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 ABSTRACT
The effort towards keeping the environment clean of all waste 15 a task that needs the
participation of everybody.'lﬁ this study a biogas digester was designed and fabriceifted to

produce biogas gas from poultry litters. The system has a cylindrical tank (biodigest;r)'an

absorption chamber and a burner. The results of the test performance carried out show that the

methane gas produced by ’anaerv(‘)'bic digestion of poultry litters was too slow and did not combust
easily. It was observed that water vapour was found ,condenSed in the digester and along the
outlet pipe. ‘
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CHAPTER ONE

1.0 INTRO.DUCTION

1.1 Background of study

The need for alternative energy supphes is 1ncreas1ngly apparent. Our fossil fuel reserves

“will eventually be exhausted. Moreover, these reserves are unequally distributed and are
becominé too costly" for many countries that must purchase them. In addition, the cost of
transportation may sharply Jimit the use of fossil fuels in the rural areas of many developing

countries',:.As recent events have shown, the cost and the availability of this fuel are determined
by market forces than the decisions of the producing nations. The present energy-generating
systems in developing countries depend largely on local resources: wood, straw, of dung for

burning. (Gerard, 1981).

During the last two decades, developing countries and particularly Nigeria has witnessed ‘
increased Jevel of waste generation due to population explosion, increased agricultural activities
and the growth of industries. Consequently, there is intense scrutiny of possible alternative of
solid waste utilization which 1ncludes poultrydropping, cow dung, kitchen wastes. Government

and 1ndustr1es are constantly on the lookout for technologies that will allow for more efficient

and cost - effective waste treatment (Guruswanny et al., 2003). One important waste in the

s is because the poultry'

1l

3 world today that is inc it is poultry waste. Th1

reasing in large depos

mdustry has been in existence for centuries with every families, private enterprise and nations

ll
k having poultiy farms. More than 50 milhon chicl<ens are reared annually for meat and eggs.

the intensive farming technique among other practice in

Ma_]Ol‘l'[y of poultry farmers uses

, rearing ‘bir_ds (Dennis, 1997).

i
i




Poultry industry is not all about the growmg, of b11ds for meat and eggs only, which are
the 1easons for most establishments. Many owners of poultry farm have a good knowledge
about breedmg of birds, the composition rate of their feeds type of treatment to offer to any
kind of drsease that may occur and what to do to avert threats from h‘umdn and rodents. But
most owners lack the knowledge of what to do with the poultry htters they generate from their
farms. One of the most common ways adopted by farmers in disposing of waste is heaprng or
spreading waste in open fields. Some of these fields are clo’se to residential houses and their
sight creates irritation and breeding ground for both flies and mosquitoes ( Sangygeday, 1999).
One teehnolegy that can successfully convert this waste is the use of biogas technology which
involves production of biogas through the process of aerobic and anaerobic digestion (hill,
1983).;;1t has the advantage of produ,cing‘ eriergy, yielding high quality fertilizer and also

preventing littering of our environment.

;
fi

I
1.2 Objective‘

‘1
h

L \‘To design and fabricate a drgester to produce pure methane from chicken litters.

i

1.3 Justlﬁcatron of the Study

In recent times there has been increase in the cost of fossrl fuel in the world coupled with
the danger posed by the contihuous use of fos’sff fuel to the environment, The need has arisen to
use biogas technoloby as a suitable alternatrve energy source for domestic use. This will help -
boost environment protection and increase total energy supply. Therefore there is a need to
analysis:poultry litters to ascertain whether it is suitable for biogas production. To ensure a safety

environment and address the energy crisis by reducing over dependence on costly fossil fuels.




1.4 Scope of the Study ‘ | L

This work is stream lined to analysis poultry litter for biogas production using an

anaerobic digester. ‘ S
' :
h
i f

{
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CHAPTER TWO

2.0 LlTEI{ATURE REVIEW = | | |

‘l

2.1 Proﬁles on Poultry thters

I
It

i
if

Dur1ng the past decades the poultry 1ndustry has changed dramatlcally Today poultry
farmmg has been transformed into an organized 1ndustry It plays a major role in the ﬁght apamst

malnutrltlon and poverty among the rural dwellers. The 1mportance of poultry sector in solvmg
ploblems of unemployment and under- employment is well coneewed by Government and
‘private sectors. Among all livestock Ventures, -poultry farming requires only less capital
investment and also ensures quick returns 1n a ‘_:short run (Amanullah et al., 2010). |

’Everyday tonnes of poultry litters are generated’by various poultry farms all over the ,
world, the need for appropriate disposal of litters become a concern. Some countries have been
able to convert poultry litters into raw material for producing energy and organic fertilizers for
crop growth. In some advanced countries, they have been able to establish biogas generating
plant. For instance, In North Ireland, a 100 million pounds‘plant was built to run on 242,500
tonnes per year of poultry htters (Glbson 2007) The Fibowatt Thatford poultry power plant in |
United Kingdom is one of the largest plants i in Europe it generates 38.8MW of electricity which
is distribﬁ%uted to 93,000 homes. Recently, Nether’land built a biogas generating plant that will be

converting one third of the country’s total of 1.2 million tons of poultry waste produced per year.

to aboul 36.5magawatts of electricity, estimated to power approximately 90,000 homes

(Kimberley, 2009).

There is serious Concern in the management of chicken litters, as poultry farmhouses

continue to increase and practice modern intensive technique in daily production. Odour during

VE 4 |
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production, spreading, storage of manure, contamination of water and soil and other negative

- consequences could be harmful to animal health as well as human. It has been shown that some
péthogen and bacteria are present in poultry litters and any of these processes of production

could be a medium of distributing them (Steér;relm and Bade, 2005).

Poultry litters is the mixture of bedding materials, manure, feathers resulting from

‘ intens'rve poultry prodrlct. The most eommonly use materials on the floor of sheds are saw dust, -
wood shavings, rice hulls, st_raws and paper products. Sand is used in countries with. limited
forest reserouces. Litters are used in poultry house to keep the floor dry and warm for birds. The
litter meterial is spread approximately in the same depth across the pens before birds are brought.

(Amanullah et.al., 2010).

2.2 Chemical Composition of Poultry Litters
| |
Poultry litter comprises of protein,"e‘arbohydrat‘e, lipids and fats with carbohydrates

i

responsible for the majority of biogradable méterial in the form of cellulose, starch and-sugars.

k

Poultryéilitter consists of all the essential elements that can be used for nutrients (animal feed) and
for rllalring fertilizer (Ludwig, 1998). These include nitrogen (N), pho‘sphorous (P), potassium |
(K), caicium (Ca), magnesium (Mg), sulpl'l'rrr (S), manganese (Mn), copper (Cu), zinc (Zn),
chlorine (CD), boron (B), iron (Fe) and nlolygdelluln (Mo). The amounts of these nutrien’ts can

'

also be varied as a result of the age and diet of the flock, as well as the moisture content and age

by

of the manure. Table 2.1 below summarizes the chemical composition of poultry litter in dry

state.




Table 2.1 Poultry litter Analysis

 Characteristics : " Average Range
i | | g | s
*Electricity Conductivity "Ds/m 68 2.0 - 9.8
Dry matter(%) | 75 | 40 - 90
Nitrogen N (% of dry matter) - 26 1.4 - 8.4 L o
Pﬁosphorus P (% of dry matter) | 1 8 : , 1.2‘— 7.8 ,
Potassiuin K (% of dry matter) 10 , 0.9-2.0

’ Sulphur S (% of dry matter) ” | ' 06 0.45 -0.75
Calcuim:‘Ca (%of dry matter) | 2’5 | : 1.7-3.7
‘Magnesi}(lm Mg (% of dry B 05 - 035-0.8
matter) ’ | |
Sodium Na (% of dry matter ) 03 0.25-0.45
Carbon C (% of dry matter) ‘ 36 28 -40
Weight per m® (Kg) ST 5;0 | 500 — 650

5

* Electrical Conductivity is a measure of salinity measured as a 1.5 suspension in water

Source: New South Wales department of primary industries (2004)

&




2.3 Analysis of Poultry litter for biogas Production

The composition of poultry litters varies with the type of birds (broilers, layers, and |

crooker) and the type of poultry manure - deep litter manure, broiler manure, cage manure and

'

high rise :manure. The deep litter manure is pré)duced by layers during their laying period. Deep
litter for ‘laying hens is usually made of wood shavings in a 'laye'r of 10-15 cm deep. During

productio}‘n, the accumulating manure gets mixed with the litter. When excreta are added, the

litter bec?mes moist but remains aerobic. Broiler house manure is similar to deep litter poultry
'
manure, but the litter is changed more frequently and there is less ammonia loss because of

I
i
i

restricted‘idecomposiﬁon. (Amanullah, 2010). -

Therefore, Litters should be sampled to know the specific composition before used for

biogas production. It has been long recognized that poultry litters are a good source of nitrogen,

i

‘phosphorﬁs, ~potassium, calcium, magnesium,_’ sulphur, potassium and a number -of trace
elements, Carbon - nitrogen ratio affect biogas production from poultry litters. A mixture of

nitrogen _ rich manure and carbon — rich litter will give a high gas production ( Ludwig, 1998).

Ojolo (2007) carried out an analysis on‘three waste materials, poultry litters, cow dung

|

i :

and kitchen waste. Same sample of each waste was collected and mixed with water iln the right
proportich and then loaded into a rector. The biogas produced was measufed for a period of 40
days at an average mesophilic temperature of 30°.5 C and a PH value 7.1 to 8.1. It was shown

that ,pou:try litters produced. more gas than cow dung and kitchen waste. The higher biogas

pro,ductién was attributed to the available nufrients in poultry litter. According to Hills (1984)

substrate should contain adequate amount of carbon, oxygen, hydrogen, nitrogen, surphur,




phosphorus, calcium, magnesium and other trace element to enable the achievement of
appropriate volume of biogas.

i
y!

The presence of pathogens whrch are Very common Wrth poultry htter and high chemical

oxygen demand (COD) can 1educe the amount of gas that should be produced from poultry

E:
1

htters Gunaseelen (1987), revealed that greater percentage of COD reduction can take place with
larger brogas volume produced for every proportlon of degraded orgamc matter with 15 — 40
days 1etentron offensive odour could be reduced greater number of pathogens could be deduced
and organic nitrogen could be converted to ammonia, thereby reducing environment hazards.
Ojolo (2007) also revealed that the main disadvantage of chicken litters is that it produce a

proportion of hydrogen sulphite, which, even in only small proportion, corrodes metal fittings.

2.4 Biogas

1‘ !
Brogas is generated when bacteua degrades organic materials in the absence of oxygen in
|
a process, ‘known as anaerobic digestion. Ba51cally, there two types of organic decomposition that

,(
'i

can occur aerobic (in the presence of oxygen) and anaerobic (in the absence of oxygen)
st

decomposmon All organic material, both animal and plant can be broken down by these two
processes: but the product of decomposrtlon uvrll be quite different in the two cases. Aerobic
decomposrtron (fermentatron) will produce carbondrox1de ammonia and some other gases in
small quantities, heat in large quantities and final product that can be used as fertrhzer.
Anaerobic decomposition will produce methane, carbon dioxtde, hydrogen and other gases in
trace, very little heat and a final product with: a higher nitrogen content than is produced by

R

aerobic fermentation. (Habmigern, 2003)




Anaerobic digestion is a sample process carried out in a number of steps over any organic
material as a substrate. It oc_euirs ina digestive system,kmashes, rnbbish, lagoons and septic tank.
Biogas c’an be produced in a control system by providing a small digester of specific size. The
dlgestci is simply build and operated with no comphcatlons in any of the processes of extraction

of the | gas To get biogas or ganic matcnal are loaded inside a dome- shaped - structure
constructed beneath the giound then allow to decompose for some time to undergo a metabolic
break down in the presence of some bacteua Unlike biogas produced from fossil fuel which
contain% hydrocarbons as impurities, biogas ipfoduce from control system contains methane and‘

carbon dioxide, hydrogen sulphite, others gaSes in traces as impurities. These impurities can be

separated using simple techniques

2.5 Biogas Product

Biogas is a naturally occurring 'bypro.'d:ilct of the breakdown of organic material, and is
actively produced from a variety of sources,;including animal waste, mnnicipal solid waste, -
sewage and agricultural wastes usiilg a process called anaerobic digestion. The main constituent
of biogas is methane. When further cleaned and upgraded, biogas can be turned into biomethane,
a high-quality methane fuel that is'indistinguishable from non conventional. Biogas is mainly
composed of 50 to 70 percent methane, 30 to 40 percentcarbon dioxide (CO,) and low amount

of other gases as shown in Table 2.2




‘ Table 2:2: Composntion of biogas

l
I
H
\

Substances R Symbol Percentage (%)
Methane B . CHy 50-70
Carbon Dioxide B €O, 30-40
Hydrogen : Hy 5-10
Nitrogen - N, , | 1-2
Water vapour | o H, O 03
H;drogen Sulphide - Hy S | Traces

Source: Yadava and Hesse (1997)

Biogas is about 20 percent lighter than air and has an ignition temperature in the range of
- 650 to 750°C It is an odourless and colourless gas that burns with clear blue flame similar to that
of LPG gas (Sathianathan, 1975). Its calorific Value is 20 Mega Joules (MJ) per m’® and burns

with 60~percent efficiency in a conventional biogas St_ove.

2.6  Biogas production proeess

&

Anaerobic biodegradation process of organic materials for the production of methane is a
process involving microbes that grow in the absence of air. Difference groups of bacteria act

upon complex organic materials to producefbi()gas. The process takes place in three stages

5

(Meynell, 1981) or four stage_s ( Knandelwal and Mahdi, 1986). The four stage process seems to

be acceptable (Maishanu, 1994)

Stage 1.> Hydrolysis. The waste ‘materials ‘of plant and animal origins consist mainly of

carbohydlates lipids, proteins and inorganic materials. Large molecular complex substances are

10




'solublhzed into simpler ones with the help of extracellular enzyme released by the bacteria. This
stage 1s also known as polymer breakdown stage. For example, the cellulose consisting of
polymeuzed glucose is broken down to d1mer1c and then to monomer1c sugar molecules

(glucose) by cellulolytic bacteria (Hoerz ef al 1999)

Stage 2 Fermentation: The simple orgamc compounds are fermented to alcohols hydrogen,
and carbon dioxide by bacterla which by bacteria which secretes enzyrnes on the compounds.
The bacteria are divided into cellulose- spl1tt1ng, fat spllttlng and protein splitting, based on the

type of the substrate they act upon (Maishanu, 1994). ~

",

‘Stage 3: Acidification. The monomer such as glucose which is produced in Stage 1 is fermented
in stage 2 under anaerobic condition into various acids with the help of enzymes produced by the

acid fomnng bacteria. At this stage the ac1d forming bacteria breakdown molecules of six

atoms of calbon (glucose) into molecules of less atoms of carbon (acids) wh1ch are in a more

ll

'reduced state than glucose. The pr1nc1pal ac1ds produced in this process are acetic acid, proponic

[
i

acid, and ethanol. (Ma1shanu 1996).

4 i
Fl

Stage ; 4: ‘Methanization: The prmclple "acids produced in Stage 3 are processed by

»1}

methanogemc bacteria to produce methane. The reaction that takes place in the process of

methane production is called Methanization and is expressed by the following equatlons (Karki

and Dixit, 1984).

a. By the breakdown of acetates molecules to;form methane and carbon dioxide
CH,COOH ——» CH4, + CO,

Acetic acid 4 R Melhane Carbon dioxide

11




b By the reduction of carbon dioxide to forfn methane and water
o, + 4H, ———» CH + 20

. Carbon dioxide ‘Hydrogen Méthane Water

¥

The stage of methane production from organic residue are illustrated in the fig 2.1below:

Poultry litter (organic residues) '

Fats Cellulose ~ Proteins

Stage 1
3 Hydrolytic bacteria
w Soluble simple compound
‘ except acétate 'l
| Stage Il © Stagell
| T
“1 Homoacetogen Acetogens
~' v VL
Carbon dioxide ’ ’ Acetate ’

Hydrogen formate

Stage 1V Stage IV

Methenogens Methenogens

Methane BIOGAS '~ Carbon dioxide
(70%) + (30%)

Fig 2.1 Stages of Methane Production(Source : Maishanu 1994)

. 12 ' - )
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2.7  Biomethane S G |

I
'

Biomethane production involves upgrading, or cleaning-up biogas to a higher quality

gas. This, 1nvolves prrmarrly removal of carbon d10x1de hydrogen sulphide, water Vapour as

l

~ ‘well as trace gases. The resulting biomethane Wﬂl have a h1gher content of methane and a higher

energy cdntent making it essentially identical to conventlonal natural gas. ( Patrlck 2010).

Tlae primary steps in the biogas upgrading process are:

« Removal of Carbon dioxide (CO2)

« Removal of Hydrogen sulphide (H2S)

» Water (H20) removal

» Removal of other corrtaminants

2741 Removal of carbon dioxide (CO;)

Reducing the relative amount of carbon drox1de (CO,) in the brogas is the main task of
the biogas upgrading process. Biogas contains jcypically 60 — 70% methane and 30 — 40 carbon
dioxide arld biomethane contains 97 — 99% methane and 1 — 3% carbon dioxide. Carbon dioxide
can be re:moved by passing biogas through a solution of lime, calrstic soda or by bubbling it in
water (Ch;en, 2010). | s

2.7.2 Removal of hydrogen sulphlde (HZS)

Hydrogen sulphlde is a contaminant present in biogas, produced durmg the drgestlon
process. Dependmg on the biomass feedstocle ‘and blogas production process, the Hydrogen
Sulphite eontent of the biogas varies. Hydrogen Sulphide should be removed early in the -

i

production process because of its corrosive nature. In addition, the release of the compound into

5,

the atmosphere is carefully regulated as it is exrremely toxic and it contributes to air pollotion. :

13




‘Ways in which Hydrogen suphide (llZS)‘cah‘be removed is by pass biogas through Iron
hllmgs oxidation with air and bubbling through a solutron of acetates ( Chen, 201 0).
2.7.3  Water Removal

Raw biogas is sat urated with water Vapour Depending on the biogas upgrading
technology used later stages in the brogas upgradmg process may also be fully or partially
saturated with water. The water vapour in biogas can be removed by using moisture traps or
vapour condensers along the drstrrbutron line ( Chen, 2010).
2.7.4 Removal of Other Contaminants

’In addition to H,S, H,O and CO,, there rnay be other trace contaminants present in the
biogas l»vhichare potentially harmful to equlprnent and/or people and must therefore be removed

or reduced to acceptable levels. These add1tronal contaminants include particles, halogenated

hydrocarbons ammonia, nitrogen, oxygen and organic silicon compounds (e.g siloxanes). A

‘number of effectlve ava1lable technologres exist to reduce or ehmmate these contaminants

1nclud1ng filters, membranes, activated carbon and other absorption media (Chen, 2010).

"

2.8  Requirements and F actors of Biogas Generation
In the generation of biogas for organic waste, the following requirement is necessary for

the process.

i
i
n

2.8.1 l? eedstock Material

i
it

i
i

;’Organic or cellulosic materials are needed for bioconversion into biogas. Feedstock may
i : .

l

be sourced from animal, human and plant wastes that can be obtained from farms, lrvestock yard

l
poultry Ihouses septic tanks p1t latr1nes abatto1rs and aquat1c crops. The amount of gas that can

l

be generated varies with the nature of the feedstock materials (VITA 1979). Gaadr and Usmani -

(198 ), suggest that feedstock should be reduced to a size 3mm-6mm for adequate digestion.

14
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2.8.2  Water

This is very essential in the biodegreéétion process.' The‘micro organisms needed for
bioconversion need an appreciable amount off'water to initiate and sustain the process. Water can
be sourced from streams rain collected and: underground sources. Water from taps (1 ¢. town
' ’supply) 1s not usually used because of the presence of chlorine and/or other chemicals whrch are
toxic to the ‘micro organisms. A waste to Water ratlo of l:1or1:2 (Itodo 1993) is offered as ideal

for usmg wet feedstock. A waste concentratron of 5- 10 % of solid wastes (Abubakar, 1990 and

Gaadi and Usmanr 198 1)

\r

2.8.3 Iﬁﬂuént Solids Content (Sblution)

i

Productron of biogas is. inefficient 1f fermentatlon materials are too dllute or too
concentrated, resulting 1n low biogas productlon ‘and msufﬁcrent fermentation actrvrty,'
krespectrvely Experience has shown that the raw-materlal (domestic and poultry wastes and
' manure) ratio to water should be |- I, 1:2, 1:3 ie., 100 kg of excrete to 100 kg of water. In the

slurry, this corresponds to a total solids concentration of § - 11 'per cent by weight.

2.8.4 Carbon ~Nitrogen ratio

’} ; gy

| expressed in terms of the Carbon/Nrtrogen (C/N) ratio. A C/N ratlo ranging from 20 to 30 is

15




?I

the othef hand, if the C/N ratio is very low, nitrogen will be liberated and acc;umulated in the

form of ammonia (NH4).
2.8.5 Temperature S e | ‘

The methanogens a1:e inactive in extreme high and low temperatures. The optimum
temperature is 35° C. When thé ambient temperature goes down to 10 °C, gas production
Virtuall}% stops. Satisfactory gas prodﬁction takes place in the mesophilic range, betwegﬁ 25°}C to
30° C. P:roper insulation of digester helps to irié‘rjease ‘gas production in the cold season. When the

ambient; temperature is 30 C or less, the aveféfgé temperature within the dome remains about 4°C

above t}ie ambient temperature (Lund et al, 1996).

i

2.86 The pH Value

%

The optimum biogas production is achieved when the pH value df input mixture in the
digester' is between 6 and 7. The pH ina b/i"o}gas digester is alsé a function of the retention time.
In the initial period of fermentation, as large amoﬁnts of organic acids are produced by acidr
forming bacteria, the pH inside the vdigester cén decrease to below 5. This inhibits or even stops
the digestion or fermentation process. Metllar;ogenic bacteria are very sensitive to pH and do not
thfive below a value of 6.5.. Later; as the digestion process continues, concentration of NHy
increases due to digestion of nitrogen which can increase the pH value to above 8. When the
methane production level is stabilized, the pH range remains buffered between 7.2 to 8.2

(Dennis, 2001).




2.8.7 Seeding

This is the addition of a small part of active slurry to the feedstock to hasten or initiate
;: | |

the bioéas production process. It has been sh'ojwn,byr Aliyu et al. (1996) that seeding increases the

rate of!biogas production. Seeding material. can be sourced from an existing working digester

stagnant ponds or from an earlier fermented waste.
i : -

[
|

288 Stirring

Periodic stirring or agitation of the ‘,d:igestcr is essential or maximum generation of the

gas, to avoid formation of solids of accumulation of scum in the digester. Agitation should be
done for a few minutes at least once daily. (Meynell, 1981; Abubakar. 1990). Agitation can be
provided either by mechanical s_tirrihg, liquid or gas circulation. Continuous stirring however

reduce gas production (Aliyu, 1994).
2.8.9 Retention time

Retention time (also known as detention time) is the average period that a given quantity
of input remains in the digester to be acted upon by the methanogens. It shéuld be great enough

to allow methane formers convert organic acids biogas. Normally the retention time for animal

manure digestion is 7 — 30 days. (Aliyu 1994‘): and give the rétention time for tropical regions of

the woi}ld‘to be 30 days while gaady and usmani (1981), gives the optimum retention time to be
I .

20 dayé.

i
i
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CHAPTER THREE

30 MATERIALS AND METHODS -

3.1 Description of the Digester Plant

The system is made compised of the following component,

|

i

i Bibga’s Digester — Tl}e biogas digester is the most important part of the biogas plant. It is an
| B |
enclosed airtight tank, designed in such way to enhance generation of gas under anaerobic

conditi';on. The steel drunj’ — type for small neejds was suggested by Twidell and Anthony (1986).

#

i3 i A i g
ii Gas Storage Unit — This is designed to collect the gas that is generated and hold it prior the

time itj:will be used. This will be designed usirig a steel drum.

4ii Gas Lines - The gas line are provided to distribute the gas from the point of generation to a-
the storage unit and then to the burner. They are made up of galvanized pipe, flexible rubber

hose and control valve to prevent air to be drawn along the gas line.

iv. Hydrogen Sulphide Absorption Chamber: this is a separating unit designed for upgrading
! Do

of the piogas. An iron filling is used as the subtenant which will react with hydrogen sulphide.

7Zv Burner - This burns the gas to produce heat using the atmosphere method as suggested by

Musa (1999).

18




3.1.1 Other Features

There are some other materials used in the biogas plant that also play important role They

include ;

l

The inlet and outlet valve for feeding and erhpting of slurry from the digester.

The Stirrer a mechanical device that helps agitates the slurry in the digester to prevent it from
| ,

forming scum (solid waste). _ 2
i1 - :
1

The drain valve placed at the base of the digester to drain the»confent of the digester when the
1 : X

i
need arises.
1

&

Contﬁol valve to direct the flow of gas out of storage when needed for use.

3.2 Design Parameters and Dimension of Biogas plant

The substrate feed into the anacrobic bio-digester is calculated in terms of total solid. The

¥

total solid (TS) contains concentration of organic materials that made up the feed composition.

Solid part: Total solid contain certain amount of materials usually used the material unit to

indicate the biogas production. Most favourable is value desired is 0.8%

Liquid part: The respective water content of each substrates are given in the table 3.1 below




Fig 3.1 Coxnposition of Total Solid (TS) Discharge per Day

Typés | Body - Discharge per TS value of fresh ~ Water to be
| Weight(kg) . day(kg)- | | discharge(% by  added with fresh
¥ .l o ©wt) , ~ discharge to
make the‘ TS
. . value 5%i(kg)
Humans T50 05 20 0.75
Cow 200 0 16 10
Chic;ken 1.5 0.1 . 20 0.15
Pig 50 50 20 75

The reqﬁired temperature, Py values and Carbon- Nitrogen for good formation is given as;

é) Temperature: Mesophilic 20°C to 35°C
5) pH value: Natural pH and ranges 6.8 t0 7.2

é) C/N tatio: Range from 20:1 to 30:1

o
(e}




The Geometric dimension usually adopted and the various chambers are as shown in figure 3.1

VH_—_J__J ' ‘

Vs
N

Fig 3.1 Geometrical sketch of a biogas digester

.

=

Volume of gas collection chamber = V¢
Volume of gas storage chamber = Vg 7 |

Volume of fermentation chamber:"'—" VEm

 Volume of hydraulic chamber = Vy
' Volume of sludge layer = Vs : ‘

Total volume of digester V=V¢ +Vgs+ VE+Vs

| :
The assumption for the design and the relationship usually used are shown in following
equation$

v, < 5%V
v, < 15%V

Vs + Vym = 80%V

21




Vys=05(Vs + Vr + vi)K

33 Volume of the Digester ‘and hydraulic Chamber

3.3.1 Volume of the Bio‘gas digester Chamber

'i
| , ,
| 75litres size steel drum was made and retention time of 14 days was adopted (Yisa and

Manga ;2004). e . , ,

] v =75L= 0.075m?

Where,

V:= Volume of digester

3.3.2 Volume of the gas collecting chamber, V.

This the space within the digester that gas a stored for collection of direct use. The volume of the

gas collecting chamber 1s determined in the given equation;

Where,

¥

V. = Gas collection chamber

V = volume of digester

v, = 5% of 0.075
! — 0.05 x 0.075 = 0.00375

22




V. = 0.00375m* = 3.75L

333 ,j\]olume of sludge layer, Vs

i

The sludge occupies about 15% of the total digester and its volume is determined by the given

equatio;l:,
V, = 15%V
v, = 015X 0.075
— 0.001125m3 = 1.1L
3.3.4 Volume of gas chamber, Vgs
The volume of the gas chamber is determined by the given equations;
VetV =80% | | )
Vys = 0.5(Vgs + Vpm ¥ V)K | (2)
From Equatiqn h,
Vgs + Vim = 80%V
Vs + Vym = 08 X 0.075
Vgs + me = 0.06 :
Vgs = 0.06 —— me | " 3

From eéuation (3),

| 23




Vs = 0.5(Vgs + Vem F Vi)K

Vys = 0.5((Vgs + Vrm} + VoK

Vgs = 0.5(0.06 + 0.01125)K

Where K gas production rate per' m’ digester volume per day m? / m3 d. For poultry litters

i .

!

K=0.23 |

Ca<
il

0.5({Vgs + Vim) + VoK

— 0.5(0.06 + 0.01125)0.23

Q <
)
1

~ 0.0082m°
Vs = 8.2L

3.3.5 Volume of fermentation chamber,V ¢

The volume of the fermentation chamber is given by the equation;

h

| Vst Ve = 006

V=006

‘&

= 0.06 — 0.0082 = 0.518m?

3.3.6 Volume of Hydraulic chamber Vg
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The volume of the hydraulic chamber is calculated using the equation;

Vgs = VH ' ,
Vs = 0.0082L ,, S -
V, = 0.0082L

Therefof;e total volume of the digester.

it

V= Vo4 Ve + Vos + Vpm
!

= 0.Q0375 +0.01125 + 0.0082 + 0.0518

I

0.075m>

~ 751

3.3.7 Calculation of daily slurry and daily gas generated volume

ed for the biogas generation for a small family as

The drum - type digester was us
suggested by Twidell and Anthony (1986). Assuming a 75litres (0.075m3) steel drum is therefore "
used in the design and a chosen retention time of 14 days Gaddy and usmani (1981).'The volume

of slurry is to be determined from the givén equation;

=V x R

Where, -

i

'y = Volume of biogas digester




Ve = Volume of fliud per day

]

|
Rt\‘i — Retention time

Thus,

= 0.0053

= 5.3 of litres daily

Volumetric flow rate,Vy = 0.0053m3 = 5.3L/day

The mass of solid required to make up this amount of slury was obtained from the below

equation.
m
f 7 p m

Where,

Vi = volume of fluid per day

m, = mass of dry solid input(kg)

pm = density of solid input(kg/m®)

Twidell el al (1986) gave the density(pm) for dry poultry litters as 50m’/kg.

26 o |




mo-_-'Vprm

0.0053 x50 = 0.265

g
|

= ‘0.3‘k g dry poultry litters

8% of slurry is the total solid, ‘ :

Hence,

1

| .
m,=8%0f Mo .

mg = mass of total solid in substrate

—0.08 X 0.265 = ﬁ%—’#s

r was also determined from the given equation.

nerated from the digeste

The daily gas ge
Vs
ms =

¢

i
i

i
Where, !

V, = Yolume of gas generated (m*)
!

) 3 3
¢ = Biogas yield per unit dry mass .ka-g- to 0'4% for cattle

of solid (r;—%) given between 0

and poultry litters Yisa and Manda (2004).
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vV, = 0.0212 x 0.2 = 0.0424m*

= 4.2L

33.8 Size of the Gasholder

Practical experience shows that 40 10 60% of the daily gas production has to be stored

Thomas ef al. (2009);

i

b
This i5,60% 0 fVs=Vy

60% % 0.0042 = .025m?

o s

Given a 0.4m diameter empty steel drum gas holder the maximum height of storage space

should B‘ve obtained from;

v =A XN

V.
thus, hg = Q/A

where,

h, = height of gas storage (m)

V, = volume of storage space (m?)

A = Area of storageé space (m?%)

| 28




%/, and A = nd’/,

-
«Q
EUSIPURIENEE |

i /

;_,
«Q

nd?

G X U. ) :
= 4 %0055 147 x 042 | :

_ 01
B /0.50272 ‘

\

0.198m

hg = 0.2m

A 5% safety factor is added to take care of excess gas production.

0.05 x 0.2m = 0.0099mM |

0.2 400099 = 0.2099m :

i

0.21m

1Y

»

cy of Gas produced

3.39 Determination of efficien

3

The efficiency of the gas produced is given by;

. . " yolume of gas enerated
Generation efficiencys e = Y gask % 100 -
‘ ~ Expecteq_volume

e = 90-%%1*7—2; % 100 = 59.2%
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volume of biogas

Gas consumption,Cg = -
Duration of use

Assuming the gas burner will be used for Shrsina day,

00071 _ 0.0024m> /hr

it i

Expected,Cg = 73

Consumﬁtidn,CQ = gﬂ;—ﬁ = 0.0014 m? / hr

it

o3 0.0014
fficiency, € = 50024 = 58.39
E Y 0.0024 /o

n of slurry mixture

3.3.10 Proportio
To determine the initial volume of slurry that will be added to digester, Volume of the
chamber 18 added to the volume of the sludge chamber as shown

fermentation
= me + Vs -

=0.0518 + 0.001125

- =0052925m°

Substrate% input(Q ;) = Biomass (B) + Water (W)\ 1113/day

In the ra{;io B:W=13

Vauy=529L B Vepurry X 1= 5—? — 13.23L
surry.
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Al

[nitial loading,

~To fill 52.9L shurring volume, 1 ass and 39.68L of water 18 required.

3.23L of biom

For Continuous ]oading,
The influent rate daily N ,
Qs = 53L

This is equivalent t

}

i

| Biomass (B) = 5;3— % 1 = 1.325L

&
I

Water (Wi ?Ef % 3 = 3.975L :

3.4 MaterialSelection
and economic requirement determines the material selected for the construction
terial should be ductile,

“The 'fabrication
that the mal

The fabrication requires
stand-inbuilt pressure, co

st of fabrication and

ous parts of the plant.
rrosion resistant.

of the yari

malleable, machinable, good tensile strength to with
The economic requirement takes into account the cost of the materials, €O

availaf)ility of the material.
rement of the

are the main service requi

Resistance t0 heat, corrosion and cost of fabrication
zle because of its resistances to

ng. A stainless steel was used for noz

burner head and mixi

corrosion.
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|
3.5 Fa\@‘rication , : W
|
iThe fabrication pro

|

cess involved cat’tihg, welding, brazing. Turning, and drilling. The
ased on the design and was assembled according 10 the

i
individi}a\ co 1e fabricated b
i

mponents We
as follows;

working drawing. Detailed explanaﬁon of how units where constructed is given
4.5.1 Digester: The digevster was fabricated from a steel sheet of 12mm gauge- The fabrication
process involves cutting, turning and welding according 0 the design speciﬁcations. The top wWas
a cone. A mechanical stirrer Was built from & 20mm shaft

et shaped 1110
nd bottom of the

g at the top &

the base at ab an

‘“ covered with a steel she
rod with a stirring handle. The stirrer was guided with bearin
digester respectively. The s\u’rr?r inlet was formed and welded 100mm_aboye gle
’p\aced at the base of‘ the digester for removing the exhausted shurry- The

e chamber and the‘

of 45°.A drain plug was
gen sulphid

was coated with black paint i

digester nside and outside. The hydro
eel sheet. Other works fmclude

gas storage chamber was cut made into cyl'mdrical shapes from st
were sealed with body feeler.

1 each unit. All welded joints

plumbing of the pipes i

3.6 Biagas preparation and produ’ction proeess
The materials used for the ‘production process include chicken litters, water weighing
uring cylinder, conical flask, milling stone, ironing fillings.

, balance, meas

Procedure: : ,
ared.

n iron fillings absorption chamber were Prep

- The empty digester cylinder and the hydroge
g stone 10 get a fine particle pefore it was

uired 8% total

nded ona millin
ake up the req

ers was first g1l

atio of 1:3 tom

- The poultry litt
solid concentraﬁon.

with water 10 the appropriate r

32
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T

- 1kg of iron filling was prepared and poured inito the hydrogen sulphide absorption chamber.

T

- The storage chamber was aired tight with the tap well closed 10 prevent Jeakages.

377 Testing

}"he. testing of the biogas plant started from the day the feedstock was {oaded to the end of

the peri%)d. Gas was tested for by ignited the burner for flames.

L

!
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CHAPTER FOUR

4.0 RESULTS AND DISCUSSION

4.1 Results 0 . . .
The presentation of results and the observation made during the period of feeding the biogas

dlgester is shown 1n Table 4.1.

Table 4 1: Result obtamed

Numbet of Days “Feeding / *f*Ob‘servation

’ (Flame Test)
! f Charged No Flame
2 , Not charged “No Flame
3 ‘ Not charged No Flame
4 Not charged ~ No Flame
5 Not charge &Qo Flame
6 . Not chéxrge | No Flame
7 Charged No Flame
8 Not charge No Flame
9 ~ Not charge No Flame
10 Not charge No Flame
11 Not charge | No Flame
12 | ' Not charge No Flame
13 Not charge - | iNo Flame | »

* feedstock Charged — Show when feedstock was loaded into the digester. .
‘ . Not charged —show when feedstock was loaded into the digester.

* *Obsérvation: No Flame-Show when flame was tested for on the burner.
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1
it
i

‘)
4.2 Discgssions

i
\.
i
¢

om table 4.1 it is observed that no flame was

i

found during the digesting period which

i
i
1

is as resi;lts of no gas generated. There was a lot of water vapour found in the digester and along

the pipes. This water vapour was generated inside the digester due to the exposure of the digester

b

to sun 1igi1t.

Problem encountered during the process include loading the slurry in the digester. Lumps

of undissolved feedstock are found blocking the inlet channel of the digester when pouring fresh

slurry. Continuous contact with the shurry might be infectious. Evacuating exhausted slurry

known as scuil from the digester also constitutes 2 major problem as rightly observed by Gaady

and Usmani (1981)

0
o1




4.3 Design Analysis: The table below shows the summary of the materials used for the design of

the biogas plant.

Table 4.2 Summary of design

Part Component "~ Material Dimension
Digester unit Digester size Steel Sheet VX ‘ 0.075m>(0.6m X O.4rf1 dila)
Stirrer  SteelRod  0.8mx0.02mdia
Stirrer handle - steel Pipe 0.2m
Slurry inlet Pipe Steel pipa 0.8m X 0.1m dia
Bearing " steel |
Drain plug B Galvanized (1/2”)
1 Gas storage unit  Gas Storage ..  Steel Sheet . | 0.2m X 0.4m dia
Inlet Pipe ; Galvanized 0.18m(3/4)
Qutlet Pipe Galvanized 0.15m(3/4”) |
Absorption unit  Absorption Chad1ber Steel Shee; 0.3m %x0.2m dia
Inlet pipe | ‘Galvanized 0.3m(3/4”)
Qutlet pipe Galvanized 0.2m(3/4”) :
Burner Burner head ‘Steel sheet 0.25rrn % 0.025m
Gas Line Gas Line Flexible Rubber l 3m(3/4”)
‘“ " Hose

Control Valves Standard ‘Standard -
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4.4 Cost Analysis

As rightly stated under the selection of material for the design of the biogas plant that such

material has to be cheap and available to get. Due to this reason and couple with the fact that, a

fabricating are rightly evaluated, the cost -

- product is incomplefe unless the cost of designing and

analysis is thus discussed as follows:

P

L. EMaterial cost '

1. Labour cost

i
1118 !:Overhead cost

0

;

V. ‘Total cost .

i
k
W

Materialicost: - this is the cost of the materials used in the fabrication of the biogas plant. The

table belbw shows the detail of the quantity prices of material used for the fabrication.




Material l — Qty. Reqd Unit Cost(N) Total
!“1 ' “ ; cost(N)
Steel She’;;t 1 10000.00 5000.00
Steel Rod | 400.06 400.00
Flips ' 1(1m) 400.00 400.00
Galvanized pipe(3/47) 1(1m) - .800.00 | 800.00
* Elbow joint (3/4”)(Ga1vanize_d) ' 4 60.00 240.00
Control valve 2 250.00 500.00
Flexible hose (3/4”) | 3m 80.00 0 240.00
Slurry Drain plug 1‘ 400.00 S 400.00
Paint 2 $00.00 1600.00
Burner 1 2000.00 : 2000.00
Poultry litters 501(g | 1000.00 1000.00
Jron Fillings g 300 300.00
| o | 12880.00

Total

Labour cost: - This is the total labour cost charged for constructing the biogas plant. Direct

labour cost is taking as 25% of the material‘cost. (Olanrewaju, 2005)

Labour cost = -12—05—0 x material cost = 0.25 x 12880 = #3220.00

.,
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Overhead cost: - this comprises the cost of design, construction supervision and other

miscellaneous expenses involved during the construction of the biogas plant. Overhead cost 1s

taking as 30% of the material cost.
Overhead cost =— x material cost = 0.3 x 12880 = #3860.00

Total cost: - is the summation of ‘all the aboved cost. (L.€. > (material cost + labour cost +

overhead cost).

]

Total cost = # (12880.00 + 3220.00+ 3864.00) = #19,640.00
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‘ | CHAPTER FIVE

5.0 CdNCLUSlONS AND RECOMMENDATIONS

5.1 Conclusions

d fabricated.to generate biogas from poultry litter. No gas

The biogas system was designed an
due to some conditions that was not meet.

was produced during the digestion period

5.2 Recommendations

For a successful production of biogas from poultry litters the following recommendations

- is made:!

Poultry litters should be analysed propetly to know the type that should be suitable

. for biogas production.

given 1o cai'ry out the project for

N Adequate time should be proper supetvision and

observations.

Poultry litters unlike cow dung does not generate much gas therefore catalysis should

il
be use to speed up digestion process.
e natural gas therefore the

ganic waste has less compression lik

iv. Gas produced from of

system should be air tight.
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