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m ABSTRACT : Agriculture and energy have always been tied by close links, but the nature and
strength of the relationship have changed over time. Biomassis considered as arenewable source
of energy, becauseitisrenewablein nature unlikefossil fuel like coal, oil and natural gas. Biomass
is the third primary energy sources after coal and oil, accounting for about 14 per cent of the
world’s total energy supply. A biomass based combustor was developed and evaluated to meet the
heat requirements for thermal application (drying, cooking, etc.) and power application through
turbo charging. The biomass based combustor consists of combustion chamber, heat exchanger,
chimney, hot air outlet and ambient air inlet, fuel hopper, primary air inlet with control, grate for
proper combustion of the combustible gas. The developed biomass combustor was tested with
maize cobs, three air flow rate and five fuel consumption rate. The experimental investigations
show that the maximum efficiency of biomass combustor using maize cobs was 66.97 per cent in
case of 1 kg/h fuel consumption rate and 400 m¥h air flow rate. The hot air temperature varied in
between 51.55t0 142.35°C at three air flow ratesi.e. 200, 300 and 400 m*h and five fuel consumption
ratei.e. 1to 5 kg/h using maize cob as afuel in the system.

mKEY WORDS: Biomass, Combustion, Biomass combustor, Overall thermal efficiency, Hot air
temperature
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sources of renewable energy. Biomass is

considered as a renewable source of energy,
because it is renewablein nature unlike fossil fuel like
coal, oil and natural gas. Biomass can be converted into
solid, liquid and gaseousfuel depending ontheir physical
availability. Biomassisalso considered asaform of solar
energy as they absorb solar energy for growing up by
photosynthesis process. Solar energy thus stored in the
form of chemical energy is Biomass. Widely used as
fuel for energy productionin either heating or electricity
generating applications, biomass is the third primary

Biomass is considered as one of the important

energy sources after coal and oil, accounting for about
14 per cent of the world’s total energy supply (Awasthi
and Deepika, 2013). The availability of land and the
potential for biomass productionin Indiato meet various
demands for biomass, including modern bioenergy
(Sudhaand Ravindranath, 1999).

Biomass can be converted to energy via either
biological or thermo-chemical processes, the latter
consisting mainly of combustion, pyrolysis and
gasification. Among these, gasification is attractive in
terms of energy production becauseit producesaclean-
burning fuel that can be used in many power generation
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applications, at a greater overall conversion efficiency
of a given biomass resource into electric power
compared to traditional combustion based technol ogies.

Gasification meansthetransformation of solid fuels
into combustible gasesin presence of an oxygen carrier
(air, O,, H,0, CO,) at high temperatures. It is aprocess
for converting carbonaceous materialsto acombustible
or synthetic gaslike bio-methane or producer gas (Tobias,
2004). The gasification process occurs at temperatures
between 600-1,000 degrees Celsius and decomposesthe
complex hydrocarbons of wood (Rezaiyan and
Cheremisinoff, 2005). Conversion of solid biomassinto
combustible gas has al the advantages associated with
using gaseous and liquid fuels. Such advantagesinclude
clean combustion, compact burning equipment, high
thermal efficiency and agood degree of control. Biomass
is also economic in places where biomass is already
availableat reasonablelow pricesor industriesusing fuel
wood.

Alattab and Zaina (2006) studied that the externally
fired “turbo charger based” micro gas turbine using
biomassfuel issmall scaleflexible unit which could be
used in the simple form without the electrical generator
tofulfill theindustrial demands of acheap and clean hot
air for different drying processes. For hot air production
unit, apart of hot air after the turbine could be used for
the drying process, although it reducesthe amount of air
that accelerates the gasification and combustion
processes in the batch feeding system gasifier -
combustor, but the turbine hear isnot used for el ectrical
power generation, so the turbine should only produce
enough power for the compressor to sustain the high
speed Alattab and Zainal (2006).

B METHODOLOGY
Physical propertiesand proximateanalysisof maize
cobs :

Available biomass namely mai ze cob considered for
combustion-gasification materia. The physical properties
(i.e. size, bulk and true density) and proximate analysis
(i.e. moisture content, volatile matter, ash content and
fixed carbon) properties were determined using ASAE
(2006b) and ASTM (1983) standard for maize cob as
fuel used in biomass combustor. The calorific value of
biomass could be measured using advance bomb
calorimeter.
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Combustor :

The combustor and high temperature heat
exchanger was designed and fabricated at Department
of Renewable Energy, College of Agricultural
Engineering and Technology (CAET), Anand Agricultura
University, Godhra. The combustor isasmall scale multi-
chamber combustor with single stage of chamber namely,
combustor chamber. This part is made of a mild steel
sheet. It is a batch feeding combustor system, biomass
feeding port is placed on the side of the gasifier chamber
to feed the biomass into the gasifier, and it has a fit
clamped and isolated cover. Air is supplied to the
combustion chamber at almost atmospheric pressure.
Flow of air is passing through a bottom of the grate to
provide agood mixing with the gases from the combustion
chamber. A complete combustion in the combustion
chamber creates avery hot zone which pushesthe gases
upward and creates a stack effect which creates a
vacuum pressurein the chamber and pullstheair through
a controlled air intake in the down side. The high
temperature heat exchanger design was based on single
passtube and shell heat exchanger type. The combustion
gases temperature is assumed to be 500 - 1000 °C, and
the air temperature after the heat exchanger is assumed
to be 60 — 240 °C to keep the (H.T.H.E.). Different air
flow rates of the air blower and fuel consumption rates
was used to study the performance of the biomass
combustor using maize cobs. The schematic diagram of
the experimental setup of the biomass combustor is
showninFig. A.
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EVALUATION OF BIOMASS BASED COMBUSTOR FOR HOT AIR GENRATION USING MAIZE COBS

Perfor mance calculation :
Fuel consumption rate (FCR) :

This is the amount of maize cobs as fuel used in
operating the gasifier divided by the operating time. This
was computed using theformula:

€Weight of maizecob asfuel used (kg) U

g Operatingtime(h) H

FCR(kg/h) =

Specific gasification rate (SGR) :

This is the amount of maize cob as fuel used per
unit time per unit areaof thereactor. Thiswas computed
using theformula:

é i i u
SGR(kg/mZh) -4 Weight of maizecob asfuel used (kg) u

gReactor area(m?)” operatingtime (hr) §

Biomass combustor efficiency (h) :

In order to determine the thermal performance of
bi omass combustor, efficiency of biomass combustor ()
was calculated using the formula:

x 100

_ | Output of thebiomasscombustor
Input of thebiomasscombustor

Input of thebiomasscombustor =FCR, (kg/h)x CV, (kcal/kg)

where,
FCR= Fuel consumption rate, kg/h
CV = Calorific value of biomass, kcal/kg.

Output of thebiomasscombustor =
AFR, (m%h)x C,, (kcal/kg°C) x AT(°C)

where,
AFR = Airflow rate of air, m¥h
C, = Specific heat air (kcal/kg °C)
= 0.2388 kcal/kg °C (water equivalent)
AT = Temperature difference of air, °C

= Hot air temperature — Ambient
temperature.

B RESULTSAND DISCUSSION
Thefindingsof the present study aswell asrelevant
discussion have been presented under following heads:

Physical and proximate analysis of maize cobs:

The physical and proximate analysis of maize cob
fuel used in biomass combustor. The average length
and diameter of the maize cobswas 76.19, 21.24 mm,
respectively. The moisture content, bulk density and
true density of maize cob were 11.26, 158.10 kg/m?
and 0.38 g/cc, respectively. The other proximate
compositions are given in moisture free basis. It can
be seen from the Table 1 that the fixed carbon, volatile
matter and ash content were found for maize cobs to
be 16.82, 82.10 and 1.08 per cent, respectively.

System performance :

The system was extensively tested to evaluate
biomass combustor performance through close
monitoring of the system operation and suitable data
collection. The performance parameter like known

Tablel1: Physical propertiesand Proximate analysis of maize cob biomass

Sr. No. Property of biomass Maize cobs as afuel
1. Length (mm) 76.19

2. Diameter (mm) 21.24

3. Bulk density (kg/m®) 158.10

4. True density (g/cm®) 0.38

5. Moisture content (%,w.b.) 11.26

6. Volatile matter (% d.b.) 82.10

7. Ash content (%, d.b.) 1.08

8. Fixed carbon (%, d.b.) 16.82

9. Calorific value (kcal/kg) 3650.00

Table?2: Variation of combustion zone temperature at different fuel consumption rate with time using maize cob at different air flow rate

Air flow rate (m?/h) 1 5 Fuel consumpgon rate (kg/h) ] E Equation R?

200 302.00 445.20 621.52 721.12 852.12 y = 296.5 X6 0.995
300 353.08 461.20 642.15 745.23 865.21 y = 338.3 X% 0.981
400 383.00 482.23 671.12 763.23 868.23 y = 367.0 x> 0.975
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amount of fuel consumption rate, air flow rate,
combustion temperature, hot air temperature, ambient
temperature, exhaust gas temperature. Also calculated
the overall biomass combustor efficiency of the system
a different flow rates and different fuel consumption
ratefor hot air production.

Variation of combustion zone temperature at
different fuel consumption rate with different air
flow rate using maize cobs :

The variation of combustion zone temperature of
biomass combustor system at different fuel
consumption rate with different air flow rate using
mai ze cob with time. Table 2 shows that the variation
of combustion zone temperature from the fuel is a
function of time and rates of fuel. The combustion
zone temperature varied in between 302.00 to 868.23°
C at three air flow rates i.e. 200, 300 and 400 m%h
and five fuel consumption ratei.e. 1 to 5 kg/h using
maize cob as afuel in the system. The maximum and
mi ni mum combustion zone temperature, 868.23 °C and
302.00 °C was observed in case of 400 m3h air flow
rate, 5 kg/h fuel consumption rate and 200 m3/h air
flow rate and 1 kg/h fuel consumption in the system,
respectively. Theseis because of the fuel consumption
was high in 5 kg/h and minimum in case of 1 kg/h fuel
consumption rate as shown in Fig. 1.

T o
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Effect of fuel consumption rate on combustion

temperature using maize cob with different air flow
rate

Variation of hot air temperature at different fuel
consumption rate with different air flow rate using
maize cobs :

The variation of hot air temperature of biomass
combustor system at different fuel consumption rate with
different air flow rate using maize cob with time. Table
3 shows that the variation of hot air temperature from
the fuel isafunction of time and air flow rate. The hot
air temperature varied in between 51.55 to 142.35°C at

Table 3: Variation of hot air temperature at different fuel consumption rate using maize cob at different air flow rate

(Anl‘| r3/ftl]§)w rate - : Fuel consumpti 3on rate (kg./h) - Equation R?

200 66.42 95.24 112.43 129.05 142.35 y = 67.20x%47 0.998
300 57.23 76.44 99.25 107.88 121.24 y = 56.83x%4™ 0.992
400 51.55 68.95 84.15 94.65 108.00 y = 51.03x%4% 0.997

Table4: Variation of exhaust gastemperature at different fuel consumption rate usng maize cob at different air flow rate
Fuel consumption rate (kg/h)

Air flow rate (m*/h) i 5 3 5 Equation R?

200 87.90 109.83 128.16 155.12 175.62 EGT= 4.75FCR**%® 0.974
300 67.22 85.33 115.28 145.32 160.84 EGT=63.52FCR**% 0.970
400 55.21 76.21 105.62 135.24 154.25 EGT=52.54FCR®%® 0.983

Table5: Variation of biomass combustor efficiency at different fuel consumption rate usng maize cob at different air flow rate

Air flow rate (m*/h) - 5 Fuel conwmpgon rate (kg/h) ) - Equation R?

200 52.98 45.38 37.76 33.77 30.50 y =54.73x 0% 0.976
300 61.40 4958 48.00 40.24 37.45 y = 62.02x %% 0.956
400 66.97 56.29 50.81 44.99 42.99 y = 67.65x %% 0.991
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three air flow ratesi.e. 200, 300 and 400 m¥h and five
fuel consumption ratei.e. 1 to 5 kg./h using maize cob
asafuel inthe system. The maximum and minimum hot
air temperature, 142.35 °C and 51.55 °C was observed
in case of 200 m%h air flow rate, 5 kg./h fuel
consumption rate and 400 m¥h air flow rateand 1 kg./h
fuel consumption in the system, respectively. Theseis
because of the minimum air flow rate and fuel
consumption was high and minimum in case of maximum
air flow rate and minimum fuel consumption rate as
showninFig. 2.

200.00
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Fig. 2: Effect of fuel consumption rate on hot air

temperature using maize cob with different air flow

rate

Variation of exhaust gas temperature at different
fuel consumption rate with different air flow rate
using maize cobs :

Thevariation of exhaust gastemperature of biomass
combustor system at different fuel consumption ratewith
different air flow rate using maize cob with time. Table
4 shows that the variation of exhaust gas temperature
from the fuel is a function of air flow rate and fuel
consumption rate. The exhaust gas temperature varied
in between 55.21 t0 175.62 °C at three air flow ratesi.e.
200, 300 and 400 m*/h and five fuel consumption rate
i.e. 1to 5kg/h using maize cob as afuel in the system.
The maximum and minimum exhaust gas temperature,
175.62 °C and 55.21 °C was observed in case of 400 m?/
hair flow rate, 5 kg/h fuel consumption rate and 200 m?/
hair flow rateand 1 kg/h fuel consumptioninthe system,
respectively. Fig. 3 shows the variation of exhaust gas
temperature using the different fuel consumption rate
and different air flow rate using in the biomass combustor.
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Effect of fuel consumption rate on exhaust gas
temperature using maize cob with different air flow

rate

Variation of biomass combustor efficiency at
different fuel consumption rate with different air
flow rate using maize cobs :

The variation of biomass combustor efficiency of
biomass combustor system at different fuel consumption
ratewith different air flow rate using maize cob. Table5
showsthat the variation of biomass combustor efficiency
from the fuel is a function of air flow rate and fuel
consumption rate. The biomass combustor efficiency
varied in between 30.50 to 66.97 per cent at three air
flow rates i.e. 200, 300 and 400 m*h and five fuel
consumption rate i.e. 1 to 5 kg/h using maize cob as a
fuel inthe system. The maximum and minimum biomass
combustor efficiency, 66.97 and 30.50 per cent was

8000
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Fig. 4: Effect of fuel consumption rate on biomass

combustor efficiency using maize cob with different
air flow rate
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observed in case of 400 m¥h air flow rate, 1 kg/h fuel

consumption rate and 200 m®/h air flow rate and 5 kg/h
fuel consumptionin the system, respectively. Fig. 4 shows
the variation of biomass combustor efficiency usingthe
different fuel consumption rate and different air flow
rate using in the biomass combustor. Wasu (2013) worked
onthe economic feasibility of biomass based downdraft
gasifier power generation systemand Pathgi and Sharma
(2012) on the design and techno economi ¢ eval uation of

biomass gasifier for community cooking.

Conclusion :

A biomass combustor was performed and evaluated
in this study with readily available materials for maize
cobs as feed stock. The physical properties and the
proximate analysis of biomass briquettes was obtained
and asgood fuel for developed combustor. The physical
properties of maize cobintermsof length, diameter, bulk
density and true density were found to be 36.16 mm,
21.24 mm, 158.10 kg/m? and 0.38 g/cm?, respectively.
The proximate analysis of maize cob in termsof moisture
content of the biomass was found 11.26 per cent (w.b).
The fixed carbon, volatile matter and ash content were
foundto be 16.82, 82.10 and 1.08 per cent, respectively.
The calorific value of maize cob was obtained as 3650
kcal/kg. The combustion zone temperature varied in
between 302.00 to 868.23 °C at three air flow ratesi.e.
200, 300 and 400 m*/h and five fuel consumption rate
i.e. 1to 5kg/h using maize cob as afuel in the system.
The hot air temperature varied in between 51.55t0 142.35
oC at three air flow ratesi.e. 200, 300 and 400 m®/h and
five fuel consumption ratei.e. 1 to 5 kg/h using maize
cob asafuel inthe system. The exhaust gastemperature
varied in between 55.21 to 175.62 °C at three air flow
ratesi.e. 200, 300 and 400 m?/h and fivefuel consumption
rate i.e. 1 to 5 kg/h using maize cob as a fuel in the
system. The biomass combustor efficiency varied in
between 30.50 to 66.97 per cent at three air flow rates
i.e. 200, 300 and 400 m*h and five fuel consumption
rate i.e. 1 to 5 kg/h using maize cob as a fuel in the
system. The maximum efficiency of biomass combustor
using maize cobs was 66.97 per cent in case of 1 kg/h
fuel consumption rate and 400 m*h air flow rate.
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