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ABSTRACT

An assessment of biogas production from chicken droppings by anaerobic co-digestion with
Cymbopogon citratus (lemon grass) was carried out. The composite pre-fermented substrates were
mixed with water and the formed slurry was digested separately in five batch anaerobic plastic digesters
for a period of 30 days. The pressure on the digester by the produced biogas was determined using a
tri-axial quarter-bridge strain gauge rectangular rosette, carefully fixed to the external surface of the
plastic digester. Hourly readings of corresponding gas pressures and digestion temperatures were
recorded electronically. It was observed that the highest biogas yield was from lemon grass digested
alone while the single digestion of chicken waste gave the lowest yield. Results showed that 100%
chicken droppings produced 12.89 kP of biogas whereas C. citratus alone produced 42.00 kP. Co-
digestion of 70% chicken droppings with 30% C. citratus was the optimum mixture as it enhanced and
almost doubled the gas production of chicken droppings from 12.89 kP to 21.00 kP. The study has
shown that the biogas production from chicken droppings could be enhanced by co-digestion with

lemon grass.
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vi



TABLE OF CONTENTS

Tl Pae. ...t e 1

(O (s 5 (o721 510 s PR 1l

DEAICALION. . .ottt 111
DIl AT AtION . oottt v
ACKNOWIEAZEMENLS. . ...t v

A DS AC T . e vi
TADLE OF COMIEILS. . . ..ottt e e e e, vil
LISt OF TaDIES. . . e eeeee et X
LSt Of FagUIS. ..t xi
St OF LAt S, . ettt Xil

Chapter One: Introduction

1.1 Background to the Study.........co.oiiiiii i 1
1.2 Statement of the Problem........ ... e 4
1.3 Justification for the Study..........cooi i 5
1.4 Aim and Objectives of the Study...........cooiiiiiii e 6
14T AIm of the StUAY . ....ooiii e e e 6
1.4.2 Objectives of the Study........cooiiiii e, 7

1.5 Limitations of the Study.........ccooiiiiii e e

Chapter Two: Literature Review

B B = 5 10 . T 8
2.2 History of Biogas ProducCtion.............oiuiiuiiiiii e 9
2.3 Advancement in Biogas Production................oooiiiiiiiiii i 9
R AN 15 (0] o Lol B oL 4 T o P O 11

2.4.1 Anaerobic Digestion StageS. ... .ouivuiiti ittt e 13

vii



2.5

2.6
2.7
2.8

2.9

Configuration of ANaerobic Digester. ... ...o.ouiuiiiiii i 14

2.5.1 Batch Or CONtINUOUS. .. ...ttt et et et et e e e e e e e e eren e e neans 15
T 1<) 1010153 11 P 15
2.5.3 S0old CONENL. .. ..ttt e e e 16
T B 0103 131 0] (o). €Ly O 17
Digestion Residence TIme. ........c.oiiuiiiitiiitii e eeeenaes 18
Digestion FeedstoCK. .......ooiiii e 19
Digestion Products. ... ...oouii e 20
R B 3 10 . T OO 20
I I L - 21
TR BT T 1 1 1<) o 22
Factors Affecting Biogas Production.............oouiveiiiniiiiii i e e, 22
B T U< 1010153 1 23
2.0, PH o 23
2.9.3 Carbon-Nitrogen Ratio...........ooiiiiiiii e e e 24
2.9.4 Volatile Fatty ACIA.......cuuitiiiiii e e 25

2.9.5 Organic Loading Rate and Solid Retention Time.................cooiiiiiiiiiniiiinieceeennn 25

2.9.6 NUtrient CONCENIIALION. .. ...uuutt ettt ettt ettt et ettt eree e eeer e e e e eeaeas 25
2.10 Merits and Demerits of Anaerobic Digestion...........ooevviiiiiiiiiii i e e, 26
2.11 Biogas APPLICAtIONS. ... .ouu ittt e 33

Chapter Three: Materials and Methods

3.1

Y B 1< o ] 35

3. M NOAS . .o 39

viii



3.2.1 ADC Count to Bridge Output Voltage to Strain Value..................ccoevvieiiiininnn.n. 40

3.2.2 Measured Strain to Principal Strain Conversion.............coeveieiiiiiinineiieienninnnn. 40
3.2.3 Principal Strain to Principal Stress CONVersion............c.evveiuiirieniiieenienneeneeninnnns 40
3.2.4 Stress to Pressure CONVEISION. . ... .u.tuuit ettt 41
3.2.5 Biomass Collection, Slurry Preparation and Digester Loading...................ocoeiue 41
3.3 Gas MeaSuremMeENt SETUP. .. ..venettentt ettt ettt et et e et e e et et et e et e et e aeeeaeennee e 42
3.4 Chemical Analyses of Feedstocks..........oiuiiiiiiiii e 42

Chapter Four: Results
A1 RESUIES. .ottt 46

Chapter Five: Discussion
5.1 Chemical ANalySes. .. ...uiintiiti e e 54

5.2 Bi0gas MEASUICINENL. .. .. .eeittttttt ettt ettt et et et e e et et et e eaee et e eeeaens 54

Chapter Six: Conclusion and Recommendations

0.1 COMCIUSION. . ettt e e e e e e 57
6.2 RECOMMENAATIONS. ..o et ettt ettt et e e e e e e e e e e 54
| 3G (D €2 1 (] < T 58



LIST OF TABLES

Table 2.1: Composition of Raw Biogas. ..........oiuiiiiiiii e 8
Table 2.2: Optimal Conditions Vital for Anaerobic Process...........coovvviiiiiiiiiiiiiiiiiiiiiee e, 23
Table 2.3: Carbon to Nitrogen Ratio of some Feedstocks..............ooooviiiiiiiiiiiiiiii . 24
Table 4.1: Chemical Analyses of the Digester Feedstock before and after Digestion..................... 46
Table 4.2: A Sample Spreadsheet Format of the Data Retrieved from the Data-Logger showing

the Tables of Strain Gauge and Temperature Measurements Every Second.............c..c....... 48



Figure 1.1:
Figure 2.1:
Figure 2.2:
Figure 2.3:
Figure 2.4:
Figure 2.5:
Figure 2.6:

Figure 4.1:
Figure 4.2:

Figure 4.3:
Figure 4.4:

Figure 4.5:

Figure 4.6:

LIST OF FIGURES

Percentage Allocation of Homes using Types of Fuel for Cooking in 2008..................2
The main Stages of Anaerobic Digestion............covviiiiiiiiiiiiiiiiiii e, 13
Three Types of Digesters common in Sub-Sahara Africa.............c..ooiiiiiiiiiiinnn. 18
Anaerobic Digestion Process which Converts Wastes to Useful Products.................. 26
Impact of the Population Growth on the Environment...............ccc.ooooiiiiiiiiiiiinn. 28
Anaerobes Interdependence. .............ooiiiiiii i 32
Inhibition as a Result of Organic Load Fluctuation...................ocooeiiiiiiiiiiiiinnnn. 32
Chemical Analyses of Feedstocks Before and After Digestion...............cooeeeiiinniin 47
Maximum Pressure Profile of Five Biogas Digesters............ooovviiiiiiiiiiiiiiinninnnnnn. 49
Temperature Range within Each Digester............coooioiiiiiiiiiiiiiiieae 50
Pressure of Biogas Production..............oooiiiiiiiiiii e 51
Daily Average Gas Pressure in the Bio-digester Computed from the

Pressure DETIVATIVES. ... .u.ue ettt e 52
Temperature Variations of the Digester and its Ambient showing the

Effect of insulating the Digester with Fibre Glass Wool..................coooiiiiiiiiinin. 53

xi



Plate 3.1:

Plate 3.2:

Plate 3.3:

Plate 3.4:

Plate 3.5:

Plate 3.6:

LIST OF PLATES

A set of Sensors assembled at an angle of 45%apart.................ooeiiiiiii i, 35

Strain Gauge Bridge Amplifiers on board with ADC, Microcontroller and Wifi

Customised for Data log@INg. .......c.oviiiiiiii i e 37
Insulated Digesters capped with Tyre Tubes...........ccooeiiiiiiiiiiiiiiiiiiiiei e 38
The Five Digesters with SIUITies. .......ooviiiii e, 43
One set of Slave Board for Strain Gauge Data Collector..............ocviviiiiiiiiiinninnn. 44
Data stored in SD card attached to the Master Board.....................cot. 45

Xii



