 3 782 0o 379 ° Ci 3 705 0o 304 ° C. Maxkcu-
ManvHi nomyoicHicms enrekmpozenepamopa i mepmivnuti KKJ[, sionosiono, 0,89 kBm i 3,17%, 6ynu ompumani npu
cnigsionowenti nogimpsi-nanugo 1,55. Ilomyoicnicme enexkmpoeenepamopa i mepmivnuti KKJ{ cknanu 0,8 kBm i 2,88%,
8I0N0GIOHO, npu cniesioHoutenti nogimps-naiueo 4,64 abo npu naomuwxy nosimps 200%. Pesyiomam mooeniosarnHs
AHANoTYHUL Pe3YIbIAMY, OMPUMAHOMY 6 X00i eKCNePUMEHMY, ONUCAHOMY 8 JiMepamypi.

Knruosi cnosa: cenepamopruii 2as, eazoea mikpomyp6inu, Cycle-Tempo.
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