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Exploitation of Some Crop Residues and Water Hyacinth Mixed With
Cattle Dung for Generating Biogas

Abdelwahab Abdelalem Abdelwahab
Abstract

The riddance from crops residues is a great environmental problem in Egypt
because of great quantities from agricultural residues such as rice straw,
maize stalks, cotton stalks and water hyacinth. Farmers do burn that residues
especially rice straw. Burn has bad effects on health for population and is
plays a great role in agricultural residues value wasting. On the other hand,
the water hyacinth has other effects of the fast growth losses of water in
irrigation systems due to higher evaporation. Attempts to control the weed
have caused high costs and labor requirements, leading to nothing but
temporary removal of the water hyacinths . It is one of the suggested option
to change and improve the present pattern of using crop residues in rural
areas in Egypt. It is an economical, safer and cleaner substitute for the direct
combustion of these residues. The objective of this study was to evaluate of
biogas production from agricultural residues available in rural Egypt. The
experiments carried out to examine biogas productivity from previous
agricultural residues during the period of 30/8/2005 - 30/12/2006.

Experiments carried out in ten cylindrical shape stainless steel reactors have
10.77 L gross value. Each reactor was equipped with a mechanical stirrer. Was
attached to the electric motor to control the mixing duration intervals at 15 min
/4 hours. The reactors were placed in the water bath to keep the slurry
temperature at level of 311+ 2 K (38 + 2 °C). Agricultural residues collected as
agricultural byproducts after harvesting the corresponding crops from rural
areas of Kafrelshiekh Governorate as well. Water hyacinth was collected from
a drain located in AlHamoul city at Kafrlsheikh Governorate. The raw
materials were dried in the sun and chopped in traditional stationary thresher;
the raw materials were mixed with fresh cattle dung at different levels and feed
into reactors. Biogas yield was significantly affected by kind of agricultural
residues and level of cattle dung, cumulative biogas yield (L kg TS added)
differ according to kind of residue fermented. The cumulative biogas yield of
rice straw at cattle dung ratio 1: 2 (303.1 L /kg TS), maize stalks at cattle dung
ratio 1: 2 (249.87 L /kg TS), water hyacinth at cattle dung ratio 1: 3 (170.76 L
’kg TS) and cotton stalks at cattle dung ratio is 1: 1 (156.59 L /kg TS).
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1. INTRODUCTION

Agricultural activities all over the world results in a huge quantity
of residues. In the past, these residues had been considered as waste
causing problems and should be eliminated. Nowadays, the agricultural
residues should be treated as a source of wealth from the view point of
agricultural production. One of the important utilization of this residues is
to be used as a source of energy or in other words as an attractive
renewable and non-traditional energy source. This reflects an indication
to the contribution in solving the expected energy problem and saving the
environment.

In Egypt there are about 86.79 M ton / year (86.79 Tg / year) of
agricultural residues annually ( Helmy et al 2003 ). From which there are
31.42 M ton / year (31.42 Tg / year) of plant residues and 55.37 M ton /
year (55.37 Tg / year) of animal residues. On the other hand, water
hyacinth is considered as one of the undesirable biological species that
grow accompanied with the agricultural activities. It causes a high
percentage of water loss in addition to the working as an obstruction
within irrigation and drainage channels. Main crops such as rice, maize
and cotton refuse about 11.04 M ton / year (11.04 Tg / year) of residues.
These three crop residues in addition to water hyacinth have the main
attention of the present work. Its exploitation in generating energy on one
side and in parallel contributes in saving the environment on the other one

is the main goal.

Anaerobic digestion is a one of the well known methods that can
be used for generating energy in the form of biogas. The main component
of the biogas is methane which represents about 50% to 70% of the
biogas (Mital 1996). Therefore, the anaerobic digestion had been used

widely for generating biogas from various materials. An attention should
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be given to the agricultural residues as raw materials for biogas
generation. A considerable research effort had been given and
concentrated on generating biogas from animals manure such an effort
Jeads to an establishment of applied and integrated systems that can be
used by the farmer to produce his requirements of energy. The
improvement and devclopment of the existed systems is still need to
enhance the biogas generation process itself. On the other hand, if this
enhancement makes the agricultural residues involved in, the on
additional benefit will be added and this was the corner stone of the
present study. Therefore, searching for a sound‘technique for generating
biogas from the agricultural wastes should be given a paramount
importance.

Rice straw, maize stalks and cotton stalks as the residues of the
main crops in Egypt in addition to water hyacinth were given the priority
in the present study. This leads to enhance the energy sources in terms of
biogas and contribute in eliminating the residues corresponding problems.
Consequently, the main aim of the present study was to exploit rice straw,
maize stalks, cotton stalks, and water hyacinth mixed with cattle dung for

generating biogas. Specific objectives can be summarized as follow:
1- Develop an experimental system to represent the biogas reactor units.
2- Study the effect of the type of agricultural residue on the biogas
generation process.
3- Study the effect of mixing ratios between the agricultural residue and

cattle dung on the biogas generation process.
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2- REVIEW OF LITERATURE

2.1 Anaerobic fermentation of agricultural wastes:
2.1.1 Definition of anaerobic fermentation process

Carr (1968) illustrated that if carbohydrates are burnt completely
they produce three end-products, namely, carbon dioxide, water and energy.
The same end-products result if carbohydrates are respired. In biological system
the energy is not dissipated, but is used for various essential activities, such as
chemical syntheses, temperature maintenance, locomotion, etc. Organisms
employing this form of respiration require oxygen and are said to be aerobic.
There is another but smaller group of organisms classed as anaerobes that
require no oxygen for respiration. These are found among the micro-organisms,
some of which are so strictly anaerobic that they are unable to function in the
presence of oxygen. Others, such as yeasts, can live with or without this gas and

are termed facultative anaerobes.

Alcoholic fermentation
CeHi206 7> 2C,H:OH + 2CO, + Energy
Glucose Ethyl alcohol

This is the overall picture of alcoholic fermentation that can be achieved with

the crude extracted juices of yeast cells.

Mital (1996) anaerobic fermentation is a biological process which
takes place in the absence of air. A number of stages are involved in this
process: initially organic material is hydrolysed by enzymes into simple sugars,

alcohol peptides and amino acids. These are then converted to volatile fatty
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forming bacteria then convert the fatty acids into methane, carbon dioxide, and

water

Ostrem et al. (2004) defined Anaerobic digestion (AD) as the
conversion of organic matter into carbon dioxide , methane , and sludge by
employing bacteria in an oxygen-depleted environment. The process of AD is
one of the oldest forms of digestion and occurs naturally in the absence of

oxygen such as in bogs, rice field, improperly aerated compost.

2.1.2 An overview of biogas process technology:

Mital ( 1996) stated that biogas can be produced by fermenting
organic materials in the absence of air( or oxygen ) with the help of bacteria
(micro-organisms) to break down materials to intermediates such as alcohols
and fatty acids and finally to methane, carbon dioxide and water . This process
is called anacrobic fermentation and was known to exist from quite long time
back. Biogas has also been known as the swamp gas. Sewer gas, fuel gas, marsh
gas, wet gas, and in India more commonly as gobar gas. Natural gas is produced
by the action of anaerobic bacteria on plants that grew thousands of years age .
Biogas and natural gas are therefore very much akin to one another. The main
fuel component of both is methane gas. However, over the years, pressure and
temperature of underground rocks have converted part of the methane in natural
gas to other gases such as ethane, propane, butane and the condensate. In
contrast, biogas is produced in a digester by anaerobic fermentation. A period of
15 days or so enables anaerobic bacteria to convert organic matter to biogas
which however is too short for the conversion of methane to other gases like
ethane, propane, butane . The enormous potential of the smallest living
organisms such as bacteria, yeasts and fungi to transform organic wastes into
valuable source of fuel and enriched fertilizer through a simple process of

anaerobic fermentation has been widely recognised-.Anaerobic fermentation is a
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anaerobic fermentation has been widely recognised . Anaerobic fermentation is a
simple and low cost process which can be economically carried out in rural
areas where organic wastes are generated aplenty which otherwise pollute
environment and pose health hazards .Animal and human wastes are excellent
feedstock for biomethanation which are available plentifully all over. Wastes in
large quantities on renewable basis are also available from agricultural crops
and residues , fruit and vegetable plants and municipal refuse. The potential for
generating gaseous fuel and enriched fertilizer through biomethanation is
enormous” which can bring economic and environmental gain to a vast
population .

Plochl and Heiermann (2006) stated that the biogas plants in
developing countries have a low efficiency — approx. 0.5 m?® biogas per m?
digester volume — especially compared to biogas plants in Europe — approx. 1.0
m? biogas per m* digester volume. Biogas plants also demand a certain effort of
maintenance and control which often doesn’t meet the literacy skills of rural
population. During recent years of biogas production three major types of
digesters have emerged in developing countries namely the Chinese fixed dome
digester (Figure2.1) and the Indian floating drum digester (Figure 2.2) and very
recently tube digesters (Figure 2.3). These digesters are usually in the size to
convert the human and animal waste of one household and to deliver the energy
demand of this household for cooking and lightning. The average of the digester
ranged from 5-10 m® and delivers around 0.5m’ biogas per m® digester volume
(Akinbami et al,, 2001; Omer and Fadalla, 2003)

They explained that the floating cover digester is constructed with
concrete and steel; whereas the fixed dome digester is usually build with the
locally available materials, which even can be bricks. Tube digesters are
constructed with folded polyethylene foils and porcelain pipe as inlet and outlet.

Although there are substantial differences between these types of digester their
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working principle is very much the same. The feedstock enters through the inlet
pipe either directly or after a mixing pit the digester tank. This is either a one-
compartment tank or a two-compartment one where the substrate has an average
retention time of 10 to 30 days. The gas is collected above the slurry and leaves
the tank through a gas pipe in the top of the cover. In the case of the fixed dome
type, the top is made of concrete or bricks and as the rest of the digester below
ground. The floating cover type has steel cover floating on the slurry, which is
above ground, whereas the rest of the digester is also below ground. The
digested slurry leaves the digester through an outlet pipe and is collected in an
outlet pit or a displacement tank.

Each type of digester does not have facilities for agitating the slurry or
for maintaining a certain temperature in the digester and controlling it. There
are also no facilities to remove sand, stones or other inert materials, which will,
over some years, decrease considerably the volume of the digester and hence
will reduce its efficiency. It is also expected that the concentration of non-
degradable organics increase and that these will build either a sludge sinking to
ground or a crust at the top of the slurry both reducing the effective volume of
the digester and the latter even blocking the gas flow to the gas storage. The
expansion of inert and non-degradable material makes it necessary to stop the
process from time to time and to remove these materials. The very low cost of
the tube digesters makes it rather easy to exchange this in the case of increasing

inefficiency.
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Figure 2.1: Fixed dome digester, Chinese type, (Plochl and Heierman, 2006)

Slurry, dung and night soil are added through the inlet pipe (left), the
digested slurry can be intermediately stored in the outlet pit from where it can
be taken for fertilization. The gas is stored above the digesting slurry, because
of the limited spacc the opening and the gas outlet pipe have to be sealed
carefully. The digester can be build of different material e.g. clay for the outer

wall and brick stones for the inner wall
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Figure 2.2: Floating cover digester, Indian type (Plochl and Heiermann, 2006)

Slurry, dung and night soil are collected in a mixing pit from where the
slurry enters the digester through the inlet pipe. In the example shown here
there is a partitioning wall between inlet and outlet. The digested slurry is
collected in a outlet pit. In difference to the Chinese type the gas storage is a
floating gas cover, which allows to enlarge or to diminish the space of gas
storage depending on the amount of gas produced. As this gas cover is made of

steel there is less risk of uncontrolled gas outflow
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Figure 2. 3: Tube digester, ( Plochl and Heiermann, 2006)

Slurry, dung and night soil enter the digester through the pipe on the
one side. The substrate flows slowly through the tube while the biogas is
formed and transferred through a separate pipe to its storage. Liquid digested
slurry quits the digester through the pipe on the other side, whereas non-
digested solids stay in the tube. The tube is usually covered with plant shoots
like palm leaves or banana leaves to prevent a destruction of the foil.

They added that the digesters described have also considerable
advantages such as they are inexpensive compared to sophisticated systems,
can be built with locally available material, are easy to handle and do not have
moving parts prone to failure

As well, they explained that In Europe digesters are mainly made of
concrete with a steel skeleton or of steel. Their sizes vary between 500 and
3,000 m®, although there are still smaller units for small farms. The digesters
have usually a cylindrical form standing upright in most cases. Not only

because of the climatic conditions in Europe but also in order to control
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temperature conditions inside the digester tanks are equipped with an insulation
and a heating system. Digesters are also equipped with a system to agitate or to
stir the digesting slurry. There are many systems available to stir the system
such as-slow moving propellers stirring for longer periods, fast turning
propellers switched on only for short periods using the biogas pressed through
the slurry for agitation (Figure2.4). The biogas is collected either in an external

plastic bag or in the space above the slurry covered with a folio.

| premixing —+ post digester

Figure 2.4: Digester for wet anaerobic digestion European example, (Plochl
and Heiermann, 2006)

Slurry, organic waste, crop residues and energy crops are added to the
mixing pit from where the feedstock is pumped into the digester tank. The
slurry in the digester tank is stirred (not shown here) or agitated by pressurised
biogas (shown here). Digested slurry is pumped from digester to post digesting

or storage. The digester is usually made of reinforced concrete, the pipes are
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made of steel, inlet and outlet are controlled with pumps. Gas storage is often
made of impermeable folios covering the digesters and storage tanks.

These digesters are flow through systems, which are fed several times per
day. In the case of agricultural biogas plants the slurry comes directly from the
stables or is collected in small storages before entering the digester. There is
often a premixing pit where other feedstock can be added to the slurry.
Sometimes the bulk feedstock can be added directly to the digester through an
extra input system. The outlet works in parallel to the inlet. The digested slurry
is often pumped to a post digester and/or to a storage tank. These storage tanks
must have, by national legislation, the capacity to store the slurry for several,
often six to nine, months. The average retention time in the main digester is
usually around 28 days. But it can be easily demonstrated that, especially if
crops and crop residues were added, biogas evaluation can be detected still after
90 days. Therefore, at many biogas plants it is worked with a post digester
and/or the slurry storage tank is also covered with a foil, which works as gas
storage. During post-digesting process and storage approximately 30% of the
total biogas evaluation is captured. One of the trace gases in biogas is hydrogen
sulphide, which converts during combustion to sulphurous acid. This acid leads
to enhanced corrosion of the engines therefore hydrogen sulphide is removed
from the biogas. This can be done either through controlled inflow of air to the
digester where hydrogen sulphide or it is removed by external filters. In
addition to the described technology of wet anaerobic digestion there is a
growing interest in dry anaerobic digestion. The wet technology works with
slurries of less than 12% dry matter content whereas the dry process can handle
dry matter contents of 30% and more which would enable the user to use
mainly crops and crop residues as feedstock. In the past dry anaerobic digestion
was limited to waste processing biogas plants. Dry continuous-flow systems are

very expensive and the income from waste disposal fees was necessary for an
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economic business. In recent times a number of batch technologies have been
developed for dry anaerobic digestion which is less expensive in investment
costs. But these are still lacking proof that they working with sufficient

efficiency and acceptable operation costs.

2.1.3 Effect of temperature on fermentation

Mital (1996) mentioned that temperature of digester contents has a
major effect on biogas yield. There are different temperature ranges during
which mesophilic and thremophilic bacteria's are most active causing maximum
gas yield. It is generally found that former are most active between the range 35
to 40° C and the latter between 50 to 60° C. When digester operates at a
temperature of 15° C it takes nearly a year for the digestion cycle to complete
whereas if the temperature is around 35° C ,cycle can be easily completed in
less than a month's time or so. When digester temperature is say 25° C, it takes
about 50 days for digestion of cattle wastes to complete whereas, if the
temperature, ranges between 32 to 38°C, digestion is generally complcte within
28 days

Zupancic and Ros (2003) investigated the heat and energy
requirements thermophilic anaerobic sludge digestion .They concluded that the
thermophilic sludge digestion is much faster than mesophilic . This means that
thermophilic digesters would be only up to 30% of the size of mesophilic
digesters. The major part the heat requirement in thermophilic sludge digestion
is inflow sludge heating .They used a well insulated digester to minimize the
heat loss. These heat losses of the sludge digester make up only 2 to 8% of the
heat requirements. This means the digester size influences the heat requirements

very little. If there are several stages of thermophilic sludge digestion, every
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stage brings only 2 to 8% more heat demand, but generally much better sludge
digestion .They added also that if thermophilic anaerobic sludge digestion is
compared to the mesophilic process, it is obvious that the thermophilic one is
much faster. In less than 10 days hydraulic retention time (HRT) the same levels
of volatile suspended solids (VSS) removal can be achieved, while in the

mesophilic process it takes 30-40 days.

2.1.4 Effect of mixing on fermentation process:

Mixing greatly helps to ensure intimate contact between micro-organisms which

leads to improve fermentation efficiency (Mital 1996).

EL-Hadidi (1999) found that the suitable mechanical mixing operations
may be obtained by using the stirring shaft equipped with upper-most and lower-
most impellers, 15 min./4 h mixing duration and interval at 60 r.p.m. mixing
speed of stirring shaft. He cxplained that the fermenting materials during
fermentation process settles into three layers; the top layer formed of scum with a
high content of fresh material , the middle layer composed of a clear fermented
material containing little solids, while the bottom layer containing sediment and
low in fresh material. The digesting materials in this lower layer are under a high
hydrostatic pressure and therefore, the produced gas is dissolved in the
fermenting liquid and is not easily uptaking so, mixing process will help to

achieve an almost uniform distribution of fresh material and microbes.

Karim et al. (2005) indicated that the mixing did not improve the
performance of the digesters with more dilute 5% manure. As both unmixed and
mixed digesters energy input of 8W per m® volume performed the same under
the studied conditions. Thus, there was no difference in the performance of

digesters fed with 5% manure slurry and mixed by different modes of mixing,

:om



including biogas recirculation, impeller mixing, and slurry recirculation.
However, the effect of mixing and the mode of mixing at constant energy input
of 8W per m’® volume became prominent when digesters were fed with thicker
manure slurry 10%, With this feed the unmixed digester produced the least
biogas .The digesters fed with 10% manure slurry and mixed by slurry
recirculation, impeller mixing and biogas recirculation produced approximately

29%, 22% and 15% more biogas than the unmixed digester.

2.1.5 Effect of pre-treatment on fermentation process

Sharma et al. (1988) investigated the effect of particle size of
seven agricultural and forest residues used as feedstock for biogas generation
through anaerobic digestion were investigated in batch digesters at 37° C. Out
of five particle sizes (0.088, 0.40, 1.0, 6.0 and 30.0 mm), maximum quantity of
biogas was produced from raw materials of 0.088 and 0.40 mm particles. For
succulent materials such as leaves, large particles could be used. However, for
other materials such as straws, large particles could decrease the gas production
more effectively compared to those of leaves. Methane content of biogas was
ranged from 67 to 73% for all materials except for straws which were around
60%. The results support the concept that a physical pretreatment such as
grinding could significantly reduce the volume of digester required, without

decreasing biogas production.

Day et al. (1990) reported that laboratory results of anaerobic digestion
of fresh and dry dairy manure showed that the methane yields, based on m’ CH,
/ kg volatile solids fed, from fresh and dry manure were the same statistically (a

= 0.05). However, fresh manure produced a greater total volume of methane
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thane dry manure when the loss organic materials during drying were taken into

account,

Mital (1996) indicated that for plant owners who own cattle shed, it
is advisable that they should construct a drain for collecting urine and allowing
it to soak waste materials to be used as feed for biogas plants after sun-drying.
In the same way, urine available from human-beings can also be gainfully
utilized by making it to drain into pits that can hold soakable waste materials.
Use of urine-soaked waste materials is particularly advantageous during winter

months when gas production otherwise is low.

Al Aghbari (1998) indicated that the gas production from non-treated
crop residues was poor. Whereas the gas yield can be improved by either
pretreating crops residues by anaerobic fermentation or by combining the crop

residues with the dairy manure prior to loading in the digester.

Shyam (2000) reported that the pretreatment of dry leaves of
agricultural residues, i.e. soaking the leaves with the effluent slurry and 2% and
5% sodium hydroxide solution for a period of one week increased the gas yield
by about 15% and also hastened the process as major part of the gas was

collected within 7-8 weeks as compared to 10-11 weeks for untreated leaves.

Mshandete et al. (2005) showed that decreasing the particle size of
fibrous plant material enhances anaerobic digestion process .Total fibre
degradation increased from 31% to 70% for the 2 mm fibres , compared to
untreated sisal fibres .Furthermore, the results confirmed that methane yield was

inversely proportional to particle size. Methane yield increased by 23% when
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the fibres were cut to 2 mm size and reached 0.22 m’® CH4/Kg volatile solids,

compared to 0.18 m* CH4/kg volatile solids for untreated fibres.

Ganesh et al (2005) suggested a procedure for extracting volatile
fatty acids (VFAs) from water hyacinth (WH) using simple and inexpensive
equipment of the type commonly available in the rural households of the third
world countries. The VFAs that extracted were used as feed supplement in caw
dung-fed floating-dome biogas digesters. The VFA extraction was based on
aerobic/facultative degradation of water hyacinth and significant quantities were
extracted from each WH charge daily for up to 6 days. When caw-dung slurry
was fortified with the VFAs and fed to a conventional biogas digester, it yielded
about 22% higher quantity of biogas per unit feed than was obtained from
equivalent mass (dry weight basis) of the unfortified cow-dung slurry.

Siegert and Banks (2005) stated that the presence of increasing
concentrations of VFA in a batch anaerobic reactor system were shown to have
a differential effect on the metabolically distinct phases of hydrolysis,
acidogenesis and biogas production associated with the anaerobic digestion
process. Independently of the system PH, VFA caused the inhibition of the
cellulolytic activity at concentrations >2 g L" and therefore of the rate of
cellulose hydrolysis. The fermentation of glucose was slightly inhibited at VFA
concentrations above 4 g L. The inhibitory effect on the production of biogas
and also the methane to carbon dioxide ratio was evident about 6 g! VFA in
the initial mixture when used as the sole substrate. In combination with paper as
primary substrate, biogas production duc to thc paper was more than halved
above 1 gL initial VFA, indicating inhibition of the hydrolysis process.

Where glucose was the primary substrate biogas production was more than
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halved above 8 g L' which indicated that the fermentation was less sensitive to
inhibition caused by VFA.

Neczaj and lach (2006) observed that the ultrasonic pretreatment
enhances the subsequent anaerobic digestion resulting in a better degradation of
volatile solid and increased production of biogas. Volatile solids concentration
in the effluent of the digester fed with disintegrated sludge were 31% less than
in the conventional process. Total biogas production was almost two time

higher for disintegrated waste activated sludge.

2.1.6 Effect of hydraulic retention time (HRT) on fermentation process:

Hall et al. (1985) illustrated for cattle dung material over a 70 days
batch digestion the TS reduction was found to be 26.5% and the VS reduction
31.2%. During this time whereas the cellulose content of the material was
reduced by 57.2%. In batch digestions lasting 40 days, reduction percentage of
22.7%, 25.7% and 31.5% were found for TS, VS and the corresponding

cellulose respectively.

Lo and Liao (1985) indicated that the fixed-film reactors fed with
screened slurry performed better than the conventional reactors receiving the
same feed material. The fixed-film reactor could be operated at HRT as short as
1 h with high gas production whereas the conventional design could only
maintain low gas output at hydraulic retention times of less than eight, six or

two days at temperatures of 22° C, 35° C, or 55° C, respectively.

Sayed-Ahmed and Huzayyin (1986) stated that the gas production
during the first five days did not contain any methane and was mainly carbon

dioxide, produced from the activity of the aerobic micro-organisms. After the
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oxygen in the container was consumed, anacrobic reaction started on the eighth

day and combustible gas generation started.

El-Awady et al. (1988) reported that biogas from chicken manure
for 30 days of batch fermentation under dilution ratio of 1/1 (water/manure)
showed that a detention time of approximately 15 days is sufficient to obtain
65%of the available biogas. The production rate of biogas was 0.026 m’/m’
per day. They added that for 110 days batches fermentation and variable water
dilutions, a detention time of 80 days was found sufficient to obtain 87% of
available biogas. The production rate of biogas from 50 batch feeding was 0.02

m*/m? per day.

Molnar (1988) indicated that for a batch fermenter with more
efficient insulation and fed with an agricultural waste mixture of 25% beef
cattle manure and 75% corn post-harvest residues, gas production rates varied
between 2.53 and 0.7 m> m>(from fermentr volume) day™ during the 30 days

retention time. The volatile solids (VS) conversion rate was approximately 42%.

Mallik et al. (1990) illustrated that with water hyacinth (WH) mixing
with cattle dong and poultry excreta and hard wood sawdust maximum gas
production was achieved with 15 days, thereafter it gradually declined and he
cited from ( Deshpande et al. 1979) use of WH as an additive to caitle dung
(CD) in biogas plant enhances volatile fatty acids in fermentation slurry because

of its quick hydrolysis and fermentation .

EL-Hadidi (1994) reported that the optimum retention time for
poultry wastes was found to be 30 days in the mesophilic range 20° C to 40° C,
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where as the PH (hydrogen ion concentration ) of the medium was maintained
at 6 to 8. and he cited from (GTZ 1985) which stated that for the hygienic
consideration a retention period of 30 day is sufficient to obtain a kill rate over

95% for the commonly pathogens and ova during anaerobic digestion.

Ahmed et al. (1999) indicated that the gas production in the
continues reactors began almost immediately after the initiation of the
experimental run throughout one day and escalated rapidly thereafter reaching a
maximum at some time ranging between 15 and 30 days. They added that the
rate of biogas production was affected by changing HRT , where the rate of
biogas production decreases with the increasing of HRT, while that the biogas

yield increased with the increase in HRT.

Chanakya et al. (1999) found that 40-60% of volatile solids (VS)
destruction occurs with most biomass feedstocks at residence time of 20-30

days.

Shoeb and Singh (2000) reported that gas production rate from
water hyacinth is higher as compared to pure caw dung slurry. However, the
time period for attaining the maximum production rate is longer about 40 to 50
days for water hyacinth as compared to caw dung 20 — 30 days at 40" C . This
is due to the fact that bacteria needed for biogas production in the case of water
hyacinth takes a longer time period to grow whereas in ruminants waste such as
caw dung pathogens are already present and bacterial growth takes a little time

for biogas production.
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El Ashry (2001) illustrated that the daily biogas production
throughout the fermentation of 4 treatments (rice straw, maize stalks, cotton
stalks and bagasse in digesters) biogas generation that the different residues
differed in the detention period (the initial period needed to generate flammable
gas).The detention period were 43, 40, 36 and 50 days for rice straw, maize
stalk, cotton stalks and bagasse respectively. Production of flammable gas
started earlier in case of fibrous residues e.g. cotton stalks and maize stalks
respectively. Bagasse became acid at the beginning of digestion, the generation

of biogas started therefore much later thane other crop residues. The high

content of sugars in bagasse and the slow growth of methane bacteria are

responsible for the quick production of acids which accumulate when slow

conversions to methane occur.

Ostrem et al. (2004) reported that the retention time is determined
by the average time in takes for organic material to digest completely as
measured by the chemical and biological oxygen demand (COD and BOD) of
exiting effluent. Speeding up the process will make the process more efficient.
Microorganisms that consume organic material control the rate of digestion that
determines the time for which the substrate must remain in the digestion

chamber, and therefore the size and cost of the digester.

Ostrem et al. (2004) cited from (Davis and Cornwe!' 1998)
reported that in the anaerobic digestion (AD) process technology, twe ypes of
reactors are used the batch process and the continues process. In ti.. batch
process, the substrate is put in the reactor at the beginning of the degradation
period and sealed for the duration of digestion. All of the reaction stage occur

more or less consecutively and therefore the production of biogas follows a bell
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curve. Retention time ranges from 30-60 days and only about 1/3 of the tank
volume is used for active digestion. The disadvantage of this type of system is
the large tank volume required due to the long retention time. The low organic
loading rate and the formation of a scum layer. In the continuous process, fresh

substrate is added and an equal amount of effluent is removed continuously.

De la Rubia et al (2006) stated that the retention time has a
considerable effect on the population levels of methanogens and on the
composition of fermentative products volatile fatty acids (VFA). The chemical
oxygen demand (COD) mass balance indicates that COD used for methane
generation increased when solid retention time (SRT) decreased or when the
influent organic loading rate increased. This implies that the amount of COD
used in the anabolism route decreased with SRT due the microbial population
being adapted under new operational conditions and more COD being used to

generate methane.

2.1.7 Effect of C/N ratio on fermentation:

Mital (1996) reported that the carbon necessary energy to micro-
organisms for their sustenance whereas nitrogen helps in building their cell
structures. Depending upon relative richnesses in carbon or nitrogen content,
feed materials can be classified as nitrogen-rich or carbon-rich materials. It is
generally found that during digestion micro-organisms utilize carbon 25 to 30
times faster than nitrogen which in other words means that carbon content in
feedstock should be 25 to 30 times more than nitrogen. To meet this
requirement constituents of feedstock are kept in a manner so as to ensure a C:N

ratio of 25 to 30 :1, and concentration of dry matter as 7 to 10 %. High C/N
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ratio means that nitrogen will be exhausted earlier than carbon. Conversely a
low C/N ratio or too much nitrogen in relation to carbon results in high

ammonium concentrations which may become toxic to anaerobic bacteria.

Parawira et al. (2004) reported that the potato waste and sugar
beet leaves were co-digested successfully resulting in improved methane yield
and accumulated methane production compared with separate digestion of the
substrates . They cited from ( Kayhanian and Hardy 1994) and ( Nyns 1986)
reported that the C:N ratio of the co-digested potato waste and sugar beet
leaves, which ranged between 16 and 28, are within the values required for

stable anaerobic digestion of organic waste.

2.1.8 Effect of total solids concentration (TS) on fermentation Process:

Hall et al. (1985) illustrated that the total solids reduction of 26.5%
over 70 days is similar to that of (Hills 1980) who obtained a 34.6% reduction
over a 100 day batch digestion of dairy manure. The VS reduction was found to
be 31.1% compared with a 36.3% reduction obtained in a 140 day batch
digestion conducted by (Wong-Chong 1975).

Hatem (1988) showed the comparative quantities of biogas
obtainable from digestion of various wastes and crops at a typical loading
concentration of 5% total solids. For a given material at a particular temperature
, the quantity of biogas produced per Kilogram of dry matter decreased as the

loading concentration increased.
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Mital (1996) indicated that the for optimum gas yield through
anaerobic fermentation, normally 8 to 10 per cent TS in feedstock is desired.
This is achieved by making slurry of fresh cattle dung in water at the ratio of
1:1.

EL-Bakhshwan (1998) indicated that the digestion of 5% and 10%
TS the rate of biogas production (V/V day) was increased at 10% than that at
5% TS. While the productivity of biogas (L/Kg TS added /day) decreased.

Shyam (2000) cited from ( Pathak et al. 1985) studied the effect of
initial total solid concentration (TSC) in anaerobic fermentation of cattle dung
and cattle dung-rice straw mixture in batch-type laboratory digesters at room
temperature that varied between 26 and 32° C. It was seen that a larger
percentage of the solids was converted when the initial TSC was high.
Consequently, the gas yield was found to increase with the TSC of the slurry. A
mixture of cattle dung and chopped rice straw in the ratio of 1:2 (on dry mass
basis) and containing 15.2% initial TSC performed better than cattle-dung
slurry in total solids (TS) conversion and gas production. This might be
attributed mainly to a higher percentage of degradable solids in the dung and
rice-straw mixture (cellulose + hemicellulose 53.1% of TS as against 47% in the
dung). He also indicated that the gas production was highest (0.228 m’/ Kg TS
charged) for 2:1 mixture of cattle dung and dry leaves (W/W) at initial total
solids concentration(TSC) of 20%. The gas production was reduced
significantly for high initial TSC of around 40% and was negligible for TSC
above 40%. At 20% TSC, the rate of conversion of cellulose and hemicellulose
was reported to be higher 34% to 40% and faster as major part was degraded

during the first four to five weeks
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Parawira et al. (2006) indicated that the methane yield increased
with increasing organic loading rate up to 0.231 CH4/g COD degraded in the
USAB (upflow anaerobic sludge blanket) reactor and 0.161 CH4/g COD
degraded in the APB(anaerobic packed-bed) reactor. The UASB could be run at

a higher organic loading rate than the APB reactor and achieved higher methane

yield.

2.1.9 Effect of inhibitory Factors on fermentation process:

Mital (1996) indicated that the when volatile acid concentration
reaches a value of 200 p p m, or ammoniacal nitrogen concentration exceeds a
value of 1500 p p m, microbial activity is greatly retarded. Variety of materials
act as inhibitory factors to the fermentation process for instance, presence of
certain metals such as copper in waste material act toxic during anaerobic
digestion. Some of the commonly recognized toxic materials include common
alkali and alkaline-earth cations such as sodium, potassium, calcium, and
magnesium. Traces of pesticides such as DDT and chlorinated hydrocarbons
which usually accompany crop residues as feed tend to produce toxic effect
during anaerobic fermentation. For minimizing toxicity, dilution with water or

addition of certain non-toxic materials to substrate is recommended.

2.1.10 ffect of enriched seeding bacteria on fermentation Process:

Mital (1996) indicated that for starting anaerobic fermentation, it
is often necessary to introduce enriched seeding into the digester for starting the
process. As it is known, anaerobic fermentation proceeds with the help of acid-
forming and methane-forming bacteria. Among these two groups of bacteria,

the first category of acid formers is more abundant whereas the second category
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of methane formers is less abundant, more fastidious, and more susceptible to
adverse environmental changes. In starting —up a biogas plant, it is a common
practice to seed it with adequate population of both acid-forming and methane-
forming -bacteria. Generally digested sludge from a biogas plant, actively
digesting sludge from a municipal digester, material from a well-rotted manure

pit, or caw-dung slurry are used as seed.

2.1.11Biogas storage:

AL-Aghbari (1998) added that the relative amount of CO, has a
dramatic influence on the lower heating value of biogas. The critical point of

CHy is negative 82.1° C; above this temperature it cannot be liquefied.

Kapdi et al. (2005) reported that biogas is mainly used for
cooking purposes. To get full potential of biogas, need emerges for its
commercialization by making it transportable. Therefore biogas scrubbing and
compression at high pressure for storage in cylinders are essential. On of the
easiest and cheapest method involves the use of pressurized water as an
absorbent. The raw biogas is compressed and fed into a packed bed column
from bottom; pressurized water is sprayed from the top. The absorption process
is, thus a counter-current one. This dissolves CO, as well aé H, S in water,
which are collected at bottom of the tower. The water could be recycled to the

first scrubbing tower.
2.1.12 Stages of anaerobic digestion:

EL-Hadidi (1994) illustrates that the gas produced at different time

intervals which indicates to the gas production was started at the fourteenth day
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and continued till the 28" day, after this time the gas production was started to
decrease, which may be due to the consumption of the substrate available for
biodegradation. This result obviates that when it is recommended to operate in a
continuous fashion the food / microorganism ratio must be maintained at the
value obtained at this time which controls the quantities to be fed to fermentor,

the portion of the recycled sludge and the quantity of wasted sludge.

Ateya et al. (1997) indicated that three gas production stages were
observed and could be explained according to the dynamic nature of the
anaerobic process itself. The first stage which started on the 12" day and
continued through the 20" day may be considered as the bacteria-reproduction
state where the methanogenic bacteria started to reproduce, and conversion of
the substrate into gas was very low. The second stage which started on the 21
day and continued to about the 29" day may be explained by the fact that the
numbers of bacteria involved in the digestion process became greater while the
nutrients available to them were quite enough and in excess. Such a condition is
conducive for gas production, and fact, the gas production started to increase
during this period. The third and last stage from about the 30" to the 38" day
was characterized by maximum gas production at almost constant rate, it was
clear that this stage constitutes the steady-state of operation of this digester. It is
reasonable to assume that during this stage the amount of available nutrients
was in enough to satisfy the needs of the larger numbers of bacteria within the
digester. This was not the case in the last days during which the digester
experienced deficiency of nutrients which led to the decline and eventually

stopping gas production.

Al-Masri (2001) mentioned that four stages were observed during

the gas generation and could be correlated with the four anaerobic fermentation
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stages of the organic matter hydrolysis, acetogenesis, premethanogenesis (outset
of methanogenesis) and methanogenesis. The results indicated that the highest

amount of gas production was achieved within 29-40 days.

Ostrem at c¢l. (2004) cited from ( Themelis and Verma 2004)

indicated that the typical reactions of anaerobic digestion can be described as

follows :
(1) Cg H12 05 ——— 2C2 H5 OH + ZCOZ
(Organic compound) (Ethanol) (Carbon dioxide)

(2) 2CH;OH + CO;—— & CH, + 2CH; COOH
(Ethanol)  (Carbon dioxide) (Methane) (Acetic acid)

(3) CH;COOH — L CH, ~+ Co,

(Acetic acid) (Methane) (Carbon dioxide)
(4) COZ + 41’]2 —_—— CH4 + 21’[20
(Carbon dioxide) (Hydrogen) (Methane) (Water)

Demirer and Chen (2005) used a two-phase reactor at a
SRT/HRT (solids retention time / hydraulic retention time ) of 10 days (2 days
acidogenic and 8 days methanogenic) for anaerobic digestion of dairy manure.
Their results indicated that there are 50 and 67% higher biogas production or
volume reduction at OLR (organic loading rates ) of 5 and 6 g VS/L day
respectively, compared to a conventional one-phase configuration with
SRT/HRT of 20 days. The two-phase reactor made an elevated OLR of 12.6 g

VS/L day possible which was not achievable for the conventional one-phase
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configuration. Consequently signification cost savings due to both superior

performance and reduced volume requirements.

2.1.13 Biogas production and analysis:

Hatem (1988) indicated that the lowest yield of biogas was
obtained from the digestion of cattle manures, as might be expected because the
bacteria in the ruminant's stomach consume a substantial portion of the
digestible matter in the original plant material. Poultry manure at the same
loading concentration gave considerably more biogas per Kilogram of total
solids, than cattle manure. This possibly reflect the less effective digestive
capability of the hen, and also the difference in diet, of the various crops tested
,maize was capable of producing the highest quantity of biogas eventually
reaching 646 L/kg total solids (dry matter) after 40 days. All the crops
produced at least twice as much biogas as did cattle manure, showing that the
net energy production from digestion of crops would be much higher than from

digestion of manure.

Shoeb and Singh (2000) reported that the total amount of gas
production from water hyacinth is about one and a-half time higher than the
cow dung per gm volatile solid. A blend of water hyacinth and caw dung in the
ratio of 2:3 by weight is most suitable for biogas production. The rate of
production of biogas from water hyacinth is higher as compared to cow dung
slurry. However the fermentation process takes a longer time period in the case
of water hyacinth. The kinetic studies performed with water hyacinth +

inooculum show that gas production rate increases twelve times in a very short
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period of five days in comparison to cow dung +water hyacinth from 20 to 40

days systems.

El Ashry (2001) showed that the productivity of biogas differ
according to the type of residue fermented. Maize stalks gave the highest biogas
productivity followed by cotton straw, while bagasse and rice straw gave low
productivity. The average of CH, content was about 60%. Generation of
methane started after few days of fermentation and began to increase gradually
to reach its average percentage. The highest value of CH, recorded for cotton
stalks 64.0% followed by bagasse 62.7%, rice straw 59.2% and maize stalks
58.9%.

Helmy et al. (2003) mentioned that the cattle dung was gave
higher production of biogas. While, cotton stalks was lowest, the rice straw
gave higher biogas production at fermentation process time ranged between 30
to 40 days. While, at fermentation time from 10 to 30 days and more than 40
days fermentation time, the biogas production will be low. The proper
temperature ranged between 30 to 40° C at this range the biogas production was
higher than less than 10° C and more than 40° C. The proper percentages
between total solid and water was 1:1, at this percentage gave high biogas
production. While, by increasing percentage of water, the biogas production
decreased. They showed that the expectant of production residual quantity will
be 1152 m3 biogas per year. So, the expectant production of biogas will be 217
010 429 m3, this production need to about 188372 units with volumetric
capacity of 10 m3 or 37675 units with volumetric capacity of 50 m3
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2.1.14 Biogas energy benefit:

El-Awady et al. (1988) cited for (FAO, 1978) that any internal
combustion engine can be adapted to use biogas. A diesel engine was fueled by
connecting the gas to the air intake and closing the diesel oil feed. It was
reported that one cubic meter of gas was enough to run an internal combustion
engine one h.p or 0.75kw for 2 hours, a three ton truck for 2 Km distance, to

light alamp 60 to 100 watts for 6 hours and to generate one kw of electricity .

EL-Shimi and Badawi. (1993) stated that the calorific value of
biogas 23.08 MJ/m3 at efficiency of 60% and the kerosene is 38.19 M/ at
efficiency 60%. So, one cub. Meter of biogas is equivalent to 0.6 litter of
kerosene. The biogas production as a new and renewable energy source could
cover the domestic energy need for rural family consists of 5 to 8 persons. They
added the sludge obtained from bio fermentation process contains high
concentration of plant nutrients and organic matter. Its application at the rate
equivalent to traditional chemical fertilizer increased the yield of maize 35.7%,
wheat 12.5%, rice 5.9%, broad beans 6.6%, cotton 27.5%, carrots 14.4% and
spinach 20.6%

EL-Hadidi (1994) illustrated that the energy obtained from the
produced gas is sufficient to sustain the needs of the farm for heating, lighting
and other mechanical operations. The digested sludge can be used as a free

pathogenic fertilizer with high fertilizing value or as animal fodder additive.
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Goodrich et al. (2005) stated that 800 cows at the farm produce
cnough methane to generate about 2900 kwh per day of electricity, 1500 kwh of
which is used on the farm. The remainder is sold as "Green Energy" and
marketed to consumers who wish to use electricity generated from renewable

sources

Hadi and Akiyama. (2006) studied the possibility of hydrogen
production from biogas using hot slag. They conducted a study in which
decomposition rate of CO2-CH4 in a packed bed of granulated slag was
measured at constant flow-rate and pressure. The molten slag discharged at high
temperature over 1700 K from smelting industries such as steelmaking or
municipal waste incineration . It has enough potential for replacing energy
required for hydrogen production due to the catalytic steam reforming or carbon

decomposition of hydrocarbon.

2.1.15Effect of atmospheric pressure on fermentation process:

Alvarez et al. (2006) illustrated that somewhat surprisingly, the
pressure effect in the range studied 495 to 760 mm Hg was not significant.
Although, the effect could possibly be found significant in an extended study, the
effect is nevertheless small, and low pressure will not negatively affect the
biogasification of the manures in a small scale distributed process on the

Altiplano.

31

:om



2.1.16 Characteristics of digestion of plant matter:

Hatem (1988) illustrated that during anaerobic digestion of
manures, the solids settle to the bottom unless regularly mixed. Lighter
materials such as bedding straw float to the surface and form a scum. However,
during digestion of plant matter, the fresh material is floated and will only sink
to the bottom as it is digested. As a result, the most active area of digestion in a
digester using plant matter is the top third, whilst in digesters using manures it
is the bottom third. For a digester fed on plant matter the mixer need to be
placed near the top and it appears likely that mixing will be more difficult than

in manure digesters.

2.1.17 Effect of loading rate on fermentation process:

EL-Shimi et al. (1992) cited from (Alaa El Din et al. 1984) that
the production rate of biogas increased by increasing the loading rate of
digesting materials; the maximum production rate was at 2.6 Kg VS / m® / day

of cattle manure

Parawira et al. (2006) indicated that the methane yield increased
with increasing organic loading rate up to 0.231 CH,/g COD degraded in the
upflow anaerobic sludge blanket ( USAB) reactor and 0.161 CHs/g COD
degraded in the anaerobic packed-bed ( APB) reactor. The UASB could be run
at a higher organic loading rate than the APB rcactor and achieved higher

methane yield.
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2.1.18 Effect cattle manure on fermentation:

Gunnarsson and Petersen (2005) cited by ( El-Shinnawi et al,
1989) produced biogas from water hyacinth mixed with caw dung , and found
the caw dung to provide enough microorganisms to serve as inoculums. The
conclusion from these reports is that in developing countries it is probably better

to not use costly pre-treatment and instead use a longer residence time

2.1.19 Biogas yield from crop residues:

Mital (1996) cited from experimental studies that conducted by(
Kalra and panwar 1986) to investigate biodegradability of rice straw which
caused biogas yield of 200 Litre / kg under batch digestion from experimental
digesters of 190 litres capacity. Rice-husk did not undergo complete digestion
following its high lignin content and unfavourable non-lignin carbon-to-
nitrogen (C/N) ratio. A mixture of rice-straw and cattle dung in equal
proportion on dry weight basis yielded 9.1 % more: gas than rice-straw alone.
He cited from ( Rahman et al. 1986) the biogas yield in batch loaded
laboratory digesters from rice-straw , sawdust and water-hyacinth with caw
dung. Under identical conditions, rice-straw produced 310 liter biogas with
77.8% methane content, sawdust 144.8 liter and 62.28 % in ether content and
water hyacinth 368 liter with 77.13 % (methane content).

Mahnert et al. (2005) cited by ( El Bassam, 1998 ) reported that
the value of a substrate in the biogas process depends on its potential as a high
yield plant species and on the quality of the biogas produced, such as the

achievable methane content. The most suitable plant species for the production
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of biogas are those which are rich in degradable carbohydrates, such as sugars,
lipids and proteins, and poor hemicelluloses and lignin, which have a low
biodegradability .Hence, to find the optimal crop species for anaerobic
digestion is of particular interest. The conservation and storage of biomass is
also a necessary factor for the quality, using the substrate continuously as

feedstock for biogas production.

Mahnert et al. (2005) reported that at low organic loading rates
(OLR), the biogas yield of a grass-slurry mixture is equivalent to the total sum
of biogas from the proportionate single substrates. Therefore, the biogas yield
from a mixture of grass and slurry can be calculated by the VS-biogas yield of
grass and of slurry and the VS-portion of the grass in the mixture. The impact
of OLR on the methane content is not distinctive, but seems to be substrate-
specific. Also, the methane content decreased with increasing proportion of
grass from 59-63% to 53-59%.

2.1.20 Effect of chemical properties of wastes on biogas yield:

Abdewahab, et al. (1994) shows heavy metals content (ug/l) in
water body of El-hamol region as following:
Table (2.1 ) Annual average for heavy metal content (ug /L) in water. Samples

from main Kharbiea drain as following:

copper | cadmium | zinc lead | nickel | manganese | iron | cobalt
112.08 10.76 119.5 | 224.08 | 6.13 358.25 1445 | 54.25

Gunnarsson and Petersen (2005) cited by (El-Shinnawi et al.

1989 ) conducted trials with anaerobic digestion of agricultural waste. Rice
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straw, maize stalks, cotton stalks and water hyacinths mixed with cow dung
were digested in different containers. The mixture of water hyacinth and cow
dung was found to produce more biogas per kilogram VS added than maize and
cotton stalks, but the total biogas production per kilogram DM added was lower
for the water hyacinth .The low values for total gas production was probably
mostly due to the high lignin content and low percentage of volatile solids in the

water hyacinths

Gunnarsso and Petersen (2005 ) cited by ( Patel et al 1993) found
that the addition of metal ions: Fe**, Zn*", Ni** | Co?", and Cu?®" , will enhance
gas production and increase the methane content in the produced gas and also
result in better process stability. Water hyacinth from polluted water might
already contain sufficient amount of heavy metals. (Geeta et al. 1990) reported
increased biogas production when nickel was added to water hyacinth or a

mixture of water hyacinth and cow dung,.

Gunnarsso and Petersen (2005 ) cited by ( Chanakya et al. 1993)
found that water hyacinth has a high content of fermentable matter and therefore
a high potential for biogas production, but the high lignin content can reduce the
actual production. The low bulk density could result in large voids with poor

compaction and low feed rates.

Waulf (2005) stated that biogas production strongly depends on the used
substrates as proteins, fat, starch sugars and crude fibre (cf. ruminant nutrition).
Difficult to degrade: cellulose, hemicellulose. Not degradable: lignin theoretical
gas composition can be calculated from input substances
C.HyOct (a—b/4 —c/2) H;O —» (a/2 + b/8 —c/4) CH4 + (A/2- b/8 +¢/4) CO,
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Plochl and Heiermann. (2006) stated that the usefulness of a crop as
feedstock for anaerobic digestion depends on its yield capacity compared to the
effort for cultivation and on the quantity and the quality of the biogas produced,
such as the methane content achievable. From this point of view, the most
suitable plant species are those rich in easily degradable carbohydrates, such as
sugar and protein matter and poor in hemicelluloses and lignin which have a
low biodegradability. Furthermore, crops shall be easy to store to make them
available for digestion all year round. Hence, the optimum harvest time as well
as preservation and storage methods are of particular interest. Another aspect
for suitability is determined by the means of cultivation and availability on the

particular farm.

Amon et al. (2006) indicated that the methane production from
organic substrates mainly depends on their content of substances that can be
degraded to CH, and CO,, Composition and biodegradability are key factors for
the methane yield from energy crops and animal manures. Crude protein, crude
fat, crude fiber, cellulose, hemi-cellulose, starch and sugar markedly influence

methane formation,

2.2: Utilization of agricultural waste:

Uses of crop residues ( including household fuel, building  materials,
feed and bedding, mushroom cultivation, pulp and chemicals ). The recycling of
crop residues ( by leaving them to decay on the soil surface, incorporating them

into soil, or using as mulches and compost ), and crop residue burning .

Demirer and Chen (2005) stated that the anaerobic digestion (AD) of
manure can offer substantial benefits, both economic and intangible, to animal

feeding operators and surrounding communities, such as on-site energy
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generation , production of stable, liquid fertilizer and high quality solid soil
amendment, reduction in odors, and reduction in ground and surface water

contamination.
2.3 Types and quantities of agricultural waste :

There are numerous types and great quantities of agricultural wastes
that belong to both plant and animal production .Major field crops represent
about 40-50% of the agricultural waste. Another 25% of organic wastes can also
be expected during the processors of producing food for human and animals
(Ministry of agriculture 2000). On the other hand, the agricultural wastes
reach about 23 million ton (23 Gg) per year. This quantity consists of straw,

stalks, hay, tops and resultant of tress stripe. About 7 million ton (7 Gg) is used

as an animal feed and about four million ton (4 Gg) are used as an organic
fertilizer directly or after using it as a beddling under cattle's. The rest which is
the 12 million ton (12 Gg) are of our concern since they always burned causing
air pollution or stored on the houses roofs which is another problem can lead to
fires and can make as a good medium for insects growth . Animal wastes reach
about 12 million ton (12 Gg) per year .About 3 million ton (3 Gg) per year
always are used to produce an organic fertilizer. The rest 9 million ton (9 Gg)
are considered without benefit for the agricultural activity and causes pollution
to the environment and sickness outbreaks between people and plants (Ministry
of Agriculture 2000).

Shoeb and Singh (2000) reported that the water hyacinth under
favorable conditions a growth rate as high as 17.5 metric tons of wet water
hyacinth per hectare per day has been reported. Due to vegetative reproduction

it spreads rapidly clogging drainage, ditches.
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Helmy et al. (2003) reported the total quantity of different residues in
Egypt the following table:

Table 2.2: Total quantity of different residues in Egypt including plants,
animal residues.

Plant residues Quantity, Animal Quantity,
Tg/year residues Tg/year
Rice residual 3.80 | Buffalo 323
Wheat straw 7.20 |Caws 15.70
Corn residual 5.87 |Sheep 3.15
Barley straw 0.14 | Camel 0.15 L
Beans straw 0.52 Pigs 0.77
Fenug reek straw 0.02 | Hors 2.08
Clover straw 0.15 | Hen 0.21
Pea straw 0.03 | Pigeon 0.03
Lupine straw 0.01 | Duck 0.13
Cotton straw 1.37 | Turky 0.01
Soybean straw 0.30 | Rabbit 0.49
Sesame straw 0.86
Sugar cane residual 4.60
Peanut straw 0.04
Sunflower 0.01
Vegetables residual 4.93 ,
Fruit residual 1.57 .
Total 3142 Total 55.37
Source statistics of Agriculture, Ministry of Agriculture, (2002).
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2.3.1 Transformation of agricultural wast into animal feed:

Hamad et al. (1994) reported that the ruminate animals, need a great
quantity of the diets daily using agriculture roughages to feed them. They
showed that there was a great interest aiming to decrease the animals need for
grain in order to satisfy the demand for direct human consumption . Therefore,
the researches tried to process the roughages to increase its availability of
energy and other materials from lignocellulosic wastes such as chopping;
grinding and compressing .The main purpose of this process is to increase the
acceptability of the material to the animal feeding consequently increasing feed
intake and to enhance the rate and extent of digestion. Chopping roughages
increased the feed intake of dry matter (DM) (gram/day. head) for sheep the
palatability of the sheep on chopped maize stalks was increased by 255% and
394% for screen of hole 50mm and 20mm respectively (diameter of hole outlet
machine) as compared with unchopped ones . Feed intake (DM)gram /day/head
was increased by 110% and 141% using screen of 50 and 20mm holes
respectively from the chopped rice straw as compared with the unchopped. The
sheep refused unchopped sugar cane bagasse and cotton stalks. The palatability
of chopped roughages were increased by 382% ,480%for sugar cane bagasse
and 379%,460% for cotton stalks using screen holes of 50,20mm respectively as
compared with unchopped roughage . The greatest amount of DM intake
gram/head day was gained from chopped maize stalks through screen holes of
20 mm, while the lowest amount gained from cotton stalks through 50mm

screen holes .

Kholief (1996) reported that the animal production in the Egypt need
more active work, in order to find new sources of food or to modify the usual

ones country .Animal feed shortage in dry seasons is a common problem in the
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developing countries . This has been in the incentive for the serious efforts
made in many countries in the third world to improve the animal feeding value
through process from crop residues. Sugar beet become an important crop in
Egypt , not only for sugar production ,but also for producing fodder. By mass,
beet tops consists of about one third crown and two thirds leaves. The green
mass of tops ranges for 75 to 80 percent of the mass of topped beets. Beet tops
are fed mostly to cattle and sheep either ensiled, fresh or pellets from as cured in
small piles in the field. Beet tops are palatable and nutritious for animals.
Ruminants are able to utilize large quantities without injury .Beet tops contain
about two-thirds of the digestible nutrients found in corn silage . The
advantages of pelleting better keeping quality, homogeneity from the time of
production up to offering to animal, more palatability for animals, pelleting for
ruminants decreases the ratio of the acetate to propionate in the rumen and

reducing shortage space.

2.3.2 Pyrolesis of agricultural waste :

Sdaka (1998) reported that biomass can be pyrolyzed in the absence
of oxygen to produce combustible char, tar and gas. When saw dust is
pyrolyzed , it produces more tar and gas than rice hull. By increasing the final
temperature, the char weight fraction decreased sharply, while tar and gas
weight fractions increased clearly. Heating tar, also, affected the weight
fractions of char, tar and gas . The same effects were observed with the heating
value. The residence time has a small effect on the weight fractions and heating
value . The maximum weight fraction values of the tar and gas of 57% and 19%
respectively were recorded at pyrolysis temperature of 600° C and heating rate
of 60° C/min during pyrolysis of saw dust . The tar heating value reached its
maximum of 9.5 and 7.5 MJ /Kg at the temperature of 600°C and heating rate of

60°C/ min for saw dust and rice hull, respectively.
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3. MATERIALS AND METHODS

The main objective of the present study was to evaluate of biogas
production from agricultural residues and water hyacinth mixed with cattle dung
available in Rural Areas of Egypt. The contribution to know ledge pointed out
from the present study plays a good role in spreading biogas production
technology in rural areas of Egypt. On the other hand, it enhances the
environment protection and introduces a significant source of nontraditional
energy. The experimental system was manufactured and some preliminary
experiments were done during the period of February to July 2005 to stand on
the Suitable quantity of residues to work on. The main experimental work was
carried out during the period of 30/8/2005 30/12/2006.

3.1: Materials:

3.1.1. Experimental biogas generation system:

The whole experimental system consists of four main units. The first is
the biogas reactors which represent the main unit of the fermentation process.
The second is the stirring unit required to enhance the fermentation process and
increase efficiency of biogas generation for all treatments. The third is the
heating system to save the required temperature level for mesophilic bacteria.
Temperature control device was added for controlling it at the fixed required
temperature for all treatments. The fourth is the gas collection system to collect

and calibrate the generate biogas for all treatments.
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a: Biogas reactors:

An experimental biogas generation system was fabricated at the
workshops of Belqas and Met kamer city. It consists of ten cylindrical shape
stainless steel Figure 3.1. Each one has gross dimensions of 19 ¢cm diameter and
38 em height that correspond 10.77 L gross value. The operating volume of the
reactor was 8.5 L. The remainder volume after eliminating the volume of the
submerged parts of the stirring system was left for generated gas to be gathered.
The cover of the reactor was made of a circuitous stainless steel sheet plate of 24
cm diameter and 1 mm thickness it equipped with a hole as the outlet of the
generated gas. The cover was secured to the reactor by means of seven steel brads
Figure 3. 2. A rubber gasket was fitted between the cover and the vessel to provide
a gas-tight seal. Each reactor was equipped with a mechanical stirrer. Figure 3 .3

Shows a schematic diagram of the experimental biogas generation system.

b: Stirring system:

Figure3.3 shows a mechanical stirring system consists of ten shafts
each one serves a one reactor was used for stirring process to enhance the
fermentation performance . Each stirring shaft has 37cm length and 5 mm
diameter. The stirrer provided with two impellers at distance of 1cm and 15 cm
from the bottom of the reactor. Top impeller has dimensions of 6 cm long, 3 cm
wide , and 1 mm thickness. The reactors were arranged in two parallel rows as
shown in Figure 3. 3. so that, two horizontal shaft equipped with five worm
gears Figure 3.4. to transfer the power to the five vertical stirrers at each row.
This offers a reduction in rotational speed of about 1: 28. A 0.25 kw electrical
motor has 1400 rpm rotational speed was used as the power source for the stirring
system through identical pulleys and belts as shown in Figure 3.5. Therefore, the
stirring shafts rotate at 50 rpm. An electrical timer (DTD- 1440-2) was attached
to the electric motor to control the mixing duration intervals at 15 min / 4 hours.
(Recommended by ( El-hadidi, 1999), Figure 3.6.
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Figure 3. 2: A photograph of the reactor covers rubber scale
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Elevation view
Dims. In cm.

1- Pully. 2-V-belt. 3- Motor 4- Ball rollman  5- Fan.
6- Worm gear shift 7- Stirrer shaft 8- Gasket 9- Cover reactor

10- Electric hater  11- Outlet valve 12- Rubber gasket 13- Worm gear.

14- Insulation 15- Impellers 16- Water bath 17 -Stand

Figure 3.3: A schematic diagram of the experimental biogas generation
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¢: Heating system:

An insulated metal sheet water bath equipped with an electrical heater
and temperature control device (thermostat) was used as the heating system.
The reactors were placed in the water bath to keep the slurry temperature at
level of 311+ 2 K (38 + 2 °C) Mitol (1996). Water bath has gross dimensions
of 1.5m length, Im width and 0.5 m height with a water depth of 0.50 m .A fan
fixed inside the water at height of 15 cm from the water bath bottom to agitate
the water in order to maintain a homogeneous temperature distribution inside
the water bath. Fan powered by the electrical motor through ploys and belts
having a rotational speed reduction ratio of about 550 rpm Figure 3.7.

Temperature data are recorded daily using 3 thermometer observations.

d: Gas collecting system:

The daily gas production was measured by the way of water displacement
at the atmospheric pressure and room temperature. Ten Plastic jars Figure 3.8
each has 30 L capacity attached to reactors gas outlets by a flexible plastic tube
were calibrated and used for biogas collection. Figure 3.8 indicates a

photograph of a biogas collecting unit.

3.1.2: Collection of Raw materials and inoculums:

Three crop residues namely rice straw (Oryza sativa ) Skah 4178 variety
(RS) , maize stalks (Zea mays ) national variety (M S) and cotton stalks
(Gossypvum barodense ) Geza 86 variety (C S), in addition to water hyacinth
(Eichhornia crassipes ) (W H) were used as the principal raw material for

generating biogas . The fresh cattle dung (C D) was used as a control treatment
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and as a mixing material with the studied residues. The source of cattle dung
was cattle's from rural areas of Kafrelshiekh Governorate. Rice straw (RS),
maize stalks (M S) and cotton stalks (CS) were collected as agricultural
byproducts after harvesting the corresponding crops from rural areas of
Kaferelshiekh Governorate as well. Water hyacinth was collected from a drain
located in Al-Hamoul city at kaferelsheikh Governorate.

The raw materials were dried in the sun and chopped in traditional stationary

thresher Figure 3.9 shows samples of the chopped raw materials.

Raw materials except cattle dung to be digested were kept in sealed plastic bags at
the atmospheric temperature. Cattle dung were collected fresh for each experimental
run. Anaerobically digested sewage sludge from a wastewater treatment plant of
sugar beet company ( Al-Hamoul ) screened by I mm sieve, The liquid screened was
used as an inoculum in the batches. Additional water for the batches was provided

from water course.

Figure 3. 4: A photograph of the worm gears assembly.
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Figure 3.6: A photograph of timer ( Model , DTD-1440-2. )
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Figure 3.7: A photograph of the fan used to agitate the water .,
-
Figure 3.8: A photograph of a biogas collecting unit.
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Cotton stalks Rice straw
-
Water hyacinth Maize stalks
Figure 3.9: A photograph of the four raw materials after shopping process.
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3.1.3: Laboratory equipment:

a- Balance EMETTLER, Swiss made, max. mass 2000 gram,
IDN=1g

b- Electric oven, temperature Range from 30 to 300°C.

¢- Furnace maximum temperature measuring 1000°C.

d- Thermometers.

e- Timer, model, DTD-1440-2

f- Thermostat, (range from 10°C to 400C.)

3.2: Methods:

3.2.1: Chemical analysis of raw materials:

Before starting the anaerobic digestion experiments, samples of the

assigned substrates were analyzed according to standard methods as follows :
a: Total solids (TS):

A sample of the used raw material oven-dried at 105 °C for 24 hours
and weighed, (APHA, 1989).

b: Volatile solids (VS ) :
The total solids obtained from the last step were placed in a muffle

furnace at 550 ° C for 2 hours. The difference between the weights of the total
solids and of the ash gave the volatile solids, (APHA, 1989)
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¢: Organic carbon (C):

Organic carbon was determined by Walkley and Black rapid titration
method as out lined Cottenie (1982).

d: Total nitrogen (N):

Total nitrogen: the determination of plant nitrogen was carried out by

the modified Kieldahl procedure according to Cottenie (1982).

Table 3.1: Chemical analyzed of raw material used for fed biogas digesters.

parameter Total | Volatile Ash Nitrogen | Carbon | C/N
solids solids %from N) ) ratio
(VS) TS
TS% %from | %from
%from TS TS
TS

Cattle dung 18 83 17.00 1.70 42.50 25
Rice straw 95.14 71.14 28.86 0.714 38.30 | 53.64
Maize stalks | 94.87 84.54 15.46 0.588 32.12 | 54.63
Cotton stalks | 93.54 79.99 20.01 0.96 38.77 | 4039
Water 92.79 44.73 55.27 0.63 14.01 | 22.24

hyacinth
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3.3 Experimental procedure:

The experiments were carried out in anaerobic batch digesters using ten
digesters each with a working volume of 8.5 liter. Mixtures of chopped
agricultural residues and fresh caw dung were prepared according to the next

schedule that explains all treatments of the study.

3.3.1 Experimental treatments:
Thirteen treatments were conducted as follows:
1- 100gm rice straw  + 100gm caw dung + 200m! inoculum (RS 1:1) @
2 - 100gm rice straw  +200gm caw dung -+ 200ml inoculum (RS 1:2)
3 - 100gm rice straw  + 300gm caw dung + 200ml inoculum (RS 1:3)

4 - 100gm maize stalks + 100gm caw dung + 200ml inoculum (MS 1:1)
5 - 100gm maize stalks + 200gm caw dung +200ml inoculum (MS 1:2)
6 - 100gm maize stalks + 300gm caw dung +200ml inoculum (MS 1:3)

7- 100gm cotton stalks + 100gm caw dung + 200ml inoculum (CS 1:1)
8 - 100gm cotton stalks +200gm caw dung + 200m! inoculum (CS 1:2)
9 - 100gm cotton stalks + 300gm caw dung + 200ml inoculum (CS 1:3)

10 - 100gm water hyacinth + 100gm caw dung + 200ml inoculum (WH 1:1) »
11- 100gm water hyacinth + 200gm caw dung + 200m! inoculum (WH 1:2)

12- 100gm water hyacinth + 300gm caw dung + 200ml inoculum (WH 1:3)

13- 300gm caw dung +200ml inoculum used as a control treatment (Control)

Each treatment was replicated 3 times results 39 treatments and

replications. Ten treatments were conducted each experimental system run by
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using the ten reactors. After each run, the ten reactors were cleaned and
prepared to conduct another run. This procedure cues repeated until the 39"

treatment and replication had been accomplished.
3.3.2: Operational conditions:

The total solid (TS) content for all treatments except the control one
ranged from 1.35% to 1.78%. Control treatment has a total solid (TS) content of
about 0.65%. The components were mixed and water was added to bring the
total volume of the digested mixture to 8.5 liter. After loading the organic
wastes, the anaerobic reactors were sealed to maintain anaerobic conditions and
placed within the water bath at a constant mesophilic temperature range 3112k
of (38+2°C). The mechanical stirrer were operated automatically by the
electrical timer at 15 min every 4 hr daily. The stirrer rotational speed was
adjusted at 50 r.p.m. The retention time period for all treatments was 90 days.

The biogas produced, at standard condition (0° C, 1013 mbar) from raw
material was determined daily during the digestion period ¢ and plotted as a
cumulative curve y() related to volatile solids. According to (Mahnert et al
2002) an exponential function of the chapman function with three parameters-
type Y(9)= Y pax (1-¢ ° ") ® has been used for calculating the possible maximum

gas production Y, (Mahnert et al .2005)

3.3.3: Net biogas production from the agricultural residues:
To evaluate the net amount of biogas production from the types of
agricultural residues, the cattle dung contribution in the produced biogas was

eliminated. This was done by subtracting the recorded biogas for the control

treatment from the recorded one of the each other treatment.
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3.3.4: Statistical analysis:

To distinguish among the effect significant of the different treatments, the
experiments were analyzed statistically as split plot design. Mixing ratios was
considered as the main plot, the agricultural residue as the sub plot and the
experiments were terminated in three replications.

The present study aimed to investigate how to utilize the agricultural
residues, specifically, rice straw, maize stalks and cotton stalks in addition to
water hyacinth to acquire a non-traditional energy in the form of biogas. Mixing
the residue with the animal manure, specifically, cattle dung to enhance the
biogas generation process was also investigated. Biogas generation from
agricultural residues, by anaerobic digesters was monitored throughout 90 days
of batch operation. Each treatment was replicated three times. Biogas
production rate and the amount of accumulated biogas yield were investigated.
Biogas generation process as affected by the substrate material and its mixing

ratio was illustrated.
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4. RESULTS AND DISCUSSION

Biogas yield can be expressed in several ways. The term biogas
production rate is used here to indicate the daily yield of biogas per a digester. It
can be expressed related to a unit weight of the substrate, i.e in daily yield per
one kilogram feed. This eliminates the effect of the variation in the substrate
weight within the digester. Biogas productivity can also be related to volatile
solids (VS) added and total solids (TS) added. Measuring biogas yield related to
(VS) added involves the biodegradability of the waste ( Hill, 1982 and Ahmed
et al., 1999). Corresponding accumulated biogas yield was also determined and
indicated in the same manner. A mathematical model to describe the
accumulated biogas yield behavior was presented. The contribution of the crop
residue and water hyacinth in the accumulated biogas yield was calculated as
well. The effected of crop residuc percentage on biogas yield and weekly

percentage of accumulated yield were also illustrated.

4.1. Daily biogas production rate:
4.1.1 Daily biogas production rate per a digester, L/day.

Regarding rice straw, the rate of biogas production rate L /day pera
digester at various mixing ratios of cattle dung with rice straw throughout steady
the 90 days state were illustrated in Figure 4.1. The production oscillated sharply
thereafter reaching a maximum at sixth to seven day for all three mixing ratios .
Whereas the maximum for cattle dung only, i.e. 0:3 mixing ratio, was found at
the twelfth day. The maximum values reached about 1.73, 2.15 and 1.83L/
day for mixing ratios 1:1, 1:2 and 1:3 respectively. While cattle dung reached a
maximum value of about 1 L / day. The production continued to drop slowly
until 41"’, 78" 64™ and 30" day of operation for 1:1, 1:2, 1:3 and 0:3 mixing

ratios respectively since it reached about 0.17 L / day. Whereas the
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remnant period of the 90 days, the production rate ranged between 0.0 and 0.2 L
/ day with zero values as the majority of the range for all mixing ratios of rice
straw and cattle dung. Generally, it can be notice that the biogas production
rate increases with the increase of cattle dung ratio in the mixture from 1:1 to
1:2 but it decreased at the ratio of 1:3. However by comparing with cattle
dung, it can be concluded that the production rate increases by increasing the
rice straw with cattle dung

Concerning maize stalks, the rate of biogas production rate L/ day per a
digester at various mixing ratios of cattle dung with maize stalks throughout
steady the 90 days state were illustrated in Figure 4.2. The production oscillated
sharply thereafter reaching a maximum at ! 1 to 34 day for all three mixing ratios
. Whereas the maximum of cattle dung only, i.e. 0:3 mixing ratio, was found at
the twelfth day. The maximum values reached about 0.8, 1.23 and 1.35 L / day
for mixing ratios 1:1, 1:2 and 1:3 respectively. Whereas cattle dung it reached a
maximum value of about 1 L / day. The production continued to drop slowly
until 63%, 87", 82" and 30" day of operation for 1:1, 1:2, 1:3 and 0:3 mixing
ratios respectively since it reached about 0.17 L / day because consumption of
organic matter by bacteria . While the remnant period of the 90 days, the
production rate ranged between 0.0 and 0.2 L / day with zero values as the
majority of the range for all mixing ratios of maize stalks and cattle dung.
However by comparing with cattle dung, it can be concluded that the production
rate increases by adding or mixing the maize stalks with cattle dung.
Using cotton stalks, the rate of biogas production rate L / day per a digester at
various mixing ratios of cattle dung with cotton stalks throughout steady the 90
days state were illustrated in Figure 4.3. The production oscillated sharply
thereafter reaching a maximum at five to nine day for all three mixing ratios .
Whereas the maximum of cattle dung only, i.e. 0:3 mixing ratio, was found at

the twelfth day. The maximum values reached about 1.13, 1.07 and 1.7 L / day
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for mixing ratios 1:1 , 1:2 and 1:3 respectively. While cattle dung reached a
maximum value of about 1 L / day. The production continued to drop slowly
until 48", 48" 43™ and 30" day of operation for 1:1, 1:2, 1:3 and 0:3 mixing
ratios respectively since it reached about 0.17 L / day because consumption of
organic matter by bacteria. Wheres the remnant period of the 90 days, the
production rate ranged between 0.0 and 0.2 L / day with zero values as the
majority of the range for all mixing ratios of cotton stalks and cattle dung,
However by comparing with cattle dung, it can be concluded that the production

rate increases by increasing the rice straw with cattle dung.

Regarding water hyacinth, the rate of biogas production rate L / day per
a digester at various mixing ratios of cattle dung with water hyacinth
throughout steady the 90 days state were illustrated in Figure 4.4. The
production oscillated sharply thereafter reaching a maximum at 18™ day for all
three mixing ratios. Whereas the maximum of cattle dung only, i.e. 0:3 mixing
ratio, was found at the twelfth day. The maximum values reached about 1.17,
1.40 and 1.53 L / day for mixing ratios 1:1, 1:2 and 1:3 respectively. While
cattle dung reached a maximum value of about 1 L / day. The production
continued to drop slowly until 30%, 30", 37" and 30™ day. of operation for 1:1,
1:2, 1.3 and 0:3 mixing ratios respectively since it reached about 0.17 L / day
because consumption of organic matter by bacteria, Wheres the remnant period
of the 90 days, the production rate ranged between 0.0 and 0.2 L / day with zero
values as the majority of the range for all mixing ratios of water hyacinth and
cattle dung. However by comparing with cattle dung, it can be concluded that

the production rate increases by increasing the rice traw with cattle dung.
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4.1.2 Daily biogas production rate, L/ day. kg substrata

Dealing with the results by using rice straw, the rate of biogas
production rate L / day kg substrata at various mixing ratios of cattle dung
with rice straw throughout steady the 90 days state were illustrated in Figure
4.5. The production oscillated sharply thereafter reaching a maximum at sixth
to seven day for all three mixing ratios. Whereas the maximum for cattle dung
only, i.e. 0:3 mixing ratio, was found at the twelfth day. The maximum values
reached about 8.68, 7.17 and 4.58 L / day kg substrata for mixing ratios 1:1,
1:2 and 1:3 respectively. While cattle dung reached a maximum value of
about 3.33 L / day kg substrata. The production continued to drop slowly
until 41", 78", 65" and 30™ day of operation for 1:1, 1:2, 1:3 and 0:3 mixing
ratios respectively since it reached about 0 .5 L / day kg substrata. Whereas
the remnant period of the 90 days, the production rate ranged between 0.0 and
0.5 L / day kg substrata with zero values as the majority of the range for all
mixing ratios of rice straw and cattle dung. Generally, it can be notice that
the biogas production rate increases with the increase of cattle dung ratio in
the mixture from 1:1 to 1:2 but it decreased at the ratio of 1:3, However by
comparing with cattle dung, it can be concluded that the production rate
increases by increasing the rice straw with cattle dung.

In the same manner by using maize stalks, the rate of biogas
production rate L / day kg substrata at various mixing ratios of cattle dung
with maize stalks throughout steady the 90 days state were illustrated in
Figure 4.6. The production oscillated sharply thereafter reaching a maximum
at 11" to 34™ day for all three mixing ratios. Whereas the maximum for cattle
dung only, i.e. 0:3 mixing ratio, was found at the twelfth day. The maximum
values reached about 4.0, 4.11 and 3.38 L / day kg substrata for mixing ratios
1:1, 1:2 and 1:3 respectively. While cattle dung reached a maximum value of

about 3.33 L / day kg substrata. The production continued to drop slowly
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until 64, 87", 82" and 30" day of operation for 1:1, 1:2, 1:3 and 0:3 mixing
ratios respectively since it reached about lees than 0.5 L / day kg substrata.
However the remnant period of the 90 days, the production rate ranged
between 0.0 and 0.5 L / day kg substrata with zero values as the majority of
the range for all mixing ratios of maize stalks and cattle dung. Moreover by
comparing with cattle dung, it can be concluded that the production rate
increases by increasing the maize stalks with cattle dung.

The same tendency was obtained by using cotton stalks, the rate of
biogas production rate L / day kg substrata at various mixing ratios of cattle
dung with cotton stalks throughout steady the 90 days state were illustrated
in Figure 4.7. The production oscillated sharply thereafter reaching a
maximum at 9" day for both 1:1 and 1:2 mixing ratios and at 5™ day for 1:3
mixing ratio . Whereas the maximum for cattle duﬁg only, i.e. 0:3 mixing
ratio, was found at the twelfth day. The maximum values reached about 5.67,
3.56 and 4.25 L / day kg substrata for mixing ratios 1:1, 1:2 and 1:3
respectively. Whilst cattle dung reached a maximum value of about 3.33 L /
day kg substrata. The production continued to drop slowly until 61", 50"
51" and 30% day of operation for 1:1, 1:2, 1:3 and 0:3 mixing ratios
respectively since it reached about lees than 0.5 L / day kg substrata.
However the remnant period of the 90 days, the production rate ranged
between 0.0 and 0.5 L / day kg substrata with zero values as the majority of
the range for all mixing ratios of cotton stalks and cattle dung. it can be
concluded that the production rate increases by increasing the cotton stalks

with cattle dung.
Concerning water hyacinth, the rate of biogas production rate L
/ day kg substrata at various mixing ratios of cattle dung with water hyacinth
throughout steady the 90 days state were illustrated in Figure 4.8. The
production oscillated sharply thereafter reaching a maximum at 18" day for

all three mixing ratios . Whereas the maximum for cattle dung only, i.e. 0:3
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mixing ratio, was found at the twelfth day. The maximum values reached about
5.83, 4.67 and 3.83 L / day kg substrata for mixing ratios 1:1 , 1:2 and 1:3
respectively. While cattle dung reached a maximum value of about 3.33 L/ day kg
substrata. The production continued to drop slowly until 34", 32" 39* and 30
day. of operation for 1:1, 1:2, 1:3 and 0:3 mixing ratios respectively since it
reached about lees than 0.5 L / day kg substrata. However the remnant period of
the 90 days, the production rate ranged between 0.0 and 0.5 L / day kg substrata
with zero values as the majority of the range for all mixing ratios of water hyacinth

and cattle dung. it can be concluded that the production rate increases by increasing
the cotton stalks with cattle dung

4.1.3 Daily biogas production rate , L/ day. kg VS

Using rice straw, the rate of biogas production rate L / day kg VS at
various mixing ratios of cattle dung with rice straw throughout steady the 90 days
state were illustrated in Figure 4.9. The production oscillated sharply thereafter
reaching a maximum at sixth to seven day for all three mixing ratios . Whereas the
maximum for cattle dung only, i.e. 0:3 mixing ratio, was found at the twelfth day.
The maximum values reached about 20.98, 22.04 and 16.30 L / day kg VS for
mixing ratios 1:1 , 1:2 and 1:3 respectively. Meanwhile cattle dung it reached a
maximum value of about 22.31 L / day. Kg VS, The production continued to drop
slowly until 41", 78" 63% and 30" day. of operation for 1:1, 1:2, 1:3 and 0:3
nixing ratios respectively since it reached about less than 2.0 L / day. kg VS. On
the other hand the remnant period of the 90 days, the production rate ranged
between 0.0 and 0.2 L / day kg VS with zero values as the majority of the range for
all mixing ratios of rice straw and cattle dung. Generally, it can be notice that the
biogas production rate increases with the increase of cattle dung ratio in the

mixture from 1:1 to 1:2 but it decreased at the ratio of 1:3. However by comparing
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with cattle dung, it can be concluded that the production rate increases by
increasing the rice straw with cattle dung.
Concerning maize stalks, the rate of biogas production rate L / day kg VS
at various mixing ratios of cattle dung with maize stalks throughout steady the 90
days state were illustrated in Figure 4.10. The production oscillated sharply
thereafter reaching a maximum at 11 to 34 day for all three mixing ratios .
Whereas the maximum for cattle dung only, i.e. 0:3 mixing ratio, was found at
the twelfth day. The maximum values reached about 8.41, 11.2 and 10.80 L / day
Kg VS for mixing ratios 1:1, 1:2 and 1:3 respectively. Whilst cattle dung it
reached a maximum value of about 22.31 L / day kg VS . The production
continued to drop slowly until 63*, 87", 82 and 30" day. of operation for 1:1,
1:2, 1:3 and 0:3 mixing ratios respectively since it reached about 2.0 L / day kg
VS. However, the remnant period of the 90 days, the production rate
ranged between 0.0 and 0.2 L / day kg VS. With zero values as the majority of
the range for all mixing ratios of maize stalks and cattle dung. Also by comparing
with cattle dung, it can be concluded that the production rate increases by
increasing the maize stalks with cattle dung
Regarding cotton stalks, the rate of biogas production rate L/ day kg
VS at various mixing ratios of cattle dung with cotton stalks throughout steady
the 90 days state were illustrated in Figure 4.11. The production oscillated
sharply thereafter reaching a maximum at five to nine day for all three mixing
ratios. Whereas the maximum for cattle dung only, i.e. 0:3 mixing ratio, was
found at the twelfth day. The maximum values reached about 12.63, 10.19 and
14.21 L / day kg VS for mixing ratios 1:1, 1:2 and 1:3 respectively. For cattle
dung it reached a maximum value of about 22.31 L / day kg VS. The production
continued to drop slowly until 48", 48" 43" and 30" day of operation for 1:1, 1:2,
1:3 and 0:3 mixing ratios respectively since it reached about less than 2.0 L / day.

The date showed that the remnant period of the 90 days, the production rate
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ranged between 0.0 and 2.0 L / day kg VS with zero values as the majority of this
range for all mixing ratios of cotton stalks and cattle dung. However by
comparing with cattle dung, it can be concluded that the production rate increases
by increasing the cotton stalks with cattle dung.

Dealing water hyacinth, the rate of biogas production rate L / day kg VS at
various mixing ratios of cattle dung with water hyacinth throughout steady the 90
days state were illustrated in Figure 4.12 The production oscillated sharply
thereafter reaching a maximum at 18" day for all three mixing ratios . Whereas
the maximum for cattle dung only, i.e. 0:3 mixing ratio, was found at the twelfth
day. The maximum values reached about 20.67, 19.61 and 17.76 L / day kg VS
for mixing ratios 1:1 , 1:2 and 1:3 respectively. While cattle dung it reached a
maximum value of about 22.31 L / day kg VS. The production continued to drop
slowly until 32®, 32", 37" and 30" day of operation for 1:1, 1:2, 1:3 and 0:3
mixing ratios respectively since it reached about less than 2.0 L / day kg VS .
The date indicated that the remnant period of the 90 days, the production rate
ranged between 0.0 and 2.0 L / day kg VS with zero values as the majority of the
range for all mixing ratios of water hyacinth and cattle dung. However by
comparing with cattle dung, it can be concluded that the production rate increases
by increasing the water hyacinth with cattle dung. Using water hyacinth as an
additive to cattle dung in biogas plants enhances volatile fatty acids in fermenting

slurry because of its quick hydrolysis and fermentation (Deshpande et al., 1979)

4.1.4 Daily biogas production rate, L/ day. kg TS
Regarding rice straw, the rate of biogas production rate L / day kg TS at
various mixing ratios of cattle dung with rice straw throughout steady the 90 days
state were illustrated in Figure 4.13. The production oscillated sharply thereafter
reaching a maximum at sixth to seven day for all three mixing ratios . Whereas the

maximum for cattle dung only, i.e. 0:3 mixing ratio, was found at the twelfth day.
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The maximum values reached about 15.32, 16.39 and 12.29 L / day kg TS for
mixing ratios 1:1 , 1:2 and 1:3 respectively. However cattle dung it reached a
maximum value of about 18.52 L / day kg TS. The production continued to drop
slowly until 41%, 78", 65" and 30™ day of operation for 1:1, 1:2, 1:3 and 0:3 mixing
ratios respectively since it reached about less than 1.0 L / day kg TS. Also the
remnant period of the 90 days, the production rate ranged between 0.0 and 1.0 L /
day TS with zero values as the majority of the range for all mixing ratios of rice
straw and cattle dung. Generally, it can be notice that the biogas production rate
increases with the increase of cattle dung ratio in the mixture from 1:1 to 1:2 but it
decreased at the ratio of 1:3. However by comparing with cattle dung, a mixture of
cattle dung and chopped rice straw in the ratio of 1:2 (on dry mass basis) and
containing 15.2% initial TS performed better than cattle dung slurry in total solids
(TS) conversion and gas production. This might be attributed mainly to a higher
percentage of degradable solids (cellulose + hemicellulose) in the dung and rice
straw mixture. ( Shyam 2000 cited from Pathak et al 1985),

Concerning maize stalks, the rate of biogas production rate L / day kg TS
at various mixing ratios of cattle dung with maize stalks throughout steady the 90
days state were illustrated in Figure 4.14. The production oscillated sharply
thereafter reaching a maximum at 11 to 34 day for all three mixing ratios . Whereas
the maximum for cattle dung only, i.e. 0:3 mixing ratio, was found at the twelfth
day. The maximum values reached about 7.08, 9.42 and 9.07 L / day kg TS for
mixing ratios 1:1 , 1:2 and 1:3 respectively. Meanwhile cattle dung it reached a
maximum value of about 18.52 L / day kg TS . The production continued to drop
slowly until 63", 87", 82" and 30" day. of operation for 1:1, 1:2, 1:3 and 0:3
mixing ratios respectively since it reached about 2.0 L / day kg TS. For the
remnant period of the 90 days, the production rate ranged between 0.0 and 2.0 L /
day kg TS with zero values as the majority of the range for all mixing ratios of

maize stalks and cattle dung. However by comparing with cattle dung, it can be
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concluded that the production rate increases by increasing the maize stalks with
cattle dung

Regarding cotton stalks, the rate of biogas production rate L / day kg TS
at various mixing ratios of cattle dung with cotton stalks throughout steady the 90
days state were illustrated in Figure 4.15. The production oscillated sharply
thereafter reaching a maximum at five to nine day for all three mixing ratios.
Whereas the maximum for cattle dung only, i.e. 0:3 mixing ratio, was found at the
twelfth day. The maximum values reached about 10.16, 8.24 and 11.52 L / day kg
TS for mixing ratios 1:1, 1:2 and 1:3 respectively. Whilst cattle dung it reached a
maximum value of about 18.52 L / day kg TS. The production continued to drop
slowly until 48", 48" 43" and 30™ day. of operation for 1:1, 1:2, 1:3 and 0:3
mixing ratios respectively since it reached about less than 2.0 L / day kg TS . On
the other hand the remnant period of the 90 days, the production rate ranged
between 0.0 and 2.0 L / day kg TS with zero values as the majority of this range for
all mixing ratios of cotton stalks and cattle dung. However by comparing with
cattle dung, it can be concluded that the production rate decreases by adding or

mixing the cotton stalks with cattle dung.

Dealing water hyacinth, the rate of biogas production rate L / day kg TS at
various mixing ratios of cattle dung with water hyacinth throughout steady the 90
days state were illustrated in Figure 4.16. The production oscillated sharply
thereafter reaching a maximum at 18" %" for all three mixing ratios . Whereas the
maximum for cattle dung only, i.e. 0:3 mixing ratio, was found at the twelfth day.
The maximum values reached about 10.53, 10.87 and 10.44 L / day kg TS for
mixing ratios 1:1, 1:2 and 1:3 respectively. Also cattle dung it reached a maximum
value of about 18.52 L / day kg TS. The production continued to drop slowly until
32" 32" 37% and 30™ day. of operation for 1:1, 1:2, 1:3 and 0:3 mixing ratios
respectively since it reached about less than 2.0 L / day kg TS . The data showed

that the remnant period of the 90 days, the production rate ranged between 0.0 and

78

:om



"91exsqns SUNUIULIYY S} SB SO JUSIdJJIP 18 Sunp 9[13e0-S)[BIS U0J0d JOo
sImX1uW g 3uUisn uaym pappe SpIjos [e30} Jo ssews Jun e Jod uononpoid sedoiq A[re(y 1§ § 9In31g

Aep ‘o],

06 S8 08 SL oL $9 09 SS 0s 134 o¥ 133 0¢ 194 0T St 01 S

IS S0 T T T I U I I S S A A W S IO O P 0 K T U T U U T 0 O U O U O W 0 O N W W T B T N O WO O ME A N 1

[~

(€:0) @D:00 ——
(€:1) DS wwwsomone
(1D axso—
(rDaxsd --- |

f o o e o e et A 2 A B B A e S M M B e

0l

4]

4!

91

0T

S 3y “Aep; T ‘uononpoud se3oiq Lfeiq

79

om

N
s



L J

"oJensqns SUUSULIS) 9y} SB SONel JUSISJJIP Je Sunp 9[1ed-yiuroeiy Iajem Jo

amxTw & SUISN UdYM pappe SPI|os [ej03 Jo ssewr jrun e Jod uononpoid seorq Ajieq 91 ¢ 2131

IRARRITR ik

(£:0) D00 ———
(£:1) QDTHM ~meorone
(T adOHM —
(:DaoHEm ---

|

i
I
|
|
j

Kep ‘oun,
05 S» oOv s¢ 0 sz 0T ST Ol s 0
R P s e
; ,’ N
.w‘ [
\/ 7
\ X
\ ¥ E9
; s\ I
X
E o1
-zt
F 1
F ot
E 81

114

S1 8y "Aep; T ‘vononpoud seSoiq Lfe1q

80

om

N
s



2.0 L/ day kg TS with zcro values as the majority of the range for all mixing
ratios of water hyacinth and cattle dung. however and comparing with cattle
dung, it can be concluded that the production rate decreases by increasing the
water hyacinth with cattle dung,

From Figures 4.1 to 4.16 show pronouncedly that biogas production rate
from rice straw, maize stalks, cotton stalks and water hyacinth, through 90 days
attaining to the minimum biogas production rate at longer time ( about 40 - 80
days )for agricultural residues and water hyacinth as compared to cattle dung
about 30 days. This is due to the fact that bacteria needed for biogas production in
the case of agricultural residues takes a long time period to grow whereas in
ruminants waste such as cattle dung pathogens are already present and bacterial

growth takes a little time for biogas production.

4.1.5 Percentage of weekly production to the expected maximum
accumulated one:
From Table 4.1: Then the increasing percentage of biogas yield takes a
increase until 1" to 6" week and clearly decline rate for all treatments until the
A maximum end of the experiments.
of the biogas production rate could be gained during the 2 week of fermentation
for rice straw mixture at the three mixing ratios.
A maximum of the biogas production rate could be gained during the 3
to 6 week of fermentation for maize stalks mixture at the three mixing ratios.
A maximum of the biogas production rate could be gained during the 1
to 2 week of fermentation for cotton stalks mixture at the three mixing ratios.
A maximum of the biogas production rate could be gained during the 3
week of fermentation for water hyacinth mixture at the three mixing ratios.
A maximum of the biogas production rate could be gained during the 2

week of fermentation for cattle dung alone.
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4.2 Accumulated biogas production:

Accumulated biogas production in terms of L / digester, L / kg feed, L /kg
VS and L / kg TS were shown in the following Figures from 4.17 to 4.32. All
investigated crop residue and water hyacinth as well as cattle dung showed
monophasic curves of accumulated biogas production. After a steep increase,
biogas production decreased resulting in a plateau of the cumulative curve. This
general trend had been found in the accumulated biogas production related to
digester, feed add, volatile solids added (VS) and total solids added (TS). This is in

greement with all references in this arca

4.2.1 Modeling accumulated biogas production:

The biogas produced from crop residues and water hyacinth mixed with
cattle dung was determined daily during the digestion period. Cumulative value
was then calculated weekly, so that we have 13 values each of them represents the
cumulative production during a one week. However the 13" value was calculated
from only the last six days production to complete the whole period of 90 days.
The weekly cumulative values during the digestion period (t) of 13 weeks were
plotted as cumulative curve Y, related to volatile solids (VS) and total solids (TS).
Meanwhile the purpose of investigating the biogas yield behavior throughout the
fermentation time, the accumulated yield in terms of L / digester, L / kg feed, L/
kg VS and L /kg TS was presented graphically. According to (Mahnert et al.
2002) the Cumulative biogas yield could be described by an exponential equation

in the following form:
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Were :
Y(t) = accumulated biogas yield at time t, (week).

Y max =maximum accumulated biogas yield at the end of the

fermentation time (L/digester, L/kg feed, L/Kg VS and L/ kg TS).
a and b = the equation parameters, in which a and b are positive values.
The above mentioned equation (4.1) was found to offer a very good
description of the accumulated biogas production for all treatments. The
parameters a and b and R? values corresponding each treatment are
indicated in the following sections. However, high significancy of a and b
parameters (probability of t = 0.00001) and the regression between Y and
t ( probability of F = 0.00001 ) were found for all treatments. As well as,
R? values ranged between 098 to 0.99 for all treatments.

4.2.2 Accumulated biogas production, L/ digester:

Regarding rice straw, Figure 4.17 showed that the sharp increase
in biogas yield until 7" week of anaerobic digestion for all mixing ratios.
Exception was found for the control treatment, i.e. cattle dung, since the
biogas yield sharply increased until the 5" week. After that, biogas
production decreased resulting in a plateau of the cumulative curve. It can
be noticed that the rice straw gives the higher yield of biogas production at

mixing ratio rice straw: cattle dung 1:2 followed by mixing ratio 1:3 and
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Accumulated biogas production, L / digester
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Figur 4.17 : Accumulated biogas production through ninety days
when using different ratios of rice straw : cattle
dung as the fermenting substrate.
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finally 1:1. The amount of biogas production throughout 90 days
fermentation for all mixing ratios were 23.8, 39.75, 38.67 and 1340 L /
digester for mixing ratios 1:1, 1:2, 1:3 and control treatment respectively.

Concerning maize stalks, Figure 4.18 showed that the sharp
increases in biogas yield until 9" week of anaerobic digestion for all
mixing ratios. Exception was found for the control treatment, i.e. cattle
dung, since the biogas yield sharply increased until the 5 week. After that,
biogas production decreased resulting in a plateau of the cumulative curve.
It can be noticed that the maize stalks gives the higher yield of biogas
production at mixing ratio maize stalks: cattle dung 1:3 followed by
mixing ratio 1:2 and finally 1:1. The amount of biogas production
throughout 90 days fermentation for all mixing ratios were 2417, 32.73,
34.25 and 13.40 L / digester for mixing ratios 1:1, 1:2, 1:3 and control

treatment respectively.

Using cotton stalks, Figure 4.19 showed that the sharp increase
in biogas yield until 6™ week of anaerobic digestion for all mixing ratios.
Exception was found for the control treatment, i.e. cattle dung, since the
biogas yield sharply increased until the 5" week. After that, biogas
production decreased resulting in a plateau of the cumulative curve. It can
be noticed that the cotton stalks gives the higher yield of biogas production
at mixing ratio cotton stalks: cattle dung 1:3 followed by mixing ratio 1:2
and finally 1:1. The amount of biogas production throughout 90 days
fermentation for all mixing ratios were 17.47, 19.27, 21.5 and 13.40 L. /
digester for mixing ratios 1:1, 1:2, 1:3 and control treatment respectively.

Dealing water hyacinth, Figure 4.20 showed that the sharp
increase in biogas yield until 4™ week of anaerobic digestion for all mixing
ratios. Exception was found for the control treatment, i.e. cattle dung, since

the biogas yield sharply increased until the 5" week. After that, biogas
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Accumulated biogas production, L / digester
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Figur 4.18 : Accumulated biogas production through ninety days
when using different ratios of maize stalks: cattle
dung as the fermenting substrate.
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Accumulated biogas production, L / digester
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Figur4.19 : Accumulated biogas production through ninety days
when using different ratios of cotton stalks : cattle
dung as the fermenting substrate,
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Accumulated biogas production, L / digester
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Figur 4.20 : Accumulated biogas production through ninety days
when using different ratios of water hyacinth :
cattle dung as the fermenting substrate.
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production decreased resulting in a plateau of the cumulative curve. 1t can be
noticed that the water hyacinth gives the higher yield of biogas production at
mixing ratio water hyacinth: cattle dung 1:3 followed by mixing ratio 1:2 and
finally 1:1. The amount of biogas production throughout 90 days
fermentation for all mixing ratios were 17.87, 20.6, 25.07 and 13.40 L /
digester for mixing ratios 1:1, 1:2, 1:3 and control treatment respectively.

Analysis of variance in Tables A-1 and A-2 had been done to
indicate the significancy effect of treatment on the accumulated biogas
production in I / digester. It was found a highly significant difference
between treatments. Highly significant eftect was found for the agricultural
waste. Highly Significant effect was found for the mixing ratio. Significant
effect was found for the interaction between the agricultural waste and

mixing ratio

From the previously mentioned results one can conclude that the
highest biogas yield when using rice straw was 39.75 L /digester at a mixing
ratio 1:2. When using maize stalks the highest yield reached 34.73 L /
digester at a mixing ratio 1:3. For cotton stalks, it reached 21.5 L /digester at
a mixing ratio 1:1. When using water hyacinth, it reached 25.07 L digester at

a mixing ratio 1:3.
4.2.3 Accumulated biogas production, L/ kg substrata:

Regarding rice straw, Figure 4.21 showed that the sharp increase in
biogas yield until 7" week of anaerobic digestion for all mixing ratios.
Exception was found for the control treatment, i.e. cattle dung, since the
biogas yield sharply increased until the 5% week. After that, biogas
production decreased resulting in a plateau of the cumulative curve. It can be

noticed that the rice straw gives the higher yield of biogas production at
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Accumulated biogas production, L / kg substrate
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Figur 4.21 : Accumulated biogas production through ninety days

when using different ratios of rice straw : cattle
dung as the fermenting substrate.
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mixing ratio rice straw: cattle dung 1:2 followed by mixing ratio 1:3 and finally
1:1. The amount of biogas production throughout 90 days fermentation for all
mixing ratios were 119.0, 132.5, 96.67 and 44.67 L / kg substrata for mixing
ratios 1:1, 1:2, 1:3 and control treatment respectively.

According to maize stalks, Figure 4.22 showed that the sharp increase in
biogas yield until 9" week of anaerobic digestion for all mixing ratios.
Exception was found for the control treatment, i.e. cattle dung, since the biogas
yield sharply increased until the 5" week. After that, biogas production
decreased resulting in a plateau of the cumulative curve. It can be noticed that
the maize stalks gives the higher yield of biogas production at mixing ratio
maize stalks: cattle dung 1:1 followed by mixing ratio 1:2 and finally 1:3. The
amount of biogas production throughout 90 days fermentation for all mixing
ratios were 120.83, 109.11, 85.63 and 44.67 L /kg substrata for mixing ratios
1:1, 1:2, 1:3 and control treatment respectively.

In the same manner by using cotton stalks, Figure 4.23 showed that
the sharp increase in biogas yield until 6" week of anaerobic digestion for all
mixing ratios. Exception was found for the control treatment, i.e. cattle dung,
since the biogas yield sharply increased until the 5" week. After that, biogas
production decreased resulting in a plateau of the cumulative curve. It can be
noticed that the cotton stalks gives the higher yield of biogas production at
mixing ratio cotton stalks: cattle dung 1:1 followed by mixing ratio 1:2 and
finally 1:3. The amount of biogas production throughout 90 days fermentation
for all mixing ratios were 87.33, 64.22, 53.75 and 44.67 L / kg substrata for

mixing ratios 1:1, 1:2, 1:3 and control treatment respectively.
The same tendency was obtained in case of water hyacinth, Figure
4.24 showed that the sharp increase in biogas yield until 4™ week of anaerobic
digestion for all mixing ratios. Exception was found for the control treatment,

i.e. cattle dung, since the biogas yield sharply increased until the 5" week. After
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Accumulated biogas production, L / kg substrate
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Figur 4.22 : Accumulated biogas production through ninety days

when using different ratios of maize stalks : cattle
dung as the fermenting substrate.
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Accumulated biogas production, L / kg substrate
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Figur 4.23 : Accumulated biogas production through ninety days
when using different ratios of cotton stalks : cattle
dung as the fermenting substrate.
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Accumulated biogas production, L /kg substrate
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Figur 4.24 : Accumulated biogas production through ninety days

when using different ratios of water hyacinth :
cattle dung as the fermenting substrate.
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that, biogas production decreased resulting in a plateau of the cumulative curve.
It can be noticed that the water hyacinth gives the higher yield of biogas
production at mixing ratio water hyacinth: cattle dung 1:1 followed by mixing
ratio 1:2 and finally 1:3. The amount of biogas production throughout 90 days
fermentation for all mixing ratios were 89.33, 68.67, 62.67 and 44.67 L / kg
substrata for mixing ratios 1:1, 1:2, 1:3 and control treatment respectively.

Analysis of variance in Tables A-3 and A-4 had been done to indicate
the significancy effect of treatment on the accumulated biogas production in L /
kg substrata. It was found a highly significant difference between treatments.
Highly significant effect was found for the agricultural waste. Highly
Significant effect was found for the mixing ratio. On the other hand no
significant effect was found for the interaction between the agricultural waste
and mixing ratio

From the previously mentioned results one can conclude that the
highest biogas yield when using rice straw was 132.5 L /kg substrata at a
mixing ratio 1:2. When using maize stalks the highest yield reached 120.83 L /
kg substrata at a mixing ratio 1:1. Also for cotton stalks, it reached 87.33 L /kg
substrata at a mixing ratio 1:1. By using water hyacinth, it reached 89.33 L/ kg
substrata at a mixing ratio 1:1.

4.2.4 Accumulated biogas production, L / kg VS:

Regarding rice straw, Figure 4.25 showed that the sharp increase in
biogas yield until 7™ week of anaerobic digestion for all mixing ratios.
Exception was found for the control treatment, i.e. cattle dung, since the biogas
yield sharply increased until the 5" week. After that, biogas production
decreased resulting in a plateau of the cumulative curve. It can be noticed that

the rice straw gives the higher yield of biogas production at mixing ratio rice
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Accumulated biogas production, L /kg VS

450 -

400 A

350 1

(4

(=1

o
1

N

w

o
1

[

(=4

o
1

150 + R
& Observed RS:CD (1:1)
—— Y=288.135(1-EXP(-0.472X))"1.586 R”=0.99
100 4 A& Observed RS:CD (1:2)
e Y=407.442(1-EXP(-0.314X))"1.232 R*=0.99
® Observed RS:CD (1:3)
50 4 —— Y=344(1-EXP((-0.314.00X))"1.444 R"=0.99
O Observed --:CD (0:3)
— Y=298.97(1-EXP(-0.450X))"2.148 R"=0.98
0¢ T T T T T T T T T T T T 1
0 i 2 3 4 5 6 7 8 9 10 11 12 13

Time, week

Figure 4.25 : Accumulated biogas production through ninety
days when using rice straw : cattle dung at different
ratios as the fermentation substrate.
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straw: cattle dung 1:2 followed by mixing ratio 1:3 and finally 1:1. The amount
of biogas production throughout 90 days fermentation for all mixing ratios were
288.13, 407.44, 344.0 and 298.97 L / kg VS for mixing ratios 1:1, 1:2, 1:3 and
control treatment respectively.

Concerning maize stalks, Figure 4.26 showed that the sharp increase in
biogas yields until 9™ week of anaerobic digestion for all mixing ratios.
Exception was found for the control treatment, i.e. cattle dung, since the biogas
yield sharply increased until the 5™ week. After that, biogas production
decreased resulting in a plateau of the cumulative curve. It can be noticed that
the maize stalks gives the higher yield of biogas production at mixing ratio
maize stalks: cattle dung 1:2 followed by mixing ratio 1:3 and finally 1:1. The
amount of biogas production throughout 90 days fermentation for all mixing
ratios were 254.0, 297.35, 273.95 and 298.97 L /kg VS for mixing ratios 1:1,
1:2, 1:3 and control treatment respectively.

By using cotton stalks, Figure 4.27 showed that the sharp increases in
biogas yield until 6™ week of anaerobic digestion for all mixing ratios.
Exception was found for the control treatment, i.e. cattle dung, since the biogas
yield sharply increased until the 5" week. After that, biogas production
decreased resulting in a plateau of the cumulative curve. It can be noticed that
the cotton stalks gives the higher yield of biogas production at mixing ratio
cotton stalks: cattle dung 1:1 followed by mixing ratio 1:2 and finally 1:3. The
amount of biogas production throughout 90 days fermentation for all mixing
ratios were 194.59, 184.01, 179.7 and 298.97 L / kg VS for mixing ratios 1:1,

1.2, 1:3 and control treatment respectively.
Dealing water hyacinth, Figure 4.28 showed that the sharp increase in
biogas yield until 4" week of anaerobic digestion for all mixing ratios.
Exception was found for the control treatment, i.e. cattle dung, since the biogas

yield sharply increased until the 5™ week. After that, biogas production
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Accumulated biogas production, L /kg VS
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Figure 4.26 : Accumulated biogas production through ninety
days when using maize stalks : cattle dung at
different ratios as the fermentation substrate.
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Accumulated biogas production, L /kg VS
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Figure 4.27 : Accumulated biogas production through ninety
days when using cotton stalks : cattle dung at
different ratios as the fermentation substrate.
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Accumulated biogas production, L /kg VS
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Figure 4.28 : Accumulated biogas production through ninety
days when using water hyacinth : cattle dung at
different ratios as the fermentation substrate.
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decreased resulting in a plateau of the cumulative curve. It can be noticed that
the water hyacinth gives the higher yield of biogas production at mixing ratio
water hyacinth: cattle dung 1:1 followed by mixing ratio 1:3 and finally 1:2.
The amount of biogas production throughout 90 days fermentation for all
mixing ratios were 316.56, 288.59, 290.39 and 298.97 L / kg VS for mixing
ratios 1:1, 1:2, 1:3 and control treatment respectively.

Analysis of variance in Tables A-5 and A-6 had been done to indicate
the significancy effect of treatment on the accumulated biogas production in L /
kg VS. It was found a highly significant difference between treatments. Highly
significant effect was found for the agricultural waste. no Significant effect was
found for the mixing ratio. On the other hand significant effect was found for
the interaction between the agricultural waste and mixing ratio.

From the previously mentioned results one can conclude that the
highest biogas yield when using rice straw was 407.44 L /kg VS at a mixing
ratio 1:2. When using maize stalks the highest yield reached 297.35 L/ kg VS at
a mixing ratio 1:2. For cotton stalks, it reached 194.59 L /kg VS at a mixing
ratio 1:1. When using water hyacinth, it reached 316.56 L / kg VS at a mixing

ratio 1:1.

4.2.5 Accumulated biogas production, L / kg TS:

Regarding rice straw, Figure 4.29 showed that the sharp increase in
biogas yield until 7" week of anaerobic digestion for all mixing ratios.
Exception was found for the control treatment, i.e. cattle dung, since the biogas
yield sharply increased until the 5™ week. After that, biogas production
decreased resulting in a plateau of the cumulative curve. It can be noticed that
the rice straw gives the higher yield of biogas production at mixing ratio rice
straw: cattle dung 1:2 followed by mixing ratio 1:3 and finally 1:1. The amount

of biogas production throughout 90 days fermentation for all mixing ratios were
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Accumulated biogas production, L /kg TS
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Figur 4.29 : Accumulated biogas production through ninety days
when using different ratios of rice straw : cattle
dung as the fermenting substrate.
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210.36, 303.1, 259.49 and 248.15 L /kg TS for mixing ratios 1:1, 1:2, 1:3 and
control treatment respectively.

According to maize stalks, Figure 4.30 showed that the sharp
increase in biogas yield until 9" week of anaerobic digestion for all mixing
ratios. Exception was found for the control treatment, i.e. cattle dung, since the
biogas yield sharply increased until the 5" week. After that, biogas production
decreased resulting in a plateau of the cumulative curve. It can be noticed that
the maize stalks gives the higher yield of biogas production at mixing ratio
maize stalks: cattle dung 1:2 followed by mixing ratio 1:3 and finally 1:1. The
amount of biogas production throughout 90 days fermentation for all mixing
ratios were 214.05, 249.87, 230.06 and 248.15 1. /kg TS for mixing ratios 1:1,
1:2, 1:3 and control treatment respectively.

Meanwhile, by using cotton stalks, Figure 4.31 showed that the sharp
increase in biogas yield until 6 week of anacrobic digestion for all mixing
ratios. Exception was found for the control treatment, i.e. cattle dung, since the
biogas yield sharply increased until the 5" week. After that, biogas production
decreased resulting in a plateau of the cumulative curve. It can be noticed that
the cotton stalks gives the higher yield of biogas production at mixing ratio
cotton stalks: cattle dung 1:1 followed by mixing ratio 1:2 and finally 1:3. The
amount of biogas production throughout 90 days fermentation for all mixing
ratios were 156.59, 148.72, 145.72 and 248.15 L / kg TS for mixing ratios 1:1,

1:2, 1:3 and control treatment respectively.

Also, when using water hyacinth, Figure 4.32 showed that the sharp
increases in biogas yield until 4™ week of anaerobic digestion for all mixing
ratios. Exception was found for the control treatment, i.e. cattle dung, since the
biogas yield sharply increased until the 5" week. After that, biogas production
decreased resulting in a plateau of the cumulative curve. It can be noticed that

the water hyacinth gives the higher yield of biogas production at mixing ratio

104

:om



Accumulative biogas production, L / kg TS.
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Figure 4.30 : Accumulated biogas production through ninety days when

using different ratios of maize stalks: cattle dung ratios as the
fermentation substrate.
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Accumulated biogas production, L / kg TS
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Figur 4.31:Accumulated biogas production through ninety days
when using different ratios of cotton stalks : cattle dung
as the fermenting substrate
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Accumulated biogas production L /kg TS
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Figur 4.32 :Accumulated biogas production through ninety days

when using different ratios of water hyacinth : cattle
dung as the fermenting substrate.
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water hyacinth: cattle dung 1:3 followed by mixing ratio 1:1 and finally 1:2.
The amount of biogas production throughout 90 days fermentation for all
mixing ratios were 161.26, 159.95, 170.76 and 248.15 L / kg TS for mixing
ratios 1:1, 1:2, 1:3 and control treatment respectively.

Analysis of variance in Tables A-7 and A-8 had been done to indicate
the significancy effect of treatment on the accumulated biogas production in L /
kg TS. It was found a highly significant difference between treatments. Highly
significant effect was found for the agricultural waste. Highly Significant effect
was found for the mixing ratio. On the other hand highly significant effect was
found for the interaction between the agricultural waste and mixing ratio.

From the previously mentioned results one can conclude that the
highest biogas yield when using rice straw was 303.1 /kg TS at a mixing ratio
1:2. When using maize stalks the highest yield reached 249.87 L / kg TS at a
mixing ratio 1:2. For cotton stalks, it reached 156.59 L /kg TS at a mixing ratio

1:1. When using water hyacinth, it reached 170.76 L / kg TS at a mixing ratio
1:3.

4.2.6 Net accumulated biogas production L /kg residue.

Figure 4.33 showed the theoretical net accumulated biogas production
from three agricultural residues and water hyacinth as a single substrate in L/ kg
residue. This was done by eliminating biogas produced from cattle dung share.
The theoretical net accumulated biogas production from rice straw mixture were
193.3, 308.2 and 253.0 L/kg residue at mixing ratios 1:1, 1:2 and 1:3
respectively. Whereas maize stalks it reached 197.0, 238.0 and 208.5 L/kg
residue at mixing ratios 1:1, 1:2 and 1:3 respectively. Meanwhile cotton stalks the
corresponding values were 130, 103.3 and 81.0 L/kg residue at mixing ratios 1:1,
1:2 and 1:3 respectively. Finally water hyacinth gives 134.0, 116.7 and 116.7

L/kg residuc at mixing ratios 1:1, 1:2 and 1.3 respectively. It was revealed that
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there was a variation in net accumulated biogas production per a unit mass of the
residue because of the different mixing ratio for all agricultural residues and
water hyacinth with cattle dung. This variation was appeared virtually when
using rice straw or maize stalks than that when using cotton stalks or water
hyacinth. This may refer to the high content of lignin that has no digestibility in
water hyacinth and cotton stalks than that in rice straw and maize stalks.

4.2.7 Contribution of crop residue as a percentage in the substrate in the
accumulated biogas yield:

To indicate the contribution of crop residue percentage in terms and
their effect on the biogas yield expressed in terms L /digester, L / kg feed, L /
kg VS, L /kg TS were shown in the following sections. as well as, the variation
in the substrate mass and moisture content with the different crop residue

percentage are indicated.

a. Effect of crop residue percentage in the substrate on the accumulated
biogas yield, L/digester
The accumulated biogas yield under three levels of crop residues and
water hyacinth-caitle dung mixtures in L/ digester is shown in Figure 4.34. It is
clear that increasing crop residue percentage in the mixture decreases the biogas
yield in terms of L / digester. Actually this result was expected because of the
corresponding decrease in the substrate mass within each digester by increasing
the crop residue percentage. For the digester with 25 % rice straw (75 % cattle
dung), the biogas yield was 38.7 L / digester. Whereas, for the digester with
33.33 % rice straw (66.66 % cattle dung), the biogas yield was 39.75 L
/digester. Finally for the reactor with 50 % rice straw (50 % cattle dung), the
biogas yield was 23.8 L / digester.
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Biogas yield, L/ digester
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Figure 4.34 : Effect of crop residue or water hyacinth percentage

mixed with cattle dung on the accumulated biogas
yield per digester throught ninty days.
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However, maize stalks mixture, the corresponding values were 34.25, 32.73
and 24.17 L /digester at 25 %, 33.33 % and 50 % crop residue in the
substrate respectively.
In the meanwhile cotton stalks mixture, the corresponding values were
21.5,19.27 and 17.47 L /digester at 25 %, 33.33 % and 50 % crop residue in the
substrate respectively.
In the same manner water hyacinth mixture, the corresponding values were
25.07, 20.6 and 17.87 L /digester at 25 %, 33.33 % and 50 % crop residue in
the substrate respectively.

b. Effect of crop residue percentage in substrate on accumulated biogas
yield in, L/kg substrata:

The accumulated biogas yield under three levels of crop residues and
water hyacinth-cattle dung mixture in L/ kg substrata is given in Figure 4.35 it
is revealed that increasing crop residue percentage in the mixture increases
biogas yield in L / kg substrata this is because of the corresponding decrease in
the moisture content of the substrate or in other words increasing the
concentration of the active material in the substrate.

Whereas rice straw mixture, the corresponding values were 96.67, 132.5
and 119 L /kg substrata at 25 %, 33.33 % and 50 % crop residue in the substrate

respectively,

Also, maze stalks mixture, the corresponding values were 85.63, 109.11
and 120.83 L / kg substrata at 25 %, 33.33 % and 50 % crop residue in the
substrate respectively.

Meanwhile cotton stalks mixture, the corresponding values were 53.75,
64.22 and 87.33 L / kg substrata at 25 %, 33.33 % and 50 % crop residue in the

substrate respectively.
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Biogas yield, L/ kg substrate
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Figure 4.35 : Effect of crop residue or water hyacinth percentage
mixed with cattle dung on the accumulated biogas
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On the other hand water hyacinth mixture, the corresponding values were
62.67, 68.67 and 89.33 L / kg feed at 25 %, 33.33 % and 50 % crop residue in

the substrate respectively.

c. Effect of crop residue percentage in the substrate on the accumulated
biogas yield, L / kg VS:

Figure 4.36 shows a decrease in biogas yield in L / kg VS for rice straw
and maize stalks by increasing crop residue percentage in the mixture. On the
other hand there was on increase in biogas yield by increase crop residue
percentage for cotton stalks and water hyacinth. These both inverse general
trend may refer to the fairly variation in volatile solids content. The results
indicated that, the increase in lignin content specifically in water hyacinth since
it has a high content of hemicellulose and cellulose, but the existing
hemicellulose has a rather strong association with the lignin in the plant, which
makes it unavailable for the microorganisms (Patel et al., 1993a).

The obtained data of biogas yield from rice straw mixture indicated
that, the corresponding values were 344.0, 407.44 and 288.14 L /kg VS at 25 %,
33.33 % and 50 % crop residue in the substrate respectively.

Mean while maze stalks mixture, the corresponding values were 273.95,
297.05 and 253.93 L / kg VS at 25 %, 33.33 % and 50 % crop residue in the

substrate respectively.

Also, cotton stalks mixture, the corresponding values were 179.7, 184.0
and 197.59 L / kg VS at 25 %, 33.33 % and 50 % crop residue in the substrate

respectively.

On the other hand water hyacinth mixture, the corresponding values were
290.38, 288.6 and 316.55 L / kg VS at 25 %, 33.33 % and 50 % crop residue in

the substrate respectively.
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Accumulated biogas yield, L/ kg VS
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Figure 4.36 : Effect of crop residue or water hyacinth percentage

mixed with cattle dung on the accumulated biogas
yield per kg VS throught ninty days.
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d. Effect of crop residue percentage in the substrate on the accumulated
biogas yield, L/kg TS.

As a general trends the biogas yield decreased by increasing crop residue
percentage in the substrate mixture for the crop residue Figure 4.37. One
exception was found for cotton stalks mixture since it appear to increase by
increasing crop residue percentage.

The results indicated that by using rice straw mixture, the corresponding

values were 210.36, 303.1 and 259.49 L /kg TS at 25 %, 33.33 % and 50 % crop
residue in the substrate respectively.
Also maze stalks mixture, the corresponding values were 214.05, 249,87
and 230.25 L / kg TS at 25 %, 33.33 % and 50 % crop residue in the substrate
respectively.
However cotton stalks mixture, the corresponding values were 156.59,
148.72 and 145.72 L / kg TS at 25 %, 33.33 % and 50 % crop residue in the
substrate respectively.
Whilst water hyacinth mixture, the corresponding values were 161.26,
159.95 and 170.76 L / kg TS at 25 %, 33.33 % and 50 % crop residue in the

substrate respectively.

4.3. Weekly biogas yield gain:

From Figures 4.38 to 4.41 indicates the weekly biogas yield gain
expressed in a percentage of the weekly accumulated biogas production from
the total accumulated biogas yield at the end of the 90 days for all treatments.

Half the biogas yield could be gained during the third, five, (4,4 and 3)
and third week of fermentation for rice straw, maize stalks, cotton stalks and

water hyacinth mixture at the three mixing ratios respectively. Half the biogas
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Figure 4.37 : Effect of crop residue or water hyacinth percentage
mixed with cattle dung on the accumulated biogas
yield per kg TS throught ninty days.
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yield could be gained during the forth week of fermentation for cattle dung
alone.

From Figures 4.38 to 4.41 and a general trend it is clear that there is a
sharp increase in biogas yield gain until 90 % of the total yield was gained.
Then the increasing percentage of biogas yield takes a clearly decline rate until
reaching the 100 % of the total yield. This could be found for all treatments.

Figure 4.38 a 90 % of the biogas yield could be gained during the 6, 9

and 8 week of fermentation for rice straw mixture at the three mixing ratios .

Figure 4.39 a 90% of the biogas yield could be gained during the 8, 10
and 10 week of fermentation for maize stalks mixture at the three mixing ratios

Figure 4.40 a 90% of the biogas yield could be gained during the 8, 7
and 7 week of fermentation for cotton stalks mixture at the three mixing ratios,

Figure 4.41 a 90 % of the biogas yield could be gained during the 5, 4
and 5 week of fermentation for water hyacinth mixture at the three mixing

ratios.

Figure 4.42 a 90 % of the biogas yield could be gained during the eight

week of fermentation for cattle dung alone.

118

:om



Percentage of biogas yield%

100 -
90 4
80 +
70 A
60
50 A
40 -

30

——RS:CD (1:1)
--RS:CD (1:2)
——RS:CD (1:3)

20 A

10

0 T T T T T T T T T T T T 1

0 1 2 3 4 5 6 7 8 9 10 11 12 13
Week
Figure 4.38: Accumulated biogas yield as percentage of total
accumulated value when using different ratios of rice
straw: cattle dung as the fermenting substrate.
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Figure 4.39: Accumulated biogas yield as percentage of total
accumulated value when using different ratios of

maizestalks:cattle dung as the fermenting substrate.
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Figure 4.40: Accumulated biogas yield as percentage of total

accumulated value when using different ratios of
cotton stalks:cattle dung as the fermenting substrate.
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Figure 4.41: Accumulated biogas yield as percentage of total
accumulated value when using different ratios of water
hyacinth: cattle dung as the fermentation substrate.
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Table 4.2 : Recommended conditions for the studied agricultural waste
anaerobic digestion for generating biogas values depend on 90 %
gain of the expected maximum yield at 90 days.

Biogas yield
Agricultural | mixing | Fermentation
waste ratio time, day L/kgfeed | L/kg TS| L/kg VS
01:01 42 110 194.45 | 266.34
RS 01:02 63 122.5 | 280.23 | 376.69
01:03 56 87.08 | 234.68 | 311.11
01:01 56 109 193.14 | 229.126
MS | 01:02 70 99.44 | 227.96 271
01:03 70 77.63 | 208.57 | 248.35
01:01 56 81.33 | 145.84 | 181.22
Cs 01:02 49 58.89 136.38 | 168.73
01:03 49 49.75 | 134.88 | 166.33
01:01 35 82.83 149.53 | 293.53
WH 01:02 28 62.22 144.94 | 261.51
01:03 35 59.17 161.23 | 274.17
CD 00:03 56 40.33 | 224.07 | 289.97
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5. SUMMARY AND CONCLUSIONS

One of the biggest environmental problems in Egypt is how to get rid of
agricultural wastes. Amount of wastes of some crops like rice straw, maize stalks
and cotton stalks reached 11.04 M ton / year (11.04 Tg /year) (Helmy et al,
2003). Getting rid of these wastes is a big problem for the farmer. He burns these
wastes, but , this is environmentally harmful, causes health problems in addition
to loosing these wastes as an organic matter. Using the organic fertilizer that
contains grass seeds, causes spreading for grasses, and loses a good deal of
organic matter as a result of bad treatment. As well, water hyacinth as an another
biological species accompanies the agricultural activities represents an additional
problem. It grows fast, closes water canals, and causes a high percentage of water
loss. High costs for cleaning these canals from large amount of water hyacinth
without an economical benefit are not just ivied. Therefore one of the most
suitable ways to cope with these problems and to treat these wastes is the
anaerobic fermentation technology. It does not cost much, produces biogas which
is one of the permanent energy sources, produces organic fertilizer which is rich
~ in feeding elements especially nitrogen. In addition, it plays an important role in

reducing the effect of diseases causes and the harmful grasses.

5.1 Scope of the work
The scope of the present study was to investigate how to utilize the
agricultural residues and animal manure to acquire a non-traditional energy
source. Specifically, rice straw, maize stalks, cotton stalks and water hyacinth

mixed with cattle dung were given the main interest in the present work.
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5.2 Treatments
Three mixing ratios namely, 1:1, 1:2 and 1:3 to illustrate the ratio of
crop residue or water hyacinth to cattle dung were investigated. A ratio of 0:3
which means neither crop residue nor water hyacinth was added to cattle dung,
i.e. the substrate is 100% cattle dung, was investigated as a control treatment.
All experimental runs were conducted at constant temperature, agitation
schedule and fermentation time. Each treatment was replicated three times. The

whole experiments were done during the period form 30/8/2005 to 30/12/2006.

5.3 Materials and methodology

The experiments were carried out by using 10 laboratory experimental
reactors 10.7 liters each that were made from stainless steel. The reactors were
placed in an insulated water container works as a water bath at a constant
temperature 311+ 2 K (38 + 2 ° C ) by the way of an electrical heater and a
thermostat. The container equipped with a fan for stirring the water to keep the
uniformity of water temperature. Each reactor equipped with a stainless steel
shaft has 2 impellers and takes its movement from an 0.25 k W motor having
1400 r. p. m speed. This rotational speed is lowered to nearly 50 r .p. m for the
stirrer. The stirring schedule was kept constant at a quarter of an hour every 4
hours. The reactor was provided by sun dried crop residue that was cuted into
pieces by a traditional stationary thresher. 100 gm of the cutted residue are
added to each reactor in addition to 100, 200 and 300 gm of fresh cattle dung
for getting the mixing ratio of 1:1, 1:2 and 1:3 respectively among the crop
residue or water hyacinth and cattle dung.

All experiments were run for 90 days. During which the daily biogas

yield was collected and recorded. The average of the three replicates was
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calculated. The accumulated biogas yield was calculated as well . Absolute

values in L and specific values in L /kg TS were presented.

5.4 Modeling the accumulated biogas yield:

For the purpose of investigating the biogas yield behavior throughout the
fermentation time, the accumulated yield in terms of L /kg TS was presented
graphically. A general trend of the cumulative curve in which after a steep
increase in biogas yield, it goes to decrease resulting in a plateau of the
cumulative curve was modeled according to ( Mahnert et al. 2002) and
(Mehanert et al 2005). This cumulative biogas yield could be described by an
exponential equation in the following form:

Y = Vo (1-€™)°
Where:

Y(t) = accumulated biogas yield at time t.

Ymax  =maximum accumulated biogas yield at the end of the

fermentation time

a and b = the equation parameters, in which a and b are positive values.

5. § Statistical analysis;
Experimental data were analyzed according to split plot design in three
replications. This indicates the significancy of the studied factors and the

interaction between them.

S. 6 Important results:
1- The statistical analysis showed significant differences in the
accumulated biogas yield due to the type of the agricultural wastes in addition

to water hyacinth at all three mixing ratios. On the other hand, no significant
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differences were found in the accumulated biogas yield caused by the variation

in mixing ratios for all four substrate materials. Exceptions during the

fermentation period after the ninth week since significant differences were
found during this remainder period.

2- The highest values of accumulated absolute biogas production were
found to be 39.75, 34.25, 25.07 and 21.5 L for rice straw mixed with cattle dung
at a ratio of 1:2, maize stalks mixed with cattle dung at a ratio of 1.3, water
hyacinth mixed with cattle dung at a ratio of 1:3, and cotton stalks mixing with

cattle dung at a ratio of 1:3, respectively.

3- For specific accumulated biogas production in terms of L / kg TS, the
highest values were 303.1, 249.87, 170.76 and 156.59 for rice straw mixed with
cattle dung at a ratio of 1:2, maize stalks mixed with cattle dung at a ratio of
1:2, water hyacinth mixed with cattle dung at a ratio of 1:3 and cotton stalks
mixed with cattle dung at a ratio of 1:1, respectively.

4- For specific accumulated biogas production in terms of L / kg VS, the
highest values were 407.44, 316.55, 397.05 and 194.59 for rice straw mixed
with cattle dung at a ratio of 1:2, water hyacinth mixed with cattle dung at a
ratio of 1:1, maize stalks mixed with cattle dung at a ratio of 1:2 cotton stalks

mixed with cattle dung at a ratio of 1:1, respectively.

5- Regarding daily average of specific production in terms of L /kg TS the
highest values rate were 3.37, 2.78, 1.9 and 1.74 for rice straw mixed with cattle
dung at a ratio of 1:2, maize stalks mixed with cattle dung at a ratio of 1:2, water
hyacinth mixed with cattle dung at a ratio of 1:3, cotton stalks mixed with cattle

dung at a ratio of 1:1, respectively.

6- Half of the accumulated absolute biogas yield was obtained after a
fermentation period ranged from the mid of the third week and theend ~ of the
fifth week. '
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7- As a general trend, it was found that increasing the ratio of crop residues
in the mixture decreases the accumulated absolute biogas production.

8- A good agreement was found between the observed and predicted value
was found when using the developed exponential model, The model's parameters
(aand b ) was highly significant ( probability of t = 0.00001).

The whole model was highly significant as well ( probability of F = 0.00001 ).
This had been approved for each model of each treatment.

However it can be stated that the best plant residue was the rice straw
that has been given the highest accumulated production. The  highest daily
production was reached with rice straw mixed with cattle dung at a ratio of 1:2.
The lowest value in production was recorded for cotton stalks mixed with
cattle dung at a ratio of 1:2 .

Results indicated that the fermentation process takes a minimum period to get
90 % of the maximum production when using water hyacinth mixed with cattle
dung at ratio of 1:2 . This was reached at the fifth week.

5.7 Recommendations:
According to the results of the present research , it can be
recommended that:
1- If rice straw is used for producing biogas , it should be mixed with
cattle dung at the ratio of 1:2 for only six weeks in batch fermentation.
2- If maize stalks is used for producing biogas , it should be mixed with cattle
dung at a ratio of 1:1 for only nine weeks in batch fermentation .
3- If cotton stalks is used for producing biogas , it should be mixed with
cattle dung at a ratio of 1:1 for only seven weeks in batch fermentation .
4- If water hyacinth is used for producing biogas , it should be mixed with

cattle dung at a ratio of 1:1 for only five weeks in batch fermentation.
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5.8 Conclusion

Table 4.2 indicates the recommended conditions for the studied agricultural
waste anaerobic digestion for generating biogas. The recommended condition
depend on the suggestion that gaining of 90 % of the expected maximum yield at
90 days is satisfactory. Generally, for all treatments, it was revealed that a
fermentation time ranged from 4-10 weeks is enough to get the suggested biogas

yield gain.

However, from the view point of the future work, the following points
should be taken into consideration: ‘
1- Investigate the effect of fermentation temperature on the recommended
condition terms of fermentation time biogas yield gain.
2- Investigate the effect of agitation scheduelliy on the generating biogas process
behavior.
3- Consequently, designing on integral system for generating biogas by using

the agricultural waste seeking its economical feasibility.
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Table A.1: Analysis of variance for biogas yield (L/digester)

SV DF SS MS F
REPLICATE (R) 2 130.169479 15.084740 <1
CD (C) 3 | 1879.423906 | 626.474635 36.66%*
ERROR (a) 6 1102.530937 |17.088490
WASTE (W) 3 ]1951.158073 |317.052691 45.62%*
WXC 9 1543.900052 |[60.433339 8.69%*
ERROR (b) 24 |166.811250 |6.950469
TOTAL 47 | 3673099369

cv(a)=18.1%.,

**=significant at 1% level;

cv(b) =11.6%

Table A. 2 : The interaction between waste types ( W ) and cattle dung

level ( C ) of means for biogas yield ( L/digester )

( AVA. OVER 3 REPS )

WASTE CD W-MEAN
1:1 1:2 1:3 0:3

RS 23.800 a 39.750a |38.700a |13.400a |28.913

MS 24.167 a 32.733b [30.067b |13.400a |25.092

Cs 17.467b 19.267¢ |21.500¢c |[13.400a |17.908

WH 17.867b 20.600 ¢ |25.067c |13400a |19.233

C-MEAN | 20.825 28.088 | 28.833 13.00 22.786

In a column, means followed by a common letter are not significantly
different at the 5% level by DMRT .

Comparison
2-C means at each W
2-W means at each C
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5.624
4.443

S.E.D. LSD(5%) LSD(1%
2.515
2.153

8.064
6.021
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Table A.3: Analysis of variance for biogas yield (L/kg substrate)

SV DF SS MS F
REPLICATE (R) 2 | 174.63361 | 87.31681 <1
CD (C) 3 |24854.54167 | 8284.84722 56.71"
ERROR (a) 6 |876.49292 |146.08215
WASTE (W) 3 | 10481.50052 | 3493.83351 40.70"
WXC 9 |5366.44988 |596.27221 6.95"
ERROR (b) 24 12060.04200 | 85.83508
[TOTAL 47 | 43813.66060

cv(a) = 15.4%.,
**= significant at 1% level;

ov(b)=11.8%

Table A. 4 : The interaction between waste types ( W) and cattle dung

level ( C ) of means for biogas yield ( L/kg substrate )

(AVA. OVER 3 REPS)

WASTE CD W-MEAN
1:1 1:2 1:3 0:3

RS 119.000 a 132.500a | 96.750 a |44.667 a |98.229

MS 120.833 a 109.113b [75.167 b |44.667 a |87.445

CS 87333 b 64220 c |53.750 ¢ |44.667 a |62.493

WH 89.333 b 68.667 ¢ |62.667 ¢ |44.667 a |66.333

C-MEAN | 104.125 93.625 72.083 44.667 78.625

In a column, means followed by a common letter are not significantly
different at the 5% level by DMRT

Comparison

2-C means at each W
2-W means at each C

S.E.D. LSD(5%) LSD(1%

8.201 18.064 25.642
7.565 15.613 21.159
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Table A.S: Analysis of variance for variance for biogas yield (L / kg VS)

SV DF SS MS F
REPLICATE (R) 2 145478415 | 2273.9208 1.21 ns
CD (C) 3 | 13339.1637 |4446.3879 2.37 ns
ERROR (a) 6 | 11269.9439 |1878.3240
WASTE (W) 3 192390.4371 |30796.8124 43.93*%*
WXC 9 |51670.4408 |5741.1601 8.19%*
ERROR (b) 24 |16826.6276 | 701.1095
TOTAL 47 1190044.4548
cv(a)= 15.5%; cv(b)= 9.5%

**= gignificant at 1% level; ns = not significant

Table A. 6 : The interaction between waste types ( W ) and cattle dung
level ( C ) of means for biogas yield ( L/kg VS ')
(AVA. OVER 3 REPS)

WASTE CD W-MEAN
1: 1 1:2 1:3 0:3

RS 288.133 ab |407.44a | 343.997 a| 298.973 a|334.636

MS 254.000 b 29735b | 240.490c| 298.973 a|272.703

Cs 194.593 ¢ 184.01¢ | 179.700d | 298.973 a|214.320

WH 316.557 a 288.59b | 290.390b| 298.973 a | 298.629

C-MEAN | 263.321 294.350 |263.644 298.973 280.072

In a column, means followed by a common letter are not significantly
different at the 5% level by DMRT

Comparison S.E.D. LSD(5%) LSD(1%)
2-C means at each W 25.761 57.822 83.114-2
2-W means at each C 21.620 44.621 60.472-2
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Table A.7. Analysis of variance for variance for biogas yield (L/kg TS)

Sv DF SS MS F
REPLICATE (R) 2 |1267.7012 |633.8506 <1
CD (C) 3 ]25489.3558 |8496.4519 9.77 *
ERROR (a) 6 152183483 869.7247
WASTE (W) 3 |54481.4175 |18160.4725 56.61**
WXC 9 128057.5725 |3117.5081 9.72%%
ERROR (b) 24 17698.8950 | 320.7873
TOTAL 47 1122213.2904

cv(a)= 13.9%;

**=significant at 1% level;

cv(b)= 8.4%

* = significant at 5%level

Table A. 8 : The interaction between waste types ( W ) and cattle dung
level ( C) of means for biogas yield ( L/kg TS )
(AVA. OVER 3 REPS)

WASTE CD W-MEAN
1:1 1:2 1:3 0:3
RS 210.367 a 303.133a (259467 a |248.133a |255.275
MS 214.133a  |250.133b |230.067 a |248.133a |235.617
CS 156.600 b 148.767c | 145700 b |248.133 a |174.800
WH 161.233 b 159.967 ¢ | 170.767b |248.133 a | 185.026
| C-MEAN | 185.583 215.500 201.500 248.133 212.679

In a column, means followed by a common letter are not significantly
different at the 5% level by DMRT

Comparison
2-C means at each W
2-W means at each C

S.E.D. LSD(5%) LSD(1%

17.474 39.242
14.624 30.183
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