COMPARATIVE HOG BIOGAS PRODUCTION FROM PLASTIC
DRUM BIOGAS DIGESTER DURING NIGHT AND
DAYTIME COLLECTION

GLEN V. VIDANIA

An Undergraduate Thesis Proposal Submitted to the Faculty of the Department of
Environmental Science, College of Arts and Sciences, Central Luzon State University,
Science City of Mufioz, Nueva Ecija, Philippines
in Partial Fulfillment of the Requirements
for the Degree of

BACHELOR OF SCIENCE IN ENVIRONMENTAL SCIENCE
September 2017

ENV-SUS-03-17-004



APPROVAL AND ACCEPTANCE

The undergraduate thesis entitted COMPARATIVE HOG BIOGAS
PRODUCTION FROM PLASTIC DRUM BIOGAS DIGESTER DURING NIGHT
AND DAYTIME COLLECTION prepared and submitted by GLEN V. VIDANIA in
partial fulfillment of the requirements for the degree of BACHELOR OF SCTENCE IN
ENVIRONMENTAL SCIENCE is hereby

APPROVED:

/
. BARROGA, Ph.D. CESAR V. ORTINERO, Ph.D.

ANTON]
Adyiser Critic
SoRt. S 203 ad.q007
Y Date Date
T %
LUZVIMINIYA S. QUITOS, Ph.D. CESAR YV, ORTINERO, PhL.D.
Department Research Coordinator Department Chair
1-19-17 TGy
Date Date
AND ACCEPTED:
LT R. DULAY, MSc. EV A. ABELLA, Ph.D.
(,0 cge Rese, Coordinator CoMHege of Arts and Sciences, Dean
"l 4 is

| Ddte Date

11



BIOGRAPHICAL SKETCH

PERSONAL INFORMATION
Name - GLEN VELASCO VIDANIA
Date of Birth . April 14, 1996
Place of Birth : Deparo, Novaliches, Kalookan City

EDUCATIONAL BACKGROUND

Elementary : MANGANDINGAY ELEMENTARY SCHOOL
Mangandingay Science City of Mufioz, Nueva Ecija
March 2008

Secondary - MUNOZ NATIONAL HIGH SCHOOL - ANNEX
Rizal Science City of Mufioz, Nueva Ecija
March 2012

Tertiary - CENTRAL LLUZON STATE UNIVERSITY
Science City of Mufioz, Nueva Ecija
Bachelor of Science in Environmental Science
September 2017

il



ACKNOWLEDGEMENT

All glory and praises to God, for His unconditional love, for giving me wisdom,
for making me strong and healthy, for answering my prayers, and making impossible
things possible. 1 dedicate this study, first to the Most High and Almighty God, for
without Him all of this will be vain, second to my family for their support and love to me,
third to my church family for always praying for me.

I would like to extend my heart felt gratitude to those people which God gave me
to fimsh my thesis. First of all, I would like to thank my thesis adviser, Dr. Antonio J.
Barroga and also to my thesis critic, Dr. Cesar V. Ortinero for their patience, guidance,
generosity, support and for sharing his knowledge. Also, I would like to thank the
Department Research Coordinator, Dr. Luzviminda S. Quitos and to the faculty members
of the Department of Environmental Science.

Special thanks to Sir Joey Ruiz, his family, ELR Family Trading Co. Inc., and to
the staff and workers of the company, for accommodating me and financing my thesis.
Special thanks also to Ptr. Mark Antony Santos, Arch. Melchor Aquino, Sis. Joynabel
Paraguison, Kuya Cedric Cabanilla, ate Jelly Acosta, my classmates and friends.

All these things and accomplishments will be vain without your help. Again,

thank you very much.

v



TABLE OF CONTENTS

TITLE PAGE

APPROVAL AND ACCEPTANCE

BIOGRAPHICAL SKETCH

ACKNOWLEDGEMENT

TABLE OF CONTENTS

LIST OF TABLES

LIST OF FIGURES

LIST OF APPENDICES

ABSTRACT

1 INTRODUCTION

1.1
1.2
1.3
1.4
1.5
1.6
1.7

Background of the Study
Significance of the Study
Objectives of the Study
Hypothesis

Statement of the Problem

Time and Place of the Study

Scope and Limitations of the Study

2 REVIEW OF RELATED LITERATURE

Swine Manure

Odor Erasing Microbial Concoction (OEMC)

Biogas Technology

Biogas

Methane (CHy )

Biogas Digester

Benetits from Biogas

27.1 Health Benefits to the Population at Large

2.7.2 Environmental Benefits

2.7.3 Agricultural Benefits Related to Avoiding Deforestation

v

Page

i
1l

v

N Oy O Lh b b B

O e

10
11
12
13
13
13
14



274 Benefits of Bio-shurry

275 GHG Reduction by PDBD

2.7.6  Investments Aspects and Payback Period of Biogas Plants
2.8 Methanogenic Bacteria in Biogas Production
2.9 Historical Development of PDBD

METHODOLOGY

3.1 Recconstruction of Septic Tank
3.2 Source of Manure
3.3 Experimental Materials
3.3.1 Odor Erasing Microbial Concoction
3.3.2 Plastic Drum Biogas Digester (PDBD)
3.4 Experimental Setup
3.5 Data Gathered
3.6 Treatment Assignments
3.7 Quantification of the Volume of Biogas-Trapped
3.7.1 Volume of Collected Biogas (DT and NT)
3.7.2 Duration of Flaring
3.7.3 Flow rate, { /minute
3.7.4 Peniod Every 6-inch Depletion, (Minutes)
3.8 Comparative Biogas Data Parameters from DT and NT Collection
3.9 Determined the Economic Efficiency of PDBD
3.9.1 Cost to Produce Per Liter of Biogas, PhP/ {
3.9.2 Marginal Cost Benefit Ratio
3.9.3 Return on Investment
3.9.4 Payback Pertod
3.10 Assessment of the Environmental Impact of PDBD
3.10.1 Total Methane Gas Capture, kg CHy/head/year
3.10.2 Reduction in the Extensive Cutting of Trees as Firewood and
Charcoal
3.11 Statistical Analysis

4 RESULTS AND DISCUSSION

4.1 Reconstruction of the Septic Tank and Technical Features of the PDBD
4.2 Quantified the Volume of Biogas Trapped
421 Volume of Collected Biogas (DT and NT)
4.2.2 Duration of Flaring
423 Tlow rate, {/minute
4.2.4 Period Every 6-inch Depletion, (Minutes)
4.3 Evaluating the Economic Efficiency of PDBD
43.1 Cost to Produce per Liter of Biogas
432 Marginal Benefit Cost Ratio (MBCR)
4.3.3 Return on Investment

14
14
15
15
17

20
20
20
20
20
21
21
21
22
22
22
23
23
23
24
24
24
24
25
25
25
25

26



4.3.4 Payback Period

4.4 Assessment of the Environmental Impact of PDBD
4.4.1 Methane Captured Gas by PDBD
4.4.2 Reduced the Extensive Cutting of Trees as Firewood and

Charcoal

5 SUMMARY, CONCLUSION AND RECOMMENDATION

5.1 Summary
5.2 Conclusion
5.3 Recommendation

LITERATURE CITED

APPENDICES

Vil

43
44
44
46

50



Table No.

2.1

4.1

4.2

4.3

4.4

4.5

4.6

4.7

4.8

4.9

LIST OF TABLES

Title
Advantages and disadvantages of three types of DBDs
Swine inventory, feed intake, and manure output.

Bill of materials.

Periodic increase in height (inch) of the PDBD, relative to time of
collection.

Comparative volume of biogas captured by PDBD relative to
collection time.

Duration of continuous CH, gas flow by two-bumer gas stove,
minutes.

Comparative flowrate of biogas captured by PDBD during DT and
NT, {/minute.

Depletion time every 6-inch submersion of the PDBD from after
12 hours collection time, minutes.

Summary of the fabrication cost of PDBD.

Economic analysis of biogas production,

viil

Page
19
27
31

32

34

35

37

39



Figure No.

2.1

4.1

43
4.4

4.5

4.6

LIST OF FIGURES

Title
Schematic diagram of the biogas production process.

Reconstruction of Septic Tank (A) before reconstruction (B) after
reconstruction.

CAD represcntation of the whole setup of PDBD installed from
aerobic slurry septic tank and its surroundings.

Gas fitting of the PDBD.
CAD representation of the top-view of the PDBD.

CAD representation of the moisture trapper and the hose valve of
the PDBD.

The growth rates of methanogenic micro-organisms for the three

temperature regimes.

X

Page
12

28

28

29
30

31



Appendix No.

1

(]

LIST OF APPENDICES

Title
Summary of data collected from biogas production.

Group statistics for t-test.

Orthographic sketch of a full setup of the PDBD on a Septic
Tank.

Comparison of IPCC Default Emission Factors on CH,

Emission from Manure Management (IPCC 1997 and IPCC
2007).

Biogas Compared with other Fuels.

Almost totally submerged PDBD in a hog manure slurry
septic tank.

No more flame produced from the two burner cooking stove.
Odorless flame from a two burner cooking stove.

Independent samples test.

Page
51
52

53

54

55

56

57
58

59



COMPARATIVE HOG BIOGAS PRODUCTION FROM PLASTIC
DRUM BIOGAS DIGESTER DURING NIGHT AND
DAYTIME COLLECTION'

GLEN V. VIDANIA
ABSTRACT

Background: Globally, livestock production is one of the major causes of
some of the world’s most pressing environmental problems, global
warming, land degradation, air and water pollution, and loss of
biodiversity. It has been estimated that livestock are responsible for 18
percent of greenhouse gas emissions. However, the livestock sector’s
potential contribution to solving environmental problems is equally large,
and major improvements could be achieved at reasonable cost (Kanto,
2011). The use of biogas as effective farm equipment is an excellent
example of sound integrated crop and livestock management (Largo,
2012). Methods: The eight 200- € drums of Plastic Drum Biogas Digester
(PDBD) with open bottom and gas fittings above a closed hd were
immersed in an open pit slurry septic tank. Biogas collection related
parameters namely: full biogas capacity drum duration, volume of
captured biogas, flow rate, gas depletion time and biogas production
economic efficiency were gathered. Results: The volume of biogas
produced afier 96 hours (4 days) was 8,856.72 € which when allowed to a
continuous depletion or emptying the submersion of the PDBD, the
recorded time consumed was 16.5 minutes through a double burner stove
with maximum level of fire. Conclusion: The PDBD was proven
economically efficient and effective as it generated a ROI of 86.75%
which indicated that for every peso of investment, the return is equivalent
to PhP 0.8675, and a MBCR of 0.13 which indicated that for every
additional peso of variable costs of the PDBD, the gross return was PhP
0.13. This study will encourage and help livestock farmers in managing
their farm wastes at the same time producing a substantial savings for not
using the Liquefied Petroleum Gas (LPG). Besides, a PDBD will help in
addressing the issues on climate change particularly in global warming.
Keywords: Biogas, Plastic Drum Biogas Digester, Marginal Benefit Cost
Ratio

' An undergraduate thesis presented to the Faculty of the Department of Environmental
Science, College of Arts and Sciences, Central Luzon State University, Science City of
Mufioz, Nueva Ecija in partial fulfillment of the requirements for the degree of Bachelor
of Science in Environmental Science. Prepared under the supervision of Professor Dr.
Antonio J. Barroga and Associate Professor Dr. Cesar V. Ortinero. September 2017.
ENV-SUS-03-17-004
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