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Abstract Hydroxyapatite (HAp) was grown on sericin coatednicroscopy (FESEM). Then, the deionised (DI) water was
silk fibers and nossericin coated silk fibers using simulatedadded into the silk fibers for sonicating in ultrasonic bath to
body fluid (SBF) at 37 C and two concentrations of remove HAp crystals from the silk fibers, and HAp crystals
1.0 standard SBF and E.Standard SBF. The results showedsuspended in DI water were obtained. Finatigy were dropped
that, for bah concentrations of SBF, HAp grown on sericirand driedon silicon wafers focharacterization. The structure of
coated silk fibers is more than that on remmicin coated silk HAp crystals was characterized byray diffraction (XRD). The
fibers. This indicates that sericin on the silk fiber plays a@lement of HAp was characterized by energy dispersirayX
important role on the growth of HAp on the silk fibersspectroscopy (EDX). HAp functional group wasacicterized by
Moreover, the particle siz of HAp grown in 1.5SBF Fourier transform infrared spectroscopy (R)

concentration is smaller than that in31SBF concentration

Index Terms Hydroxyapatite, Simulated body fluid, Sericin,

Silk fiber, Concentration, Calcium phosphate

I. INTRODUCTION

biocompatibility, osteeconductivity and bioactivity [5].

body fluid or human blood to diffuse into its porous structure t@ g r k

proliferation and differentiation of bone cells [8].
Natural silk fiber, obtained frm cocoon (Bombyx mori)

silkworm. There are two types of protein in silk fiber, that ISy
sericin and fibroin. Fibroin is the core filament and benefit for

medical applications, substrate fallcculture, artificial skin and

A. Silk fiber preparation

EXPERIMENTAL

Two types of silk fibers were prepared: (i) SF and (ii) NSF. SF
were prepared by rinsing the raw silk fibers with DI water for
three times to removéhé dust and impurity on the surface and
The composite material in human body suctbase consists gried in an oven at 37C for 1 day. NSF were prepared by

of mineral phase about 70 wt.% and organic matrix about $ijing the raw silk fibers in DI water at 10 for 20 min and
wt.% [1-4]. Mineral phasg in r_1atura| bone is hYdFO?(yaPQt't?nis process was repeated for 5 times to ensure that any residual
(HAp,Ca(POy)e(OH),) which is excellent application in gericin on the silk fibersas completely removed. Then, both SF

Ot ) .21 and NSF were cut into 5 cm long for soaking in SBF solution
Nowadays many applications on such special characteristics of

hydroxyapatite have been extensively studied [6] and develope8- Simulated body fluid preparation

for bone replacement and remodelling processes of cellsThe simulated body fluid (SBF) is the liquid solution that
surrounding soft tissues at the bamplant interface [7]. HAp contains the same ion concentrations as human blood @lasm
may become an exibent host for living tissues since it allows reported by Kokubo [8,249]. The 1.3SBF prepared in this
foll owed Kokubods . mhdhisi pe
supply nutrient and mineral ions for accelerateing thgork, 1.5 SBF was prepared as a stock solution in which its ion
concentration is 1.5 times of human blodthe 1.6 SBF means

' A : ! b that theprepared solution has the same ion concentration as in
consists of proteibased fiber. It is naturally originated from human blood plasma. In this work, the ISBF was prepared by

tendon [1].Fibroin was approved for its biocompatibility which

can be perfectly used in medical application as reported by
Altman [9]. Sericin is naturally coated on the fibroin core. It is #hereC, is the concetration at 1.5SBF, V; is the volume of
water soluble protein and useith biological and medical 1.5 SBF, Gis the concentration at 2.8BF, \,is the volume of
applications due to its antibacterial, UV resistant property [10],0* SBF
lipid oxidation [11] and artfumour property in immunogenicity

[12-13].
In this research, sericin coated silk fibers (SF) ands®sitin

ilution of 1.5 SBF, following the equatian

C]_Vl = C2V2 (1)

Table 1 Reagent additionrder in DI water for 1 litre of

coated silk fiberNSF) were used as seed fibers to induce HAp

crystals by soaking in SBF of various concentrations. The
fibers with induced HAp crystals on the surface were washed

dried for morphological investigation using thermal scanni
electron microscopy EM) and fieldemission electron

1.5 SBF
Sa"f%der Reagent Source of reagent | Amount
ng 1 NaCl Ajax Finechem 12.053 [g]
2 NaHCGQ; Ajax Finechem 0.533 [g]
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3 KCI Ajax Finechem 0.338 [g] and 10 nm gold coating. Second method wasSEM (JSM

4 K,HPO,3H,0 Carlo Erba Reagent 0.347 [g] JEOL, 6301F) at 5 kV and 30 nm gold coating. The chdmica
5 MgClL,GH,O Ajax Finechem 0.467 [g] compositions of HAp crystals were analyzed by SEBIX

6 1M HCI J.T. Baker 50 [mi] (Oxford, 1SIS 300) at 10 kV, 3Qtake off angle and 100 elapsed
7 CaCh, Ajax Finechem 0.438 [g] life times. The functional group of HAp crystals on the silk fibers
8 NaSO, Ajax Finechem 0.108 fj was characterized using FTIR (Perkin EimSpectrum One) by

9 | C,HuNO; (Tris) | Ajax Finechem 9.177 [g]| KBrpelet

10 | IM HCI J.T. Baker 8.5 [ml]

Il.  RESULTS AND DISCUSSDN

C. Growth of Hap on silk fibers Figure 1 shows the XRD patterns of hydroxyapatite

The prepared 130 SBF was filled in two plastic tubes and(Ca(POy)s(OH),) and calcium phosphate (§BsO.4),) crystals
1.5 SBF was also filled in another two plastic tubes, each tulod SF and NSF. The observed peaks in Figure 1 could be
with 30 ml. Two types of silk fibers, SF and NSF which alreadyndexed based on HAp and calcium phosphate crystaloint
prepared and cut into 5 cm long were used for soaking in SBfoemmittee on Powder Diffraction Standard (JCPDS) card
solutions numbers 09432 and 521538, respectively

0.2 g of SF was soaked in 18BF and 1.5SBF are SF 1.0 For NSF, it is seen in Figure 1(a) and 1(b) that mixed crystals
and SF 1.5, respectively. 0.2 g of NSF after soaked iSBB of monoclinic phase of calcium phosphate {€§01,).) and
and 1.8 SBF are NS F1.0 and NS F1.5, respectively hexagonal phase of HAp &(PQ,);) were grown on NSF.

The prepared four samples, i.e. SF 1.0, SF 1.5, NSF 1.0 dh@wever, the grown crystals are mainly calcium phosphates.
NSF 1.5 were kept in an incubator at@7for 7 days to observe When the SBF concentration was increased td SB¥, the
the growth of HAp on the silk fibers. After 7 days, HAp crystal&XRD pattern shown in Figure 1(b) revealed that more HAp
were grown on the surfacof all four samples. They were thencrystals were grown on the silk fibers. For SF, onlyepHAp
washed with DI water and dried in an air oven aiG3tr 1 day. ~ crystals were grown on the silk fibers for both SBF

All four dried samples with HAp crystals on the surface wergoncentrations as shown in Figure 1(c) and 1(d). This grown
used for investigating the morphology by thermal SEM and FEIAP crystal has the same phase as in human bone. The above
SEM. Subsequently, HAp crystalen the silk fibers were XRD results indicate that sericin is an important factor on the
removed by sonicating method. About 0.2 g each of four drigifowth of HAp crystals on the silk fibers. Sericin composed
silk fibers with HAp crystals on the surface obtained above, widainly of serine and aspartic acid compared with glycine and
put in 10 ml of DI water and sonicated in ultrasonic bath for 3@anine in fibroin. Furthermore, serine and aspartic acid have
min. Then, the silk fibers were removedt of the DI water and mMore COOH group than that of glycine and alanine. COOH
small size of HAp crystals suspended in the DI water w&80up has high electrostatiadhydrophilic force from lone pair
obtained. Finally, they were centrifuged at 14,000 rpm for 1 mlectro_n, therefore it prefers t_o coordinate vylth calcium ions
and the supernatant was removed out of the tube. The wet HEGF ) in SBF. As a result, SF is better seed fiber to grow HAp
crystals were left at the bottom of the tube. AbBQ ml of the than NSE _ _
wet HAp crystals was dropped on silicon wafers (100) and driedFiguré 2 shows the thermal SEM images of crystals on silk

at 70 C for 20 min. To increase the HAp film, the drdped fibers. It can b_e o in Figure 2(ap(d) that the crystals were
QWn on all silk fiber surfaces. The growth of crystals on silk

method was repeated for 3 times. The dried HAp samples w¢ et ; .
used for XRD inrz/estigation P P ﬁt!)ers in Figure 2 because all the prepared SBF solutions used in

To compare HAp crystals adined from the growth on the silk this work reached a supersaturated concentration. The interfacial

fibers with those of pure HAp crystals, therefore pure HAﬁnergy betwee a crystal nucleus and silk fiber surfaces in

crystals were also prepared in this work. First, mixing 10.32 persatqrated concentratlion is lower than that of the crystals in
Ca(OH), with 120 g DI water. Then, 9.64 g 85 wt%,@0, contact with the SBF solution [21]

solution was added by drop wise into Ca(@Bblution. The pH

of the mixture was adjusted to be 9.0 by adding ammonium

hydroxide and stirred at 800 rpm for 3 hours, followed by three

cycles of alternate centrifugation and wateshing to harvest

the precipitates. The precipitates were dried inuuat at 50 C

for 48 hours and ground into fine powder using an agate mortar

[22].

D. Characterization

The structure of HAp crystals was characterized by XRD
(Rigaku, RING 2000) with CuKin the 2y range of 20-55 with
a scan step of 0.02 The morphtogical structure of HAp
crystals on the silk fibers was characterized with two methods.
First method was thermal SEMSM-JEOL, 5800LV at 10 kV
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The above results show that silk fibers are dyseed for
growing the crystals because there is hydrophilic functional
group of protein on silk fibers acted like sponge to absorb SBF.
However, we cannot identify the difference between morphology
of crystals from thermal SEM images. Therefore, further
investigation on crystals was carried out usingSEM.

/

x 5,000 - x 5,000, 1 pm

Intensity (a.u.)

x 5,000 1 pm

Hydroxyapatite
’ | POEDSNu0S-055) Figure 3 FE-SEM images of calcium phosphate ahép crystal
v v bl on(a) NSF 1.0, (b) NSF 1.5, (§F 1.0 and (d) SF 1.5

11 l

Calcium phosphate

‘ (JCPDS No.52-1538) Figure 3 shows the FEEM images of the crystalsnosilk

|| | | Il IRt ARE T R, fibers after soaking in SBF. Figure 3(a) and 3(b) show the flat

20 30 35 40 45 50 55 shape and cauliflower shape crystals grown on NSF 1.0 and NSF
2 theta (degree) 1.5, respectively. The flat shape and cauliflower shape crystals

are attributed to calcium phosphate and HAp, respecti2dy
Figure 1 XRD patterns of HAmand calcium phosphate crystals These results are in good agreement with those of XRD as shown
grown on (a) NSF 1.0, (bNSF 1.5, (c) SF 1.0 and in Figure 1(a) and 1(b). That is the mixed crystals of calcium
(d) SF 1.5. C s calcium phosphate and His HAp ~ phosphate and HAp were grown on both NSF 1.0 and NSF 1.5
Figure 3(c) and 3(d) show cauliflower shape crystals, that is
Ap, grown on both SF 1.0 and SF 1.5, respectively. The
article size of HAp crystals grown on SF 1.5 and SF 1.5 are in
e range of ¥4 nm and 0.10.2 nm, respectively. It is seen that
pthe particle size of HAp crystals decreased with increasing SBF
c¢onentration. Because at high SBF concentration, that is, high
arrier energy is difficult to dilute in solution and hence calcium
bns prefer to grow into HAp with small crystals than those of
rge crystals [21]. The results show that pure HAp crystale wer

ich agrees well with those of XRD as shown in Figure 1(c)
L Jand 1(d)

The chemical composition of cauliflower shape crystals shown
IN| Figure 3(c) was further analyzed by SE\DX. The SEM
"BEDX spectrum of HAp crystals is shown in  Figure 4. It is
parly observed that HAp crystals are composed mainly of
osphate and calcium. Oxygen element appeared inBSBXI
ttern arlses from carbonate group @&gH

out and compared with pure HAp crystals. The IR spectra

Figure 2 SEM images of crystals on (a) NSF 1.0, (b) NSF 1.5, obtained from HAp crystals growth on SF 1.0 and pure HAp
(c)SF1.0and (d) SF1.5 crystals prepared in this work are shown in Figure 5. The

WWW.ijsrp.org



International Journal of Scientific and Research Publications, \@Rinssue 8, August 2013

ISSN 22563153

assignments of the vibrational modes associated with different

crystals

12

functional groups reported in the literature for HAp crystalsHs
presented in Table 2 [22,24]. Frequency (cm?) Vibrational mode assignments
472474 n, bending GP-O
] P 563565, 602605 n, bending GP-O
800970 n,C-OB
30 960-965 n; symmetric stretching©®
1033, 1060 PO, group
or 11651167, 14101456 Carbonate ion
& 12361410 Amide I
Z 20 15101535 Amide I
Z . 16001655 Amide |
8 16101640 Bending GQH-O
~
The peaks located between 472 and 605 @rnidentified as
10 + Ca the bending @-O vibration in which the phosphorous move
o appoximately at right angle to the-O lines and in the @-O
i planes. The peaks at 8900 cm' are GO vibration. The strong
peaks at 1033 and 1060 ¢nare PQ group [25]. The peaks
| A . A}'\} L. . A located between 1165167 and 1411456 cni are carbonate
1 ) 3 4 5 ions [26]. Thepeaks shown between 123@10, 15101535 and
Energy (keV) 16001655 cnit are amide 111, amide Il and amide I, respectively

Figure 4 SEM-EDX spectrum of HAp crystals from SF 1.0

874

Intensity (a.u.)

/ 1533
1652

T T T T T

1600 1200 800

Wavenumber (cm'l)

2000 400

Figure 5 FTIR spectra of (a) pure HAp crystals and (b) HAp
crystals on SF 1.0

Table 2 Assignments of infrared vibrational modes of HAp

[27,28]. The peak at 1610640 cni is bending GH-O vibration
in which the hydrogen move at right angle to th®Qines and
in O-H-O planes. tl is clearly observed that the IR spectra of
HAp crystals on SF 1.0 showed strong peak of amide I, amide II,
and amide Il because they are main components in the silk fiber
The peakdocated at 1423 and 145%™ for pure HAp, and
1166, 1412 and B0 cm® for HAp crystal on SF 1.0 are derived
from carbonate ions, even though no carbonate source was
introduced into the starting materials. Since, two samples were
prepared in an atmospheric environment, it is reasonable to infer
that the carbonate ionmcorporated into HAp crystals from
carbon dioxide gas in air. The band at 1638'capresenting ©
H-O bending (OH group) of pure HAp and that of HAp crystals
on SF 1.0

IV. CONCLUSION

This study demonstrates that HAp can be perfectly grown on
SF 1.0 ad SF 1.5. The structure of HAp as confirmed by XRD
was hexagonal, which is the same phase as found in human bone.
The morphology of HAp as observed by-BEM was confirmed
by the cauliflower shape. At a low SBF concentration, NSF 1.0
was not a good seed toduce nucleation of HAp crystals.
However, at higher concentration, NSF 1.5 can be used to grow
both calcium phosphate and HAp crystals. On the other hand, for
SF, they are suitable to be used to grow HAp crystals in both
SBF concentrations. Thus, it mag concluded that sericin is a
good seed protein for inducing nucleation of HAp crystal.
Furthermore, HAp were rapidly grown on SF 1.5 with a small
size crystal
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Abstract The developing stage of any country is crucial for planning its ressuiithe sustainable development is the key
factor governing the present scenario of social, economic, political, technological, and environmental challenges faced by
world. The Kerala state being enriched by natural resources and good environmatitedrsis also going through the phase of
urban development. The resulting trends are the increased consumerism which constituted the solid waste management prok
along with severe energy crisis in recent times. The proper management of solid wasteritical challenge faced by the state
today. Both these challenges should be resolved in avimirmanner by adopting suitable technological solutions. The present
study is an overview of the existing solid waste treatment systems in the state, dheclmasipnges faced and the feasible
opportunities for sustainable management of municipal solid waste.

Index Terms Sustainable development, Biodrying, landfilling, Moisture content, refuse derived fuel

I.  INTRODUCTION

The developing Kerala is becomgim heap of solid waste and the social issues related to improper management of solid waste
increasing at an alarming rate. This point out the immediate attention required for developing suitable solid waste mhianagerr
technologies for the state. Thestinability is the main criteria for waste management systems. The detailed studies on existin
treatment facilities in Kerala revealed that the anaerobic digestion process is prone to failure after some periodoofioperati
majority of the plants andlso the composting process has not succeeded in finding the market for the end product. Th
incineration of the humid waste is also creating air pollutant leaching in spite of sophisticated control measureshitcaliditi
economics. The landfillingfavaste is not at all the good choice for the monsoon dominating climatic conditions of the state. Also
it is a fact that no engineered landfills exist in the state, instead only dumping yards exist which increases thefadigera# ef
these indicatehie fact that most of the existing technologies for municipal solid waste treatment in the state are unsuccessful. T
situation makes it necessary that the development of a sustainable treatment technology is essential to reduce the impac
municipal ®lid waste accumulation.

The municipal solid waste of Kerala is found to be having high average moisture content of about 70 % and low averiage calor
value of 7300 kJ/Kd1]. Both these factors making many of the treatment options failures and abasé# some economical
issues due to high moisture content. Improvement is required in both these parameters which can show the way to a sustair
option. The technology options of different methods of municipal solid waste treatment, prevailing tikeowerld is studied in

the literature review and an innovative biodrying process is proposed to fulfill the sustainability criteria.

II. IDENTIFY, RESEARCHAND COLLECT IDEA
2. MATERIALS AND MET HODS

2.1 Municipal Solid Waste Scenario

2.1.1 Quantification Studies

The studies carried out by the National Environmental Engineering Research Institute (NEERI) in Indian cities have reveal
that the quantum of Municipal Solid Waste (MSW) generation varies betweerD@21Kg/capita/day in large citid2].

Basal on this the waste generation in municipalities of Kerala can be taken as an average of 0.28 Kg/capita/day. The stuc
conducted by the Urban Development Section of World Bank, considering the relation between Gross National product (GN
and per capitavaste generation is estimated to grow at an exponential rate of 1.41% per annum. Therefore the present aver
generation of MSW can be considered as 0.343 Kg/capita/day, with total MSW generation of 7056 tonnes/day. The datab
for MSW generation baseddairect sampling for the state obtained from literature reviesuismarised in Table 1[3].
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Table.1.1. Municipal Solid Waste Generation Estimated Based on Direct Sampling
(Dr.R.Ajaykumar Varma, 2006)

. uantum of MSW Generation(ones/da
MSW Generation sources KollamQ Kochi Thrissu(tr Ko)z%ikkode
1 Domestic sources 95 134.7 75.75 100.12
2 Commercial establishments 17 32.99 13.02 28.16
3 Marriage & community halls 1 4.75 212 156
4 Hotel & Restaurants 19 29.9 14.57 24.07
5 Markets 6 20.39 11.01 12.08
6 Institutions/ schools, offices 7 14.75 5.51 10.62
7 Street sweepings 14 31.3 13.87 19.28
8 Hospitals(Norinfectious) 2 4.22 3.6 6.64
9 Slaughter house 2 5.26 2.25 -
10 Construction & Demolition 7 17.0 13.6 11.0
Total 170 295.26 154.70 213.53
Per capita generation (g/day/heq 434 482 476 477
Table.1.2. Waste Generation Scenario in Kerala in 2006
Type of Kollam Kochi Thrissur Kozhikode
MSW
Collection | Dump | Collection | Dump | Collection | Dump | Collection | Dump
point site point site point site point site
Paper 3.10 4.38 4.87 4.42 2.74 3.36 3.32 5.71
Plastic 2.95 4.39 4.83 4.10 2.26 2.46 2.05 2.36
Metals 0.32 0.51 0.35 1.03 0.25 0.61 0.71 0.38
Glass 0.76 1.06 1.06 2.04 0.47 1.36 1.85 0.68
Rubber & 0.84 1.53 1.50 142 1.31 2.17 1.50 0.93
Leather
Inerts 0.77 0.00 1.74 1.81 1.06 1.82 1.44 1.85
Ash& fine 1.90 2.45 1.68 3.68 6.43 3.47 2.75 5.06
earth
Compostable 88.34 84.32 79.78 77.14 82.51 81.85 83.9 79.28
organics
Domestic 0.17 0.38 0.28 0.74 0.33 0.62 0.93 0.46
Hazardous
0.85 0.96 3.90 3.64 2.63 2.26 1.55 3.29

2.1.2 Municipal Solid Waste Characterisation Study
The physical composition of typical MSW at collection point and dumping sites obtained fudrassare listed in Table.2.1.

The average hegvmetal content in MSW approximates about 2.84%, which has the potential to contaminate the compostin
product of the municipal solid wast€he result showed almost 80% of the MSW of the state is organic matter. Considering the
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chemical properties of typal MSW from the state it is found that moisture content of MSW for the state is very high
approximately about 70%d able.2.2).

Table.2.1 Physical Composition of MSW at Collection Point and Dumping site (%)

T,\);psev\?f Kollam Kochi Thrissur Kozhikode
Collection | Dump | Collection | Dump | Collection | Dump | Collection | Dump
point site point site point site point site

Paper 3.10 4.38 4.87 4.42 2.74 3.36 3.32 571
Plastic 2.95 4.39 4.83 4.10 2.26 2.46 2.05 2.36
Metals 0.32 0.51 0.35 1.03 0.25 0.61 0.71 0.38
Glass 0.76 1.06 1.06 2.04 0.47 1.36 1.85 0.68
Rubber & 0.84 1.53 1.50 1.42 1.31 2.17 1.50 0.93
Leather
Inerts 0.77 0.00 1.74 1.81 1.06 1.82 1.44 1.85
Ash& fine 1.90 2.45 1.68 3.68 6.43 3.47 2.75 5.06
earth
Compostable 88.34 84.32 79.78 77.14 8251 81.85 83.9 79.28
organics
Domestic 0.17 0.38 0.28 0.74 0.33 0.62 0.93 0.46
Hazardous
0.85 0.96 3.90 3.64 2.63 2.26 1.55 3.29

2.2. Waste Management Concept

There are a number @bncepts about waste managemehtch vary in their usage between countries or regions. The waste
hierarchy (Fig.3) refers to the "3 Re2duce reuseandrecycle which classify waste management strategies according to their
desirability in terms ofvaste minimisationActivities at source like prevention,-tse and source reduction are given the most
priority in solid waste management practices. The energy recovery from the waste ithgiwaetond priority, and finally the
waste should reach the safe disposal sites.

miist
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Table.2.2. Chemical Characteristics of MSW at the Dumping Sites of major Cities

(Dr.Ajaykumar varma,2006)

17

S| Sampling Densit Moisture Calorific Phospho
No Location K /mg})/ Content Value pH C (%) | N (%) C/N rous as
: Jarea 9 (%) (K.Cal./Kg) P,Os
1 Kollam 207.06 74.32 1656 7.72 24.97 0.97 25.74 553.5
2 Kochi 267.81 55.29 1759 7.46 26.39 1.25 21.11 129.25
3 Thrissur 33550 69.52 1744 7.40 28.68 0.93 30.84 1561.17
4 Kozhikkode | 327.65 79.54 1816 7.12 32.72 243 13.46 1050.17

Average 28451 69.67 1744 7.43 28.19 1.40 22.79 823.52

2. 2.1 Waste Prevention and Minimisation

Prevention is th most desirable waste management option, as it eliminates the need for handling, transporting, recycling and dispc
of waste. Also it helps the optimization of environmental resources. Minimisation is any process or activity that awmiés,ared
eliminates waste at its source or results in reuse or recycling. These two management options can be applied at all siéges in th
cycle of a product. Acasestudyuggest ed tphraotd ufteext e nedsepaccanshé usédlinhetsglegtionof resources

and the design of product s, in the context of o6cr adHestudy o ¢
suggested special tools like life cycle analysis and value chain analysis for thigsame

Reuse is preferredver recycling if the purpose of use is same, as both energy and matter is saved. But the efficiency of the produ
may reduce in reuse and also certain products become hazardous in long run, pointing to the versatility of waste pmevention
minimisation The reuse of a building after remodelling is a sustainable option to minimise the constructigbjwaste

Recycling involves the treatment or reprocessing of discarded waste to make it adequate for reuse. It conserves resoarggs and
but sometimegedious, time consuming and result in net energy loss. General office waste like paper and cardboard are easiel
recycle because they contain lots of strong fibers that can be reused to make new shegtstcpdper effectiveness of recycled
glass asaggregate replacement in concrétgroved the durability, impermeability, improved abrasion resistance, hardness, and
enhanced flow properties of concrete without using plasticizers. Also the pozzolanic properties of glass aggregates parifit f
cement replacement and fillgg].

Waste of electrical & electronic equipment/EEE consists of various reusable commodities and hazardous substances. But
recovering both of these in an environment friendly manner is a major challenge. A study cateralltiecycling system in Asia
especially proposed a cgstofit analysis model, considering the differentials of economic factors between developed and developin
countries at first. Based on this model, a qosfit analysis of multilateral recyclingf four electronic products namely, refrigerator,
television, air conditioner and personal computer was performed. The result of analysis showed that high profitabitijlargl re
ratio can be achieved by multilateral recycling system in spite of tta ¢ésansportation cost, mainly due to low lab@ost in
developing countries [7].

Once the matter becomes waste, it should be collected in a systematic manner to transport the same in to a properdisptsent o
site. The first step in collectioimcludes the storage and separation of waste in different methods. The single bin system (collect a
solid waste and liquid waste together), double bin system (collect solid waste and liquid waste separately) or tripgenbjcodiest
biodegradablesral nonbiodegradables in solid waste separately) can be adopted.

Infectious wastes are biologically active and inherently capable of becoming putrescible. Hence it is essential to inajpieiment
delivery or temperature controlled transport for the sawee:halogenated plastic containers should be used for incinerable wastes in
place of PVC. Nothalogenated plastics or recycled materials to be purchased for packaging the @ydetiExsic wastes are to be
collected in leak proof containers, clearly lkukas cytetoxic waste All Sharps should be collected in puncture proof containers for
final disposal8].
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The biomedical waste is sorted based on color, segregated in to containers or bags at the point of generation (in aibordance
Schedule Il of Bomedical Waste management and handling Rules 1998). Biomedical waste should be transported within the hosp
by means of wheeled trolleys, containers or carts that are not used for any other purpose. Off site transportatioroukhiote sh
marked withthe name and address of carrier and biohazard symbol should be painted.

2.3 Methodology

The solid waste management techniques along with the challenges and opportunities of each one in a realistic apprdeech shou
analysed for suggesting a suitableusion. The literature review analysis method of research had lead to a number of technologica
options for the solid waste treatment of the Kerala state.

2.3.1 Composting

Composting is a really meritorious process of recycling waste as it can helpagptou surroundings clean as well as green. It is an
effective means of converting namfectious and nottoxic biodegradable kitchen and other wastes into manure for useful purfioses.
study on combination of vegetable waste, cattle manure and sawatustilised for high rate composting in a household rotary drum
composter. The rotary drum composting process of mixed organic waste yielded suitable compost with moisture contendfeductiol
61% to 43% and the BOD/COD ratio reduced from 0.94 to 0.2Bjmitomposting period of 20 daj8]. The vermicomposting of
domestic waste could be an effective technology to convert the negligible resource into soraeldetuproductflO]. But a case

study on heavy metal distribution in soil and plant in municgmid waste compost amended plots revealed that there was an
important load/transfer of metal ions from soils to wheat plgr} Vilappil composting plant at Thiruvananthapuram is an example
for failure of composting technology in the state. The megasons for these failures are the plants were designed for handling more
waste than could be acquired; allocation of funds for plant maintenance was ignored; and local conditions were not edilsdered
importing the technology. Also the chemical ams#éyby Centre For Earth Sciences Studies (CESS,2011) at Thiruvananthapuram
showed that the city waste contains heavy metals like lead, cadmium and arsenic most probably which affected the compos
process badlfhus the composting method of solid wasigpdsal has to be analysed for detrimental effects, especially if industrial
wastes are dumped in to municipal landfills.

2.3.2 Anaerobic Digestion

There are a number of anaerobic reactors, with solid waste feed, working successfully in the countrgefdiBcagigestion of
organic fraction of municipal solid waste had been conducted inguildé reactor based on higblid combined anaerobic digestion
process yielded efficient bigas productiorf12]. Anaerobic digesterAD) found to be successful irducing the volume of waste
going to landfill, decreasing emissions of greenhouse gases and creating organic fertilizer, all at a profit. But manyastudie
proven that poor design issues along with elevated investment and operating costs are tibedimha anaerobic digester plant at
Sreekaryiam, Kerala is facing operational troubles due to the increase in nitrogen content to inhibitory levels whiehdctmlthé
failure ofthe digesters [13].

2.3.3 Mechanical Biological Treatment

The mechamial biological treatmentMBT) includes the mechanical stage of shredding of waste followed by removal of some
recyclable material and the biological stage of composting or digesting the waste, usually done in an enclosed systiemtialhe po
advantage oMBT is that, it reduces the volume of residual waste and the biodegradability, thus reducing the methane and leach
production from the landfill. Potential hazardous waste contaminants of the waste stream will not reach municipaltésndti# $d

the sorting of the waste prior to treatment. (Integrated Pollution Prevention and Control, European Cormmissiiorate General

Joint Research Centre, 2004).

2.3.4 Incineration

The incineration is the process of treating the waste by the combuktiogamic materials. Incinerators may reduce the volume of
solid waste, but they do not dispose the toxic substances contained in the waste. They create the largest sourcendf efidikias a
wide range of pollutants in their stack gases, ashes and retfsidueg14]. The special benefit of incineration is destruction and
detoxification of particular wastes (e.g. combustible carcinogens, pathologically contaminated materials, toxic organiziscanpo
biologically active materials), rendering them mauitable for final disposaHowever, most of the waste is composed of both
combustible organics and n@oembustible inorganic matter.
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The PVC plastic component of medical waste is a major contribution to dioxin pollution when it is incineratedsadestheption is

to segregate the waste before going for incineration and thus reduce the amount of toxic emissions. The toxic emissions f
incinerator plants can be reduced by fitting advanced air pollution control equipfientleaned city waste imeration energy used

for the desalination purpose imadelling study showegromising and can be studied on a pilot proj&b{.

2.3.5 Plasma Arc Treatment

A case study on the assessment of electneaite treatment using the air plasma system irnchlmperation showed that it is able to
convert the electronic waste into combustible gas and inert solid resitigaamass loss rate of electronic waste was demonstrated in
the experimental study, but the costly electrical energy involved in the prisces the main obstacle of plasma arc treatment
technology[16].

2.3.6 LandFilling

Landfill is a land that is built up from deposits of solid refuse in layers covered by soil. The organic waste dumpedfilh sitéa
will decompose with time, buhé inorganic constituents will be remaining for long time. Since each landfill has its own constituents
and the leachate quality of a particular landfill also changes over time; a flexible design is required to treat timél wamiestieam.

The main emironmental problem associated with land fill is the pollution of ground water. Rainwater percolating through the solic
waste carry large amount of pollutants to the ground water aquifers. Hence the sanitary landfill design should include a&xgens
carefully constructed impermeable layers which prevent the leachate from contaminating the ground water f&gpuidesUnited
Nations Environmental Programme (UNEP) study showed that leachate recirculation landfills (landfill bioreactors) arecstiperior
conventional singlgass leaching landfillA casestudy showed that soil column had ample capacity to adsorb metal contaminants,
making the determination of soil potential in land fill site selection inevi{dde

Also the methane emissions findandfill to atmosphere increase the global warming with a factor of twenty times more than the same
guantity of carbon dioxide (Climate Change Congress, 1995). In order to have a remedy for methane emissions, the dleffective
capping is replaced by mew technique 'Phytocapping.’ The study conducted at Rockhampton's Lakes Creek Landfill in Australi
concluded that phytocaps can reduce surface methane emissions 4 to 5 times more than the adigetatashsitgl9].

A Comparative study of municih solid waste treatment technologies using life cycle assessment rettaddded hat landfill with

energy recovery facilities is environmentally favourable. However, the large land requirement, difficult emission cdatrobags

long time span, ardné limitations[20]. But it is a fact to be taken with due weightage that, the landfill is the final destiny of any type
of waste. Open dumping is the common practice in Kerala instead of landfillihge cent r al government 0s
(Managenent and Handling) Rules, 2000 prohibit open dumping of unsegregated municipal waste; especially in residential areas. -
dumping also violates Environment Protection Act, Kerala Paddy Land and Wetland Conservation Act, Kerala Ground Water Act a
CoastalZzone Regulation Act.

.  WRITE DOWN YOUR STUDIES AND FINDINGS

3 RESULTS AND DISCUSSIONS

3.1 The Major challenges and Opportunitie§ Sociceconomical

The rapid urbanization, constant change in consumption pattern and social behavior have increasentati@engof municipal

solid waste in Kerala beyond the assimilative capacity of our environment, and management capacity of existing wa:s
management system. Hence there is an urgent necessity of improved planning and implementation of comprehensive M
management system for upgrading the environmental scenario of the state.

The existing waste dumping sites in the state are overloaded beyond capacity and under unsanitary conditions leading to

pollution of waster sources, proliferation of vectors ahocaunicable diseases, foul smell and odours, release of toxic metabolites
etc. It is difficult to get new dumping yards and open dumping is prohibited by law. This is particularly true for Kéraeveit
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constraints of land availability, dense populafienvironmental fragility and expectation for management of solid waste relies on
an overly centralised approachhe increasing quantities of plastics and #bhamdegradable packaging materials in the municipal
solid waste are making the management optimore complicated. Therefore the excessive accumulation of solid wastes in the
urban environment poses serious threat to the state.

The unhygienic septic character of municipal solid waste is the visible adverse effect leading to growth of diseasg spread
vectors and other organisms. The invisible effects of careless dumping of solid waste is the pollution of the ground saiter an
of the nearby locality, and sometimes it will be spreading in to wider areas depending on the soil and ground actesisticar

of the placeThe simply dumping practice of municipal solid waste is not only revealing the technological scarcity but also the
limitations of the existing technologies in the state. All these circumstances points out that the municipesselidanagement

is a major challenge faced by the state and hence the research and development in this field is the necessity of¢herdiseat Th
project set the goal to develop a sustainable treatment technology for the municipal solid wastia.of Kera

The economical aspects of various treatment technologies like composting, -eemposting, anaerobic digestion/
biomethanation, incineration, gasification and pyrolysis and sanitary landfilling are studied. The composting is thephacatdim
costeffective technology for treating organic fraction of MSW. This method however is not very suitable for waste that is too we
and heavy rains affect the operation of open compost plants. Also the land area requirements for compost plants arenkry larg
the flies nuisance and odour problems are prominent. The waste segregation if not properly carried out will lead to tbeicity
compost which prevents its safe application to agricuf@tg¢ Vermi-compostings preferred to microbial compostingette days

in small towns as it requires less mechanization and easy in operation. But the toxic material contamination in MSVthevill kill
earth worms active in composting.

Biomethanisation or anaerobic digestion is a comparatively well establishedlteghfar stabilization of sludge, deodourisation

and disinfection. But it is suitable only for organic portion of MSW and it does not degrade complex organic matter anig inorg
materials. Such materials found to interfere with anaerobic digestion angg the failure of the unit itself, and hence result in
huge economical burden. So the practical application of this technology is limited for MSW. The incineration of wadteris anot
technology used in developed countries for treating MSW. But thle tégital cost along with maintenance cost makes it
economically nofviable. Pyrolysis /Gasification for MSW treatment also suffer energy recovery issue for solid waste with high
moisture content.

The landfilling is the final disposal method of MSW whishalso causing economical barriers due to scarcity of land and long
distance transportation requirements, besides the ground water and surface water pollution issues and environmentalehazards
other methods of municipal solid waste management likgclieg and reuse can be done only if the MSW is sorted. But the
increased moisture content of the waste is affecting the sorting and storage of raw MSW and also result in increasefd volum
waste.

Literature analysis of solid waste treatment technel®giointed out the fact that the failure of the existing technological options is
the cause for increased landfill volumes. The open dumping in the streets of the state also uncover the reality thdht incree
volumes of solid waste beyond the assimilatiapacity of the treatment facilities available is the major reason for solid waste
handling problemsThe decision to implement any particular technology needs to be based on itsdechamic viability,
sustainability as well as environmental implicato keeping in view the local conditions and the available physical and financial
sourcesThe search for a solution to thiBi odrriytiincgal whh alhl einsg
developed nations as a solution to solid wastdrtreat menaceThis technology is eminent ieducing the moisture in the waste

and also the numerous end use possibilities are making it a sustainable option.

3.2 Gap Filling Technology

The biodrying is a relatively new sustainable technology M&W treatment, which is successfully implemented in many
developed countries, which seem to reduce the smmoomic limitations of the existing technology. Biodrying process is an
aerobic convective evaporation process which reduces the moisturetadrttenwaste, with minimum aerobic degradation. This
process is different from composting in that the output of the composting process is stabilized organic matter, but ti¢hmutpu
biodrying process is only partially stabilized, which is usefukefoergy production from the biodried MSW. The biodrying process

is of short duration one and hence the emission factors are also short lasting. The energy balance is also achievdit (the cal
value of waste is increased to a sufficient level (from #&Kg to 15000 kJ/Kg) since lower dlow rates are used.
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This technology is meritorious to substantially reduce the amount of the waste going to landfill, and offers an altematse t
burn incineration besides recovering energy from residual veggpeoducing a refuse derived fuel (RDF) that can be used instead
of fossil fuels[22]. In biodrying process, the moisture content of waste is reduced to about 30 to 45 % and hence sorting al
storage issues can be reduced to great extent besides tloadivner of landfill can be reduced. The output from biodrying process
can recover heat if used in incinerators. Also the volume of waste is reduded46po [23]. Therefore biodrying process is
expected to minimize the negative impacts of all the exisénlgnologies in the state and hence research and developnigist
innovative technology is the need of the time.

4 CONCLUSION

The present study of solid waste treatment technologies in Kerala has revealed the critical issues related taesolid we
management widely, with a special mention to the challenges faced by the state. This is the most solution sémking prob
the state today, since social, economical as well as the health environment is seriously affected by the improetesolid w
treatment technologies in the state. Instead of repeating the failed technologies it is better to develop an innovativhislyste

will be suited to the diversified and changing characteristics of municipal solid. Wastend use of the output frothe biodrying
process is making it versatile in terms of sustainability and hence it is found to be aspiring since the waste to eeptghcolac
become a reality to meet the fossil fuel scarcity in the very near future.
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Abstract The information encoded on a computer may have 4 PRELIMINARIES

negative or a positive emphasis. Negative information refers to

the statement thatome situations are impossible. It is often thepeafinition 2.1: Fuzzy Rule

case for pieces of background knowledge expressed in a logical
format. Positive information refers to observed cases. It is oft
encountered in datdriven mathematical models, learning, etc:
The notionofa fAi f . . . , then. . 0 rul,
of positive and negative information. We know that the classm‘é‘i h ere
logic is two valued TRUE and FALSE. In real life situations th

true valued logic can be seen inadequate. We need logics wh clrm1 €

This paper gives an idea of the logic that needs to be put forward
beyond classical two valued logic. Examples:

Index Terms 1Fuzzy rule, antecedent, consequent, fuzzy
implications.

1. INTRODUCTION

Fuzzy rules ee often considered to be a basic concept in fuzzy

logic [1]. Fuzzy rules were meant to represent human knowledge

in the design of control systems, when mathematical models v
were lacking [2]. Topics like data mining, knowledge discovery

and various forms oflearning techniques have become an
important challenge in information technology, due to the huge
amount of data stored in information systems. Looking for
meaning in data has become again a relevant issue. Even though g
the classical twevalued logic codies and explains the human
reasoning, it has been felt that it does not reflect whole gamut of
our reasoning capabilities.

This leads to the threelued representation of a rule, according
to which a given state of the world is an example of the rule, a

meani
will allow the other truth values in between TRUE and FALSE€ & N ing

H

of
oy i

%\nfuzzy rule is of the form: R: If <xis P >then<yis Q >

,in the. con
oy is Q0 ar
s PO, i s ca

is called

1. If <temperature is high > then < pressure will be low >
2. If<atomato is red > then <t is ripe >

D P~ Q: examples of the rule

I:l P Q counter-examples o

. P: Values irrelevant for the

counterexample to the rule, or is irrelevant for the rule. This view 1' 0
also sheds light on the typology of fuzzy rules. It explains the 17
difference between a fuzzy rule modeled by a maadyed
implication, and expressing negative infation, and a fuzzy
rule modebéd by a conjunction and expressing positive
information.

The aim of this paper is: Definition2.2. Negative view:

P

Figure 1: Partitionon U x V induced by h e If xuslPgtherii
v N

l.togveaar al ued | ogical account of E"(‘)%hrv‘alr%s'%nW'qi"é%IQ|Q1%)0% co

Fuzzy. , then ymustb e

otl peand yw® thehs ,

2. to show that the typology of fuzzy rules, previously propose(d y)l R, or equivalently R P G Q. This view empasizes
by the authors [18,19] mages to reconcile the knowledge only the counteexamples to the rule. It is the implicative form

driven logical tradition and datdriven engineering tradition;
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of the rule. Pairs of attribute values in £ Q are deemed We define these 3 operations on the statements p, q, r, ...
impossible. Other ones remain possible, as shown on Fig denoted by pJ g, p@q andx p analogous to the three operations
OR, AND and NOT of classical logic. These are defined by their
truth values as follows:

v
T(p Uq) = max {T(p), T(a)}
[ P~ @ counter-examples of the rule T(p@a) = min {T(p), T(a)}
@ [ ] Values considered as possible by default T(* P) =17 T(p)
(b) Lukasiewicz, also defined the implication operator
by
T(PA g)=1i T(p) + T(a) if T(p) > T(a)
L 0 =1 it T(p) ¢ T(a)
P

Or simply as (/A q) = min{1, 17 T(p) + T(q)}
Figure 2: Negativev i ew of IfxidRet heurl ey fAi s QO
Definition2.3. Postive view: Using this formula we derive the truth tablefof
Theruleisviewedsa a case of tthee form Aif X Ll'a%olelp
y can be Q0. |l pandy IQehen (b Rdos , i f x

equivalenty PA Q I R. This view emphasizes only the
examples to the rule. It is the conjunctive foofrthe rule. Pairs A 1 1/2 0
of attribute values in PE Q are guaranteed possible. It is not
known as other ones are possible or not, as shown on figure. 1 1 1/2 0
1/2 1 1 1/2
v
0 1 1 1
Here the four corner values are same as the condition operator of
D P Q:examplesof the rule  the classical logic.
a (c) Similarly, we can frame the truth tables of the otheedh
DVa'UES considered as possible bygjgtrdtions. This -3valued logic has many distinguishing and
surprising features. One of them is that WFRJ[(xp)] is NOT
a tautology. This is given in the below Table 2.
Table Il
— N
1] U p xp pU(xp)
P
1 0 1
Figure3:Positive villxkwePohetnhg i sl Q0
1/2 1/2 1/2
3: Three-valued Logic& IF -THEN rules 0 1 1

(a) The 3- valued logic is same as in 2alued logic,
except that there are truth values: True, May be and False. Theigee we see that theskacolumn does not have all entries equal
linguistic values are represented by 1, %2 and 0. In thimlBed to 1.
logic, denoted by L3, the truth value of any statement can be
either 1 or ¥or 0. The above generalization of the classical logic by Lukasiewicz
i.e. T(p)=1or*%or0. inspired many other generalizations.
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4. COMPARI SI ON OF BOCHYV A R dogic. Tgese dalued Logics can be framed as rules where it is

HEYTI! NGSALSERBLOGIC combined by using fuzzy conjunction, disjunction and tiega

Here we have compared tvawes Bochvards and Heytingbs

in3- valued logic References
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of 3-valued Logics. Negative information acts as constraints that

exclude possible worlds while positive information models

observations that enable new possible worlds. It has been shown

t hat aif. . . t hen. ofinformation, r ul es convey both kinds
through their counteexamples and examples respectively. The

existence of ihen rules, whose representation is based either

on implications or on conjunctions can be explained by the

existence of these two antagonistic views of infation, Fuzzy

rules and especially conjunctive xT(p) is common for

Lukasiewicz and Bochvardés Logic, but it is not true for

Conclusion:
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Abstract: In this study, two independent samples are taken from sugarcane growing farmers of Kolhap
district who use organic and inorganic fertilizers. These are called organic system and inorganic syst
farming. The col lamalgzed siatisticaly (Makhopaolhyady 2006).rltehas been found that
organic system is significantly better than inorganic system in respect of net gain and growth of gain. It is al
observed that among the organic system of farming, proportion of joiily fensignificantly higher than the
nuclear family and the farming system is depending on the type of family. But there is no significant relatic
between the type farming and level of education.

Index Terms: organic system, inorganic systemie-chart, Z-test for mean, proportignChi-square test of
independence

1. Introduction : Organic farming is system of farm management to create asystem which achieves
sustainable productivity without using chemical fertilizers and pesticides. It createssimpreffects on
environmental and social aspects in the society. Sharma (2005), Palanippan and Annadurai (2003) gave th
and practice of organic system of farming.Dahama (2005) discussed the organic farming for sustaina
development.Koli and Gosav2@11) compared the organic system with inorganic system subjectively. The
impact of organic farming on Economics of sugarcane cultivation in Maharashtra was studied by Kshirsag
(2011), Thakur and Sharma (2005) gives organic farming for sustainabldtagei@nd meeting the challenges

of Food security in ZLCentury. The main crop of Kolhapur district is sugarcane and the farmers are using bot
organic and inorganic fertilizers. In this study, two independent samples each of size 50 is taken from t
farmers growing sugarcane using organic and inorganic fertilizers in Kolhapur district. These are often call
organic and inorganic system of farming. The collected information are classified according variol
characteristics such as annual expenditur@nie; net gain per acre, type of family and level of education of
decision maker of the family for these two system of farming. It is also obtained the average net gain of orga
farming during various years after inception. (Bishop, Fienberg and Hol@&f%).1These classified data are
presented graphically in order to highlight the defined characteristic of these two systems. The comparisor
parameters of above stated characteristics of these two systems are made statistically (Mukhopadhyay, 200
accordance with the analysis it is observed that the average net gain per acre is significantly higher in orga
system than inorganic system. There is a very high positive correlation between average net gain and
number of years after inception of onja system. The study indicates that large number of organic farmers
belongs to joint family, but there is no significant difference in the level of education and type of farming.

2. Methodology and Aralysis: The Kolhapur district is the major contributof sugarcane in state of
Maharashtra. The total area under sugarcane cultivation is more than 113900 hector, in that about 2766 he
of land is under organic system of farming. In this study two independent sample each of size 50 is selec
from 409 vilages of Kolhapur district among organic and inorganic system of farming. The collected data i
classified according to the characteristics expenditure, income and net gain per acre of these two systems
the corresponding frequency distributions arertbtatistical analysis are as follows

(hAnalysis of expenditure per acre The distribution of expenditure per acre in organic (OS) and inorganic
(IS) system is
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EXP(000)| 30- 40- 50- 60- 70- 80 90 100 110 120

40 50 60 70 80 90 100 110 120 130

No of OS | 02 04 07 10 12 07 04 02 01 01

No of IS | 00 01 03 06 08 09 14 07 01 01
(2)The corresponding bar chart is

16

14

12
10

O N b O ®

(b)) Testing of hypothesis for equality of mean ex
be the mean expenditure per axbetbe nfeanrexpenditgra per acre ®ry s
inorganic system of farming. The sampheans are gr72.2,=85.4 and standard deviations arel9.1875
and s =16.84755 thousands respectively. The hypothesis @regeH , against H: £< ,.§he value of Aest

statisticis 4=-3. 6 554 . At | evel of si gni Zsc-a.64camed 3164, GhBrefdreh e
reject H.The sample modes are,M72.8571 andV;s=94.1667 therefore the corresponding value of coefficient
of skewness are & = -0.03425 and s =-0.5204.This shows that &) > S

(i) Analysis ofincome per acre The distribution of annual income per acre in organic (OS) and inorganic (IS)
systems is,

Income(000) 70- | 80-90 | 90-100 | 100 110 120 130140 | 140
80 110 120 130 150

No of OS 01 03 08 16 10 07 04 01

No of IS 01 05 08 10 11 07 06 02

(a)Thecorresponding bar chart is,

18

16

14

12

10
m Oos

-ililli{

70-80 S0-90 90-100 100-110110-120120-130130-140140-150

O N b O ©

(b) Testing of hypothesis for equality of mebathe i n
mean i ncome per acre f or,bethgneaniincoms gesadcre for inorjanié systemi
oh farmng. The sample means are71h09.6,m=111.0 and standard deviations afel19.725488 and.,s
=16.970563 thousands respectively. The hypothesis @arggHg against H: & g.The value of Aest statistic
isZ=-0. 4409 . At | evel of calvalyais f i c ge=€ld4 >=1.60, Bherdforeaccept i
Ho.

(iif) Analysis of net gain per acre The distribution of net gain per acre in these two systems is,
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Net gain | 00-10 | 1020 | 20-30 |3040 |4050 |5060 |6070 |7080 |8090
No of OS | 02 04 07 10 12 08 03 03 01
No of IS | 03 05 16 13 06 04 02 01 00
(&)The corresponding bar chart is,
18
16
14
12
10
mOS
8
mIs
6
a
2
0
00-10 10--20 20-30 30-40 40-50 50-60 60-70 70-80 80-90
(b)) Testing of hypothesis for equality of meabe ne
t he mean net gain per acr e;bk the mearrngtagan per aceyfar inerganico

system oh farming. The sample means Bx=41.6,m=32.8 and standard deviations afel8.06765 and,s
=15.2696 thousands respectively. The hypothesis gregHg against H: & &.The value of Zest statistic is

Z=2.6304. At |l evel of signi fodsédhane 2164, . tHeefora rhject ¢ r i
(iv) Distribution of average net cain and number of years after hception:
Years 1 3 4 5 6 7 8 9 10 11 12 13 14 15 16 18 20 21
Av.gain 152|204 | 279| 478 | 37,8 | 342 | 418 | 37.7 | 35.7| 443| 36.6 | 39 | 38.3| 47.8| 39.6 | 43.2 | 42.1 | 47
The correlation coefficient between these characteristiz$83887
PROFIT
[s1e]
50
40 W&
320
/ —a— PROFIT
20 /v
10
O
(s} 5 10 15 20 25

(v) Analysis of type of family and type of farming The 2X2 contingency table representing the type of
family and farming type is as follows.

TYPE OF FARMING
TYPE ORGANI | INORGNI | TOTA
OF C C L
FAMIL | JOINT 42 31 73
Y NUCLEA |8 19 27
R
(@)The bar chart of the TOTAL |50 50 100 above distribution is,
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(b) Test for equality of proportions

 Joint

os IS

W Nuclear

29

. Letb® the proportion of organic farmers belonging to the j@mily and

P, is the proportion of inorganic farmers belonging to the joint family. The corresponding sample proportior
are p=0.84 and p=0.62, the hypothesis arey:R;=P, against the alternative HP;>P,.Under R, the value of

the Ztest statistic i£9g=2.4778.A t

reject

|l evel of

significance

oJ1=64, @hBrefdreh e

H.

(vi) Analysis of level of education and type of farmingA 2X4 contingency table representing the level of
education and type of farming is,

Level d | Primary and bellow| Secondary Graduate PG &other
education degree
OS system 06 26 14 04
IS system 04 18 23 05
(a)The corresponding pie chart is,
(01 IS

N PR&BL

W SECOND
uaGg

mPG

N PR&BL
mSECOND
uG

B PG

(b)The chisquare test of independence of two characteristics:Let A denote the type of farming siodeR itk

level of education of the farmers.Then the hypothesis for the test aheaHd B are independent against
alternative H:A and B are not independent.Undeg,tHe value of thecks qu ar e t e S¢E4.154B.Att i s
| evel significace U=. 0:5<7.815,mere¢oreiadcép@|-|aI value is 7.
The proportion of organic farmers having higher(graduation and above) educatief. 86p@nd proportionfo
inorgation farmers having higher education is(56.The value of the test statistic for testing the hypothsis
Ho:P1=P, againstH;: PL< P, isZy=-2. 0064 . At | evel of signi f posd.64c e
reject H.

3.Conclusons.(i) The average expenditure per acre by organic system is significantly less than the avera
expenditure per acre by inorganic system.

(ii) There is no significant difference in the average income per acre in these twossyste

(i The average net gain per acre from organic system is significantly greater than the average net gain fr
inorganic system.

(iv) There is a very high positive correlation coefficient between number of years after inception of organ
system and arage profit per year.This shows that,there is a very good growth of gain by organic system.
(v)Large number of organic system of farmers belongs to the joit family than the inorgnic system of farmers.
(vi)There is no significant difference in the levdlaxucation of the farmers of these two systems. But in
general level of education of inorgnic farmers is igher than organic farmers.
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4 Findings:(i) The organic system of farming is only 2.4284% of the total area.This shows that,there is a lack:
encourgement for this system of farming.

(iOrganic system of farming decreases the average annual expenditure year by year after its inception .
(vi) Highly educated farmers prefers inorganic system than organic system.
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Abstract The problem of voltage unbalance and its impacts aspecification of following: low phase unbalance, low harmonic
sensitive loads is well knowrT.o solve these problems, customdistortion in load voltage, no power interruptions, acceptance of
power devices are used such as dynamic voltage restorer (DViR)ctuations, and poor power factor loads without significant
which is most efficient and effective modern device. This papeffect on the terminal voltage, low flicker at theadbvoltage,
discusses a review of the researches on the Dynamic voltagagnitude and duration of overvoltage and under voltage within
restorer (DVR) for power quality Impvement in power specified limits [10].

distribution networks. Sensitivity industrial loads, critical DVR is still preferred because the SVC has no ability to
commercial operations, Utility distribution networks affectecdontrol active power flow [3]. Secondly DVR costs less
from different types of outages and service interruptions amdmpared to the UPS and it also reqsira high level of
which results in financial losses. This paper dessilDVR maintenance because batteries leak and have to be replaced every
principle of operation, basic component, DVRs topologielve years [4,11] .Other reasons include that DVR is smaller in
system in distribution system, types of DVR control strategiesize and costs less compared to DSTATCOM [3,10,16].

and compensation techniques.

I. INTRODUCTION Il. DYNAMIC VOLTAGE RESTORER(DVR)

Power quality is the delivery of sufficiently high grade First Dynamic vdtage restorer was built in U.S by
electrical services to theustomer. A power quality problem Westinghouse for the Electric Power Research Institute (EPRI),
is an occurrence manifested as a-standard voltage, current or and first installed in 1996 on Duke Power Company grid system
frequency that results in failure or moperation of end user to protect an automated yarn manufacturing and weaving factory
equi pment 6s. Power distri but[63bhDVRssy series oosnectedlis sateldévige thathisoused fr p 1
customer with an uninterrupd flow of energy at smooth mitigating voltage disturbances in the distribution system by
sinusoidal voltage at the contracted magnitude level aijecting voltage into the system in order to regulate the load side
frequency [1], but in practice distribution systems, haveoltage [17]. . DVR maintains the load voltage at a nominal
nonlinear loads, which affects the purity of waveform of supplynagnitude and phase by compating the voltage sag/swell,
Some events both usual (e.g. Capacitor switchimgfor starting) voltage unbalance and voltage harmonics presented at the point
and unusual (e.g. Faults) could also inflict power qualitgf common coupling [18,19,20]. Its primary function is to rapidly
problems [7]. Faults at distribution level causes voltage sag lmoost up the load side voltage in the event of a disturbance in
swell, which can cause sensitive equipment to fail as well asder to avoid any power disrupti to load [4,13].
create a large current unbalance that could blowesfus trip IEEE 5191992 and IEEE 1159995 describe the voltage
breakers. Under heavy load conditions, a significant voltage dreags/swells shown in fig.1.
may occur in the system. A dip is usually taken as an event
lasting less than one minute when voltage decreases to between
0.1 and 0.9 p.u. (dip greater than 0.1 p.u. is usuadbtéd as an
interruption) or Voltage sag can occur at any instant of time, with
amplitudes ranging from 190 % and a duration lasting for half
cycle to one minute [2]. These effects can be very expensive for
the customer, ranging from minor quality vaiea to production
downtime and equipment damage [8].

The concept of custom power was introduced by
N.G.Hingorani in 1995. Custom Power Devices (CPD) is a
powerful tool based on semiconductor switches to protect
sensitive loads [9]. The most effeai type of CPD devices is
considered to be dynamic voltage restorer (DVR).

Power quality in the distribution system can be improved by
using DVR, as assures pspecified quality and reliability of
supply. This prespecified quality may contain a mbination of
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Fig.1.Voltage Reduction Standard of IEEE Std. 1159995
[88].

Voltage sags caused by unsymmetrical -timdine, line to

important part of the DVR for switching purposes. The switching
converter is esponsible to do conversion process from DC to
AC. The inverter ensures that only the swells or sag voltage is
injected to the injection transformer.

This device is based on voltage source converter a PWM that
can produce a sinusoidal voltage witiyaangle required of the
amplitude, frequency and phase [34]. The DVR system consists
of two important components: a power circuit and a control unit.
Power circuit of DVR basically consists of a voltage source
inverter, a series connected injection transfer, an inverter
output passive filter, and an energy storage device that is
connected to the dc link [31, 28,29,32,30] as follows:

Series Voltage Injection/booster Transformers
Voltage Source Inverter (VSI)

Passive Filters

DC charging circuit

Control aml Protection

= =4 =4 =4 A

ground, doubldine-to-ground and symmetrical three phase

faults is affected to sensitive loads [5].

The basic components of a DVR:

DVR can be applied for medium voltage [16, 23, 24] and in
low voltage application [25]. The DVR components have been
discussed in 46, 27]. Figure 2 shows conventional circuit

configuration of the DVR .

Fig.2.conventional circuit configuration of the DVR [14].

DVR is connected in series between the source voltage

Fig.3. Schematic power circuit diagram of a DVR [37].

Power Circuit of a DVR is shown in Figure 3. It has VSI and

t he i njection transfor mer . Th
(insulated gate bipolar transistor), three ac inductorg an
capacitordés respectively, one
33, 35].

In DVR the control circuit is used to derive the parameters
(magnitude, frequency, phase shift, etc.) of the control signal that
has to be injected by the DVR. Based on ¢batrol signal, the
injected voltage is generated by the switches in the power circuit,
in order to protect DVR from any disturbances a hybrid switch

grid and sensitive loads through injection transforn@e1].
DVR inject the difference between voltage source and the

sensitive load. The DC energy storage rating determines the

maximum injection capability of DVR. Controller is an

(%en used [26,17].
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