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ABSTRACT KEYWORDS
The increasing amount of municipal solid waste (MSW) in developing Refuse derived fuel;
countries, especially in municipal area, currently is a severe problem and Biomaterials,
needs proper management. Source reduction and reuse are the most Calorificvalue;
desirable solid waste management since they are the most effective way to Municipal solid waste
reduce the quantity of waste and resource consumption, followed by management;
recycling/composting. Combustion can reduce the quantity of waste being Pongamia seeds,
sent to landfill by 90% and hence saves landfill space. Inthisregard, RDF Coconut coir;

Sawdust.

isone form of energy recovery from waste. Since MSW has low calorific
value it is difficult to use raw MSW as a fuel. RDF presents several
advantages as a fuel over raw MSW. The main objective of the present
study wasto produce RDF with high calorific value using biomaterialslike
coconut coir, saw dust, Pongamia seeds and ground nut shell. In the
present study it was revealed that addition of biomaterials can enhance
the calorific value of RDF. Among the four biomaterial s used RDF prepared
using M SW and the Pongamia seed showed higher calorific value of 4090
kcal/kg. Hence Pongamia seeds can be used in RDF preparation but in
regard to the availability of the biomaterial saw dust and ground nut shell
can form amore suitable biomaterial to increase the cal orific value of MSW
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INTRODUCTION

Municipd Solid Waste M anagement (MSWM) is
achalenging problemindl thedeveloping countries. A
typicd wastemanagement systemin Indiaincludeswagte
generation and storage, segregation, reuse, and recy-
cling at thehousehold level, primary waste collection
and transport to atransfer station or community bin,
Street sweeping and cleaning of public places, manage-
ment of thetransfer station or community bin, second-

ary collection and transport to thewaste disposd site
and wastedisposal inlandfillgY.

With anincreasein per capitageneration of munici-
pa solid waste a ong with popul ation explosion, dump-
ing of theMSW in open dumpsitewill leadtoland deg-
radation aongwith release of many green housegases?.
Moreover, asthe waste generation increasesthe need
for vacant land for dumping a so becomesachallenge.
Hence, conversion of municipal solid wasteto value
added products has becomethefocusof many devel-
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oping countries. Oneof thefocusesiscombustionwith
energy recovery which can reducethequantity of waste
bei ng sent to dumpsite and hence saveland spacefor
dumpsite. Inthisregard, conversion of MSW to en-
ergy blockscalled refuse derived fudl can addressthe
exiging chdlengesinMSWM andasoinenergy crisis.
Energy can berecovered from MSW intheform
of recovery of Biogasand utilizing itsenergy content
and usage of MSW asfuel, either as-discarded basis
or processed (Refuse derived fuel or RDF), for gen-
eration of steam through boilers. MSW hasavery good
calorific value which makesit agood source of en-
ergy®. MSW composition is varied from different
sources, seasonsand living behaviors. Raw MSW has
high moisture content, low ca orific value, widerange
of particlesizedistribution and high ash content. These
reasonsmake using raw MSW asfue difficult and un-
attractive. Refusederived fud (RDF) isthe component
of MSW that hashigher cdorific valuelike paper, plas-
ticsand textile. RDFiscombustibleor, in other word,
high cdorificfraction recovered from MSW. RDF pre-
sentssevera advantagesasafuel over raw MSW. The
main advantagesarehigher calorific valuewhich a so
remainsfairly constant, moreuniformity of physica and
chemical composition, ease of storage, handling and
trangportation, lower pollutant emissionsand reduction
of excessair requirement during combustion®.,
Indeveloping countrieslikelndia, urban solidwaste
(SW) generationisincreasing enormoudy and most of
theMSW aredisposed by land fillingin low-lying ar-
ess, resultinginthegeneration of largequantitiesof green
house gasmethane, land degradation and water pollu-
tion. Other than seriousenvironmental issuelikeland
depletion, transportation of MSW into landfill areaare
also themajor issues. Recent investigationson recla-
mation and hazard potentid of thestesindicatetheneed
for rehabilitation of the sites. Hence, aproper waste
management system where the solid waste can be con-
vertedtovaueadded product wasimplementedin many
metropolitan citiesin India. One such optionisconver-
sion of MSW into RDF. To thevariability inthe com-
position of M SW and presence of noncombustiblema-
terialswill reducethe calorific value of MSW RDF.
Hence, to increasethe calorific value of RDF certain
additivesshould beadded dongwith M SW during RDF
preparation. The present study was carried out to find
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out asuitablebiomateria which can enhancethecao-
rific va ue of the RDF prepared from M SW.

EXPERIMENTAL

Collection and segregation of municipal solid waste

Municipa solidwascollected from Zone 10Adyar
areaof Chenna Corporation. Thecollected MSW was
air driesand segregated to organic and inorganic mate-
ridslikeglass, pladtic, other inert materia srespectively.
The organic part of theM SW was processed and used
for theproduction RDF. M SW wasalso characterized
for itsphysioc chemical propertieslikeorganic carbon
content®, total nitrogen’®, total phosphorus™ and po-
tassiumt@l,

Biomaterialsfor RDF preparation

RDF wasprepared by mixing M SW with certain
additiveslikewaste biomateria shaving high caorific
valuefor increasing the quality of RDF. Inthis study
waste biomaterial ssuch ascoconut coir, coconut shell,
groundnut shell, sawdust and Pongamia seedswere
used for making RDF blocks.

Processing of municipal solid wasteand additive
material

Municipa solid wasteswere collected from Zone-
13 Canal Bank Road, Adayar. The collected MSW
wereair dried (moisture content 20 - 25%) and were
shredded to 0.5 to 1mm. Additivematerid sPongamia
seeds, groundnut shell, coconut coir, sawdust were
collectedand air dried. Theair dried seedswere pow-
deredto 0.5to 1mm.

Prepar ation of RDF mixture

Theair dried MSW and additive materialswere
mixed inthe proportion of 7:3, 6:4, 5:5 (TABLE 1).
TheRDF mixturewasfilledinacylindrica mould of
size: height 6cmand diameter 7.5 cm. Thefilled cylin-
drical mould with RDF mixture wasthen subjected to
compression at 300-350 K g/cm?and at 1000 Kg/cn?

Quality testing of RDF

The quality of the developed RDF wastested in
terms of density, moisture content and compressive
strength (by exposing to axial pressure) by using ton
tengletester and cal orific va ue (Bomb Cad orimeter).
Ash content was also analyzed.
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RESULTSAND DISCUSSION

Collection and segregation of municipal solid waste

Municipal solidwastewas collected from Zone 13
Adyar area of Chennai Corporation. The collected
M SW was segregated and wasfound to have plastics,
paper, organic decomposable waste, cardboards,
thermocoal and glass bottle, fabric waste, dry leaves
and coconut leaves (TABLE 2).

TABLE 1: Composition of RDF mixture

Preparation of Additive

R[P;Fl): Mixture MSW (kg) Material(Kg)
MSW+CC 7:3 150 45 (CC)
MSW+ GS 73 150 45 (GS)
MSW+ SD 73 150 75 (SD)
MSW+ PS 7:3 250 75 (PS)
MSW+CC 6:4 200 80 (CC)
MSW+ GS 6:4 200 80 (GS)
MSW+ SD 6:4 200 80 (SD)
MSW+ PS 6:4 185 78 (PS)
MSW+CC 5:5 250 75(CC)
MSW+ GS 5:5 150 45(GS)
MSW+ SD 5:5 150 45(SD)
MSW+ PS 5:5 150 45(PS)

TABLE 2: Componentsof collected M SW

Parameters Weight in Kilogram
Plastics 2.7
Paper 1.65
Kitchen & Vegetable waste 16.95
(Organic decomposable waste) '
Cardboards 0.65
Thermocoal & Glass Bottle 15
Fabric waste 14
Dry Leaves and Coconut 115
Leaves

Totd 30

Physicochemical characteristicsof municipal solid
waste

Physicochemical characteristicsof themunicipal
solid waste are given in table 3Phys cochemica char-
acterigticsof themunicipa solid wastewasintheusua
reported rangewith apH of theMSW was 7.2, mois-
ture content 53%, organic carbon 24%, total nitrogen
1.2%,phosphoruswas 137 mg/K g and potassium was
688 mg/Kg.
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Quality testing of RDF blocks

RDF blocksprepared using M SW and biomaterids
(Figure 1) weretested qualitatively. Thequality was
assessed interms of moisture content, density, com-
pressivestrength, cal orific valueand ash content.
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Figurel: RDF Blocks

Moisture content and compressive strength of
RDF blocks

Moisture content and tensile strength of the RDF
blocks was represented in the Figure 2 & Figure 3.
Themoisture contentsin various RDF mixtureswere
foundintherangeof 7.1% and 19.8%. In the present
study the RDF with equal proportion of MSW and
additive Pongamia seedswasableto withstand ahigher
compressive strength of 10.4 kgf/cm? with amoisture
content of 7.1%. RDF blockswith high moisture con-
tent had alesscompressive strength.
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Theimportance of reasonablemoisture content in
achievinggtahility of RDFwithhigh compressvestrength
isclearly evident from this study. Moisture content is
one of theimportant parameter which determinesthe
quality of RDF. Berker (1997)" reported that mois-
turecontent of RDFisinversdy rdaedtocdorificvaue.
Inthisstudy also similar relation was observed. More-
over, when themoisture content isvery high, theva-
porization of surpluswater tearsthe RDF to pieces™.
Hence, maintai ning an optimum moisture content which
doesnot affect the quality of RDF isimportant. Inthe
present study a so themoi sture content was mai ntained
inthe prescribed standard for RDF.
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Figure3: Compressivestrength of RDF calorific value of
RDF blocks

Density of RDF block

Density of the RDF blocksis represented in the
Figure4. Density of the blocksvaried from0.4t0 0.7
g/cm?. RDF block MSW/PS (5:5) had higher density
of 0.7 g/em®. Kirzan, 20111 also reported thedensity
of RDF prepared from MSW inthesamerange. Varia-
tioninthedensity of RDF blocks may bedueto varia-
tionin density of the biomaterial used for the prepara-
tion of the RDF blocks. According to EU Standards,
RDF havevery good quality if densityisfrom 1to 14
kg/dma3. In the present study also the density of the
RDF blockswaswithin therange.

Dengity isanimportant parameter. Higher theden-
sty, higher istheenergy volumeratio. Hence, high-den-
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sity productsaredesirablein termsof transportation,
storage and handling*?. The density of biowaste RDF
depends on the density of the original biowaste, the
briquetting pressure and to a certain extent, on the

briquetting temperatureandtime.
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RDF qudity wasdlightly changed whenit wascom-
pacted a high pressure. Anincreaseinthecaorificvaue
of RDF wasobservedin all the RDFsexcept the one
with Pongamia seedsasthebiomateria. Thecaorific
value ranged from 3564 to 4083 kcal/K g (Figure 7).
Normally adecreasein the ash content was observed
intwo RDFswith coconut coir, sawdust and ash con-
tent varied from 8%to 14% (Figure 7).

Accordingto Kers, (2010)!* quality of RDF de-
pends on compaction pressure. In the present study
also an increase in the compaction pressure had re-
sulted in an increasein the calorific value and ade-
creasein ash content in general . Heterogenous nature
of MSW might haveresultedin dlight decreaseinthe
caorific value (PS) and ash content of RDF (PSand
SD).

Calorificvalueof RDF blocks

Cdoarificvaueof the RDF blocksisrepresentedin

theFigureb. It varied from 2858 kcal/kg to 4090 kcal/

kg. Caorificvalueof RDF block MSW/PS (5:5) was
maximum of 4090 kca/kg followed by MSW/PS (6:4)
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of 4066 kcal/kg, MSW/PS (7:3) of 3830 kcal/kg,
MSW/G.S (6:4) of 3858 kcal/kg, MSW/SD (5:5) of
3610kcal/kg, MSW/SD (6:4) of 3376 kcal/kg, MSW/
CC of 3331 kcal/kg, MSW/CC of 3090 kcal/kg,
MSW/SD (7:3) of 2882 kcal/kg, MSW/GS of 2875
kcal/kg and MSW/CC of 2858 kcal/kg. Among the
variousbiomateria sused, Pongamia seedswasfound
to bethebest biomaterid givingacdorificvaueof 4090
kcal/kg whichwasfollowed by saw dust, coconut coir
and groundnut shell. The calorific valuewas propor-
tiona tothedengty of RDF blocks. Denser RDF blocks
showed higher cdorificvalueand compressivestrength
inamogt dl theRDF blocks.

RDF blocks prepared using Pongamia seedscould
meet the European standard intermsof caorificvaue
(>3500 kcal/kg) indl the proportions. The RDF pre-
pared us ng other materia ssuch as sawdust, groundnut
shell and coconut could al so meet the European stan-
dardfor cdorificvdueintheequa proportionof MSW
and biomaterial. Ingeneral, thebiomaterial increased
thecalorific value of RDF prepared fromMSW to a
maximum of 1090 kcal/kg. Conversion of MSW to
RDFwith additivesenhanced thecd orificva ueby 3090

kcd/kg. Caorificvaueof MSW normally rangesfrom
800 to 1000 kcal/kgi*4.
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Figure5: Calorific value of RDF blocks

Pawan*! reported acal orific value of 3500 kcal/
Kgfor RDF prepared from MSW. Inthe present study
amaximum caorificvaueof 4090 kca/Kg (MSW:PS-
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5:5) wasobtained whichishighin comparisonwith RDF
prepared M SW without additives asreported above.
Calorific valueof RDF produced from MSW aso de-
pends on the composition of MSW. Hence, Calorific
value of the RDF varies with places. Dinesh and
Roomela, 201119 reported ahigher calorific value of
5000 kcal/Kg for RDF prepared from MSW of
Mauritius, which had ahigher percentage (45% yard
waste) wastewith high calorific value. But the MSW
used for the RDF preparation in thisstudy had less per-
centage of yard waste (4%) which resultsinlow calo-
rific value RDF. A calorific value of 4090 kcal/Kg
achievedinthisstudy ismainly dueto thebiomaterias
used asadditives.

Ash content of RDF blocks

Ash content of the RDF blocksisrepresentedin
theFigure6. Ash content in almost al the RDF blocks
waswithin therange of 20%. It varied from 7.3%to
41.34%. RDF block MSW/SD (5:5) produced less
ash content of 7.3%. followed by MSW/PS (5:5) of
8.3%, MSW/PS (7:3) of 12.95%, MSW/G.S (6:4) of
14.24%, MSW/SD (6:4) of 314.4%, MSW/GS(5:5)
of 17.62%, MSW/SD (7:3) of 18.34%, MSW/CC
(5:5) of 19.67%, MSW/PS of 25.26%, MSW/CC (7:3)
of 25.51%, MSW/CC of 27.59% and M SW/GS of
41.34%.
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Figure6: Ash content of RDF blocks
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High ash content in some of the RDF blocks may
be dueto the variation in the components of MSW
used inthe present study. As per theEU standards, the
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recommended ash content of the RDF should beless
than 20. According Singh*” and Grover*® theash con-
tent of the RDF should belessthan 20%. In the present
study also al the biomaterialsused washaving theash
content lessthan 20% So the chance of increaseinthe
ash content dueto additiveswhich areusedinthe study
isless. Theheterogeneous nature of theM SW usedin
the study might haveresultedintheincreaseintheash
content of some RDF mixture.
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Figure7: Quality of RDF (5:5) at high compaction pressure
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TABLE 4: Energy yield by different RDF blocks

Energy Yield Net gainin  Net gainin
energy energy with
From . - -

without biomaterial
M SW RDF . . .

RDF - biomaterial comparing
Blocks with . th

additives  comparing - wit
(kcal/K ) withMSW  MSW RDF
9 (kcallKg)  (kcal/Kg)
MSW+CC7:3 2858 1858 NIL
MSW+GS7:3 2875 1875 NIL
MSW+SD7:3 2882 1882 NIL
MSW+PS7:3 3830 2830 830
MSW+CC6:4 3091 2091 91

MSW+GS6:4 3858 2858 858
MSW+SD6:4 3376 1276 376
MSW+PS6:4 4066 3066 1066
MSW+CC5:5 3331 2331 331
MSW+GS5:5 3584 2584 584
MSW+SD5:5 3610.7 2610 610
MSW+PS5:5 4090 3090 1090
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Energy yield from the RDF

Comparing with the energy yield while burning
MSW as such conversion of MSW into RDF blocks
had an energy gain of 2000 Cal/g, and MSW RDF
blocks had an energy gain of 3090 kcal/Kg. Hence
Pongamia seeds can be used as an additivein prepa-
ration MSW RDF blocks (TABLE 4). Generally anet
ganinenergy of about 1000 kcal/Kgwasobtainedin
the prepared RDF with biomaterialscomparing with
RDF without biomaterias. Thestudy thusreveal sthat
addition of biomateridswith high cdorificvduecanen-
hancethe net energy produced during the combustion
andthusincreasethequality of RDF.

CONCLUSION

Combustion with energy recovery isoneof the ef-
fective waysto reduce the quantity of waste and re-
source consumption. RDFisone such form of energy
recovery fromwaste by which 90% of waste being sent
tolandfill can bereduced. Low Caorificvaueof raw
MSW limitsitsusage asafuel dueto the presence of
inert material and other materia withlow cdoricvaue.
Inthisregard, conversion of MSW to RDF whichis
enriched with organic materialswith noinert materia
will beeffective. The present investigation was con-
ducted to enhancethe Caorific value of RDF by using
biomateria asadditives. The study revealed that the
biomaterial can enhancethe Caorific valueof RDF.
Among, thefour biomateriasused (Coconut coir, saw
dust, ground nut shell and Pongamia seeds) Pongamia
seeds showed ahigher increasein Calorific value of
RDF. Hence, Pongamia seeds can be used in RDF
preparation but, inregard to theavailability of biomate-
rial, coconut coir and saw dust can form amore suit-
ablebiomaterid for enhancingthecdorificvadueof RDF.
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