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ABSTRACT

Compositional analysis of fast growing short rotation tree species such as Casuarina equisetifolia, Eucalyptus
camadulensis, Gmelina arborea, Leucaena leucocephala, Melia dubia, Swietenia macrophyla, Thespesia populnea,
Acacia auriculiformis, Anthocephalus cadamba, Dalbergia sissoo has been conducted to understand the cellul ose,
hemicelluloses and lignin contents necessary for biorefinery industries. Maximum of 48.7 percent cellulose was
found in C. equesitifolia followed by M. dubia 48.3%, and E. camadulensis 47.18%. Hence, these species may be
scaled up in larger areasin order to provide sustainabl e feed stock to biorefinery industry.
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INTRODUCTION

Biomass, or plant derived material, is of interasta fuel source for several reasons. Foremostn wienaged
wisely, it has the potential to become a sustamablirce of transport fuels. It is a leading neamtsolution to fill
the gap between growing global energy demand arnddiing petroleum availability. The conversion abimass to
renewable fuels has the potential to be carbonralewthere carbon dioxide produced during fuel piitbn and
consumption is utilized by the next generation t#ngs during growth cycles. Finally, many geographreas
contain some type of plant material that can blézatl as a fuel source, eliminating the need fogtdistance fuel
transport. Plant derived biomass consists of nuffigrent constituentdut the principal constituents are structural
carbohydrates (cellulose, hemicelluloses), ligpiratein, and ash. Cellulosic biomass feedstocksbeaprocessed
in several ways to make fuels. In the biochemiaahversion process, the cellulosic biomass is cdadeto
monomeric sugars, which are then fermented to ethand other platform chemicals. Alternative corsi@n
techniques include thermochemical conversion toeeipyrolysis oil or synthesis gas, or catalytiowersion of the
monomeric carbohydrates using enzymes in aquedusoso The techniques for biomass feedstock coritiposi
analysis are largely independent of the convergimtess, although the analyses of process inteatesdiare
obviously dependent on the conversion process.straetural carbohydrates are typically divided iti@ groups,
cellulose and hemicellulose. Cellulose is a polymigh a rigid structure of repeating glucose unitsd is highly
stable and resistant to chemical attack. It hagladiegree of hydrogen bonding, which contributethe rigidity of
the structure. Hemicellulose is a polymer consgstifishorter, highly branched chains of sugars. idelnlose can
contain five-carbon sugars, such as xylose andravs#, as well as six-carbon sugars, such as gugadactose,
and mannose. The backbone may be mannose or xylitbea variety of side chain sugars [1]. The blfat
character of hemicellulose causes it to be morerphnons and easier to break down compared to ceuldside
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from carbohydrates, the major structural materrakpnt in lignocellulosic biomass is lignin. Ligrisna polymeric
structure that is highly aromatic and branchetiak a high molecular weight and a complex structligmin assists
in holding the cells together, provides the plaithwigidity, and gives it some resistance to ins&ed biological
degradation. Biomass compositional analysis to tstded the constituents and their percentage is@at step in
bioconversion of biomass into fermentable sugardifoethanol and other platform chemicals produrctio India,
sustainable availability of biomass is 137 mt afigifeom forest residue and expected to increase rhi8 by 2047.
Since, biofuel policy in India restricts to use docrops like, corn, wheat, cassava, wheat and sagarfor
bioethanol to use in automobiles, dependency onotigllulosic biomass from forest resources is waew
Therefore, tree species suitable for outside foeeehis and other wastelands are being promotedcrease
biomass. More importantly, fast growing tree specuch af€asuarina equisetifolia, Eucalyptus camadulensis,
Gmelina arborea, Leucaena leucocephala, Melia dubia, Swietenia macrophyla, Thespesia populnea, Acacia
auriculiformis, Anthocephalus cadamba, Dalbergia sissoo are being planted widely in southern part of India
Hence, compositional analysis of these fast growieg species gains importance in bioethanol imgusherefore,
a study on compositional analysis of aforementiotied species has been conducted using standatwaseas
described by NREL for biomass compositional analysi

MATERIALSAND METHODS

Essentially, compositional analysis methods bedth an extraction step to remove the non-structonaerial from
the biomass sample. Wood samples of 10gms eadiedfdid tree species were collected from our fiekkarch
station at Panampally, Kerala. They were milledht® size recommended by NREL. Then the extracgomade
using standard methods recommended by NREL. Thraa&td material then undergoes acid hydrolysis¢aiy a
concentrated acid hydrolysis step performed at raemperature followed by a dilute acid hydrolysiepsat
elevated temperature) to break down the structatbohydrates to their monomeric forms, which daentbe
measured chromatographically. Lignin is typicallyeasured gravimetrically as the acid-insoluble esics
methods used at the National Renewable Energy batrgrfor biomass compositional analysis [2] NREAR, at
http: //www.nr el .gov/biomass/analytical_procedures.html). The result of the analysis is presented below.

RESULTSAND DISCUSSION

An ideal biomass resource will be high yieldingyédow production costs, be readily available, bade consistent
desirable chemical concentrations. The feasibilftg new energy crop will depend largely on itsquaction costs,
cost of converting the biomass to usable energy,cast of competing fuels. Forest-derived biomapecifically
from fast growing short rotation tree crops suchCasuarina equisetifolia, Eucalyptus camadulensis, Gmelina
arborea, Leucaena leucocephala, Melia dubia, Swietenia macrophyla, Thespesia populnea, Acacia auriculiformis,
Anthocephalus cadamba, and Dalbergia sissoo are studied for their chemical composition. Tablésts cellulose,
hemicelluloses and lignin content in ten fast grayitree species (Fig. 1.)C. equestifolia yielded 48.70%
cellulose; 27.13% hemicelluloses and 26.64% ligrdamtents on a dry matter basis, followed My dubia, E.
camadulensis, T. populnea and so on (table 1). It was reported maximum 06337.5 and 37.3 % cellulose in wheat
straw, corn stover and switch grass respectively [Bowever, it was reported that cellulose, herhiteses and
lignin contents in poplar, eucalyptus, switch grassl corn stover and found 42.2, 48.07, 33.7 and234 of
cellulose respectively [4]In the present study. cadamba is found to have low level of 38.62% cellulose; Z2%
hemicelluloses. Other potential biomass crops hewels of lignocelluloses when comparedoequisetifolia and
M. dubia. Cellulose content in tree species of various tiesviz., Borneo, Brazil, Cambodia, Chile, Coldmb
Costa Rica, Ghana, Japan, Mexico, Mozambique, PHpwaGuinea, the Philippines, Puerto Rico, TaiwdB8A
and the USSR were also reported [5]. It was reddbtE% of cellulose iannea discolor from Mozambique and
47% inGmelina arborea from Ghana. Since biorefineries will require cabeint supply of feed stock and the feed
stock should have high levels of cellulose and kethiloses to harvest maximum fermentable sugarkif@thanol
production. Based on the present study tree spso@sa<C. equisetifolia, M. dubia, E. camadulensis, T. populnea
may be considered for large scale plantation fetasmable supply of feed stock to biorefineries.
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Table 1. Compositional analysis of certain fast growing tree speciesin India

S.No.  Treecrops Cellulose  Hemicellulose  Lignin
%
1 Acacia auriculiformis 40.17 28.30 27.62
2 Anthocephalus cadamba 38.62 30.22 26.18
3 Casuarina equisetifolia 48.70 27.13 26.64
4 Dalbergia sissoo 39.30 29.05 25.26
5 Eucalyptus camadulensis 47.18 27.18 26.21
6 Gmelina arborea 39.16 30.17 26.71
7 Leucaena leucocephala 40.19 34.29 24.23
8 Melia dubia 48.3( 25.€8 27.52
9 Swietenia macrophyla 39.64 25.14 26.93
10 Thespesia populnea 45.22 26.61 26.43

Fig. 1. Compositional analysis of certain fast growing tree species in
India

Percent (%)

Tree species
B Llignin OHemicellulose M Cellulose

CONCLUSION

Biorefinery industries required sustainable suppiylignocellulosic feed stock for bioethanol protian which
could contain high holocelluloses with less ligrdantent. The present study revealed that fast grgvsihort
rotation tree species with high cellulose and lagnih contents such a€asuarina equisetifolia, Eucalyptus
camadulensis, Leucaena leucocephala, Melia dubia, Thespesia populnea, and Acacia auriculiformis with rotation
period of 4-5 yrs yield 40-80 tonns/hac of biomé&stshes around 1.5 lakhs may be considered foelacgle
plantation to supply raw material for bioethanaustry.
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