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Abstract

Composting of the organic Municipal Waste (MW) is one of the sustainable answers for the
management of MW. The bulky nature of the loose compost is one of the main drawbacks in
promoting the use of compost in agriculture governed by various practical and economic
reasons.

Pelletization of compost seems to be the solution to offset the drawbacks caused by loose
compost. The pelletizing process with a die and roller pelletizer is comparatively less
complex compared to other common pelletizing methods. This research identified the
optimum conditions to form a pellet with the desirable properties of high density,
compressive strength, ideal pellet length and disintegration ability with three mesh sizes (2.5
mm, 3.5 mm, and 5 mm sieves), five moisture contents (25%, 30%, 35%, 40%, and 45%),
three binding agents (Rice Flour (RF), Lime, Eppawala Rock Phosphate (ERP)) and three
different binding agents’ percentages (1%, 2%, and 3%) by weight basis. The pelletizing
process increases the bulk density of compost by about 30%.

Pellets made with < 5mm particles are longer and show higher strength (50% more) than
those prepared with the other two particle sizes (< 2.5 mm & < 3.5 mm). It was evidenced
that 25% moisture content produces the highest strength pellets than higher moisture
contents.

Pellets with binding agents at < 5mm particle size and 25% moisture content were tested for
bulk density, strength, percentage of long pellets and disintegration ability. It was observed
that the tested properties have varied compare to pellets without binding agents. Lime and
ERP showed promising results that enhancing pellets’ bulk density and compressive strength
and percentage of long pellets than RF. However, the disintegration ability nearly 100% in
RF added pellets, which was less than 30% and 10% in ERP and Lime respectively and 0%
in non-binding agent added pellets over one month of time in immersed water. With the
increasing weight percentages of the binding agents, pellets strength increased in Lime and
ERP and the same decreased with RF. Disintegration ability improved in RF and increased
with the increased weight percentages. Same decreased in Lime and ERP and when increase
the binding agents’ weight percentages, longer the time to disintegration the pellets.

Key words: binding agents, co-compost, moisture content, particle size, pellets



Acknowledgement

I would like to extend my heartfelt gratitude to my main supervisor Dr.(Mrs.) Sanja
Gunawardena and co-supervisor Dr. Sudarshana Fernando for their immense support
during my graduate research work, guiding and assisting in every part of this thesis.
Further, many thanks to the members of the review panel, Dr. Aruna Manipura and
Dr. P.G. Rathnasiri for their valuable comments that paved the way for the success of
my research work and the thesis. | would like to thank specially to Ms. Nilanthi
Jayathilake, Researcher at International Water Management Institute for her valuable

contribution throughout the period.

I would also like to acknowledge International Water Management Institute for
providing funds to conduct the research work. | place special appreciation to the
Public Health Officer, Supervisors and other workers at the compost site, Kurunegala

for their patience, allowing me to conduct research activities at their work place.

Finally, 1 would like to thank my family members for their understanding and the

support given to me to complete my job successfully.



Table of Contents

DECIATATION ... bbb [
ADSEFACT ... i
ACKNOWIBAGEMENL........eiiieiecec et re e esaeeee s iii
Table OF CONENLS ..o s \Y%
LISt OF FIQUIES ...ttt vii
LISE OF TADIES. ... X
LiSt OF ADDIEVIALIONS. ...t X
CHAPTER 1 ..ttt ettt b e eeneennne s 1
INEFOAUCTION ...ttt 1
1.1 BACKGIOUNT .....ciiiiiiieiiete ettt bbb 1

1.2 RESEArCN ODJECHIVES.......ciui et 4
CHAPTER 2 ..ottt ettt et neesnne s 5
LITErature REVIEW .......oouiiiiiiieiieiee ettt 5
2.1 MUunicCipal SOHA WASHE........cc.oiiiiiiiiieiee e 5

2.2 COMPOSEING PrOCESS. ..ottt bbb 6
2.2.1 Composting OF MSW .......oiiiiiiie e 6

2.2.2 PrOdUCTION PIOCESS .......eiiiiiieiieiieierie sttt 8

2.2.3 Quality Of the INPUL WASEE .........coiriiriiiiieceee e 9

2.3 History Of PelletiZiNg ........ccoeiiiiiieiie ettt 9
2.3.1 Pelletization MeChaniSm ...........cccooeiiiiiiiiiiecee e 10

2.4 Types of biomass densified ProduCES...........cccovvreririeienese e 12

2.5 Types of pelletization machines (Pelletizer) ..o, 12

2.6 Pelletization Process & Pellets ... 14

2.7 Literature on Pelletization...........c.coveieiieiiiiii e 16



2.7.1 Biomass PeHetization ..........c.cccueieeiiiieie e 16

2.7.2 Compost and Co-compost Pelletization............cccccoveiveveiieiieseceenn, 16
2.8 Factors affecting on pelletization...........cccccovveiiiiiinii e 17
2.8.1 MOISLUIE CONLENT.....cuviiiieiiieie et nreas 18
2.8.2 PArtICIE SIZE......ceiiiieiicie et e 19
2.8.3 BINGING AGENTS ...ttt 20
2.9 Pelletization PrOCESS ......c.oiviiiiiiiiieiieie ettt 22
CHAPTER 3 ..ottt bbbt b e bbbt 25
Materials and MEtNOS .........coveiieiiiieeee e 25
3.1 Introductions to the COMPOSLING SItE.......c.coiiiiiiiiieieeee e 25
3.1.1 ColIECtion OF MSW .......ooiiiiieiieseee e 26
3.1.2 Preparation of Dried Faecal SIUdge ..........ccoovveiiiiiiiiineeee 26
3.2 Preparation of compost and CO-COMPOSL..........ccccvveieeieiiieieerie e 27
3.3 PEIIBLIZALION ... 28
3.3 L EQUIPIMENT .ot st 28
3.4 Material Preparation ... 29
3.4.1 COMPOSE STEVING ...veevviivieiiieie ettt sae e areas 29
3.4.2 Moisture adjustment in COMPOSE ........c.cccveveiiiiieie e 30
3.5 Pellet Preparation .........c.cccecveiieiieiicsieece ettt 31
3.5.1 Preparation of co-compost pellets with different particle sizes.............. 31
3.5.2 Preparation of co-compost pellets with different moisture contents...... 31
3.5.3 Preparation of compost pellets with different binding agents................ 31
3.6 Evaluation of physical parameters of compost/co-compost pellets.............. 33
3.6.1 Determination of Particle Size Distribution in compost pellets............. 33
3.6.2 Pellet Length DiStribULION .........cccvveiiiiiiiiic e 33
3.6.3 BUIK DENSILY ....vvieiiiiiiieiie ettt 33
3.6.4 CompPressive Srength .......covecieiiee e 33
3.6.5 Disintegration of pelletS ..o 33
3.6.6 Maching EffiCIENCY .......coiiiiiiiiiee s 34



3.6.7 Production EFfiCIENCY.......c.coviiieiicie e 34
(O o A el I PP RRR 36

RESUIES AN DISCUSSION ...ttt ettt e e e e e e e e e e e e e e e e e e aenereeaeeeaans 36

Sz ettt et R et E et e R r e e nn e ne e 36
4.1.1 Determination of Particle Size Distribution in compost pellets............. 36

4.1.2 Pellet Length DIStribDUtION .........cooviiiiiiiiiiiiceee e 37

4.1.3 BUIK DENSILY ...oouveiiiiieiitesieei et 39

4.1.4 Compressive SIrength ..o 41

4.2 Physical parameter of co-compost pellets with moisture content................. 42
4.2.1 Pellet Length Distribution ............c.cccooveiiiii i 42

4.2.2 BUIK DENSILY ....ovviiecic ettt 43

4.2.3 Compressive Srength ... 44

4.2.4 Production and Machine EffiCienCy........c.cccccoceieviiic i 45

4.2.5 Disintegration of PelletS.........ccccoviiiiiiiiie e 47

4.3 Physical parameters of compost pellets with binding agents ....................... 47
4.3.1 Pellet Length DistribDUtION .........ccoeiiiiiiiiiiiccc e 47

4.3.2 Compressive SreNgh ........cooviiie e 50

4.3.3 BUIK DENSILY ..ottt 51

4.3.4 Disintegration of Pellets...........ccoooiiiiiiiiii e 53
CHAPTER S ..ottt bbb es 55
(@0 000 113 [ o SRRSO 55
Recommendation and FUtUre WOTKS...........cceiiiiiiiiiiee e 57
RETEIBNCE. ...ttt bbbt e e e nne e 58

Vi



List of Figures

Figure 1 - Average waste composition in Sri Lanka...........cccocevviieiiienecceiiese e, 2
Figure 2 - Waste composition DY INCOME .........cccvveiieiicc e 6
Figure 3 - Patterns of temperature and microbial growth during composting.............. 8
Figure 4 - Key process activities considered in Process Analysis ...........cc.ccoovivenennen. 9
Figure 5 - Quality guideline for different types of input for composting .................. 10
Figure 6 - The deformation mechanisms of powder particles under compression.... 11
Figure 7 - Mechanical Interlocking of the particles...........ccoooveiiiiiniiiiicc 12
Figure 8 - Characteristics of the two kinds of moulding machines..............cccoceeee. 13
Figure 9 - Ring die pelletizer & Flat die pelletizer ..........cccocvevevieeieiie v, 14
Figure 10 - Conventional flow Chart of Pellet Production .............cccccooeveviiiciiennenn, 23
Figure 11 - Fortifier Pellet Production ProCESS.........ccoeiveiieeieieeie e 24
Figure 12 - Compost plant and dumMpPSIte ..........coeieririninineeieee e 25
Figure 13 - Waste composition in Kurunegala Municipal Council area.................... 26
Figure 14 - FS discharge in to the sand beds ...........ccccoevieiicicieese e, 27
Figure 15 - Drying stages of FS inthe sand bed ............cccovieieiiciicic e, 27
Figure 16 - Manual collection of DFS & DFS pile.........ccocoiiiiiiiicce 27

Figure 17 - 1T of Compost pile made out of sorted short-term biodegradable waste 28

Figure 18 - Preparation of co-compost pile incorporating MSW:FS at 9:1 ratio....... 28

Figure 19 - Pelletization Machine installed at the compost Site.............cccccvevieiieenen. 29
Figure 20 - Compost sieving of manual and mechanical method.............c.ccccevenee. 30
Figure 21 - Moisture content adjustment by addition of water..............c.ccocvvvriennn 30
Figure 22 - Adding binding agents and MiXing ........ccccoovvvivevieiiicnie e 31
Figure 23 - (a) Compost pellets produced and (b) Drying of Pellets............c............ 32
Figure 24 - Proposed pellet production process without grinding step...........cccee... 32

Figure 25 - Particle size distribution of loose compost of all 3 particles size
(021 (=T [0 4 1= R PP 37
Figure 26 - Particle size distribution of loose compost and pellets of PC 3 (<5 mm)
MOISLUIE CONTENT 2590 ..ot nneas 38
Figure 27 - Weight percentage of pellets lengths of compost pellets prepared with PC
1,PC2and PC 3 At 25%0.....cccuiiiiiiiiiiieiesiesieeee et 39

vii


file:///L:/Thesis/Lakshika_%20Final%20Thesis%2026.10.docx%23_Toc497193530
file:///L:/Thesis/Lakshika_%20Final%20Thesis%2026.10.docx%23_Toc497193532
file:///L:/Thesis/Lakshika_%20Final%20Thesis%2026.10.docx%23_Toc497193533
file:///L:/Thesis/Lakshika_%20Final%20Thesis%2026.10.docx%23_Toc497193534
file:///L:/Thesis/Lakshika_%20Final%20Thesis%2026.10.docx%23_Toc497193535
file:///L:/Thesis/Lakshika_%20Final%20Thesis%2026.10.docx%23_Toc497193536
file:///L:/Thesis/Lakshika_%20Final%20Thesis%2026.10.docx%23_Toc497193537
file:///L:/Thesis/Lakshika_%20Final%20Thesis%2026.10.docx%23_Toc497193538
file:///L:/Thesis/Lakshika_%20Final%20Thesis%2026.10.docx%23_Toc497193539
file:///L:/Thesis/Lakshika_%20Final%20Thesis%2026.10.docx%23_Toc497193540
file:///L:/Thesis/Lakshika_%20Final%20Thesis%2026.10.docx%23_Toc497193541
file:///L:/Thesis/Lakshika_%20Final%20Thesis%2026.10.docx%23_Toc497193542
file:///L:/Thesis/Lakshika_%20Final%20Thesis%2026.10.docx%23_Toc497193543
file:///L:/Thesis/Lakshika_%20Final%20Thesis%2026.10.docx%23_Toc497193544
file:///L:/Thesis/Lakshika_%20Final%20Thesis%2026.10.docx%23_Toc497193546
file:///L:/Thesis/Lakshika_%20Final%20Thesis%2026.10.docx%23_Toc497193547
file:///L:/Thesis/Lakshika_%20Final%20Thesis%2026.10.docx%23_Toc497193548
file:///L:/Thesis/Lakshika_%20Final%20Thesis%2026.10.docx%23_Toc497193549
file:///L:/Thesis/Lakshika_%20Final%20Thesis%2026.10.docx%23_Toc497193550
file:///L:/Thesis/Lakshika_%20Final%20Thesis%2026.10.docx%23_Toc497193551
file:///L:/Thesis/Lakshika_%20Final%20Thesis%2026.10.docx%23_Toc497193552
file:///L:/Thesis/Lakshika_%20Final%20Thesis%2026.10.docx%23_Toc497193553
file:///L:/Thesis/Lakshika_%20Final%20Thesis%2026.10.docx%23_Toc497193553

Figure 28 - Bulk Density of loose compost and compost pellets made with PC 1, PC
2 and PC 3 at 25% MOISTUIE......ccueiieieieieeie ettt 40
Figure 29 - Variation of compressive strength of pellets prepared with PC1, PC 2,
and PC 3 at 25% moisture with compost particle size............cccccevvvevvenenne. 41
Figure 30 - Weight percentage of compost pellets of different lengths at different
moisture levels (pellets made out 0f PC3) ......ccccooiieiiiiiiiiiceseecee e, 43
Figure 31 — Variation of Bulk Density of compost pellets with moisture ................. 44

Figure 32 — Variation of the Compressive Strength of compost pellets with moisture

Figure 33 — Pellet length distribution of compost of PC 3 at 25% moisture enriched
with different types [RF- Rice Flour, L- Lime, ERP-Eppawala Rock
Phosphate] and weights of binding agents..........c.cccceevviieiievecce e, 48

Figure 34 - Variation of compressive strength with different binding agents and their
WEIGNT PEICENTAGE ....ooviiiee e 51

Figure 35 - Variation of bulk density of compost with RF, compost pellets with RF
and pellets with lime as binding agents ..........cccccccevveveevc e 52

Figure 36 - Percentage Disintegration of compost pellets made with 1-3% RF, lime
and ERP as the binding agent .........ccoceiieiiniiiieeee e, 53

viii



List of Tables

Table 1 - Comparison of the Types of Pelletizers.........ccooooeiieiiicnieceee, 15

Table 2 - Summary of the specific objectives of experiments carried out................. 35

Table 3 - Production and machine efficiency with varying particle size and moisture
content for compost PEHEtiZING..........ccooviieiieeii e 46

Table 4 - Disintegration of PEHEtS..........ccvoiiiii e 47



cm

Ca(OH),

CaCO3

Caz(POq)2

CaO
Ca2+

°c

C

CO,
C-SDFS
DFS
EC-DFS
ERP

FS

G

H

HP
I-DFS

Kg

km

LAS
Mm
MSW

MPa
MCK

mL

List of Abbreviations

- centimeter

- Calcium Hydroxide
- Calcium Carbonate
- Calcium Phosphate
- Calcium Oxide

- Calcium ion

- Celcius

- Carbon

- Carbon Dioxide

- Composted Saw Dust Feacal Sludge

- Dried Feacal Sludge

- Enriched Compost Dry Feacal Sludge

- Eppawala Rock Phosphate

- Feacal Sludge

- gram

- Hour

- Horse Power

- Irradiated Dry Feacal Sludge
- Potassium

- kilo gram

- Square kilo meter

- Liter

- Local Authorities

- millimeter

- Municipal Solid Waste

- Cubic meter

- Mega Pascal

-Municipal Council Kurunegala

- milli Liter



m
N>
N
O
OH’
P
PC

PO,

RF
SL
SW
-
Vv
W
Wi
Wi

- meter
- Nitrogen
- Newton
- Oxygen
- Hydroxide ion
- Phosphate
- Particle Category
- Phosphate ion
- Rice Flour
- Sri Lanka
- Solid Waste
- Temperature
- Volt
- Watt
- Weight final
- Weight initial

Xi



