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ABSTRACT

The effort towards keeping the environment clean of all waste is a task that needs the

\ participation of everybody. In this study abiogas digester was designed and fabricated to
produce biogas gas from poultry litters. The system has acylindrical tank (biodigester) an
absorption chamber and aburner. The results of the test performance carried out show that the
methane gas produced by anaerobic 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

\ |.u INTRODUCTION

1 1.1 Background of study

i
"i

t

+ rw fossil fuel reservesvindies is increasingly apparent. Our iossii iu
The need for alternative energy supplies

, lhese reserves are unequally distributed and arc
.lU eventually be exhausted. Moreovei, these ^

• t00 costly for many countries that must purchase them. In addition,
scorning too cosu> u> developing

f wcil fuels in the rural areas ol many u i

countries .As itceni cncrgy.generatmg

I,, mdeling eountries depend l,gely on local resources: wood, straw,
burning-(Gerard, 1981). u, Nioeria has witnessedI ^gt.ei.sttwodeeades.devetopingcountriesandpart.u.ariyNi.eria,

incl,asedlcva ofwaste,
5 ^.egrowftormdustries.Conse^titere.s

, ,lv on the lookout for technologies that will allow
wasl0 in lhc

, , effective waste treatment (Guruswanny el aU 2003).and cost - effective w TT,;, is because the poultry
ld (oday that ts increasing in large deposit is poultry waste. Tta.

• •lence for centos with every -ies, private enterprise and nations

rearing birds (Dennis, 1997).

,-3^y^~7^r*"^'r
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Poultry industry is not all about the growing of birds for meat and eggs only, which are
the reasons for most establishments. Many owners of poultry farm have agood knowledge
about breeding of birds, the composition rate of their feeds, type of treatment to offer to any
kind of disease that may occur and what to do to avert threats from human and rodents. But

J most owners lack the knowledge of what to do with the poultry litters they generate from their
farms. One of the most common ways adopted by farmers in disposing of waste is heaping or
spreading waste in open fields. Some of these fields are close to residential houses and then-
sight creates irritation and breeding ground for both flies and mosquitoes (Sangygeday, 1999).
One technology 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). It has the advantage of producing energy, yielding high quality fertilizer and also

s

{ preventing littering ofour environment.

31

1 1.2 Objective
i
•i To design and fabricate adigester to produce pure methane from chicken litters.

j 1.3 Justification of the Study
! In recent times there has been increase in the cost of fossil fuel in the world coupled with

I the danger posed by the continuous use of fossil fuel to the environment. The need has arisen to
\ use biogas technology as asuitable alternative energy source for domestic use. This will help

boost environment protection and increase total energy supply. Therefore there is aneed to

lysis poultry litters to ascertain whether it is suitable for biogas production. To ensure asafety
| environment and address the energy crisis by reducing over dependence on costly fossil fuels.
i
i

', ana:



1.4 Scope of the Study

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

anaerobic digester.
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CHAPTER TWO

I
2.0 LITERATURE REVIEW

7 2.1 Profiles on Poultry Litters

During the past decades the poultry industry has changed dramatically. Today poultry

farming has been transformed into anorganized industry. It plays a major role in the fight against

malnutrition and poverty among the rural dwellers. The importance of poultry sector in solving

problems of unemployment and undcr-employment is well-conceived by Government and

private sectors. Among all livestock ventures, poultry farming requires only less capital

investment and also ensures quickreturns in a shortrun (Amanullali el 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 eneigy 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 ofpoultry litters (Gibson, 2007). The Fibowatt Thatford poultry power plant in

United Kingdom is one ofthe largest plants in Europe, it generates 38.8MW ofelectricity which

is distributed to 93,000 homes. Recently, Nethcrland built a biogas generating plant that will be

converting one third ofthe country's total of 1.2 million tons ofpoultry waste produced per year

fto about 36.5magawatts of electricity, estimated to power approximately 90,000 homes s,

(Kimbcrley, 2009). I
I

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

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

pathogen and bacteria are present in poultry litters and any of these processes of production

couldbe a medium of distributing them (Stegmcnnand Bade, 2005).

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

intensive poultry product. The most commonly use materials on the floor ofsheds are saw dust,

wood shavings, rice hulls, straws and paper products. Sand is used in countries with limited

forest rescrouces. Litters are used in poultry house to keep the floor dry and warm for birds. The

litter material is spread approximately inthe same depth across the pens before birds are brought.

(Amanullaht'/.a/.,2010).

2.2 Chemical Composition of Poultry Litters

Poultry litter comprises of protein, carbohydrate, lipids and fats with carbohydrates

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

Poultry litter consists ofall the essential elements that can be used for nutrients (animal feed) and

for making fertilizer (Ludwig, 1998). These include nitrogen (N), phosphorous (P), potassium

(K), calcium (Ca), magnesium (Mg), sulphur (S), manganese (Mn), copper (Cu), zinc (Zn),

chlorine (CI), boron (B), iron (Fe) and molybdenum (Mo). The amounts of these nutrients can

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

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

stale.
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Table 2.1 Poultry litter Analysis

Characteristics Average Range *

PH 8.1 6.0-8.8
I

"Electricity Conductivity ADs/m 6.8 2.0-9.8 f*

(

Dry matter(%) 75 40-90

Nitrogen N(% of dry matter) 2.6 1.4-8.4 f
I

Phosphorus P (% of dry matter) 1.8 1.2-7.8 j

Potassium K(% of dry matter) 1.0 0.9-2.0 [

Sulphur S(% of dry matter) 0.6 0.45-0.75 I
t
i

Calcuim Ca (%of dry matter) • 2.5 1.7-3.7

Magnesium Mg(% of dry 0.5 0.35-0.8 \
I

' «.

matter) *

Sodium Na (% of dry matter) 0.3 0.25 - 0.45

Carbon C (% of dry matter) 36 28-40

Weight per m* (Kg) 550 500-650 I
i

.. " „ _ „.. , ... X

* Electrical Conductivity is a measure ofsalinity measured asa 1.5 suspension in water f

Source: New South Wales department of primary industries (2004)
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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 produced by layers during their laying period. Deep

litter for laying hens is usually made of wood shavings in a layer of 10-15 cm deep. During

production, the accumulating manure gets mixed with the litter. When excreta are added, the

litter becomes 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

restricted decomposition. (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,

phosphorus, potassium, calcium, magnesium, sulphur, potassium and a number of trace

elements! Carbon - nitrogen ratio affect biogas production from poultry litters. A mixture of

nitrogen f rich manure and carbon - rich litter will give ahigh gas production (Ludwig, 1998).
i

j
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

I

proportion and then loaded into a rector. The biogas produced was measured for a period of 40
!
I •

days at an average mesophilic temperature of 30°.5 C and a PH value 7.1 to 8.1. It was shown
'I ' • *
il *•

that poultry litters produced, more gas than cow dung and kitchen waste. The higher biogas '.
it I

production was attributed to the available nutrients in poultry litter. According to Hills (1984) I

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.

The presence of pathogens which are very common with poultry litter and high chemical

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

litters Gunaseelen (1987), revealed that greater percentage of COD reduction can take place with

larger biogas volume produced for every proportion of degraded organic matter with 15-40

days retention, offensive odour could be reduced, greater number of pathogens could be deduced

and organic nitrogen could be converted to ammonia, thereby reducing environment hazards.

1 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

Biogas is generated when bacteria degrades organic materials in the absence ofoxygen in
I

aprocess known as anaerobic digestion. Basically, there two types of organic decomposition that

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

decomposition. All organic material, both animal and plant can be broken down by these two

processes^ but the product of decomposition will be quite different in the two cases. Aerobic

decomposition (fermentation) will produce carbondioxide, ammonia and some other gases in

small quantities, heat in large quantities and final product that can be used as fertilizer.

Anaerobic decomposition will produce methane, carbon dioxide, hydrogen and other gases in

trace, very little heat and a final product with a higher nitrogen content than is produced by

aerobic fermentation. (Habmigern, 2003)



Anaerobic digestion is a sample process carried out in anumber ofsteps over any organic

material as a substrate. It occurs in a digestive system, mashes, rubbish, lagoons and septic tank.

Biogas can be produced in a control system by providing a small digester ofspecific size. The

digester is simply build and operated with no complications in any ofthe processes ofextraction

of the gas. To get biogas, organic material are loaded inside a dome-shaped structure

constructed beneath the ground then allow to decompose for some time to undergo a metabolic

break down in the presence of some bacteria. Unlike biogas produced from fossil fuel which

contains hydrocarbons as impurities, biogas produce 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 byproduct of the breakdown of organic material, and is

actively produced from a variety of sources, including animal waste, municipal solid waste,

• sewage and agricultural wastes using a process called anaerobic digestion. The main constituent

of biogas is methane. When further cleaned and upgraded, biogas can beturned into biomethane,

1 a high-quality methane foci that is indistinguishable from non conventional. Biogas is mainly

composed of 50 to 70 percent methane, 30 to 40 percent carbon dioxide (C02) and low amount

of other gases as shown in Table 2.2
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Table 2:2 Composition of biogas

Substances Symbol Percentage (%)

Methane CH4 50-70

Carbon Dioxide C02 30-40

Hydrogen H2 5-10

Nitrogen N2 1-2

Water vapour H20 0.3

Hydrogen Sulphide H2S 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 (Salhianathan, 1975). Its calorific value is 20 Mega Joules (M.T) per m3 and burns

with 60 percent efficiency in a conventional biogas stove.

2.6 Biogas production process

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 produce biogas. The process takes place in three stages

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

beacceptable (Maishanu, 1994)

Stage 1: Hydrolysis. The waste materials of plant and animal origins consist mainly of
carbohydrates, lipids, proteins and inorganic materials. Large molecular complex substances arc

I • 10

i

tj

t
1

r

t



solubilized into simpler ones with the help of extracellular enzyme released by the bacteria. This
stage is also known as polymer breakdown stage. For example, the cellulose consisting of
polymerized glucose is broken down to dimeric, and then to monomeric sugar molecules
(glucose) by ccllulolytic bacteria (Hoerz el al, 1999).

j "Stage 2: Fermentation: The simple organic compounds are fermented to alcohols, hydrogen
A

1

3
4

i

j
A
*

i
i
i

4
1

r

1

%
\
A
t.

and carbon dioxide by bacteria which by bacteria which secretes enzymes on the compounds.

The bacteria are divided into cellulose- splitting, fat splitting and protein splitting, based on the |
I

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

Stage 3: Acidification. The monomer such as glucose which is produced in Stage 1is fermented |
in stage 2under anaerobic condition into various acids with the help of enzymes produced by the £
acid forming bacteria. At this stage, the acid-forming bacteria break down molecules of six

atoms of carbon (glucose) into molecules of less atoms of carbon (acids) which are in amore

reduced state than glucose. The principal acids produced in this process are acetic acid, proponic

acid, andethanol. (Maishanu, 1996).

Stage 4: Methani/ation: The principle acids produced in Stage 3 are processed by
methanogenic bacteria to produce methane. The reaction that takes place in the process of

methane production is called Mcthanization and is expressed by the following equations (Karki

and Dixit, 1984).

a. By the breakdown of acetates molecules to form methane and carbon dioxide

CH3COOII • CH4 + C02

Acetic acid Methane Carbon dioxide

11
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b. By the reduction of carbon dioxide to form methane and water

C02 + 4H2 • CH4 + 2H20

Carbondioxide Hydrogen ^ Methane Water

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

Poultry litter (organic residues)

Fats

Soluble simple compound

except acetate

Stage III Stage II

Hydrolyticbacteria

Homoacetogen Acetogens

Carbon dioxide

Hydrogen formate

Acetate

Stage IV

Methenogens

Methane BIOGAS Carbon dioxide

(70%) + (30%)

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

12
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I 2.7 Biomethane

| Biomethane production involves upgrading, or cleaning-up biogas to ahigher quality
gas. This involves primarily removal of carbon dioxide, hydrogen sulphide, water vapour, as

well as trace gases. The resulting biomethane will have ahigher content of methane and ahigher

energy content making it essentially identical to conventional natural gas. (Patrick, 2010).

The primary steps in the biogas upgrading process are:

• Removal of Carbon dioxide (CO2)

• Removal of Hydrogen sulphide (H2S)

• Water (H2O) removal

• Removal of other contaminants

• I1 2.7.1 Removal of carbon dioxide (C02) I
I 1
1 Reducing the relative amount of carbon dioxide (C02) in the biogas is the main task of *
I Ithe biogas upgrading process. Biogas contains typically 60 - 70% methane and 30 - 40 carbon j

I dioxide and biomethane contains 97 - 99% methane and 1- 3% carbon dioxide. Carbon dioxide

can be removed by passing biogas through a solution of lime, caustic soda or by bubbling it in

water (Chen, 2010).

I 2.7.2 Removal of hydrogen sulphide (H2S)

Hydrogen sulphide is a contaminant present in biogas, produced during the digestion

process. Depending on the biomass feedstock and biogas production process, the Hydrogen

Sulphite content of the biogas varies. Hydrogen Sulphide should be removed early in the

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

the atmosphere is carefully regulated as it is extremely toxic and it contributes to air pollution.

13
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Ways in which Hydrogen suphide (H2S) can be removed is by pass biogas through Iron
fillings, oxidation with air and bubbling through asolution ofacetates (Chen, 2010).
2.7.3 Water Removal f

Raw biogas is sat ura.ed with water vapour. Depending on the biogas upgrading
technology used, later stages in the biogas upgrading proeess 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 distribution line (Chen, 2010).

2.7.4 Removal ofOther Contaminants

In addition ,„ H2S, H20 and CC,, there may be other trace contaminants present in the
.biogas which are potentia.ly harmful to equipment and/or peop.e and must therefore be removed
or reduced to acceptable leve.s. These additional contaminants ineiude particles, halogenated
hydrocarbons, ammonia, nitrogen, „Xygen md orgmic ^ .^^ ^^ a
number of effective, available technologies exist ,„ reduce or e,iminate these eontammants
meluding filters, membranes.activated earbon attd other absorption media (Chen, 2010). -
2.8 Requirements and Factors of Biogas Generation

In the generation 0f biogas for organic waste, the following requirement is necessary for
the process.

2.8.1 Feedstock Material

Organic or cellulosic materials are needed for byconversion into biogas. Feedstock may
be sourced from animal, human andplan, wastes tha, can be obtained from farms, livestock yard
pouhty .houses, septic tanks, pit latrines, abattoirs and aquatic crops. The amount of gas tha, can
be generated varies with the nature of the feedstock materials (VITA. 1979). Gaadi and Usmani
(1981), suggest tha, feedstock shou.d be reduced ,„ asize 3mm-6mm for adequate digestion.

14
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2.8.2 Water

This is very essentia, in the biodegradation process. The micro organisms needed for
byconversion need at, appreciable amount ofwater to initiate and sustain the process. Water cat,
be sourced from streams rain collected and underground sources. Water from taps (i.e town
supply) is no, usually used because of the presence of chlorine and/or outer chemicals which arc
cox, to the micro organisms. Awaste to water ratio of 1:, or ,:2 (itodo, ,993) is offered as idea,
for using wet feedstock. Awaste concentration of 5- ,0 Kof solid wastes (Abubakar, 1990 and
Gaadi and Usmani, 1981).

2.8.3 Influent Solids Content (Solution)

Production of biogas is i„efflcient if kmmon ^ ^ ^ ^ ^^
concentrated, resuhtng i„, ,ow biogas „„ ^ ^^ ^^
«W* experience has shown ,ha, Me _„, ,„ ^ ^ ^ ^

sl-ary, lh,s eonesponds to atota, solids concentration of8-,, per cenl by weig(u
2.8.4 Carbon -Nitrogen ratio

The relationship between the amount „f carboll a„d ni,rogen present in organic materials
expressed in terms of the Carbo.VNi.ogen (C/N) ratio. AOS ratio ranging from 20 to 30 is

consumed rapid, by n.ethanogens for meeting their protein requirements and will „0 longer
-et on the ,eh over carbon content of the materia,. As aresult, gas production will be low On

15
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1

the other hand, if the C/N ratio is very low, nitrogen will be liberated and accumulated in the

form of ammonia (NH4).

2.8.5 Temperature

The methanogens are inactive in extreme high and low temperatures. The optimum

temperature is 35° C. When the ambient temperature goes down to 10 °C, gas production

virtually stops. Satisfactory gas production takes place in the mesophilic range, between 25° Cto

30° C. Proper insulation of digester helps to increase gas production in the cold season. When the

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

above the ambient temperature (Lund et al, 1996).

jj •

i 2.8.6 The pH Value

The optimum biogas production is achieved when the pH value of input mixture in the

digester is between 6 and 7. The pH in a biogas digester is also a function of the retention time.

In the initial period of fermentation, as large amounts of organic acids are produced by acid

forming bacteria, the pH inside the digester can decrease to below 5, This inhibits or even stops

the digestion or fermentation process. Methanogenic bacteria are very sensitive to pH and do not

thrive below a value of 6.5. Later, as the digestion process continues, concentration of NH4

increases due to digestion of nitrogen which can increase the pH value to above 8. When the

methane production level is stabilized, the pll range remains buffered between 7.2 to 8.2

(Dennis, 2001).
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2.8.7 Seeding

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

the biogas productionprocess. It has been shown by Aliyu el 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.

2.8.8 Stirring

Periodic stirring or agitation of the digester 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 cither by mechanical stirring, 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 should 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 retention time for tropical regions of

the world to be 30 days while gaady and usmani (1981), gives the optimum retention time to be

20 days.
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CHAPTER THREE

3.0 MATERIALS AND METHODS

3.1 Description of the Digester Plant

The system is made compised of the following component;

i Biogas Digester - The biogas digester is the most important part of the biogas plant. It is an
enclosed airtight tank, designed in such way to enhance generation of gas under anaerobic
condition. The steel druni - type for small needs was suggested by Twidell and Anthony (1986).

ii Gas Storage Unit -This is designed to collect the gas that is generated and hold it prior the
time it will be used. This will be designed using asteel drum.

iii 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 aseparating unit designed for upgrading
of the biogas. An iron filling is used as the subtenant which will react with hydrogen sulphide.

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

Musa(1999).

18
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3.1.1 Other Features

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

include ;

1 . The inlet and outlet valve for feeding and empting ofslurry from the digester.
The Stirrer amechanical device tha, helps agitates the slurry in the digester to prevent it frpm
forming scum (solid waste).

The lain valve placed at the base of the digester to drain ,he.eontent of the digester when the

i

need arises.

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

32 Design Parameters and Dimension of Biogas plant
The substrate feed into the anaerobic bio-digester is ealeu,ated in terms of total solid. The

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

indicate (he biogas production. Most favourable is value desired is 0.8%

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

19

.

i - The drain vaivepiaucu ai m. ^— — <-> [
f



Fig 3.1 Composition ofTotal Solid (TS) Discharge per Day

Types Body

Weight(kg)

DiSrgeper TS value of fresh Water to be

day(kg) discharge(%by added with fresh

wt) discharge to

make the TS

value 5%(kg)

Humans 50 0.5 20 0.75

Cow 200 10 16 10

Chicken 1.5 0.1 • 20 0.15

Pig 50 5 \ 20 7.5

quired temperature, P» values and Carbon- Nitrogen for good formation is given as;

a) Temperature: Mesophilic 20°C to 35°C

b) pH value: Natural pH and ranges 6.8 to 7.2

c) C/N ratio: Range from 20:1 to 30:1

The re

20



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

Fig 3.1 Geometrical sketch of abiogas digester

Volume ofgas collection chamber =Vc

Volume ofgas storage chamber =Vgs

Volume offermentation chamber - VFm

Volume ofhydraulic chamber = VH

Volume of sludge layer= Vs

Total volume of digester V=VC +Ygs +VF +VS

design and the relationship usually used are shown in followingThe assumption for the desig:
equations;

Vc < S%V

V, < 15%V

vgs + vfm = emv
21
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Vgs = VH

Vgs =0-5fe + Vf +V*)K

3.3 Volume of the Digester and hydraulic Chamber

3.3.1 Volume of the Biogas digester Chamber
•i

1!

4751itres size steel drum was :
ji
1;

Manga ,2p04).

\ v=75L =0.075m3
ji

Where, I

r/ = Volume of digester

made and retention time of 14 days was adopted (Yisa and

3.3.2 Volume
of the gas collecting chamber, Vc

the digester that gas astored for collection or
This the space within the dig'

direct use. The volume of the

gas collecting
chamber is determined in the given equation;

Where,

Vc =

Vc- < 5%V

Vc 4Gas collection chamber

v = volume of digester

5% of 0.075

= 0.05 x 0.075 = 0.00375

22
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I v = 0.00375m3 = 3.75L
\ c
I
it

U.3 yolume of sludge layer, Vs

The sludge occupiesi ^l.^^^^-****"*""*****" \
1

5

\ equation;
•i

i

; 14 > i5% v
4

1
u = 0.15 X0.075 I

i _ o.001125m3 = 1-U
•

! 3.3.4 Volume of gas chamber,Ygs
\ Thevolumeofthegaschamberisdeterminedbythegiveneouations;

I

i

\ \ Vgs =0.S{V9s +Vfm+Vs)K
*

From Equation (1),
i

1 Vqs +Vfm =B0%V.

* Vgs +Vfm =0-8 X0'075
i
t VgS +Vfm = 0.06

v, = 0.06 - Vfm

,»

| From equation (3),
* !!.

I • (•
5 23
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Vgs =0.5{Vgs +Vfm +Vs)K

VgS =O.S{{VgS +Vfm} +Vs)K

V = 0.5(0.06+ 0.01125)iv

U here K gas

production rate per m3 digester volume per

I k =0.23

Vgs =M({V9s +Vfm} +Vs)K

V9S

= 0.5(0.06 +0.01125)0.23

= 0.0082mJ

Vgs = 8.2L

daym3/m3d-ForPoultryUtterS

J 3.3.5 Volume of fermentation chamber,^

\ ThevolumeofthefermentationchamberisgWenby^

i
t

3.3.6

; vgs +vfm =o.oe
\

Vfm = 0.06-Vg

=0.06 - 0.0082 =0.518m3

Vfm = S2L

Volume of Hydraulic chamber VH

24
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^^^^^P»»>P"!'

u: volume of the\ 11
p

\

« ' =vH

hydraulic chamber is calculated using the equation;

' 1 = 0.0082L
1

J i = 0.0082L

\ \ ,= 8.2L.
a t!

i
1 1herefore total volume of the digester,

* -

.* <=vc +vs +vgs +vfm

\ =0.00375 +0.01125 +0.0082 +0.0518

= 0.075m3

= 75L

i 337Ca1e„1.«on„fdanySlUrITanddailvgaSgenera,edv„1ume

1 The drum -type *~- - - - *~ ^ " "̂ ^Thedtum 7<H,res (0 075m3) steel drum is therefore
\ suggested by Twtdel, and Anthony (1986). A—a75..«res (0.0Gaddy and usmani (1981). The volumeign and achosen retention time of 14 days

be determined from the given equation;
used in the desig:

of slurry is to

V = Vf x jRt

Where.

V = Volume of biogas digester
25



mm

i

I yf =Volume of fluid per day

Rt = Retention time
\

1bus,

*
\
j =0.0053 i

= 5.3 oflitres daily

n ' ♦ u - n 0053m3 = S.3L/dayVolumetric flow rate,V> - O.UUb^m

i • t of slurry was obtained from the belowThe mass of solid required to make up thrs amount of slurry

I

V

0.075

equation.

?

; Pm

Where,

!

1

Vf =volume of fluid per day

mo =mass of dry solid input(kg)

pm =density of solid input(kg/m3)

u a cWn f̂or dry poultry litters as 50m3/kg.
Twidell el al (1986) gave the density(Pm) lor ary p

26



\ , =vf*-Vm
*

j =0.0053 X50 =0.265

1

J ^ 0.3kg dry poultry litters
•

] 11. ace, 8% of slurry is the total solid,

+ ;i
s , = 8% ofm0
\ ' l

1

v here,

m. = mass
oftotal solid insubstrate

i
J =0.08X0.265=—J—lb

crated from the digester was
\ The daily gas gen*

4

K
i
i

i u ls

*

i

m.c =

! Where,
!

1 v*
=Volume of gas generated (m3)

also determined from the given equation.

= Biogas yield per unit
02- to0.4^ for cattledrymasso.sond(^)givenbetween0.2-

and poultry litters Yisa and Manda (2004).

S V, =m,,'xc

27



i i; =0.0212 x0.2 =0.0424m3

= 4.2L

4\ 3.3.8 Size of the Gasholder

1 Practical experience shows

IhomasWaZ. (2009).

rhisis,60%0/Vs = Vfl

that 40 to 60% of the daily gas
production has to be stored

60% X(3.0042 =0.025m3

GlVen lo.4m diameter empty steel drum gas
1 should be obtained from;

1
1 v =A xfi;

holder the maximum
height of storage space

thus, hg = 9U

where,

hg =height of gas storage (m) •

y5 =volume of storage space (m3)

A=Area of storage space (m2)

28
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1
1

•A v>iA «*•* =**/*

4V„*V9lhg)= y/nd2

i- 4 X°-025/3.142 X0.42

= °-Vo.50272

= 0.198m

\ hg =0.2m

\
1 0.05 X0.2m =0.0099m

A5% safety factor is
added to takecareof excess gas production.

0.2 +
0.0099 = 0.2099m

= 0.21m

f.ff.fiencv of Gas produced3.3.9 Determination of efficiency

nf the eas produced is given by;The efficiency ol the gas pi

_v^meofja^gener^ted x100
Generation efficiency, e - Expected volume

_ <±22H x 100 = 59.2%
^ "" 0.0071

29



Uis consumption,^
y^Kmieomogas
Duration of use

fwill be used for 3hrs in aday,
assuming the gas burner

• \r - i^Zl = 0.0024m3 /hr
I 1\pected,C5 - 3

\ \. r _i£^ = 0.0014 m lhr
1 ( onsumption,Lfl - 3

;; _ 2£2H = 58.3%
Efficiency, e -.a0024

3.3.10 Proportion of slurry mixture
ldded to digester, Volume of the

— —•"•"**:::..—-
fermentation c.

hamber is added to the volume

= 0.0518 + 0.001125

= 0.052925m3

Substrate input(Qs)=Biomass (T3) +Water (W)m3/day

Inlhe ratio B:W =1:3

yl = ^=13.23L
,7 _ CO QT B =VsIurry ax 4

W =Vslun y X J 4

= 15H = 39.68L
4
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li.i • tl loading,1 11 lV/t*-M-*""D"'

«mQ68L of water is required.n?3T ofbiomass and iy.os^ m,-lU52.9L slurring volume, 13.23.Loid
i l«

i Continuous Loading,

„e influent rate dailyi

\

11, = '5.31-

i
i Ihis isequivalent to

L-Hxl = l-325L
Biomass(p)- 4 A

J
5

1
J
1

mA-Hx3 = 3.975LWater (W}-—*^

3.4 Material Selection3.4 Material Selection Mselected for the construction

„«—-—-—ITT——it The fabrication requires tnai

"-—-•"* Z2—.————""
—• -*Tr.—-—-*"rhe economic requirement takes
availability of tire material. . ,„fthe•̂ deo^Kabricattonarethemainservtcerequtrementome
Resistance to heat, eorroston and , for nozzle because of its resistances to^erhead.dmi^.As-esssteel-usedforno*

\ corrosion.

\
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\i

3.5 Fabrication mg? alld drilling. The
f i i nnrtin" welding, mazing-

^dUcotnponents.erefabrtcatedb, econstIttCted ,s given as ^
i .„Deta>led explanation of ho* unus

working drawing-Ueta fabrication
1sheet of 12mm gau8e-

1 t^Adralnp.^---t-b7f;;side.T,ehydrogenSn,phiaechamber^the

\ r,umbingofthcp.pesmeachun.t.A

^ ^matenalsusedfortheproduetionproces ^
S • cviinder conical flask, milling stone, iron, g\ balance, mcasurtng cylinder,-
1

I

-, procedure

, j o millingstoneto get a r

w,th-erintbeappropn,eratioofl,tom.eup

32
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\

lkoofironHUingwaspre:

paredandpouredihtothehydrogens.Ipbide absorption chamber.

saired tight with the tap
Well closed to prevent leakages.

.The storage chamber was

| 3.7 Testing

• *<he hioeas plant started fromThe testing of the biogab v

lhe period. Gas was

the day the feedstock was

testedforbytgmtedtheburnerforflames.

33
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CHAPTER FOUR

L0 RESULTS AND DISCUSSION
riod of feeding the biogas

" ReSUUS • of results and the observation made duringThe presentation of results.

digester is shown in Table 4.1.
Table 4.1: Result obtained

"^Feeding

2

3

6

7

8

9

10

11

12

13

*feei

**Observation

Charged

Notcharged

Not charged

Not charged

Not charge

Not charge

Charged

Not charge

Not charge

Not charge

Not charge

Not charge

Not charge

*•* Observation
(Flame Test)
No Flame

No Flame

No Flame

No Flame

No Flame

No Flame

No Flame

No Flame

No Flame

No Flame

No Flame

No Flame

No Flame

Not charged -show when teed^ ^ ^ ^ ^ bumel.
..No Flame-Show when flame was

34
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4.2 Discussions

I .t^t no flame was found duringfU table 4.1 it is observed that no tTa ^^^^ digester and along
results of no gas generated. There was a

is as resiu^ - — - - j;af»cter due toiTh,s water vapour was generated inside the digester
the pipes-

to sun light-

lotofwater vapour

the digesting period which

the exposure ofthe digester

tered during the process include loading the
slurry in the digester. Lumps

when pouring freshProblem encoun
,dstock are found blocking the

slurry. Continuous cc
from the digester also cc

and Usmani (1981)

inlet channel of the digester

35
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4.3 Design Analysis: The table below shows the summary of the materials used for the design of
the biogas plant.

1 Table 4.2 Summary of design
||\irt Component

Digester unit Digester size

Stirrer

Stirrer handle

Slurry inlet Pipe

Bearing

Drain plug

jtlas storage unit Gas Storage

Inlet Pipe

Outlet Pipe

\bsorption unit Absorption Chamber

Inlet pipe

Outlet pipe

|Burner Burner head

jGas Line f Gas Line

1 I\ I Control Valves •

I '
^ •—ii—'
4

Material

Steel Sheet

Steel Rod

steel Pipe

Steel pipe

steel

Galvanized

Steel Sheet,

Galvanized

Galvanized

Steel Sheet

Galvanized

Galvanized

Steel sheet

Flexible Rubber

Hose

Standard

36

Dimension

0.075mJ(0.6m X0.4m dia)

0.8m X 0.02m dia

0.2m

0.8m x 0.1m dia

(1/2")

0.2m x 0.4m dia

0.18m(3/4")

0.15m(3/4")

0.3m x0.2m dia

0.3m(3/4")

0.2m(3/4")

0.25m x 0.025m

3m(3/4")

Standard

I
I
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4.4 Cost Analysis

to (o ^ctap a„d available . ge, Due to this reason and couple with die, *^a

analysis is thus discussed as follows:

I. Materialcost

II. Labour cost

HI. Overhead cost

IV Total cost

37



Iable 4.3ico^ofMateria]s_
Material

Steel Sheet

Steel Rod

Flips

Galvanized pipe(3/4")

Elbow joint (3/4")(Galvanized)

Control valve

Flexible hose (3/4")

Slurry Drain plug

Paint

Burner

Poultry litters

Iron Fillings

Total

Qty^qd UrnTc^st(N)

1

l(lm)

l(lm)

4

2

3m

1

2

1

50kg

lkg

10000.00

400.00

400.00

800.00

60.00

250.00

80.00

400.00

800.00

2000.00

1000.00

300

Total

costfN)

looblxJ

400.00

400.00

800.00

240.00

500.00

240.00

400.00

1600.00

2000.00

1000.00

300.00

12880.00

u.« -« , - tot, labour cost charged for constructing die biogas plan, Oireet
labour cost is taking as 25% of the material cost. (Olanrewaju, 2005)

._ 11 .material cost =0.25 xX2880 =#3220.00
Labour cost:

100
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J
\ Total cost =#(12880.00 +
1

i

4

1

• , the cost of design, construction supervision and other
*. ti^Q comprises the com "iOverhead cost: - this V Overhead cost is

• i Aduring the construction of the biogas planmlscellaneous expenses involved during th

taking as
30% of the material cost.

+•-21 x material costOverhead cost -^xmaie
= 0.3 X12880 = #3860.00

Total cost: - is

overhead cost).

(Le. X(material cost +labour cost +
the summation of all the aboved cost

3220.00+3864.00) =#19,640.00
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chapterfive

,0concurs and ^commendations

5.1 Conclusions

mwas designed and fa1

was produced during

5.2 Recommendations

.ricated to generate biogas from poultry
Thebiogas system was _--; d _me condltions that was not meet,

the digestion period due to &om

litter. No gas

production of biogas from poultry Utters
For a successful

| is made:!;

i. | Poultry Utters should be anal
| for biogas production.

u. \ Adequate time should be given
• observations.

Poultry litters unlike cow dung

be use to speed up digestion process

\ iv. Gas produced from organic
system should be air tight.

the following recommendations

in.

that should be suitable
lysed properly to know the type

to carry out the project for proper supervision and

does not generate much gas
therefore catalysis should

waste has less compression ^natural gas therefore the

40
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