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ABSTRACT 

Amongst different sources of renewable energy biomass residues hold special promise due to their inherent capability to 
store solar energy and amenability to subsequent convention to convenient solid, liquid and gaseous fuels. The specific 
production of biomass for fuel could occur on energy farms. Gliricidia sepiumis a medium size leguminous tree belonging 
to the family Fabaceae. We developed a protocol in order to characterize the bioenergy potential of G. sepium as a feed 
stock for energy conversion process. The combustion properties of the fuel wood like moisture content, percentage of 
fixed carbon, ash content, volatile matter, different modes of functional groups, elemental composition and thermal 
stability were determined. The rate of production of gas, thermal output and calorific value were also calculated using 
forced draft gasifier. The study on bioenergy potential of    G. sepium indicates that lower proportion of oxygen leads to 
meet the requirement of thermochemical process. Since it possesses high thermal output it can serve as a feed stock for 
energy conversion process. 
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INTRODUCTION 
Because of its ability to limit climate change from energy production, biomass is widely considered to be a 
major potential fuel and renewable resource for the future [1-8]. Biomass is the most potential candidate 
for their quantitative availability. Gliricidia sepium is one the biomass residue, grows to a height of 10 to 
12 meters and has a trunk with a diameter up to 30 cm. Studies from Malawi have shown that G. sepium 
(Gliricidia sepium (Jacq) Walp, Rutta) , a fast growing tree species and a nitrogen fixer can yield over 5.4 t 
ha-1 year-1 of copied biomass [9]. However to use biomass efficiently for energy production a detailed 
knowledge of its bioenergy potential is required.  For that purpose well-known physical, chemical, 
thermal, and mineral studies were used for characterization of solid fuels.  These properties more 
specifically average and variation in elemental composition is also essential for modeling and analysis of 
energy conversion process [10]. Ash forming elements such as Si, Ca, Fe, K, Mg, Na, and P in biomass are 
important to be documented for any thermochemical conversion process [11]. Actually, high contents of 
alkali are well –known to conduct to critical technical problems when biomass is used as feedstock for 
power production, since they contribute to slagging, fouling and sintering formation. This information on 
concentration and speciation of some elements is also useful both for energy and environmental issues. 
Therefore the investigation of physico-chemical properties of biomass fuels would help finding for them 
suitable and appropriate energy conversion technologies [12]. Biomass gasification is the process of 
converting solid into combustible gases; it is a thermo-chemical process in which the fuel gas is formed 
due to the partial combustion of biomass [13-15]. This technology was developed around 1920 and 
played an important role in generating motives power till other fuels made their appearance [16]. The use 
of biomass as an energy source has high economic viability, large potential and various social and 
environmental benefits. The main objective of the study is to determine the bioenergy potential of 
G.sepium for power generation.  
 
MATERIALS AND METHODS 
One to two kilograms of G. sepium was collected from the plantation. They were oven dried at 70°C during 
24h. Bomb calorimeter was used to determine the gasification related properties of biomass such as 
volatile, fixed carbon and ash content. Thermo gravimetric Analysis or TGA is a type of testing that is 
performed on samples to determine changes in weight in relation to change in temperature. G. sepium 
wood was subjected into the forced draft gasifier to determine the rate of production of the gas, thermal 
output, and calorific value of the sample.  
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Material characterization 
The particle size of the sample was determined using X-ray diffraction (XRD) in a wide range of Bragg 
angles 2θ (10°<2θ<90°) with Co radiation (1.54054 Å). The surface morphology was recorded using 
scanning electron microscope (JEOL Model JSM-6390LV). The proximate analysis to measure moisture, 
volatile, fixed carbon and ash content was performed by ordinary oven and muffle furnace (GUNA Model 
TC141P). The calorific value of the sample was measured using bomb calorimeter. Elements presented in 
the sample were identified using EDAX (JEOL Model JED-2300) analysis. In order to analyze the presence 
of functional groups in the sample the Fourier transform infrared (FT-IR) spectrum was recorded in the 
range of 4000-400cm-1. The thermal behaviour of G. sepium had been studied by thermo gravimetric 
analysis (TGA) and differential thermal analysis (DTA) The rate of production of gas, thermal output and 
calorific value were calculated using forced draft gasifier.  
 
RESULTS AND DISCUSSION 
Structural analysis 
The structural analysis of biomass is particularly important in the development of processes for 
producing other fuels and chemicals and in the study of combustion phenomenon. The XRD pattern of the 
sample shown in Fig.1 reveals the amorphous nature of biomass material. The size of the sample was 
determined using Scherr’s equation (17) D=.89λ/ (β1/2cosθ), where λ= 1.54054Å and β1/2 is the peak 
width of the reflection at half intensity. The average particle size was found to be 8nm.Fig.1 (inset) shows 
the scanning electron micrograph of the samples at room temperature. Needle shaped texture was 
observed. 
EDAX Analysis 
It is generally believed that alkali metals ae the main cause of slagging, fouling, and sintering. Ca, Fe, K, 
Mg, Na and P in biomass are especially important for any thermochemical conversion process. EDAX 
analysis of G. sepium shown in Fig.2 has 0.39% of Mg 2.32% of Ca. The good heat of combustion of G. 
sepium is due to its higher proportion of carbon and lower proportion of oxygen [18]. Thepercentage 
composition of elemental carbon was higher than that of elemental oxygen. 
Proximate Analysis 
Table 1 shows the result of proximate analysis of G. sepium. Moisture content is of important interest 
since it corresponds to one of the main criteria for the selection of energy conversion process technology. 
Thermal conversion technology requires biomass fuels with low moisture content, while those with high 
moisture content are more appropriate for biological-based process such as fermentation. The moisture 
content affects the value of biomass as a fuel; the basis on which the moisture content is measured must 
always be mentioned. This is particularly important because biomass materials exhibit a wide range of 
moisture content (on a wet basis), ranging from less than 10 percent for cereal grain straw up to 50 to 70 
percent for forest residues [19] .  It is noted from Table.1, that G. sepiumhas moisture content of lesser 
than 10% and hence more suitable to serve as feedstock for thermal conversion technologies. The ash 
content of biomass influences the expenses related to handling and processing to be included in the 
overall conversion cost. On the other hand, the chemical composition of the ash is a determinant 
parameter to consider for the operation of a thermal conversion unit, since it gives rise to problems of 
slagging, fouling, sintering and corrosion. Volatile matter refers to the part of the biomass that is released 
when the biomass is heated (up to 400 to 500°C). During this heating process the biomass decomposes 
into volatile gases and solid char. Biomass typically has a high volatile matter content (up to 80 percent), 
[19]. Biomass offers important advantages as a combustion feedstock because of the high volatility of the 
fuel and the high reactivity of both the fuel and the resulting char [20]. Higher proportion of carbon 
content leads to high calorific value 4200Kcal/kg [21]. The calorific value is one of the most important 
characteristics of a fuel, and it is useful for planning and control of the combustion plants. It indicates the 
amount of heat that develops from the mass (weight) in its complete combustion with oxygen in a 
calorimeter standardize. The wood substances of higher density species burns more slowly, thereby 
releasing heat energy at a slower rate for a longer time [22]. Wood with a high density and low moisture 
content is preferred as fuel because of high energy content per unit volume and slow burning rate [23].  
FT-IR spectral analysis  
A FT-IR spectrum for the G. sepium is shown in Fig.3.  The O-H stretching appears at 3413cm-1. The O-H 
stretch carboxylic acids appear at 2905 cm-1.  The N-H bend primary amines appear at 1648 cm-1. The 
peak at 1374 cm-1 is assigned for C-N stretching of aromatic amino groups. 1160 cm-1, 1119 cm-1 and 
1058 cm-1 are assigned for C-N Stretching alcohols. The region from 1400-600 cm-1 is called finger print 
region because the pattern of absorptions in this region are unique to any particular compound, just as a 
person’s fingerprints are unique. The observed wavenumbers and their assignments are presented in 
Table 2. 

Seethalashmi, A.N 



RJCES Vol 4 [3] June 2016 

Thermal Analysis 
The TGA thermo gram for G. sepium
removal last for 250°C. In this material release of lighter volatile initiated at 250°C and last up to 
362.95°C. The lighter volatile noticed in the range of 50%. After relea
heavier volatile start at 362.95°C and continued up to 535.15°C. Oxidation temperature of 
found to be 370°C. In TGA and DTA curve implies that the observed weight loss is due to the presence of 
volatile materials. The presence of hydroxyl group and free hydrogen were responsible for the total 
reduction (above 800K), the obtained intermediate involves further decomposition there by the 
formation of residual products like tar and char.
Gasifier Efficiency and Thermal output Measurement
The temperature of the gasifier air inlet and outlet were measured using thermometer. The measurement 
of the temperature helps in determines the quality and heating capacity of the gas generated.  The woody 
consumption rate is the amount of wood consumed by the gasifier per hour. Theoretically, we have to 
produce 2.5Kg of gas from 1 Kg of wood. At first measured quantity of wood chips were filled in the 
hopper. After gasifier operation the remaining wood was weighed and from th
was calculated. The wood consumption rate is one of the crucial parameters that determine the rating of 
the gasifier. The calorific value, gasifier efficiency and the thermal output of 
the results are tabulated in Table 3. 

Fig.1 Room temperature XRD pattern and 

 

Fig.2
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G. sepium is given in Fig.4 which showed four distinct segments. The moisture 
removal last for 250°C. In this material release of lighter volatile initiated at 250°C and last up to 
362.95°C. The lighter volatile noticed in the range of 50%. After release of lighter volatile, release of 
heavier volatile start at 362.95°C and continued up to 535.15°C. Oxidation temperature of 
found to be 370°C. In TGA and DTA curve implies that the observed weight loss is due to the presence of 

ials. The presence of hydroxyl group and free hydrogen were responsible for the total 
reduction (above 800K), the obtained intermediate involves further decomposition there by the 
formation of residual products like tar and char. 

nd Thermal output Measurement 
The temperature of the gasifier air inlet and outlet were measured using thermometer. The measurement 
of the temperature helps in determines the quality and heating capacity of the gas generated.  The woody 

the amount of wood consumed by the gasifier per hour. Theoretically, we have to 
produce 2.5Kg of gas from 1 Kg of wood. At first measured quantity of wood chips were filled in the 
hopper. After gasifier operation the remaining wood was weighed and from this, wood consumption rate 
was calculated. The wood consumption rate is one of the crucial parameters that determine the rating of 
the gasifier. The calorific value, gasifier efficiency and the thermal output of G.sepium

ulated in Table 3.  

Room temperature XRD pattern and SEM of G. sepium 

Fig.2 Elemental analysis of G. sepium wood 
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Fig 3.FT-IR spectrum of G. sepium wood 

 
Fig.4 TG-DTA curve for G. sepium wood 

 
Table 1.Proximate analysis of G. sepium wood 
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Table 2.FT-IR spectral Data of G. sepium 
Wave Number   Cm-1  

G. sepium  
Assignments 

3413 O-H Stretch 

2905 O-H Stretch Carboxylic acids 
1740 C=O Stretch 

1658 N-H bend primary amines 

1463 CH2& CH3 bend 

1374 C-N Stretching of aromatic amino groups 

1242 C-O Stretch 

1160 C-N Stretching alcohols 

1119 C-N Stretching alcohols 

1056 C-N Stretching alcohols 

 
Table 3.Measured parameter used to calculate the gasifier efficiency and thermal output 

Calorific 
Value 
KJ/Kg 

Gasifier 
running 
time 
(Hrs) 

Wood 
consumption 
rate (Kg/hr) 

Air flow 
rate 
(m3/hr) 

Gas 
production 
rate (m3/hr) 

Ash 
produced 
(Kg) 

Gasifier 
efficiency 
(%) 

Thermal 
output 
(KWth/hr) 

17937.01 2.10 5.0 04.25 12.75 0.25 59.39 5.5 

 
CONCLUSION 
Thermal and EDAX analysis showed that G. sepium is of low moisture content; low proportion of oxygen 
indicates it is appropriate to meet requirements of thermochemical process. The TGA and DTA studies 
indicate the decomposition of surface groups and formation of various gaseous products. Gasifier 
efficiency and thermal output analyses reveal that G. sepium possess high thermal output. This study 
could serve to establish a database of biomass fuels or feedstock that would support decision making in 
terms of energy conversion technology selection and operating conditions setting.  
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