COMPREHENSIVE SEMESTRAL REPORT AT PHILIPPINE CENTER FOR
POSTHARVEST DEVELOPMENT AND MECHANIZATION
(PHILMECH) FUNDED PROJECT IN CENTRAL
LUZON STATE UNIVERSITY

YVAN JOSHUA G. MARIANO

An Undergraduate Field Practice Report Submitted to the Faculty of the Department
of Agricultural and Biosystems Engineering, College of Engincering, Ceniral
Luzon State University, Science City of Mufloz, Nueva Ecija,
Philippines in Partial Fulfillment of the Requirements

for the Degree of

BACIELOR OF SCIENCE IN AGRICULTURAL EN GINEERING
(Agricultural Process Engineering)

JUNE 2019



ACCEPTANCE SHEET

Thj_s undergraduate  field practice report entitled, “COMPREHENSIVE
SEMESTRAL REPORTON FIELD PRACTICE AT PHILIPPINE CENTER FOR
POSTHARVEST DEVELOPMENT AND MECHANIZATION (PHILMECH)
FUNDED PROJECT IN CENTRAL LUZON STATE UNIVERSITY” prepared and
submitted by YVAN JOSHUA G. MARIANO as partial fulfillment of the requirements
for the degree of BACHELOR OF SCIENCE IN AGRICULTURAL ENGINEERING
(AGRICULTURAL PROCESS ENGINEERING) is hereby approved:

S

e )
RUEL &. PE.NEYRA, M.Sc. CAROLYN 5. SOMERA, M.Sc.
Membér, Advisory Committee Men isory Committee

Date Signed

MARLON T.

S SANTOS, M.Sc.
Chairpersor i

visory Committee

Date Signed

Accepted 1n partial fulfillment of the requirements for the degree of BACHELOR
OF SCIENCE IN AGRICULTURAL ENGINEERING (AGRICULTURAL PROCESS
ENGINEERING)

MARVIN NENSE, Ph.D.
Chairperson, Pepartment of Agricultural
and Bfosystems Engineering

«/rdl@

Ddte Signed

VICTORINO T. TAE%AN, Ph.D.

Dean, College of Engineering

Date Signed

ii



BIOGRAPHICAL SKETCH

Yvan Joshua Guevarra Mariano was born at Cabanatuan City, Nueva Ecija on May
01, 1997. He was raised in simple and God fearing family. Youngest son of Mr. Rolando
Mariano and Mrs. Anacleta Mariano. He has an elder sister named Kristene Joyce Mariano.
He currently lives at San Pascual, Talavera, Nueva Licija.

e atiended his elementary education at New Horizon Montesorri Academy at
Poblacion Sur, Talavera Nueva Heija in 2009. After completing his secondary education at
Talavera National High School at Talavera, Nueva Ecija in 2013. He passed the entrance
exam at Central Luzon State University in Mufioz, Nueva Ecija in 2013 and took up

Bachelor of Science in Agricultural Engineering degree.

iii



ACKNOWLEDGEMENT

The author would like to express his sincerest gratitude and heartfelt thanks to the
people who contributed and extended their helping hands to make this study successful.
Without their contributions, the completion of this study would not have been possible

To Engr. Marlon T Delos Santos, his field practice adviser for his knowledge and
guidance to make the paper work and give him comments and suggestions for the
improvement of the paper.

To Sir Ruel G. Peneyra, member of the advisory committee and project leader in
this study for his full support, knowledge, suggestions and supervision in the conduct of
{he study and also for sharing his resources.

To Engr. Carolyn Grace G. Somera, member of the advisory committee for her
valuable comments and suggestions in making this study worthwhile.

To his family, who always give inspiration gspecially to his mother Anacleta
Mariano and sister Kristene Joyce Mariano and also to lus father in heaven Rolando
Mariano for their never ending love and support.

To PHILMech staff for sharing their resources and lending their instruments.

To Maam Razel and kuya James for sharing their knowledge and guidance during
the field practice.

To his friends Jarelle, Areli, Krystle, Jessica, Joyce, lan, Macon, Mariel, Melanie,
Espe, Kiko, Harold, Clarice, Joneil, Mak, Andres, Rondiel, Lerry and Danjo for their

encouragement and support. They are good friends of mine to treasure forever.

v



To Aldrin, Allen, Alfredo, Gian, Krizia and April for always being there whenever

he needs support in every decision he makes.

Above all, to our Almighty God for keeping him safe and secure, far from danger

and also for giving him strength and knowledge that he needs at all times.



TABLE OF CONTENTS

PAGE
LIST OF TABLES vi
LIST OF FIGURES vii
LIST OF APPENDIX TABLE viil
LIST OF APPENDIX FIGURE 1x
ABSTRACT X
INTRODUCTION 1
Rationale 1
Activities on Field Practice and its Corresponding
Objectives 1
Activity 1: Production of Biochar as Alternative Fuel Using
Pyrolysis Carbonization Method 2
Activity 2: Assisting in the Production of Hydrochar using
Hydrothermal Conversion Method 3
Scope and Limitations of the Work 3
Time and Place of the Ficld Practice 4
REVIEW OF LITERATURE 5
Cacao 5
Studies on Cocoa Pod Husks 8
Cacao® Philippine Industry Situationer 10
Combustion Properties of Biomass 12
Origin and Definition of Biochar and Hydrochar 14
Feedstock for Biomass conversion 15
Conversion of Dry Biomass 17
Conversion of Wet Blomass 19
Benefits of Biomass Conversion 21
Comparison with other Biomass Pre-treatment Methods 22
Hydrothermal Carbonization of Biomass 22
HTC Reactors 26
Batch type 26
Continuous type 26

Pyrolysis Process 28

11



Slow Pyrolysis
Fast Pyrolysis
Flash Pyrolysis

METHODOLOGY

Conceptualization of the Study

Instrumentation

Activity 1. Production of Biochar as Alternative Fuel Using
Pyrolysis Carbonization Method

Collection and Preparation of Cacao Pod ITusk (CPH) for
biochar production

Pulverizing

Carbonization Process

Determination of Higher Heating Value

Pelletization of Carbonized CPH

Pelletizing Machine

Binder

Determination of Physical Properties

Mass Density
Mass Yield Recovery
Durability

Experimental Design

Data to be Gathered

Activity 2: Assisting in the Production of Hydrochar using
Hydrothermal Conversion Method

Collection and Preparation of Samples

Hydrothermal Carbonization

RESULTS AND DISCUSSION

Activity 1. Production of Biochar as Alternative Fuel Using
Pyrolysis Carbonization Method

Moisture Content

Physical Characteristics of Carbonized Cacao Pod Husk
Pellet

Density

Mass Yield Density

Durability

Chemical Properties of Carbonized CPH

Other Observation

v

28
28
28

30

30
31

31

31
32
32
32
32
32
33
34

34
34
35

35
36

36

36
37

38

38
38
39

39
40
40
41
42



Flame Temperature
Coal Temperature
Residual Ash Weight

Activity 2: Assisting in the Production of Hydrochar using
Hydrothermal Conversion Method

Characteristics of Carbonized Cacao Pod Husk
Experiences and Practices Leamned

SUMMARY, CONCLUSION AND RECOMMENDATION
LITERATURE CITED

APPENDICES

42
43
44

46
46
47
48

51



LIST OF TABLES

TABLE PAGE
1 Chemical composition of CPH 6
2 Ultimate composition of CPH 7
3 Proximate composition of CPH 8
4 Calorific values of CPH 8
5 Typical ultimate and proximate analysis of dry and wet

biomass 16
6 Carbon efficiency of different biomass pre-treatment

processes 22
T Instruments and material description 31
8 Physical properties of fuel pellets produced 39
9 Durability of pellet 41
10 Proximate chemical properties for biochar 42
11 Flame temperature 42
12 Coal temperature 43
13 Residual ash weight 45
14 Proximate chemical properties for hydrochar

A



LIST OF FIGURES

FIGURE PAGE
1 Cocoa fruit parts 6
2 Different conversion routes of dry biomass 19
3 Different conversion routes of wet biomass 21
4 Classification of hydrothermal conversion process with

respect to reaction T and P 24
5 Conceptual framework of the study 30
6 Single die pelletizing machine 40
7 Cacao fruit 45
8 Dried cacao pod 45
9 Carbonized CPI samples 46
10 Drop test 48

Vil



APPENDDIX
TABLE

1

2

10

11

12

13

14

15

16

17

LIST OF APPENDIX TABLES

Raw data of the weight of cacao pod husk

Durability of CPH pellet produced in different
binder proportion

Mean data for binder affecting pellet durability

Mean data for compaction pressure affecting
pellet durability

ANOVA for durability test
Raw data of Flame temperature
Mean data for binder affecting flame temperature

Mean data for compaction pressure affecting
flame temperature

ANOVA for flame temperaturc
Raw data for Coal temperature
Mean data for binder affecting coal temperature

Mean data for compaction pressure affecting coal
temperature

ANOVA for coal temperature
Raw data for residual ash weight
Mean data for binder affecting residual ash

Mean data for compaction pressure affecting
residual ash

ANOVA for residual ash weight

viil

PAGE

3

)

57

57

58

58

58

59

59

59

60

60

60

60

61

61

61



APPENDIX
FIGURE

1

2

10

11

12

13

14

15

16

17

LIST OF APPENDIX FIGURES

cacao fruit

removal of seeds

removal of seeds

Chopping of cacao pod

Drying of cacao pod

Carbonizing process

Carbonized CPH

Pulverization of carbonized CPH

Weighing of carbonized CPH

Mixing binding material and carbonized CPH
Released of pellet from the pelletizing machine
Weighing of pellet

Packaging of samples

Drop test

Hydrothermal carbonization reactor

Sieving

Carbonized CPH using HTC reactor

X

PAGE

62
62
63
63
64
64
65
65
66
66
67
67
68
68
69
69

70



ABSTRACT

7 MARIANO, YVAN JOSHUA G., Department of Agricultural and Biosystems
Engineering, College of Engineering, Central Luzon State University, Science City of
Mufioz Nueva Ecija, June 2019, COMPREHENSIVE SEMESTRAL REPORT AT
PHILIPPINE CENTER FOR POSTHARVEST DEVELOPMENT AND

MECHANIZATION (PHILMECH) FUNDED PROJECT IN CENTRAL LUZON
STATE UNIVERSITY.

Adviser: MARLON T. DELOS SANTOS, M.Sc.

The field practice was conducted at Central Luzon State University. The field
practice was composed of two activities; (1) production of biochar as alternative fuel using
pyrolysis carbonization method and (2) production of hydrochar using hydrothermal
conversion process. Pyrolysis as a blomass conversion technology is particularly low suited
to moisture organic wastes. Thus, if biochar proves a valuable by-product, it could induce
more use of pyrolysis conversion that would be applicable to over half the unutilized wastes
identified in the state biomass inventory. The objectives for the production of biochar as
alternative fuel using pyrolysis carbonization method were to (1) produce fucl pellet from
biochar of caczo pod husk, (2) determine the physical charactenistics of pelletized cacao
pod husk in terms of shatter resistance and durability. The objectives for the production of
hydrochar using hydrothermal conversion method were assist in the preparation and
hydrothermal conversion (FITC) process of cacao pod husk.

The treatments in activity 1 were made in evaluation of the physical characteristics
of CPH pellet were different binder proportion and different compaction pressure were
used as parameters. The binder is used to strengthening and binding of pellet, 1:15 and

1:20% binder proportion were used in the study. Compaction pressure of1,2,3,4,5and



6 kg/em?® were used to test the strength of the pellet. The treatments were analyzed using
Completely Randomized Design (CRD) and comparison of means was done using Least
Significant Difference (LSD). Hydrothermal carbonization method was done using a 20
liter capacity hydrothermal reactor and the cacao pod husk were carbonized for 12 hours
with a temperature of 180°C to produce hydrochar.

Results show the significant differences and their effects on the response variables.
The higher resistance values as indicator of durability with 97.4 % after drop test were
observed on higher percentage of molasses binder (20%) and higher compaction pressure
6 kg/cm?. Pellet samples subjected to 2 kg/em? compaction pressure resulted to the highest
flame temperature of 185°C. Pellet subjected to 20% molasses and compacted at 1 kg/cm?
resulted to the highest coal temperature of 416°C. Ash weight of pellets subjected to 5
kg/cm? compaction pressure resulted higher mean weights of 3.5 grams. Lab test results of
the carbonized cacao pod husk have a higher heating value of 24.55MJ/kg, a moisture
content of 1.55%, a fixed carbon content of 48%, and ash content of 23.54%

The moisture content of the hydrochar was found to be 12.35% with volatile

combustible matter of 58.59%, fixed carbon of 8.43 %, and an ash content of 32 98%.

Keywords; biochar; hydrochar; pyrolysis; hydrothermal carbonization; cacao pod husk
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