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Prof. Marwan Haddad

Abstract

Biogas technology is a technology that applied to produce biogas
(energy source) and organic fertilizer by anaerobic digestion for organic
materials, especially organic wastes that should be disposed off to give

more socio-economic and environmental positive impacts.

The success of biogas plants (projects) at an area depends on: -
availability of organic materials, cost of constructing, founded energy
sources and its costs, experience, knowledge, ambient climate conditions
especially temperature, and acceptability for people constructing these

plants.

The research concerned with studying the feasibility of family biogas
production from mixed organic wastes in Palestinian rural areas by field

survey and experiment.

The field survey data support the opinion about the importance of
constructing family biogas plants in Palestinian rural areas where the
average of rural family members’ number is (6.85) with high average

monthly energy cost (45.97 JD) per family or (6.711JD) per capita.

The field survey data also indicate the availability of organic wastes
for rural families, since most of these families raise animals (72.47%), and

of cultivation activities (87.45%), besides their generated domestic wastes.
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Moreover; these families follow useless or negative methods for disposing
off their: - animals’ dung {collected to be disposed off later, 71.20%},
domestic solid wastes {disposed off in general containers, 75.80%} and
waste water {drained off to the cess pits, 89.00%}, in contrast; these
families fed their plants and crops residues to animals (70.80%) which is a

positive disposing method.

Field survey data reveal Palestinian rural people suffer from negative
impacts of organic wastes {reply average percentage, 60.30%}. They have
also a positive awareness toward wastes impacts and issues {average
percentage, 65.2%}. Attitudes could enhance their acceptance {average
percentage, 65.8%} for constructing biogas plants, especially if they
provided with financial assistance and necessary knowledge about biogas

technology and its benefits.

Twenty samples (18 in barrel digesters each of 240 litter, and 2 in
large digesters each of 1500 litter) of mixed organic wastes were tested at
ambient conditions. The effects of organic waste type, stirring, enlargement

and dilution factors on samples biogas production were studied.

The pH- values for all samples (initially ranged between 6.52 and
8.12) drop slowly in the first days of the digestion process to below 6, then
raise gradually to reach more than 7 at last days for all samples. The
experiment data show all samples produce biogas at ambient temperature
with an average biogas weight (51.9g) per kilogram of mixed organic
wastes, and reach their maximum biogas production within a time interval
of (24 to 36) days from the beginning of the experiment which continue

for 60 days.
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Food residues produce the highest biogas quantity (67.3g/Kg waste),
then mixed animals dung (59.5g/Kg dung) while wheat straw produce the
lowest weight (37.2g/Kg straw). For animals dung types: - the chicken
dung has the best biogas productivity (57.9g/Kg dung), the sheep and goat
dung (53.8g/Kg dung) and finally the cow dung (48.7g/Kg dung). The
biogas production enhanced by increasing sample water content
(B11>B7>B10), and with stirring for the digester content  where
productivity of (D1) with stirrer is {58.93g} biogas /Kg waste while for
(D2) without stirrer is {48.46g }biogas / Kg waste.

Results indicate the Palestinian rural family will save monthly (23.07
JD) as a result of using biogas (instead natural gas) and using digested
organic material as an organic fertilizer, if this family construct a 9m?
biogas plant with daily loading for (30.83 Kg) of organic wastes into the
digester.

It 1s recommended that: -

1- More studies be done for providing more information to rural people

about biogas technology.

2- More efforts must be done for enhancing their acceptability to this

technology.

3- Enhance means for provide public with sufficient assistant for

constructing biogas plants.
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Chapter One

Introduction

The rapid increasing in world population and the great development
in industrial, commercial, agricultural...etc sectors require large quantities
of energy, and create large quantities of wastes that should be disposed off
with minimum environmental negative impacts and costs. In addition to
that; the limited sources and quantities of un renewable energy (oil, natural
gas, and fossil coal) with their negative impacts on our health and
environment, obliges us to search about new and renewable sources for
energy with least negative impacts. Anyhow; this study deals with a
technology that produces fuel and organic fertilizer from organic wastes

which is biogas technology.
1.1- Study Problem

The continuous traveling between my home (in Jenin —north of West
Bank) and my work (in El-Aezeria, east of Jerusalem), and my passing
through different roads each time (as result of closing the main road: Jenin
— Nablus — Jerusalem by the occupation army), and so passing through
many Palestinian rural villages and communities, show me many bad
environmental situations and sights, especially the accumulation of wastes
near homes, accumulation of animals dung near animals farm, and
distribution of insects and rodents. This in addition to the previous
knowledge about disposing rural families for their wastewater into cess
pits, and the intensive using for manufactured fertilizers, herbicides and
insecticides let me to think about introducing a study for treating generated

organic wastes by a method that give benefits to our rural society and
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environment. Biogas technology is considered a renewable source of
energy and a good method for reducing the volume of generated wastes
that should be disposed off with more positive impacts on our health,
economy and our environment in general. Biogas technology is not applied
in Palestine while its application started from some decades in many
countries over the world as India, China, and other countries [Mattocks,
1984]. So what are the possibilities and feasibility of applying this
technology in Palestine especially in rural areas, and at family level where
animals and agricultural wastes are available in addition to the domestic
water wastes? It was found that the best solution may be achieved by
applying biogas technology which provides rural community with energy

(biogas) and good organic fertilizer from organic wastes.
1.2- Over view of Biogas Technology

After reading many studies and reports about available technologies
for treating wastes mainly technologies treat organic wastes which usually
available for rural families especially animals' dung, crops residues and
domestic wastes with centering on technologies that could be constructed,
operated and repaired by rural family itself. It was found that many
methods and technologies could be applied to treat organic wastes such as
direct combustion, fermentation, gasification, pyrolysis and anaerobic

digestion [Mattocks, 1984].

Direct combustion means burning organic wastes to get energy. It is
a simple, easy and of low cost process, but it generates smoke and ash
which means that this process associated with many pollutant gases, poly-
aromatic hydrocarbons and total suspended particles that cause chronic

diseases as asthma and lung cancer [Jo Lawbuary, no date].
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Fermentation or composting of organic wastes to get organic
fertilizers is a simple and easy method and could be operated by the farmer
himself, but this process has two main disadvantages:- The first one is that
" some of the nutrients in the raw waste —particularly nitrogen, phosphorus
and potassium- convert to a gas, evaporate, and are lost to the atmosphere,
or they leach out through the soil" and the second disadvantage that this

process " is limited to producing only fertilizer" [Mattocks, 1984].

Anaerobic digestion (biogas technology) for organic wastes produces
both fertilizer and biogas (energy source). The benefits of this technology
could be understood from what Mattocks [1984] wrote: "unlike composting
the digestion process retains and even improves the nutrient value of the
original feed stock. With biogasification raw wastes can be digested and
return to the environment in the form of fertilizer and fuel without
degrading the environment". But the main disadvantage of biogas
technology with respect to composting is that the cost for its construction is
higher [Mattocks, 1984]. More points about this technology benefits and
constrains for its dissemination and application are listed in the following
two sections, while detail information about it are found in chapter three

(literature review).

For the previous reasons biogas technology is considered the most
important and suitable technology for rural families, and so it was selected

to be the subject of this study.
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1.3- Environmental and Socio-Economical Impacts of Biogas

Technology

Constructing biogas plants gives many positive environmental and
socio-economical impacts not only to the owner but also to the local
society and national level. The following environmental and socio-
economic impacts are abstracted from these references: - [Bo Holm-
Nielsen and Al- Seady, (no date); Mattocks, 1999; Al-Masri, 2000; Loimor,
2000; Oregon Office of Energy, 2002; At-Information and British Biogen

websites].
1.3.1- Environmental impacts

Using organic wastes (animals dung, plants waste, domestic organic
waste, waste water) as a substrate for the biogas plants considered one of
the most important ways for wastes management. The following main

impacts could be achieved if this technology successfully applied: -

1- Reducing the volume of wastes that to be disposed off by other disposal
ways as incineration, landfill, direct burning or bad accumulation which
eliminate negative impacts associated with these ways as: smoke, dust,
leachate forming and gases emissions. Biogas technology decreases air,

soil, ground and surface water pollution.

2- Reducing uses of fossil fuels, charcoal, firewood and direct burning of
animals dung for getting energy which decrease air pollutants, save frosts,

decreasing soil erosion and saving time and efforts for gathering firewood.

3- Reducing pathogens and the following statement emphasize that

“Anaerobic digester systems can reduce fecal coli form bacteria in manure
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by more than 99 percent, virtually eliminating a major source of water

pollution” [Oregon Office of Energy, 2002].

4- Using of digested organics as crops fertilizer reduces using of chemical

and manufactured fertilizers return positively on consumer health.

5- The odor of digested wastes is much less than that of undigested. Figure
(1) shows digested manure odor to that of undigested for Swine USA

anaerobic Digester plant [Loimor, 2000].

6- Eliminating or reducing accumulated wastes decreases the distribution of
rodents, insects, flies and other disease victors in addition to enhancing area

aesthetic sight.

Surely all of above positive impacts will enhance and improve

human body and physical health.

Anaerohic Digester Odors
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Figurel Hydrogen sulfide and odor threshold in gases from digested
and undigested manure [Loimor, 2000].
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1.3.2- Socio- Economical impacts

The following are some of the socio- economic impacts that resulted

from constructing biogas plants: -
1-Provide new job opportunities.

2- Using renewable energy source from materials that should be disposed
off, decreasing paid money for getting energy from other sources like

natural gas and so saving family income.

3- Using produced biogas reduces the quantity of imported natural gas and

other energy sources which save money for government.

4- Using digested organics for fertilizing crops reduces the used amount of
manufactured fertilizers, which save money for both farmer and
government. Also this using enhances crops production, which will

increase the farmer income.
1.4- Constrains for Biogas Technology Dissemination

The main constrains that faces dissemination of biogas technology in

most societies are:-

I- Cost for constructing biogas plants [British Biogen, website], and

long the time period (relatively) required for get back the capital.

2- Instability of biogas production and fall of biogas production in cool

months.

3- Experience required for constructing biogas digesters.
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4- Found of some toxic components (usually in trace quantities) in
biogas, especially hydrogen sulphide and ammonia [British Biogen,

website].
1.5- Applicability of Biogas Technology in Palestinian Rural Areas

This study is concerned with the feasibility and possibilities of
applying family biogas plants (small-scale) in Palestinian rural areas by
using animals, crops and domestic wastes. Since most of Palestinian
farmers raise animals or/ and plant agricultural crops and get their energy
requirements from firewood, coal, natural gas, electricity nets and some of
them burn animal dung as additional energy source. Also, most of farmers
follow wrong ways for disposing off their animals dung and other waste
types, for example; most of them accumulate their animals dung beside the
farm which is mostly found near their residence home, then through it in
their crops fields without any treatment (as fermentation)or by direct
burning. Therefore, applying biogas plants in rural areas may considered a
good way for wastes disposal with obtaining a renewable energy source, a
good organic crops fertilizer and other environmental and socio-

economical positive impacts.

Construction biogas plants in any area mainly depends on: -
availability of organic materials, suitable temperature, availability of
constructing materials and technology experience in installing and
operating such plants, required capital and economical benefits that could
be obtained from constructing these plants, in addition to acceptability of
farmers (investors in our study) to install such plants [At- information,
British Biogen —websites-; Mattocks, 1984]. So what basic evidences that

support the 1dea about constructing biogas plants in Palestinian rural area?
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1.5.1- Availability of organic wastes

The organic wastes are mostly available in our rural areas, since
Palestine is considered basically an agricultural country and the following
population [Palestinian Central Bureau of Statistics (PCBS), 2002.] and
agricultural statistics (appendix I) for 1998-1999 [PCBS, 2001.] show
that:-

I- The total population in Palestinian territories till December,
1997 was (2,895,683), and (914,866) of them live in rural
areas. But in Jenin Governorate (one of the most important
of agricultural areas in Palestine), the percentage of rural
population was 56.1% (the total population of this

governorate was 203,026).

2- The total number of cattle was (23,858), sheep (504,078),
goats (295,033), and poultry were (50,477,000: layers +
broilers). There are other raised animals as: donkeys, horses

which found in small numbers (mostly one animal or two).
3- The total cultivated area was (1,612,013) dunum.

These figures point to the big agricultural activation in Palestine and

so to the large quantities of generated wastes.
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1.5.2- Ambient temperatures

The tables in appendix I represent the monthly average maximum
and minimum temperatures [Saleh, 2003] that measured at the main
agricultural stations in north Palestinian governorates (West-Bank) and

show that:-

I- The monthly average maximum temperatures in all stations

are more than 20C° for seven months (from April to October).

2- In the most agricultural activation areas (Al-fara', Jericho, and
Jenin), the monthly maximum averages are more than 20C°

for:-
a) - nine months at Jenin station (from March to November).

b) - all months of the year (except January where the maximum

temperature average is about 19C°) in Al-Fara' and Jericho.

¢) - nearly, the monthly averages for minimum temperature are about
half or less by about 10C° than that of the corresponding maximum

temperatures.

Comparing these observations with results of the studies about the
digestion process which emphasize that the digestion process could be
occur even at low temperatures (as low as 40F° {4.44C°} [British Biogen,
website], we can conclude that the temperatures at Palestinian areas are
acceptable for methanogenes act at low temperature range (below 35C°) for
most months of the year, especially in the large agricultural activation
areas. It is right that the digestion process affected negatively by

temperature falling or fluctuation but this effect could be avoided or



decreased by installing the digester under-ground, or by using plastic house

or any temperature isolating materials around the digester[FAO/CMS,
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1996; Mattocks, 1984; EREC; 2002].

1.5.3- Other parameters

From the evidences that support the opinion about the possibility for

succession of biogas plants in Palestinian rural areas are:

constructing materials and reasonable ambient temperatures lead to
conclusion that the biogas plants may succeeded in our rural areas, but

what needed is the complete knowledge and experience in constructing

The availability of different constructing materials as cement,
bricks, plastic {sheets, pipes, and tanks} and steel {especially
tanks that were used for transporting water which could be
repaired and reused as a digesters} with costs usually

acceptable to farmers.

The experience in digging and preparing water reserving wells

of a shape like to that of fixed-dome digesters.

Availability of water for organic waste dilution with suitable
prices at most agricultural areas as: Al-Fara' (springs +
artesian wells), El-Jeftelk (water and wastewater stream +
artesian), Barqeen, Kufer-Dan, Qaligelia (artesian wells), Al-
OYa (spring). In addition to possibility of using home
wastewater, since most of rural families dispose their

wastewater into especial absorption cess.

As a result, the availability of organic wastes, water, wastewater,
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these plants with increasing farmers knowledge and acceptability to biogas

technology and its benefits.
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Chapter Two
Aims, Objectives, Hypothesis and Methodology

The main aims of this study is to study the feasibility of applying
biogas technology, and to share in disseminating this important technology
in our rural areas at family scale which may provide our families and
society with many benefits such as:- biogas, organic fertilizer, decreasing
the volume of organic wastes that must be disposed off, job opportunities
and improving environment.

2.1- Hypothesis and Objectives

2.1.1- Hypothesis

The general hypothesis of the study is: - ***Constructing family
biogas plant in Palestinian rural area will give positive socio-economic

impacts and improve the environment. ***

To simplify the evaluation of this compound hypothesis, we should

evaluate the following issues:

I- Availability of organic wastes for the rural families by
studying types and numbers of raised animals, and planting
types and its areas.

2- Fate of organic wastes in rural areas (animals dung, crops
residues, domestic waste and wastewater).

3- Energy sources for rural family and its energy consumption.
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4- Suffering of rural families from negative impacts of organic
wastes.

5- Opinion of rural people toward wastes issues.

6- Knowledge of farmers about biogas technology and anaerobic
fermentation process, and their acceptance to apply biogas
technology.

7- Biogas production from mixed organic wastes at Palestine
ambient conditions.

2.1.2- Objectives
The main objectives of this study are:-

1- Producing biogas and organic fertilizer from available
organic wastes.

2- Test that installing family biogas plant in our area at ambient
conditions is socially accepted technology that will give
economic and environmental benefits.

3- Applying worldly available technology in Palestine to reduce
dependence on natural gas and other traditional energy

sources to save money for both farmer and government.
4- Improving local environment.
2.2- Methodology

To fulfill the objectives of this study and to evaluate its hypothesis, a

field survey (questionnaire) was distributed on a sample of the study
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society (Palestinian rural families) and different samples of organic wastes
were mixed in different ratios and tested experimentally to test economical

and technical feasibility of biogas production in Palestine.

The detail information about the experimental works and field

survey are found in chapters four and five, respectively.
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Chapter Three
Literature Review: - Biogas Production Technology
3.1- History

The digestion of organic matter by anaerobic microorganisms occurs
naturally in the wet environments where there is no oxygen found as:
swamp, bottom of lakes, inside wastewater net pipes and landfill sites
[British Biogen, website]. The evolved gas from anaerobic digestion of
organic matter was noticed and used very early, Richard Mattocks [1984]
pointed in his report that “ancient Chinese experimented with burning the
gas given off when vegetables and manures were left to rot in a closed
vessel"[Mattocks, 1984]. Also, other report point to the using of biogas
during 10" BC century in Assyria and 16" century in Persia for heating

bath water [British Biogen, website].

In the last centuries appear many scientists who interested in
anaerobic digestion process by studying the evolved gases, anaerobic
microorganisms, substrate and other affecting conditions and factors. From
these scientists: Helmont, Volta, Beachans, Pastuer and especially Sir
Humphry Davy who indicated that methane was one of the gases that
generated from anaerobic digestion in 1808[Mattocks, 1984 ;British
Biogen, website]. These efforts lead to appearing and constructing what
known now by biogas plants. In 1859, the first biogas plant was
constructed in India at a leper Colony in Bombay, while the first plant
appears in England in1895 [British Biogen, website], and "the biogas

production and use began in 1970s" in America [Oregon Office of Energy,



29

2002]. Other biogas plants were constructed in Middle East, Africa and
Oceania [Mattocks, 1984].

In Arab countries; the applying of biogas plants started in 1970s" in
Egypt, Morocco, Sudan and Algeria while it began in 1980s" in other Asian
Arab countries as Iraq, Jordan and Yemen [Haddad, 1993]. In Egypt; there
were (18) family biogas plants and (2) farm plants built tell 1998 [El-Shimi
& Arafa, 1998], also two family biogas plants were built in Keraeda and
Um-Jar villages of Sudan in the period between 19 / 1 and 16 / 2 / 2001
[ACSAD, website]. Dr. Haddad [1993] mention two constructed plants for
producing biogas from liquid wastes in Jordan, one in Aen-Ghazal and the
other is the central station of Irbid. In our country (Palestine) there is one
farm plant for producing biogas from cow dung which constructed by Dr.
Jamal Abu-Omer (Dr. in faculty of agriculture, An-Najah University,
Nablus).

The number of biogas plants in Arab countries is very small if it is
compared with their numbers in other countries. For example; there were
(209) millions of family biogas plants constructed in India tell 1999
[Annual Report, 1999-2000] and several millions plants in China
[Mattocks, 1984] and about (2000) agricultural biogas plants in Germany
built tell 2004 [Kottner, 2004].

The studies, reports and researches about biogas subject are so much
and available, especially at internet websites where if you write (biogas) in
the space prepared for subject searching at any famous website (as yahoo)
and click on the bottom (search), it will appear a long list that include
hundreds of reports, studies and many electronic sites specialized in biogas

such as: - At Information, Biorealis, British Biogen and Environmics.
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From the important studies about biogas a study for Mattocks [1984]
which include information about factors affecting the anaerobic digestion
process, productivity of many organic materials for biogas, some of biogas
plants designs and constructing materials with its quantities, and the
expected socio-economical and environmental impacts may resulted from
applying biogas plants. Moser and other scientist [1998] wrote a report in
which they explain costs, benefits and operation experience for seven
agricultural anaerobic digesters constructed between 1996 and 1998.
Schomaker and other scientist [2000] describe the physical, chemical and
biological methods that could be used for improving biogas quality by

separation undesired components in biogas.

There are many batch studies did experimentally in laboratories as
that which was done by Al-Masri [2000] which its results show a
"significant decrease in the biogas production with an increase in the
proportion of olive cake in place of animal waste" [Al-Masri, 2000].
Another experiment was done by TRI [website] scientist for testing the
effect of adding Nickel element on anaerobic digestion for rice straw where
they found an increase in biogas production when Nickel added to some
extent. A study for Callaghan and other scientist [1999] show that "the use
of fish offal and brewery solids as co-digestates with cattle slurry produced
an increase in the methane yield, compared with that of a control digestion
using cattle slurry a lone, while the fruit, vegetable wastes and chicken
manure at concentration of 15% total solids depressed the methane yield"

[Callaghan and others, 1999].

From the studies about biogas in Palestine there was a study for Dr.

El-Jaber [1993] in which he estimated theoretically the quantities of biogas
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could be produced yearly from animal dung, kitchen wastes and
wastewater. Moreover; he introduces a primary economic evaluation for
different sizes of biogas plants with some information (number of families,
main raised animals, agricultural areas, electricity and water sources) about
(8) visited villages, but with no visit to any rural community in south
governorates of West Bank or Gaza. His study also did not include any
experiment working for the possibility of applying the biogas technology.
Dr. Haddad [1993] estimates in his study the quantities of biogas that may
produced from liquid wastes in West Bank, while Dr. Moneer Abedo and
Fouad Abod (no date) estimate in their study the quantities of biogas may

produced from cow, sheep, and chicken wastes in Palestinian territories.
3.2- General

The following pages include some information about biogas, biogas

technology and factors that affecting the digestion process
3.2.1- Biogas: - composition, properties, energy and technology

Biogas is a mixture of gases evolved from digestion process of
organic matter by anaerobic bacteria at anaerobic conditions (i.e. without
oxygen)[Mattocks, 1984]. Most studies about biogas indicate that methane
(CH4) {which is the recommended component because of its high energetic
value} and carbon dioxide (CO2) are the main components, where the ratio
of methane ranged between 50 - 80% and the ratio of carbon dioxide range
1s 20 - 50% [EREC, 2002]. Other components of biogas that may be found
in small amounts (traces) are: Hydrogen (H2), Nitrogen (N2), Hydrogen
Sulfide (H2S), Carbon monoxide (CO), Ammonia (NH3), Oxygen (O2) and
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water vapor (H20)[Schomaker and others, 2000]. As an example; table (1)
shows most gases in biogas with their ratios [FAO/CMS, 1996].

Table 1 Components of Biogas (FAO/CMS, 1996)

Substance Symbol Percentage
Methane CH4 50-70
Carbon Dioxide CO2 30-40
Hydrogen H> 5.0-10
Nitrogen N2 1.0-2.0
Water Vapour H20 0.3
Hydrogen Sulphide H2S Traces

Methane and carbon dioxide are odorless and colorless gases.
Hydrogen sulfide is colorless but it has an odor of rotten eggs in addition to
its toxicity [FAO/CMS, 1996]. Carbon dioxide, hydrogen sulfide, ammonia
and water vapor (in presents of the mentioned gases) are considered
corrosive substances [Schomaker and others, 2000]. In general; biogas with
all its components is colorless, odorless and lighter than air [FAO/CMS,

1996].

Biogas burned with blue flame at ignition temperature (temperature
at which a certain substance ignited) 650 — 750C° [FAO/CMS, 1996] and
has an energetic value of (400 — 600) British thermal unit (BTU) per cubic
foot (ft*) [Hansen, 2002] or (5.5) kilocalories (Kcal) per cubic meter (m?)
[At Information, website].While pure methane (the fuel component of the
biogas) has energetic value of (995) BTU per ft?, and natural gas more than
(1000) BTU per ft* [Mattocks, 1984]. Anyway the following statement

gives a sense about the energy that could be obtained from one (m?) of
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biogas which: -"will light a 60 — 100 watt bulb for 6 hours, cook 3 meals
for a family of 6, generate 1.25KW of electricity and run a 1 HP motor for
2 hours" [A Chinese Biogas Manual, from internet]. This statement also
shows the possibilities uses of the biogas which are: - lighting gas bulbs,

generating electricity and power, heating water, cooking and more.

The process of biogas production with all its sets, materials (as
pipes, digester, valves, gas holder, organic...) and other affecting factors
(as temperature, pH, moisture...) and system design is known by biogas
technology [FAO/CMS, 1996]. The basic components of this technology
(Figure 2) are the same what ever the plant type and size (discussed later in
this chapter) could be. These basic components are: - wet organic substrate,
mixing and displacement pits, digester and gas collecting system. But the
differences could be in the moisture of the substrate and its type, volume of
the digester and the material from which it is made (cement, plastic, steel,
fiberglass...etc), if it i1s over or under ground and if it is temperature
1solated or not [FAO/CMS, 1996; At-Information, website]. Also, the
difference could be in the way of mixing organic matter with water in

mixing pit and stirring slurry inside digester: - manually or mechanically.

The technology development depends on many factors as: - investor
budget, ambient conditions especially temperature, type and availability of
organic substrate, aims of the installed plant and its scale [Mattocks, 1984]
and required uses of produced biogas (i.e. “direct heating require removing
some of water vapor which can be easily done by simple condensation
while produced gas need more purification to be used as fuel in electricity
generator engines in large scale plants” [Schomaker and others, 2000]).

The technology of small plants should be simple as possible so that its costs
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will be acceptable and suitable to be operated and repaired by the farmer

[At-Information, website].

Figure 2 Schematic of the basic components for the biogas plant.

Organic matter ~ Water Biogas collecting system

Mixing pit o Digester Displacement pit

A 4

3.2.2- Anaerobic digestion (Methanization) process and affecting

factors
A) - Anaerobic Digestion Process: -

The digestion process means the degradation — decomposition — of
organic materials by anaerobic microorganisms at anaerobic conditions
(absence of free oxygen) [FAO/CMS, 1996; Mattocks, 1984]. The products
of this process are: gases in which methane and carbon dioxide are the
main components and sludge which is the remaining material that should
be getting out from the digester after the digestion process complete

[British Biogen, website].

Before discussing the factors that affecting the anaerobic digestion in
some brief, we should know how the organics converted by anaerobic
bacteria into methane and carbon dioxide in a process known by
methanization. According to Schomaker and others [2000], the digestion

process consists of three main stages as shown in figure (3).
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Figure 3 Anaerobic conversion of organic material into biogas [Schomaker
and others, 2000, from AD-NETT].

Process Material Bacteria
Particulate Organic Material
Proteins Carbohydrates Lipids
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Fermentation ntative Bacteria
(Acidogenesis)
——— v
Fermentation Fatty Acids Hydrogen Producing
(Acetogenesis) Bacteria
 ——— l
Methanogenesis Acetate / Hydrogen hogenic Bacteria
————
A 4

Methane / Carbon Dioxide

In the first stage, the complex organic materials (as proteins,
carbohydrates, and lipids) are hydrolyzed by the effects of some enzymes
that produced by some species of bacteria (as Cellulytic bacteria) into
smaller molecules as amino acids and sugars. Then, these produced
molecules converted by fermentative bacteria to fatty acids. In the second
stage, the resulted fatty acids converted by acetogenic and hydrogen
producing bacteria into acetates and hydrogen gas. Finally; the acetates and
hydrogen molecules are converted by methanogenic bacteria into methane
and carbon dioxide as the following chemical equations show [FAO/CMS,

1996]: -

1- CH3COOH (acetic acid) —— CH4 (methane) + CO2 (carbon
dioxide).
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2- 2CH3CH20H (ethanol) + CO2 —— » CH4 + 2CH3COOH
3- CO2+4H2 (hydrogen) — 3 CH4 + H2O (water).

The physical container at which the digestion process occurs is
called digester or bio-digester as some reports call it [FAO/CMS, 1996].
This digester must be made so that air can't enter inside it. It could be made
of concrete, plastic, bricks, metal...etc, and of different volumes according
to the volume of slurry (the mixture of organic materials and water that to
be fed into the digester) in addition to its loading rate and the time required
for the organics to remains inside the digester (Retention — or Hydraulic

Retention —Time) [Mattocks, 1984; FAO/CMS, 1996].
B) - Factors Affecting The Digestion Process: -

There are many factors affecting the digestion process inside the
digester and the quantity of produced biogas: - microbes balance,
temperature, substrate type, stirring, grinding of organic materials before its
introducing into the digester, total solids or moisture, carbon / nitrogen
ratio (C/N), time remaining of organics inside the digester, acidity (pH),
and the presence of activators or inhibitors [Mattocks, 1984; FAO/CMS,
1996]. Each factor effect in and affected by the other factors, but each one

will be discussed alone in some brief.
1- Microbes balance: -

Methanogenes convert simple acids and hydrogen that produced by
fermentative bacteria species into methane gas and carbon dioxide; this
means there should be stable ratios between the different types of anaerobic

bacteria population. For example; if the acidogenic bacteria population
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increases more than the appropriate ratio then there will be an excess
accumulation of acids inside the digester which will increase acidity (pH
fall down) causing deactivation or stop acting of methanogenes and so the
digestion process. In contrast; if the population of acidogenic bacteria
decreases significantly, there will be no enough acids for methanogenic
bacteria which will decrease biogas production [Mattocks, 1984;

FAO/CMS, 1996; Schomaker and others, 2000].
2- Substrate type: -

Anaerobic bacteria can digest all organic materials but they differ in
the time interval required for complete digestion. That is; some are easily
digested and in short time (from few to many days) while others hardly
digested and in long time (months or years) and this according to the
compounds from which the organic matter is composed [Mattocks, 1984;
FAO/CMS, 1996]. For example; organic matter with highest amount of
lignin (“its amount increases with plant age, in plant stem more than in
plant leaves... and in horses dung more than in other cattle dung”
[Mattocks, 1984].) is the hardest to be digested. Also; as organic matter
contents of cellulose fibers increases, as its digestion become more difficult
[Mattocks, 1984]. The increasing of volatile solids (“the weight of organic
solids burned off when heated to about 538 C°” [FAO/CMS, 1996]) in
organic matter will increase the amount of produced biogas in the digestion
process. C/N ratio is another character of organic matter that effects on its
digestion which will be discussed below. As a result; there is a relationship
between the chemical composition of the organic substrate and the

digestion process.
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3- C/ N ratio: -

C/N ratio means the ratio of carbon element amount in organic
matter to its content of nitrogen element amount [FAO/CMS, 1996]. The
best C/N ratio is 20-30 atoms of carbon for each atom of nitrogen (20-30
carbon atoms: 1 nitrogen atom) [Mattocks, 1984; FAO/CMS, 1996; EREC,
2002]. High or low C/N ratio will effect negatively on the digestion of the
substrate. Organic wastes differ in their C/N ratio, for example; C/N ratio
for cow dung is 24, wheat straw is 90, chicken dung is 10 and for sheep
dung is 19 [FAO/CMS, 1996]. For good biogas production the adjusting of
C/N ratio 1s desirable and this can be achieved by mixing wastes of high

ratio with those of low ratio [FAO/CMS, 1996].
4- Temperature: -

Methanogenes can act on the substrate in wide range of the
temperature “from below freezing to above 57.2 C°” [EREC, 2002.]. There
are three ranges of temperature at which digestion process can be occurred

and these ranges are [Mattocks, 1984]: -
“A- Low temperature range (Psycrophilic bacteria range): - less than 35C°

B- Medium temperature range (Mesophilic bacteria range): - ranged

between 29C° and 40C°

C- High temperature range (Thermophilic bacteria range): - from 50C° to
55C°”. According to another source [FAO/CMS, 1996], the optimum
temperature for the digestion process is 35C°. In general; the higher
temperature inside the digester the less time required for completing

digestion of organic materials (more production of biogas) since more
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methanogenic bacteria are working upon substrate and also more

destruction for diseases causing microbes.

The temperature inside the digester should be stable, since the
methanogenic bacteria are highly sensitive toward changes and variations
of temperature inside the digester especially at high temperature ranges
(51.7-39.4C°) where the productivity of the biogas dropped significantly,
while it drops gradually at low temperature range (35-0C°)[EREC, 2002].
That is, a sudden or fast temperature changes reduces the production of
biogas or may be stop its production, so temperature monitoring is essential
especially for biogas plants work at high temperature range and may

additional heating system or advanced digester isolation is required.
5- pH- value:

Methanogenes are so sensitive toward acidity inside the digester. The
best pH value that preferred by methanogenes is around 7, therefore high or
low pH values decrease or stop the activity of methanogenes which will

effect adversely the biogas production [FAO/CMS, 1996].

Naturally, in the first few days the pH falls as a result of producing
acids by acidogenes. After that; pH rises gradually as a result of nitrogen
digestion (forming NH4+). Then the pH stabilized between 7.2 and 8.2
where production process of biogas stabilized also [FAO/CMS, 1996].

For adjusting pH value, acidic materials as sodium bicarbonate
should be added to the digester contents (or with loaded organics) in the
case of significant pH rising while lime or any other basic material can be

added in the case of pH falling [Mattocks, 1984].
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6- Grinding: -

Grinding or breaking down of organics to small pieces before
introducing them into the digester will enhance the digestion process by
decreasing the retention time and enhancing biogas production. Since
materials grinding increases their area that exposed to the action of
anaerobic bacteria and so simplifying the digestion process [Mattocks,

1984; FAO/CMS, 1996].
7- Stirring: -

Repeated digester contents agitation or stirring is very important for
completing digestion process and enhancing biogas production. Since
stirring break down the scum formed on the surface of digester contents
and “prevent the bacteria from stagnating in their own waste products”

[Mattocks, 1984].

Stirring is more important for large-scale biogas plants, or plants
with a floating-drum digester model than that of small scale. Stirring for
digester contents of small plants could be done manually by steel rods from
substrate introducing pipe, or by paddles while large scale plants require
more sophisticated stirring system as gas recirculation and mechanical

stirrer [Mattocks, 1984; FAO/CMS, 1996; At-Information, website].

Good mixing of organic wastes with water before introducing the

slurry into the digester enhances the digestion process [FAO/CMS, 1996].
8- Total solids: -

Total solids mean the amount of solid particles in the unit volume of

the slurry and they usually expressed in the percentage form [FAO/CMS,
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1996]. Mattocks [1984] pointed that the percentage of total solid should be
between 5% and 12% while other source reported that the best biogas
production occur when total solid is ranged from 7% to 10% because of
avoiding solids settling down or “impeding the flow of gas formed at the
lower part of digester” [FAO/CMS, 1996]. Therefore; dilution of organic
substrate or wastes with water to achieve the desirable total solids

percentage is required.
9- Retention time: -

The required time for complete digestion of the substrate inside the
digester depends on the type of the substrate, substrate particles size,
stirring... and mainly on the temperature of the digester [Mattocks, 1984;
FAO/CMS, 1996]. In general the highest digester temperature and the
finest substrate particles size the shorter retention time. According to the
most reports about anaerobic digestion process the retention time of 40 to
60 days 1s satisfied for digesters work at temperature range between 20 and

35C° [EREC, 2002; Mattocks, 1984; FAO/CMS, 1996].
10- Inhibitors and Activators: -

Presence of some substances in the contents of the digester below
certain concentrations may activate the digestion process and so increasing
the biogas production, but at higher concentrations it may become
inhibitors. As an example; “presence of NH4 from 50 to 200 mg/l
stimulates the growth of microbes, whereas its concentration above 1500
mg/l produces toxicity” [FAO/CMS, 1996.]. Results of other study pointed
that adding small amount of nickel metal (as nickel chloride) to rice straw

substrate stimulate its biogas production while nickel larger amount gives
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opposite results [TRI, website]. The presence of some substances can kill
anaerobic bacteria as antibiotics, drugs and other medical wastes

[Mattocks, 1984].
3.2.3- Biogas plants types

The biogas plant could be constructed over earth surface or
underground with or without heat insulation or heating system.
Underground installation is preferred because of saving area, decreasing
temperature changes effects on digestion process, protecting system
materials from physical damage and avoiding explosion hazard [Mattocks,
1984; FAO/CMS, 1996; At-Information, website]. The biogas plant could
be constructed from cement, fiberglass, plastics, steel or any other materials
with taking in account air tightness and the effects of ambient conditions on

these materials [ At-Information, website].

The gasholder could be a part of the digester or a separate vessel.
The digester shape could be rectangular, cylindrical, hemi-spherical, egg-

shaped ...

As said previously, the basic elements of the biogas technology are
the same (mixing and displacement pits, digester and biogas collecting
system), but biogas plants generally differ in their volumes (size), design
and continuity of substrates loading [At-Information, website]. Selecting a
biogas plant type depends on the availability and type of substrate (organic
material or waste), ambient conditions (especially temperature), capital and
available constructing materials, experience and available technology, rate
of substrate loading and retention time [Mattocks, 1984; FAO/CMS, 1996;
EREC, 2002; At-Information, website].
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A) - Size types: -

Biogas plants are divided to three types according to their size: -

small, medium and large scale types.

Small and medium scale biogas plants are usually constructed to
satisfy all or some of the family needs from energy so they called family
types. Their digester volume ranged from Im? up to 15m?® or to slightly
larger volume. For economic reasons, the least recommended size is 5m?

[AT Information, website].

Large-scale plants usually constructed for commercial aspects or for
dealing with large amounts of wastes as municipal solid waste and big
farms plants. The sizes of these plants ranged from 20m? to hundreds of
cubic meters. The plant of Carven Dairy farm which sized to accommodate
the daily manure produced from 1000 cows [Moser and others, et, al, no

date] is an example.
B) - Continuity types: -

Biogas plants can be classified according to the rate of substrate
loading into three types which are: - continuous, semi-continuous and batch

[FAO/CMS, 1996].

In the continuous plants, there is a daily (or regular) introducing of
the substrates into the digester with getting out the same quantity of
digested materials. While in the case of batch plants, all of the require
amount of substrates to fill the digester are added once at the beginning of
the digestion process and removed all at once time from the digester after

completing substrate digestion. In semi-continuous plants, fast or
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reasonable digested substrates are added into and removed from the
digester in a regular manner, while slowly or hard digested substrates (as
straw) are introduced in about twice a year as a batch load[AT Information,

website].

Continuous plants provide the farmer or the investor with stable and
high biogas production, in addition to daily disposal of wastes, which avoid
him, the bad odor that resulted from accumulation of wastes. These plants
require fluid and homogeneous substrate and they are so sensitive toward
substrate characteristics (especially pH and total solids) and ambient
conditions, there fore it requires continuous monitoring. Batch plants are
less sensitive, but their biogas production is not constant in addition to
wastes accumulation negative impacts [Mattocks, 1984; FAO/CMS, 1996;

At-Information, website].
C) - Design types: -

There are many biogas plant designs that could be installed, but the
simplest with the lower construction cost designs are selected because this
study 1s concentrated on family biogas plants (small plants) that should be

operated and maintained by farmer himself (owner).

There are two main designs that are well known and installed in
millions plants at many developed countries as India, China, Nepal and
Vietnam [Mattocks, 1984; At-Information, website]. This large distribution
of these designs return to their simplicity, relative low cost of construction
and refers to their successes at ambient conditions in these countries. These
designs which usually installed underground are: - fixed-dome and

floating-drum digesters.
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1- Fixed-dome plants: -

This design consist basically from mixing pit with substrate inlet
pipe, digester, gas holder which is usually a part of the digester with gas
outlet pipe and the displacement pit with outlet pipe from the digester. The
following figures 4, 5, 6, and 7) show the basic element and some models

of this design [At Information, website].
2- Floating-drum plants: -

The main components of this design are nearly the same as that of
fixed-dome design, but the difference is in the system of biogas collection.
In this design, the biogas collected inside mild steel drum that adjusted over
the top of the digester. This drum moves up and down according to the
biogas pressure rise up under gas pressure, that is; when the quantity of
biogas increases, the drum moves up and as the biogas consumed it is
moved down [FAO/CMS, 1996]. Figure (8) shows a schematic diagram for
a water- jacket floating-drum design and photo (1) shows one of the
applied floating-drum plant [AT Information, website] while figure (9) is a
schematic diagram for KVIC model [Jo Lawbuary, no date].

Fixed-dome design costs less than floating-drum design and it is of
less repair requirements and no problems with scum formation. Floating-
drum design provides biogas with stable rate or pressure while the biogas
rate in fixed-dome design is variable [Mattocks, 1984; FAO/CMS, 1996;

At-Information, website].

More developed designs were installed and experimented, but mostly
it requires high construction costs and high knowledge to be operated and

maintained, therefore it will be not included with details in this study
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because the concern is with the simplest and least cost digesters that could
be constructed, repaired and operated by the rural family itself. Bag
digester, plug-flow digester, anaerobic filter, covered lagoon, slurry based
digester [FAO/CMS, 1996; Lusk, 1999] and multi-stage Biorealis digester

[Biorealis, website] are some of these designs.
3.3- Specificity of This Study

Because ambient conditions (as temperature, agricultural activities,
economical and social situations) differ from country to another, and
because of possibilities for using different organic materials as a substrate
in biogas plants, in addition to the presence of many factors (discussed in
the following section of this chapter) that affect on the digestion process,
make the biogas technology a subject for continuous research and

development.

This study has two main new points by which it differ from previous

studies, and these points are:-

I- The experiment which did at ambient conditions (not in laboratory
and not a study for already constructed plant), and applied over
ground in the most agricultural governorate (Jenin) of Palestine.
Moreover; the biogas production for (20) samples of mixed organic
wastes (animals dung, food residues and wheat straw) were tested at
the same time and in two different digester volumes (18 barrels each
of 240 litter capacity, and 2 large steel digesters each of 1500 litter
capacity).

2- The Field survey that distributed on rural communities over the rural

areas in West Bank (all governorates). This survey is distinguished
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by its aims and subjects, especially studying the availability of
organic wastes for rural families, ways followed by rural families for
disposing their wastes, families agricultural activities and energy

sources and consumption for rural families.

full gesholder

Figure 4 Basic function of a fixed-dome biogas plant, 1- Mixing pit,
2- Digester, 3- Gasholder, 4- Displacement pit, 5- Gas pipe
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(Gas collecter,
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Figure 7 Fixed dome plant Nicarao design: 1. Mixing tank with inlet pipe
and sand trap. 2-Digester. 3. Compensation and removal tank. 4.
Gasholder. 5. Gas pipe, 6-Entry hatch, with gastight seal. 7.
Accumulation of thick sludge. 8. Outlet pipe. 9. Reference level.
10. Supernatant scum, broken up by varying level
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Figure 8 Water-jacket plant with external guide frame. 1- Mixing pit, 11-
Fill pipe, 2- Digester, 3-Gasholder, 31- Guide frame, 4- Slurry
store, 5- Gas pipe.
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52

Chapter Four
Experimental Program
4.1- Materials and Equipments
The used materials and equipments are:-

1- Digesters: - steel vessels that are used for anaerobic digesting of
introduced organic waste samples, and it metallically operated so that no
air could be interred inside it. There are two types of these digesters (made
for running the experiment to study the effect of enlargement on organic

wastes productivity for biogas) according to their volume:-

a) 18 Barrels, each of about (240) litter capacity. Figure (10) shows the

schematic diagram of a barrel digester.

b) 2 steel digesters, each of (1.5m?) volume, one is with stirrer while the
other is without stirrer. Figure (11) is the schematic diagram of 1.5m? with

stirrer digester.
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B

Figure 10 Schematic diagram of a barrel digester:- 1- inlet opening (8 inch
diameter), 2- gas valve (0.5 inch), 3- valve to get out slurry
samples (0.5 inch), 4- screw to close tightly inlet cover.

2

5
O 1

D<o

4

Figure 11 Schematic diagram of 1.5m? digester with stirrer:- 1- Inlet open,
2- screw closer, 3- outlet open with screw closer, 4- sample
getting out valve (0.75inch), 5- pressure gauge, 6- gas valve (0.5

inch), 7- manual stirrer. Each inlet or outlet opening is of 8 inch
diameter.
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2- Valves:-

a) Gas valves: to each digester and barrel, 0.5 inch ball chromate

valve was installed to withdraw biogas.

b) Slurry valves: to each barrel, 0.5 inch liquid valve was installed,

while 0.75 inch valves were installed for large digesters.

3- Pressure gauges: - a pressure gauge was installed for each of the two
large digesters, while a third pressure gauge with suitable connector to the

gas valve was used for monitoring pressure inside barrels.

4- 100Kg kale (of deviationt 100 gram) was used for weighting organic

waste samples.

5- 1Kg electronic balance (of deviation £ 0.5gram) was used to weight

produced biogas that withdrawn from the digesters.
6- Internal car tubes (3) for collecting biogas from the digesters.

7- Air compressor (Poma type of 25 litter tank storage capacity) to
withdraw biogas from car tube and pressurizing it into gas holder. A gas

valve was installed instead of its filter to simplify biogas withdrawing.
8- Gas holder: a barrel of 240 litter capacity was prepared to store biogas.

9- Maxima-Minima thermometer to record maximum day and minimum

night temperatures.
10- pH- checker (pocket-sized pH meter) for measuring slurry acidity.
11- Plastic vessel (12 litters) for measuring wastes and water volumes.

12- Steel funnel for simplifying substrate introducing into the digesters.
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13- Steel vessel (100 litter) for wastes mixing.

14- Teflon roles and silicon bottles for greasing and prefect tighten of

conjunction points.
15- PVC pipes of different lengths and connectors for connection purposes.

The following photos (2, 3, and 4) show these materials.

Photo 2 Barrel Digesters
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Photo 4 Large (1.5m?®) Digesters
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4.2- Wastes Collection and Preparation

The used organic wastes in this experiment are:- cow dung, sheep
and goat dung, chicken waste, wheat straw, and food residues. All wastes
were airy dried for 6 weeks before its using, except food residues which

were used freshly.

a- Cow dung which was collected from neighbour farm in which four adult

cows are raised.

b- Sheep and goat dung which was collected from my family farm, in
which thirty seven sheep and eight goats are raised with twelve sheep and

five goats of less than one year age.

c- Chicken waste which was collected from broilers chicken farm located

in Jalkamous village.

d- Wheat straw which was bought as bales from local farmer. It is used as a
planting waste because of its hardness to be digested, since it has high C/N
ratio (90), and also most farmers feed it to their animals, so it is usually

found with animals’ dung.

e- Food residues (as a domestic solid waste) were separated from local

community domestic solid waste disposal containers.
f- Water from local artesian well was used for wastes dilution.
4.3- Samples Compositions

Twenty samples of organic wastes were introduced in twenty

digesters (18 barrels and 2 large digesters), and the composition of each
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digester sample with ratio of each organic waste type and water dilution

factor are found in table (2). This table show:-

-In the first nine (from B1 to B9) samples, the animals wastes ratio {cow:
sheep and goat: chicken} to each other are fixed (each 33.3% of the total
animal waste), while the ratios of {animal: food residues: wheat straw} are
differ from sample to sample, since the main aim for preparing these
samples 1s studying the effect of each waste type on the samples
productivity for biogas and on the retention time of the anaerobic digestion
for mixed organic wastes (the best sample will be that produce the highest

biogas weight in shorter retention time).

- Samples 10 and 11 compositions are the same as that of sample 7, but
with difference in the water dilution factor (amount of added water) to

study the effect of organic wastes moisture on its productivity for biogas.

- Samples (12) to (18):- The ratios of food residues, wheat straw and total
animals waste were fixed (33.3% for each from the total sample waste
weight) with varying the ratios of the animals dung types for studying the
effect of each animal dung type on the mixed organic waste productivity

for biogas, and on the retention time for the samples anaerobic digestion.

- The composition ratios of (D1) and (D2) samples are the same as that of
sample (B1), but with multiplying their weight six times for studying the
effect of enlargement and stirring on the samples biogas production and

digesting retention time.
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) ) Sample Composition
Animal Dung ratio (waste types ratio)
(to each other) Water
Digester T9t31 Dilution
Sheep animal | Food Wheat | ¢ or
Cow |and Chicken | dung | Residues | Straw
Goat Ratio
Bl 0.666 | 0.666 | 0.666 2 1 1 2.5
B2 0.666 | 0.666 | 0.666 2 2 0 2.5
B3 0.666 | 0.666 | 0.666 2 0 2 2.5
B4 0 0 0 0 2 2 2.5
B5 0.333] 0.333 | 0.333 1 2 1 2.5
B6 0.333] 0.333 | 0.333 1 1 2 2.5
B7 1.333 | 1.333 | 1.333 4 0 0 2.5
B8 0 0 0 0 4 0 2.5
B9 0 0 0 0 0 4 2.5
BI10 1.333 | 1.333 | 1.333 4 0 0 2.0
Bl1 1.333 | 1.333 | 1.333 4 0 0 3.0
B12 1.333 0 0 1.333 1.333 1.333 2.5
B13 0 1.333 0 1.333 1.333 1.333 2.5
Bl14 0 0 1.333 1.333 1.333 1.333 2.5
B15 ]0.666 | 0.666 0 1.333 1.333 1.333 2.5
Bl16 ]0.666 0 0.666 | 1.333 1.333 1.333 2.5
B17 0 0.666 | 0.666 | 1.333 1.333 1.333 2.5
BI8 10444 0.444 | 0.444 | 1.333 1.333 1.333 2.5
Dl 4 4 4 12 6 6 2.5
D2 4 4 4 12 6 6 2.5
Where :-

*** B= Barrel,

*#% D1= 1.5m? digester with stirrer, D2= 1.5m? digester without stirrer.

*** To get weight of any waste in the sample, multiply by 3, for example; weight of cow
dung in B1=0.666*3=2Kg, while its weight in D1=4*3= 12Kg.

***Water dilution factor means: water volume units added to each mixed waste volume unit.
*** Total weight of organic wastes in each barrel = 12 Kg.

*#* Total weight of organic wastes in each of D1 and D2 =72 Kg.
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4.4- Experimental Site: - Location and Conditions

The experiment did in Saba'en area which located in Jenin
governorate that considered from the most agricultural areas in Palestine.
This area is also close to my home so that I could take measurements at the
suitable time and monitor the experiment continuously (to avoid any
unusual conditions, especially closing roads by occupation) especially for

stirring (6 times every day) the contents of digester (D1).

The digesters were placed on the earth surface inside a plastic room
but there were some holes in the plastic cover sheet, so that the

temperature inside the room is as the atmospheric temperature.
4.5- Experimental Procedure
4.5.1- Sample preparing and introducing

For each sample, the required waste weight was weighted by kale
and drained in the mixing steel vessel were mixed with required amount of
water. After that, the pH of the sample was measured and recorded, and
then the slurry was introduced into the digester. Finally the opening inlet of
the digester was closed with ensuring all valves are tightly closed so that no

air could be interred into the digester.
4.5.2- pH- recording

For each digester, about (20 ml) sample of the digester slurry was
taken from the liquid valve, and its pH was measured by pH-checker and
recorded. The pH was measured daily in the first (15) days, then it was

measured once every (3) days because pH changes are usually large in the
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first days of the anaerobic digestion process for organic wastes [FAO/CMS,

1996].
4.5.3- Temperature

The maximum day and minimum night temperatures at the
experiment location were recorded every day by using maxima-minima

thermometer.
4.5.4- Stirring

The contents of (1.5m?) with stirrer digester {D1} were stirred
manually and gently 6 times every day, and for about five minutes each
time where some studies indicate that the most effective stirring could be
achieved by gentle and frequent stirring for digester contents [FAO/CMS,

1996; At-Information, website].

4.5.5- The pressure inside the digesters was monitored from time to time

but without recording its values {monitoring only}.
4.5.6- Biogas withdrawing and weighting

The car internal tube is weighted by the electronic balance, and then
it is connected to the gas valve of the digester, and when gas valve opened
the biogas flow into tube as a result of pressure difference between pressure
inside the digester and pressure inside the tube. When the gas flow stops,
the tube disconnected and weighed with its content. The difference between
tube weights before and after biogas withdrawing is the weight of biogas
which recorded. After that; the content of the tube are withdrawn by

connecting it to the compressor. The process is repeated till there is no
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change in the weight of biogas inter into the tube. All these steps were done

for each digester.

The first biogas withdrawn was done after three days from the time
of introducing samples into the digesters because all studies indicate that
the biogas production began after 2 to 3 days from introducing organic
wastes into the digester. Other withdraws were did once every three days
(the expected time to get a biogas amount that could be weighted
significantly and to avoid high pressure may caused by produced biogas in

the case of giving longer time between biogas withdraws).

The following photos (5-12) explain some of the experiment

procedure steps.

Photo 5 Mixing samples
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Photo 6 Introducing sample into the digester

Photo 7 Withdrawing slurry sample for measuring its pH
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Photo 8 Measuring slurry pH.

Photo 9 Withdrawing biogas from barrel digester into tube.
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Photo 10 Withdrawing biogas from large digester into tube

Photo 11 Weighting biogas by digital balance.
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Photo 12 Withdrawing biogas from tube by the compressor.
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Chapter Five
Field Survey

The field survey aims basically for obtaining data about availability
and types of organic wastes generated from rural family activities, and the
ways followed by farmers for treating or disposing off the wastes with their
effects on farmers’ life. The survey aims also obtaining data about sources
and costs of energy for the family. Moreover, questions about biogas
technology were included in this survey to see farmers’ knowledge about
the technology and their acceptance to apply it. Appendix Il represent the
complete copy of the field survey (Appendix IV represent the Arabic copy

that distributed on rural families).
5.1- Study Society

The society of the study is the Palestinian rural families in West

Bank.
5.2- Sample

The researcher chose the purpose sample method (in which a
sufficient sample selected by a way that the researcher think it covers the
purpose and aims of his study [Alquds Open University, 1998]) for
collecting questionnaire data because of difficulties of political situation
(closure on Palestinian cities and villages) and unavailability of financial

sources to cover money outcome for the study.

260 copies of the questionnaire (in Arabic language which is the

language of our society, Appendix IV) were distributed on 260 rural

families who live at different Palestinian rural areas (Jenin, Nablus,
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Tulkurem, Jericho, Rammalah and Hebron). And the questionnaire contents
were explained to each family for removing any misunderstanding or any
mysterious in questions. Each family was given two weeks for filling the
questionnaire. Then, the copies were collected and the obtained data
organized and statistically analyzed with noting that 13 copies were
canceled because their data were incomplete, so; the net number of copies

that was used for analysis is 247.
5.3- Questionnaire

The questionnaire is divided into three main parts: - family and
family agricultural activities, general indications and different questions

(Appendix II).
5.3.1-Part One: - family and family activities data

In this part, the family was asked to fill its: - members number,
raised animals number from each type, irrigated and un irrigated
agricultural areas and monthly average costs for each energy source with its

uscs.

For animals feed types, the farmer asked to choose the suitable
option from (always, almost, sometimes, rarely, never) that agrees with his
using for each feed type of the reported types (grains, straw, and
manufactured feed). To calculate average frequency of using (chapter six)

for each feed type, the options were scored as follow:-

option always almost | sometimes rarely never

score 4 3 2 1 0
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Seven statements were structured about the seven ways that may be
used by farmers for disposing their animals' dung with leaving a space for
additional statement to be added by the family if there is another disposal
way. For each statement there was five possible options (all, most, some,
little, nothing) and the farmer asked to check with (V) under the option
agrees with his using the disposal method. The options were scored as in
the following table to get out averages for each statement and comparing
results. The same thing was done for planting residues and domestic waste
disposal ways, but with eight statements for planting residues and eleven

statements for domestic disposal methods.

Option all most some little nothing

Score 4 3 2 1 0

5.3.2- Part Two: - General indications and farmers opinion

This part is divided into two main subparts which are: - general

indications and farmers opinion towards wastes issues.

General indications subpart consist of (16) statements with five
options for each statement (always, mostly, sometimes, rarely, and never)
and the farmer was asked to chick with (V) under the option agrees with his
believe. The statements were structured to get indications about rural
family suffering from negative impacts of organic wastes (statements
numbers: - 1, 2, 3, 4, 5, 11, 14, and 16) and to get data about some
behaviors of farmers (statements: - 6, 7, 8, 9, 10, 12, 13 and 15). For

statistical analysis; the options were scored as the options of animal feed

types.
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Farmer's opinion toward wastes issues subpart consists of (21)
statements with four (4) options for each statement (surely, maybe,
doubted, no). 17 (of the 21) statements were structured for estimating
farmers environmental awareness toward wastes i1ssues, and most of these
statements are positive (1, 2, 3,4, 5,6,7,8,9, 10, 12, 14, 16 and 21) while
others are negative (11, 13, and 15). The remaining statements (17, 18, 19
and 20) were structured for estimating rural people acceptability for
applying biogas technology. For statistical analysis, dipole standard scale
{which usually used for calculating average reply of each statement when
there are two directions (positive and negative) for the structured
statements [Mattarba, 1998]} used here and the options were scored as

follows:-

Direction of statement | Option | surely | maybe | doubted | no

+ Score 4 3 2 1

- Score 1 2 3 4

5.3.3-Part Three: - Different questions
There are nine questions in this part:-

* Questions one and two were structured to measure the farmers knowledge
about biogas technology and anaerobic digestion process with four options
(much, something, little, nothing) for answering each. The farmer was
asked to circle the choice that express about his knowledge. To evaluate the

results of these questions data, the options were scored as follows:-



71

Option much something little nothing

Score 3 2 1 0

* Questions number three, four, five and six were structured about cess
pits that usually used for disposing family wastewater with giving two
options (yes, no) for each of questions three and four, and three options for
question five (yes, maybe, no) and four options for the sixth question (six
months, one year, two year, three years and more). The percentage of each
option (from total replies on all of each question options) for each question

was calculated for evaluation.

* In question number seven, the farmer was asked to answer about the

distance (in meter) between his home and the nearest waste disposal place.

* In question number eight, the farmer was asked to answer the average
time interval (in days) before removing dung from his animal farm each

time.

* Question number nine was structured to obtain data about problems that

face rural families in disposing their animals, crops and domestic wastes.

The obtained data for each element of the questionnaire were
organized and the required calculations were done (chapter 6), then the

results were tabulated in chapter (7).
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Chapter Six
Statistical Treatment and Institutional Analysis
6.1- Statistical and Calculations Treatment

The Statistical Package for Social Sciences (SPSS) program
{available in markets on computer compact disk}, which is the most
famous statistical program used for evaluation and calculations of data in
social sciences studies, was used in the study for the field survey and

experimental data evaluation and calculations.

The percentage (60%) is considered a critical percent [Mattarba,
1998] for evaluating the positively or negativity of the survey results.
Results of percentage above (60%) are considered positive while those of

percentage less than (60%) are considered negative.

The statements (in the field survey) about waste disposal ways
(animals dung, domestic solid wastes, wastewater and crops residues) were
ranked according to their calculated percentages. The statements were
ranked to see which is the most disposal way that is followed by the rural

families for disposing off each type of wastes.

The following mathematical formulas [Waker and Josephlev, 1969]

were used for field survey and experiment calculations:-
Average (x )=(Xi1+X2+....+Xn)/n

Standard deviation (Sd.) = SQ{[(Xl-X_)2 + (X2-X 2+ ... +(Xa-X )/ Il}
Where SQ :- square root
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For calculating the average reply and its percentage for statements of
options in the field survey:

Average Reply = Sum.(Number of replies on option X option score)
Total number of replies on statement options

Average reply is calculated for each statement, and sum means

summation.

Percentage of Reply = Average of Reply X 100%
Maximum Score

As an example; the average reply for the frequency of using grains by

farmer for feeding cows was calculated after arranging the obtained data as

follows:-
Animal:- cow Feed type :- grains
option always | almost | sometimes |rarely | never | Total
score 4 3 2 1 0
No. of replies 83 49 11 26 10 179
No. of replies X 332 147 22 26 0 527
score

Average Reply =527/179 =2.94

Percentage of Reply = (2.94 /4 ) X100% = 73.5% ( see table -5- in the
following chapter -7-)

The same calculation method was followed for all statements and
questions of options in the field survey and the results are tabulated in the

main finding and discussion chapter (7).
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6.2- Chemical and Biological Analysis

Hope was doing the following chemical tests:- determining the
methane (CH4) ratio in the produced biogas, determining the concentrations
of hazard gases (mainly hydrogen sulphide and nitrogen gases) in biogas,
determining the concentrations of basic elements (nitrogen, phosphorus
and potassium) for plants growing and crops production before and after
the digestion of organic wastes. Moreover; the hope was determining the
presence of diseases causing microbes and victors (as parasites, warms and
its eggs and bacteria) before and after the anaerobic digestion of tested

organic wastes (biological test).

The tests are necessary for more confidence in evaluating the
objectives of the study, but unfortunately I did not do these chemical and

biological tests because of many reasons mainly:-

I- Ambient political and security conditions in the country ( repeated
closure by occupation army on cities and villages) which inhabit
transporting of samples from the location of experiment (Saba’en —
Jenin) to University laboratories (in Nablus) or to laboratories out of

Palestinian territories.

2- The gas chromatography device (which I promised from officials in
laboratory to use it before doing my experiment) in An-Najah
National University laboratory (where I was a student) was not ready
for analyzing gases. In addition to un founding technical persons that
are experienced with gases analysis in other universities (Al-Quds

and Bir —Ziet).
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Chapter Seven
Main Finding and Discussion

The obtained data from the field survey (questionnaire) and
experiment were organized and statistically analyzed, and the following are

the results with discussion.
7.1- Field Survey Results and Discussion

To simplify results analysis and getting out conclusions for the field

survey, the obtained data is arranged according to the field survey parts.
7.1.1:- Part One Results: - family and family activities data

I) — Family Members:-

The following table (3) represents the total surveyed families with

their total members number, average and standard deviation.

Table 3 Rural families and family size.

Total Family Members
Surveyed Total Members | Average Members | Standard
Families of Surveyed Per Family Deviation
Families
247 1692 6.85 2.25

The average of Palestinian rural family members is (6.85) and the
computed average is not so far from that computed by Palestinian Central
Bureau of Statistics (PCBS) in its statistical survey of 1997 which was
(6.30) [Palestinian Central Bureau of Statistics, 2002].The small difference
(0.55) may be due to the political conditions that started in September,

2000 where the job opportunities decreases and the number of un employed
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people increases which reflected in the decreasing of marriage cases and so
decreasing the total number of small size families with continuous

increasing for members of the founded families.
1) — Family Raised Animals and Animals Feed Types:-

The quantity of organic waste (dung or manure) that is produced by
an animal differ not only according to animal species, but also according to
the animal age, feed type, health and if an animal is confined or not
[Mattocks, 1984]. Moreover, the quantity and quality of biogas production
per kilogram of animals waste is differ from animal to animal till if these
wastes digested at the same conditions [FAO/CMS, 1996; Mattocks, 1984].
After deep studying for many reports and studies about this subject, the

following points were concluded:-

e Each (1Kg) of organic waste (including animals dung) could produce
from 20 litter to about 116 litter of biogas [Junaidi, 2000; Mattocks,
1984; Shacklady; 1983].

e Animals are divided into animals units as follows:- each one (1)
adult cow considered as a one unit, each ten (10) sheep are one unit
and each one hundred (100) of chickens are considered as a one

animal unit [Abedo and Abod; no date].

e The daily cattle waste (or each one animals’ unit) could produce

about 600 litter of biogas [Junaidi, 2000].

e The daily capita energy requirements could be covered by biogas
produced from one to two daily cattle dung (600 — 1200 litter)

[Junaidi, 2000; At-Information, website].
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But the results of one paper {that talk about real biogas plant which

deal with dung of (15) cows (200 Kg daily dung)} emphasize that the daily
produced biogas cover the energy need of 35 persons [Islam, Mazharul;
2002] which means the daily capita consumption from energy could be
covered by biogas produced from 5.71 Kg (by dividing 200K g daily dung
on 35 persons)of cow dung or daily cow dung ( 200 Kg dung / 15 cows =
13.33Kg dung from each cow) could cover the energy needs of more than
two persons (13.33Kg dung from one cow / 5.71Kg dung for covering each
person requirements from energy = 2.33 persons).Similar results seen in
other studies and sources as Chinese biogas handbook (some pages on

internet, no date).

Because of the differences between studies about estimating numbers
of animals units that could cover the capita consumption from energy
(some studies indicate that the capita daily requirements of energy could be
covered by biogas produced from one animal daily unit or less [Islam,
Mazharul; 2002], while others indicate that it could be covered from about
two animal units as Junaidi, 2000), a middle solution is taken by assuming
that the quantity of biogas produced from the waste of each animals’ unit
could cover the capita needs from energy. Depending on this assumption,
the Palestinian rural family (with average members 6.85) requirements
from energy could be covered by biogas produced from the waste of about
seven (7) animal units. Because Palestinian rural family (almost) raise
different types of animals, the results of surveyed families about their

raised animals will represented in the form of animal units ( table -4-).
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Table 4 Families and its animals units.

Percentage
Percentage -
of families of families
Animal *Average Standard | No. of from total
) . . . from total
Units of Units Deviation | families . . surveyed
families raise =
. families
animals
0 - - 68 - 27.53%
0< unit<1 0.54 0.16 38 21.23% 15.39%
1-1.99 1.34 0.22 35 19.55% 14.17%
2-2.99 2.31 0.32 9 5.03% 3.64%
3-3.99 3.43 0.28 13 7.26% 5.26%
4-4.99 4.61 0.184 7 391% 2.83%
5-5.99 5.49 0.193 6 3.35% 2.43%
6-6.99 6.49 211 14 7.82% 5.67%
7 and more
19.72 11.35 57 31.84% 23.10%
Total number of families which
raise animals 179 72.47%
Total 247 100% 100%

* Average of animal units = (summation of units in the interval)

no. of families in the interval

From this table and figures (12 and 13), it is clear more than (%5) of

Palestinian rural families (72.47%) raise animals and (31.84%) of families

that raise animals have animal units (7 units and more) which means they

could cover their energy requirements from their animals dung only (if

these families construct biogas plants). It appears that (22.34%) of families,

whom raise animals, own animal units (3 — 6.99) that could cover about

one half or more of their energy needs.
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Figurel2 Percentages of families according to
their animal units
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The computed averages and percentages of the answers for families
raise animals about their frequency of using each feed types for feeding

their animals are found in the table (5).

Most studies use the percentage 60% [Mattarba, 1998] as standard
point for evaluating results, where percentages more than 60% are
considered positive results while percentages below 60% are considered
negative. The results in table (5) show all feed types are fed to animals in
frequent way which is expected because grains and straw are usually fed to
adult animals while manufactured feed are used to fed growing animals and
to animals that farmer like to increase their weight or productivity of milk.
The table shows that straw (with total average 3.40, average percent
84.9%) is used more frequently than grains (total average 3.00, average
percent 75.1%), and grains more than manufactured feed (total average
2.79, and average percent 69.7%). This may back to the fact straw cost is
less than that of grains and grains cost is less than manufactured feeds cost.

Table 5 Frequency of using animals feed types.

Feed Grains Straw Manufactured
Feed
k) o 1B o 1B 9
o o] ) < ) <
: 20 = 20 = 20 =
Animal S >l 8 > 8 >l 3
sal 58l sal 58 2El 58
<g|lag|<glas| <
Cow 294 (735 [3.65 |91.2 |2.58 |64.5
Sheep + Goat 3.56 |89.0 [3.14 |78.5 |2.72 |68.0
Chicken 2.51 [62.7 |- - 3.06 |76.5
Total Average |3.00 |75.1 [3.40*|84.9*[2.79 |69.7
[ Maximum range and score is 4]
*Total averages for cows, sheep and goat with out including chickens.(calculations
in chapter 6)
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1) — Family Planted Areas:-

The large agricultural activation of Palestinian rural families could
be seen through table -1- of appendix (I) which represent the results of
PCBS survey for cultivated area in Palestinian territories for 1998/1999,
but most of the cultivated area is cultivated with trees (1124015 of 1612013
dunum) especially olives. PCBS results also show most of the cultivated
area is rain fed (total area of rain fed crops is 1381158 dunum with
percentage of 85.68% from the total cultivated area) which implies
government should introduce assistances (financial, information,
technical...) to farmers in order to enhance their incomes and so encourage
them to cultivate their lands more efficiently, and one of these possible
ways 1s encouraging them to construct biogas plants that could provide

farmers with organic fertilizer.

The amount of generated residues and organic wastes from plants
depends on many factors as type of crop [Mattocks, 1984], type of
cultivation (rain fed, irrigated), fertilizing, climate, cultivated area, type of
soil and availability of essential elements for plant growth in the soil. For
example; irrigation and fertilizing enhance crops growth and productivity
which resulted in more generated crops wastes or residues as straw or

leaves, fruit and vegetables skins.

There is no specific relation between the owned area by the family
and the amount of generated organic wastes, in addition to the fact most of
Palestinian rural families who own sustain crops (especially olive trees)
also cultivate other seasonal or irrigated crops (from survey data), so the

obtained results from questionnaire were evaluated as in the following

table (6).
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It appears from table (6) and figure (14) that Palestinian rural society
is an agricultural society where most of families (87.45%) have cultivate
activities, but with noting more than half of families (57.90% of total
surveyed families, 66.20% from families of cultivate activation) depend on
rain fed (un irrigating) cultivation only. It is clear sustain (trees) rain fed
type comes first then seasonal (especially grains as wheat) rain fed crops,
after that field irrigated (mainly vegetables) crops and finally sustain
irrigated (as orange) crops. These results could be supported by information
in table (3) of appendix I1I.

Table 6 Cultivate activation of Palestinian rural families

Families Number | Percentage(%) | Percentage
of from total (%) from
Families families of Total
cultivate Surveyed
activation Families(247)

Don’t own any

agriculture area 31.00 - 12.55

Cultivate sustain rain fed

Crops. 192.0 88.89 77.73

Cultivate seasonal rain

fed crops. 165.0 76.39 66.80

Cultivate sustain irrigated

Crops. 28.00 12.96 11.34

Cultivate Field irrigated

Crops. 49.00 22.69 19.84

Of rain fed cultivation

only. 143.0 66.20 57.90

Of irrigated cultivation

only. 8.000 3.704 3.240

Of irrigated and rain fed

cultivation. 65.00 30.09 26.32

Total families of cultivate

activation. 216.0 100.0 87.45
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Figure 14 Cultivate activation of Palestinian rural families
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activation.
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IV) — Energy Sources and Consumption:-

The main energy sources {table (7) below- results of survey data}
for Palestinian rural families are natural gas and electricity. 98.78% of rural
families use natural gas with a monthly cost average (11.07) Jordan Diner —
JD- {which is a price of about two gas cylinders of 12Kg capacity} per
family and (1.62 JD) per capita. 97.98% of rural families are connected to
electricity with an average monthly cost of (25.06 JD) per family.

More than one third (36.03%) of rural families use liquid fuel
(gasoline, diesel and kerosene).Other sources are used by small number of
families as coal, fire wood and animal dung which are mainly obtained

without cost.

Table (7) data shows the average monthly energy cost (total) for
Palestinian rural family is (45.97 JD) which an important money amount
with respect to the rural family income especially at ambient political
conditions where job opportunities decreased and the unemployment
distributed. This reflect the need for finding cheep sources of energy and a
new job opportunities which shows the importance of encouraging rural

families for constructing biogas plants.

According to the surveyed people, the electricity is mainly used for
lighting and operating electrical devices as televisions, washing machines,
water pumps and coolers. Natural gas is used for cooking, house and water
warming in winter months while some people point to gas using for bread
making. For liquid fuel, it is used mainly for tractors, cars, water pumps
and little point to its using for heating. Families use fire wood mainly for

cooking, boiling water, heating in winter and some families use it for bread
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making. While coal used mainly for heating and animals dung for bread

making by taboon.
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Table 7 Energy sources and monthly consumption of rural families.

Nq. of families with 5 Monthly Average
their percentage from | ‘& )
. o Consumption
total surveyed families g (ID)
(247) 2 2
o é Per Family Per Capita
@ o ~
5 5| 2| & zZE
| 2| & | = |EF
kS = o K ]
T = = s | €8 % | sd @ | gq.
&0 2 B o — s )
5| 8 | 8| 35 |£ o 5
g > = £ :
2
2 | 5.000 242.0
;-‘ -
5 | 2.02% 97 9% 6190 25.06 | 9.57 | 3.660 | 1.41
m
Sg 3000 | | 2440 2735 | 11.07 | 486 | 1.620 | 0.71
§ O 1.22% 98.7% ' ' ' '
25| 1580 89.00
5 0 . .
Eé 63.9% - 36.0% 2182 8.830 | 4.82 | 1.290 | 0.70
= 203.0 | 23.00 21.00
8 821% | 931% | 850% 88.39 0.358 | 0.51 | 0.052 | 0.04
he)
L3 197.0 | 38.00 12.00
s g 7979% | 15.4 % | 4.860% 160.5 0.650 | 0.47 | 0.095 | 0.02
=
g 2| 2280 | 1900 | ] ) ) ] ]
Z A | 92.3% | 7.69%
Total 11355.49 | 45.97 | 20.2 | 6.711 | 2.880
total total
Where: - JD: Jordan diner and  Sd.: Standard deviation.

* Average = total consumption / 247 where 247 is the total number of surveyed families.
** Average = total consumption / 1690 where 1690 is the total number of surveyed families

members.
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V) — Organic Wastes Disposal Methods:-

A:- Animals Dung:- The calculated averages and percentages of
families replies (calculations are found in chapter 6) about the ways they
follow to dispose off or treat their animals dung are found in the following
table (table 8) with their rank or order. The averages and percentages are
calculated in order to rank the disposal ways from the most followed

disposal way by rural families (rank 1) to the least followed way.

Collecting animals dung in especial place for later disposing (from
table 8 below) is the most followed way (71.2%, Rank 1) by rural families
which emphasized by the second statement (collected to be through in the
field, percentage 66.4%, and rank 2). These ways lead to the accumulation
of animal's dung resulted in increasing of wastes negative impacts such as
bad odors, distribution of disease causing and victors which was observed
from the founded situation in rural areas during the visits to rural
communities and through doing the experiment where it was observed the
odor of organic wastes before loading it into the digesters (before
digestion) was greater than its odor after removing it from the digesters

(after finishing the experiment — after complete digestion).

Distributing dung without fermentation is not the best way since
using fermented dung gives better results for crops production in shorter

time [British Biogen and At-Information websites].

The other ways are used or followed rarely by farmers since all these

ways with percentages less than 34%.
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Table 8 Animals dung treatment and disposal ways.

%
No. Statements Average of Percgntage Rank
reply (%)

Collected in especial place to

e disposed off later. 2.85 712 1
Collected to be through in

2- | the field (without 2.66 66.4 2
fermentation).

3. Fermejnted for using as an 108 320 4
organic crops fertilizer.

4 Burned to get energy (taboon 134 334 3
for example)

5- | Burned as a disposal method. 1.24 31.0 5

6- | Collected for sale. 1.01 25.3 6

7. Fermen‘Fed for biogas 0.02 0.56 7
production.

3 Other ways-----------==-==---- - i i
----- (No answers mentioned)

*** Maximum range and score is 4.

* calculation method found in chapter 6

B- Planting Wastes Fate:-

Most rural families (see table 9) feed the generated plants waste and
crops residues to their animals (average reply 2.83 of 70.8%, rank 1; for
calculations see chapter 6). This followed way emphasized by statement

number 6 (straw made bales, with 56% percentage, rank 3).

For wood (trees wastes); it is mainly burned by families (rank 2) to
get energy for heating, boiling water and bread making. The other methods
for crops residues disposal are of little or rare use (all of percentage less

than 39%, their percentages and rank are found in table 9).

The result most of crops waste is used in a good way. Remain

amounts of the waste that disposed off wrongly could be collected and fed
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once or twice a year into biogas digester, if the family construct a biogas

plant.
Table 9 Planting wastes and residues fate
No Statement Average | Percentage | Rank
1 Fed to animals (straw and )83 708 1
leaves).
2- | Burned in the field. 1.54 38.4 4
3- | Remains in the field ground. 1.09 27.3 7
A Removed to the field 1.43 357 5
bounders.
5- | Wood burned to get energy. 2.61 65.3 2
6- | Straw made bales. 2.24 56.0 3
7. Fermented to .produ.c'e biogas 0.00 0.00 9
and/ or organic fertilizers.
2 Disposed off with animals 196 315 6
wastes.
Other ways----------- (straw
9- grinded for animals feed) 0.37 9.30 8
*** Maximum range and score is 4; Calculations found in chapter 6

C- Domestic Wastes Fate:-

Tables (10 and 11) show the ways followed by rural families for
disposing their domestic wastes (table 10) and wastewater (table 11) with

its averages, percentages and rank.

From table (10); it appears the main followed way for disposing
solid domestic wastes is by disposing it into general disposal containers
(percentage 75.8%), then the disposing of wastes in especial place near
house (percentage 36.0%). Other methods are followed by small number of

families or rarely followed.
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Table 10 Family domestic waste fate.

(&)
RN o0 s
S GE) Statement % Perioe/n)tage S
Z 2 z ' =
1 Disposing sol}d domestic wastes in 3.03 758 1
general containers.
5. D1§pos1ng solid dpmestw wastes on 0.985 246 3
animals wastes disposal place
3. Fgedmg organic domestic waste to 0.864 216 5
animals.
Fermenting organic wastes to get
4 biogas and/ or fertilizers. 0.170 4.17 6
5. Disposed off in especial place near | 44 36.0 5
home.
6- | Distributed in the planting areas. 0.879 22.0 4
Max. Range and score is 4; Calculations in chapter 6
Table 11 Family wastewater fate
0]
£ o 2
S g Statement % Perce(:)ntag =
Z 2 z e (%) |
7. Wastewater drained off to the cess
pits. 3.56 89.0 1
3 Wastewater drained off on the earth
surface. 0.364 9.10 3
9 Wastewater drained off into near home
valley or water stream. 0.273 6.82 5
10- Using wastewater for irrigating home
plants. 0.576 14.4 2
11- Draining wastewater into general
disposing net. 0.348 8.71 4

Max. Range and score is 4; Calculations in chapter 6
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It appears from table (11) above that most of rural families dispose
their home wastewater into cess pits (percentage 89%) with much less
following for other ways. Disposing wastewater into cess pits contaminate
soil and ground water which impact negatively on human, animals and

plants life.
7.1.2:- Part Two Results: - General indications and farmers opinion

As seen in the field survey (Appendix III), this part consist of two
subparts: - general indications and farmers opinion toward wastes issues
and applying biogas technology. The following tables summarize the

results for each subpart.
I) — General Indications.

The concentration is on evaluating two main subjects: - suffering of
rural families from negative impacts of organic wastes and studying some

of farmers' behaviors.
A) - Suffering of rural families from negative impacts of organic wastes:-

The replies averages of asked rural people on each statement of this
subject (statements are: 1, 2, 3, 4, 5, 11, 14, 16 of table -8- of the survey)
with their percentages are calculated (chapter 6) and the results

summarized in the following table (12).

The computed results show rural families mainly suffer from the bad
smell of accumulated solid wastes (average 3.69, percentage 92.3%), then
from distribution of rodents, flies and insects (average 3.16, percentage
79.0%). And suffer from smell of wastewater (average 3.07, percentage

76.7%), unavailability and bad governmental services (average 2.93,
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percentage 73.3%).While rural families suffering from taboon smoke,
neighbour animal farms and repeated diseases in family members is low

where the percentages of replies are less than 50%.

For suffering from governmental services, they could be ranged as
follows (from the highest suffering to less):- roads (this mainly return to
ambient political conditions), water and financial help, agricultural
advertising, solid waste disposal, wastewater disposal, health services,

electricity and finally education services.

The net result point the rural families suffer from the negative

impacts of organic wastes (average 2.41, percentage 60.3%).
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Table 12 Suffering of rural families from negative impacts of wastes and
governmental services.
(&)
5 GE g gb éo < %
) statement ) 0N @
2N z 1594
~
- 11 Suffering from rodents, flies, snakes,
insects...ect 3.16 | 79.0 | +
2. |9 Suffering from bad smell of accumulated
solid wastes. 3.69 1923 | +
3- | 3 | Suffering from smell of wastewater. 3.07 176.7| +
4- | 4 | Suffering from taboon smoke. 1.42 | 35.5| -
5- | 5 | Suffering from neighbors farms 1.89 [47.3| -
11- 6 Suffering from repeated diseases in my
family members. 1.75143.8 | -
14- |7 Neighbour complain to you from your
animals farm impacts 1.39 1348 | -
16- Suffering from a- electricity 1.86 146.5| -
unavailability or bad | b- water 3.31 1828
governmental c- agricultural
services advertising 3251813 | +
d- roads 3.63190.8| +
8 e-finance help 3.30 | 82.8 | +
f-wastewater disposal | 3.11 | 77.8 | +
g-solid waste disposal | 3.21 | 80.3 | +
h-health services 297 | 743 | +
i-education 1.74 1434 | -
Average for statement 16 293 [ 733 | +
Average for all statements 2411603 | +

Max. Range and score is 4, Calculations as in previous tables.
*(+) result means family suffers from negative impact while (-) result means family did not
suffer from the subject of statement.
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B) — Some of farmers practices:-

The studied practices are: - grazing animals on plants grow on
organic wastes, using of manufactured fertilizers, using of chemical drugs
and treatments, frequency of cleaning animals farm and wearing of farmer
for safety clothes when using toxic materials. These issues are expressed by
the statements (6, 7, 8, 9, 10, 12, 13, and 15) found in table -11- of the

questionnaire.

The calculated averages and percentages in table (13) show that
farmers usually use manufactured fertilizers, insecticides, herbicides and
animal and plants drug (all with percentages more than 62% - for
statements 3,4,5 and 6). This emphasizes the farmers suffering from

negative impacts of wastes.

The results in table (13) show most of farmers did not grazing their
animals on plants that grown on wastes. The same table shows most of
farmers did not wear safety clothes when they are using animals and plants
drugs which reflect the need for more efforts to raise farmer awareness to

such issues.
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Table 13 Some of farmers practices.

5 e |
5 S| | i
7 ©) < =
Z |z statement § § %
g < o =4
6- | 1 | Grazing my animals on plants grow on solid

disposal place. 1.38 1345 -
7- | 2 | Grazing my animals on plants grow on

wastewater stream sides. 1411353 -
8- | 3 | Using manufactured fertilizers to enhance

my crops production 296|740 +
9- | 4 | Using insecticides, herbicides,... for

enhancing crops production 2531633 +
10- | 5 | Using animals' drugs for animals' treatment. | 2 71 | 7.7 | +
12- | 6 | Using drugs to reduce or kill insects,

rodents, flies.... 2.48 | 62.0 +
15- | 7 | Wearing protecting clothes when using

animals and plants drugs and treatments. 167418 -

**% (+) means the practice usually done while (-) refers to rare practice.
* Max. Range and score is 4. Calculations as in chapter 6

) — Farmer opinion toward wastes issues and his acceptability for

applying biogas technology.
A- Farmer Opinion:-

The calculated averages percentages for the statements about the
opinion of farmers toward wastes issues for evaluating their environmental
awareness with its indications are summarized in the below table (14). The
results show a farmer positive opinion toward most of the issues that
concerned with impacts of wastes in constructed statements where the

results are positive (more than 60%) for 12 statements {which are of
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numbers :- 1,2,3,4,6,7,10,12,13,14,16 and 17} of 17. The net result is

positive with average score (2.61) and average percentage (65.2%)).

The positive direction of farmer opinion could be developed and

used for raising farmers' acceptability to construct biogas plant.
B- Farmer acceptability for biogas technology.

For evaluating the acceptability of rural families to construct biogas
plants, the averages and percentages of farmers' replies on the subject
statements (17, 18, 19 and 20 of table-9- of the survey) are calculated and

the results summarized in table (15).

The result for acceptability of farmers to constructing biogas plants
and using biogas instead of natural gas is positive with average score (2.63)
and average percent (65.8) with noting the raise of this acceptability in the

case of getting a financial help {table (15)}.
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© - [}
< 3 Statement -§ 5 *qc)o & —~ %
£ g 2 555 & |58 %
S 3 S| I 2 9

Z A g < S | &
1- I- | Accumulating wastes pollutes soil

and water environments. + 3.07 | 76.8 | +
2- | 2- | Burning wastes and crops residues

pollute air environment. + 2.69 | 672 |+
3- | 3- | Accumulating and wrong disposal

and treatment of wastes increase

distribution of flies, rodents... + 334 | 83.6 | +
4- 4- | Flies, rodents... are considered

diseases causing or / and disease

victors. + 298 | 74.6 | +
5- | 5- | Unisolated cess pits causes

pollution to the ground water in

additional to soil. + 2.25 | 56.2 | -
6- | 6- | Polluting soil, water and air

impacts negatively human health. + 246 | 61.6 | +
7- | 7- | Wastes accumulation and wrong

disposal cause negative impacts on

human body and physical health. + 2.58 | 64.6 | +
8- 8- | Irrigating crops with wastewater

causes diseases for consumer

health. + 2.23 | 558 -
9- | 9- | Feel disturbed when I see

accumulated waste. + 1.97 | 49.2 | -
10- | 10 | Cleaning animal farm within short

periods impacts positively human

life and animal health. + 2.82 | 704 | +
11- | 11 | Using manufactured fertilizers (for

crops and animals) impacts

positively consumer health. - 2.14 | 53.6 | -
12- | 12 | Grazing animal's plants growing

on wastes will negatively impacts

human and animal health. + 2.51 | 62.8 |+
13- | 13 | Un fermented organic waste as a

fertilizer is better than the - 241 | 60.2 | +
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fermented waste.

Table 14 Continues ...

14- 1 | Using animals and plant drugs
4 | enhance their production. + 1342|854 |+
15- 1 | Using animals and plants drugs
5 | improve human health. - 11.84146.0| -
16- 1 | Applying biogas technology reduces
6 | the volume of the wastes to be
disposed off. + 255|638 |+
21- 1 | Feel disturbed from smelling wastes
7 | odors. + [3.06]764 |+
Average 2.61 | 65.2 | +

* Max. Range and score is 4.
** (4+) means positive result, while (-) means negative result toward waste issue.

Table 15 Farmers acceptability for applying biogas technology.

o L'S - o
S5, =59 |E-|L
R= o = X |3
S E z Statement S 2 § § ~ %
7] ] ) (a4
Z a v < (¥
17- 1- | I will apply biogas
technology, if its
.= ‘ble.
economic is feasible N 238 | 594 ]
18- 2- | I will construct a biogas
plant, if I get a financial
help. + 294 | 73.6 | +
19- 3- | I will use biogas instead
of natural gas, if it is of
1 t.
o8 + | 273 | 682 | +
20- 4- | If you don’t raise
animals, are you ready to
raise animals if biogas
plants applied and give
good economic results? + 248 | 62.0 | +
Average 2.63 | 65.8 +
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* Max. Range and score is 4. *** (+) means the statement is acceptable and (-) refers to
farmer un acceptability.

7.1.3:- Part Three Results: - Different questions

I)-Farmer knowledge about biogas technology and anaerobic fermentation

Process:-

The following table (16) shows the results and evaluation for the
farmers knowledge about biogas technology and anaerobic fermentation
process before the visit and explaining these issues to them. The results in
the table indicate most of farmers (80.2%) know nothing about biogas
technology, while their knowledge about anaerobic fermentation for
organic materials was better but with a low average percent (50.7%). The
net result for both (knowledge about biogas technology and anaerobic
fermentation) is negative which implies more efforts should be done to

raise farmers knowledge toward such projects and its benefits.

Tablel6 Farmer knowledge about biogas technology and anaerobic
digestion process.

. Reply Choices >
2 IS
= much | something little nothing | » | < |,
= ] *
o G~ o |2
= A Bl e Bl al Bles 82 E |z
.S . oo S © = ® =g &
= Subject Ogg O_g = O'ﬂé) = O.g S| = 8|2
: SZ 3|z 3|52 Z|s3 3|55
& “8 5|78 5 |“& 5|78 5 |z]|~
=9 =9 =9 =¥
1 Blogas 50 1] 2.0 18 7.3 26 10.5 198 | 80.2 | 0.1 | 3.50 | -
Technology
2 Anaeroblc. 42 17 79 32 92 373 34 13.8 | 1.5 | 50.7 | -
Fermentation
Max. range for average and score is 3.
** (-) means negative result.

) — Cess pits:-



100

A-The results of rural people answers on questions (3 and 4) of the
field survey are found in the following table (17). The results indicate most
of rural families (96.76%) dispose their wastewater into cess pits. This
result supported by the families answers on statement 7 (average answers
percentage 89.0%) of table (11) which refers to the stability of the survey.
Most of cess pits (69.46%) are not internally isolated from their
surroundings which indicate to the large contamination of soil and ground

water through sealing of cess pits contents.

Constructing biogas plants will be a good solution not only for
disposing wastewater but also for obtaining biogas, organic fertilizer and

decreasing the soil and ground water contamination.

Table 17 foundation of cess pits for family waste water disposal.

cess pits Found | Not Found | Isolated | Un isolated

No. of Families | 239.0 8.00 73.00 166.0

Percentage 96.76% | 3.24% 30.54% 69.46%

B- The results of rural people answers on question (5) of the field

survey are summarized in table (18) below.

Table 18 Thought of rural people about sealing of cess pit
contents into its surrounding soil.

Choice Yes May be No Total

No. of answers 99.00 136.0 12.00 247.0

Percentage 40.08% 55.06% 4.860% 100.0%

Table (18) shows 55.06% of rural people thought cess pits contents

seal into surrounding soil, 40.08% are sure and 4.86% of them do not think
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so. These results support the positive results obtained for farmers opinion

toward impacts of organic wastes (table 14).

C- Table (19) contains the results of rural people answers on
question (6) of the field survey which is about withdrawing of the

absorption pit contents with time.

Table 19 Cess pits content withdrawing with time.

Choice (With in) | 6 months | One Two Three years | Total
year years or more
No. of answers 17.00 77.00 48.00 97.00 239.0
Percentage 7.113 % | 32.22% | 20.08% 40.59% 100.0%

The calculated percentages in table (19) emphasize most of cess pits
are not isolated. Most of cess pits in rural areas filled after two years or
more of using (20.08% after two years and 40.59% after three years or
more). This also indicates most of cess pit contents seal to its surrounding

soil and so to a wrong disposal method.
[II) - Distance between families homes and wastes disposal places.

The negative effects of wastes on family life increase with
decreasing of the distance between home and wastes disposal place. The
results in table (20) show the distance between family home and wastes
disposal place is less than 50 meters (with average 22.73 meter) for 44.13%
of rural families while 36.44% of rural families are far from disposal place
by 151 meter or more. The results point to the suffering of rural families

from negative impacts of wastes accumulation.
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Table 20 Distance between family home and the nearest wastes disposal

place.
Distance Average No. of Percentage
Intervals Distance Families | of families
(meter) (meter)

1-50 22.73 109.0 44.13%
51-100 81.55 27.00 10.93%
101 - 150 136.8 21.00 8.502%

151 and more 1483 90.00 36.44%
Total 247.0 100.0%

IV) - Frequency of cleaning animals farms

Table (21) summarizes the results for question (8) of the field

survey:-

Table 21 Frequency of family cleaning for its animal's farm.

Cleaning once | No. of Families | Percent of families from
within (days) do that families that raise animals
1-7 127 70.9%
8-14 18.0 10.1%
15-21 10.0 5.59%
22 -28 5.00 2.79%
29 and more 19.0 10.6%
Total 179 100%

This table shows most families (70.9%) remove or clean their
animals farms once or more with in a week which is a positive behavior,
but most of the dung accumulated near the animal farm (see the result of

statement -1- in table 8). The result means biogas plants should be
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constructed. Continuous farm cleaning mean the ability of providing biogas

digester with dung in short times and prevent waste accumulation.

Families that clean their farms after long time are usually families
whom raise large number of animals especially poultry, where these
animals (poultry) are usually raised periodically and so cleaning is done

after finishing each animals period.
V) - Problems faces rural families in disposing wastes:-

The problems face rural families in disposing their animals waste,
plants residues, wastewater and domestic wastes are summarized in the

following points:-

1- Transporting wastes after cleaning animals farm and long distance

between family home and wastes containers or disposing place.
2- Difficulty of farms wastes removing in winter season.

3- Late of wastes collecting truck which cause over filling of wastes
containers (accumulation of wastes) and so distribution of bad odors

and insects.
4- Unavailability of enough number from wastes containers.
5- Unavailability of wastewater disposing net.

6- Some families complain from unavailability of vacuum tank when
cess pit filled and from bad odors distributed when the cess pit

contents emptying.
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7- Some rural families complain from neighbour animal farms (odors,

distribution of rats and flies).

Above problems indicates to the suffering of rural families in
disposing off wastes and this emphasize the opinion about negative impacts

of wastes on rural families life.

Many surveyed families (especially those whom raise animals on
commercial scale) were asked for more information about biogas producing
process and its costs, and about the uses and benefits of the biogas. Some
educated persons were asked for increasing farmers awareness about biogas

technology and its benefits.
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7.2- Experiment Results and Discussion

The experiment was started at 25/10/2003 and finished at
25/12/2003, that is, the retention time was 60 days. The daily maximum
and minimum temperatures were recorded and the pH values for each
sample were measured. The weights of produced biogas from each sample

were measured. Below tables and discussion describe the results.
7.2.1- Temperature

The night minimum and the day maximum temperatures were
recorded every day during the digestion process by a maximum — minimum
thermometer. The recorded temperatures are found in table (22) below. The
night minimum temperatures were ranged between 9 and 19C° with an
average temperature 12.03C°, while maximum temperatures were ranged

between 16 and 35C° with an average maximum temperature 25.4C".

The anaerobic digestion affected negatively with temperature
changes and so the quantity of the produced biogas because methanogenes
bacteria activation decreases with temperature variations [FAO/CMS,
1996]. The biogas productivity of the tested samples will be better if the

experiment done at stable temperature.
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Table 22 Daily maximum and night minimum temperatures during the
experiment days.

Day | Min.| Max. Day Min. | Max.
Temp. | Temp. Temp. | Temp.

1.00 18.5| 36.0 31.0 11.5 28.0
2.00( 19.0] 34.0 32.0 13.0 26.5
3.00 190 335 33.0 12.0 29.0
4.00( 18.0] 30.5 34.0 13.5 27.5
5.00 1751 27.0 35.0 11.0 25.0
6.00 16.0 24.0 36.0 10.0 23.5
7.00] 145 21.0 37.0 10.5 22.0
8.00 17.51 30.0 38.0 9.00 23.0
9.00( 13.5| 32.0 39.0 11.0 19.5
10.0 13.0 32.0 40.0 10.5 18.0
11.0 11.01 31.0 41.0 10.5 20.5
120 11.0] 34.0 42.0 12.0 18.0
13.0 11.01 33.0 43.0 10.0 16.5
140 11.5| 35.0 44.0 10.5 16.0
15.0 11.51 34.0 45.0 9.00 18.0
160 12.0| 32.0 46.0 9.50 18.5
17.0 11.51 33.0 47.0 9.00 17.0
18.0 14.0| 33.5 48.0 10.0 18.5
190 12.0] 30.0 49.0 10.0 20.5
20.0 11.01 29.0 50.0 12.5 23.0
21.0( 12.0] 28.0 51.0 14.0 21.0
22.0 13.5] 285 52.0 11.0 22.5
23.0( 10.0] 28.0 53.0 12.5 20.5
240 11.0] 30.0 54.0 10.5 22.0
25.0 120 29.0 55.0 13.0 19.5
260 10.5] 255 56.0 11.5 19.0
27.0 100 26.0 57.0 10.0 17.0
280 10.5] 26.0 58.0 9.00 18.0
29.0 11.0| 26.5 59.0 10.0 20.5
30.0 120 27.0 60.0 9.50 19.0
Average | 12.03 25.4




107

Standard deviation 2.53 | 5.72 |

7.2.2- pH — Values

The initial pH values (at samples loading time) were ranged between
6.52 and 8.12. the lowest value was for sample in barrel 8 —B8- (table 23)
which consists from food residues only and the highest value for sample in
barrel 10 that consists of wheat straw only. Increasing the ratio of food
residues in the sample (first row of table 23) lowers its pH value, since food
residues contain large amount of vegetables and fruits wastes which

contain organic acids.

The pH values {table (23) and figures (15+16)} were dropped
(acidity increases) gradually in the first days of the digestion process and
reach below 6 for all samples except samples in BS and B17 which its pH
values fall below 5. Then pH values were rise gradually to reach more than
7 at the last days (where pH values stabilized) of the digestion process for

all samples.

The fallen in pH values at the beginning of the experiment return to
the fact that the first step in the anaerobic digestion is the converting of
organic materials by acidogenes into acids which converted after that by
methanogenes into biogas and so raising the pH values [Schomaker and

others, 2000; FAO/CMS, 1996].
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Table 23 pH Values For Each Sample with Time

Day pH — Value for Samples

Bl |B2 |B3 |B4 [B5 [B6 |B7 |B8 |B9 [BI0

1 6.89 [6.76 | 7.38 | 6.63 | 6.60 | 7.40 | 7.61 | 6.52 | 7.82 | 8.12
3 6.51 [6.15]694|6.11 |6.01 |6.99|7.11 |6.21 | 7.02 | 7.71
6 6.28 [ 5.63 | 6.78 | 5.86 | 5.72 | 6.55 | 6.67 | 6.18 | 6.46 | 7.23
9 5.82(521(649|5.53|5.58|6.00|6.51|6.23 |6.24|6.59
12 535(5.13 637|558 |531583]6.56|631]6.20(6.17
15 5.1415.02 623|540 |4.95|5.76 |6.53 |6.42 | 6.17 | 5.92
18 5.12 {5.18 | 6.09 | 526 | 4.86 | 5.47 | 6.60 | 6.51 | 6.19 | 5.87
21 528 (5.24 593|500 |4.74 |5.37|6.73 | 6.82 | 6.45 | 5.81
24 5.5315.66 |5.85|5.134.71 |5.30 | 6.81 | 7.09 | 6.53 | 5.70
27 5.8816.03 597|539 |4.71 | 537695 |7.13 6.78 |5.83
30 6.376.58 627 |5.62|4.65|543|7.18|7.10|6.95|5.96
33 6.71 | 6.63 | 6.51 | 5.57 |4.79 | 5.52 | 7.19 | 7.17 | 7.06 | 6.35
36 7.01 16.82]6.73|5.60|5.03|5.85|7.24|7.21|7.19]6.68
39 7.2517.17 1699|573 |5.36|6.07 733|721 |7.25|6.96
42 7.30(722 (727596 550|648 |731|7.23 |7.36|7.27
45 728 17.25|7.33|6.29|5.61 |6.70 |7.46 |7.21 | 7.41|7.53
48 7.36 739|746 |6.51 |5.94 692 |7.52|7.25|7.48|7.68
51 7.3217.41|7.56|6.70 |6.21 | 7.11 | 7.50 | 7.22 | 7.54 | 7.75
54 727743 |7.51 696 |6.58 |7.19|7.61|7.23|7.59|7.81
57 723741 |7.54(7.07 | 6.88|7.25|7.58|7.21|7.61|7.82
60 7.25(7.41|7.58|7.04|7.00|7.39|7.59|7.23|7.68|7.85
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Day pH — Value for Samples
B11 [B12 | B13 |B14 | B15 [ B16 | B17 | B18 | D1 [ D2

1 7.96 729 |7.13(6.73|7.16|6.95|7.03 |6.85|6.92|7.04
3 7.386.72|6.68 |6.35]6.50|6.41|6.56|6.50|5.94|6.17
6 6.8516.50|6.01 591597 |6.12|6.23|6.31|5.37|6.04
9 6.47 1631|597 |5.78 591|588 |6.12|5.81|5.39]5.83
12 6.01 | 6.25|5.735.74 1596 |5.90|5.15|5.37|5.46|5.79
15 5.8316.14|5.86|5.69|6.05]591|5.05|5.18|5.37|5.82
18 574 1 6.03|5.83|5.58(6.27|5.7814.92|5.10 | 5.44|5.85
21 5.691592{590|5.51|6.45|5.98|5.09|5.23|5.70|5.93
24 5.62 1589|6.15|549|6.81 |5.83|526|5.46|5.92|5.87
27 5.60 | 6.05|6.37[5.62|6.78|5.71 |5.18 | 5.78 | 6.27 | 5.96
30 558 16.27|6.54|5.89(6.93|592|525|6.31(6.14|6.01
33 561 641|6.55|6.04|7.00|6.18|5.39|6.57|6.29 | 6.06
36 5.76 | 6.76 | 6.69 | 6.15|7.20 | 6.15|5.57 | 6.89 | 6.57 | 6.00
39 5931691|6.80|6.20|7.29|6.34|5.86|7.036.61|6.13
42 6.13|7.08|7.02|6.41|7.36|6.57|595|7.15|6.79|6.34
45 6.48 | 7.26|7.11 | 6.63 | 7.40 | 6.84 | 6.32|7.19 | 7.13 | 6.65
48 6.89 731 |7.166.70 | 7.46 | 7.01 | 6.79 | 7.20 | 7.28 | 6.70
51 7.2317.30|7.286.99|7.43|7.15|6.72|7.26 | 7.35| 6.89
54 7.527.35|7.27|7.05]7.51|7.13|6.86|7.25|7.42|6.94
57 7.60 732|748 |7.16|7.49|7.22|6.97|7.28|7.39|7.03
60 7.65|734|7.42(7.19|7.55|7.23|7.00|7.27|7.45|7.29




110

Because the temperature changes were nearly stable through the
experiment time, there was no significant sudden pH drop observed (except
some pH - fluctuations for some samples {B4, B6, B17, D1} in the period
between ~16- 30 day of the digestion process), since methanogenic bacteria
are sensitive for temperature changes where its activation increases
(converting of acids to methane increases and so the pH value of digester
content decreased) with increasing the temperature of digester while its
activation decreases (converting acids into methane decreases which lead to
accumulation of acids and so the pH value rises) if the temperature
decreased [FAO/CMS, 1996]. This refers to the approximate stability of
microorganisms inside the digesters which could be concluded from figures

15 and 16.
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Figure 15 pH changes with time for samples from B1 to B10
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Figure 16 pH changes with time for samples from B11 to B18 and
D1, D2
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7.2.3- Samples biogas productivity

All samples produce biogas of weight in between (37.2 g) and
(67.3g) per each kilogram waste (table 24). All samples reach their
maximum productivity within a time interval 24 — 36 days from the

beginning of the experiment (table 24, and figures 17, 18, 19, 20 and 21).

Depending on the results of table (24), the following issues will be
evaluated and discussed: - effect of waste types on biogas production from
mixed samples (B1 to B9), effect of animal dung type, effect of dilution,

effect of enlargement and finally effect of stirring.
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Table 24 Weights of produced biogas from each sample with time.

Weight of withdrawn biogas for Samples (gram).
Day BI B2 | B3 B4 | BS | B6 | B7 | B8 | B9 | BI0
3 2.50 | 1.00 | 2.00 |0.50 |2.50|4.50|3.50|6.00 |- 1.50
6 5.00 |4.00 250 |[3.50 |2.50(5.50(5.00(850 |[1.50 |4.00
9 6.50 |9.50 | 5.00 |4.50 |4.00 |8.50|10.5|13.0 |2.00 |4.50
12 11.5 | 14.0 | 850 |6.00 |10.0 [ 9.00 | 16.5 | 25.0 |3.50 | 7.50
15 180 | 155 (11.0 |7.00 |17.521.029.0 |46.5 |5.50]10.0
18 245 1265 120.0 [9.50 |220|18.5]50.5]|63.0 |13.0]16.5
21 345 13751325 | 160 |355 (260670825 |245 285
24 43.0 |50.5|49.0 |355 |46.5|32.5|88.0(90.5 |46.0|51.5
27 69.5 740|665 |50.5 |68.0|41.0]925|86.0 |52.0]72.0
30 920 |740 845 |625 |73.5]59.0 835|800 |555]685
33 81.0 | 685]70.5 [73.0 |71.0|84.5|755|68.0 |57.5]67.0
36 63.5 |69.0|62.0 |80.5 |72.0|80.5]|62.0|53.0 |54.0]56.0
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39 380 | 61.5 415 | 650 |64.5 785|450 |50.5 |42.5 395
42 30.0 |49.5|28.5 |44.0 |33.0|60.0|36.5|42.0 |35.0]250
45 19.0 |30.0 255 |28.0 |20.0 375|250 |31.5 |22.0]|275
48 6.50 | 12.5|18.5 |13.0 |10.5|15.0 | 145]20.0 |16.0|21.5
51 350 | 1.50 |9.00 |4.50 |6.00|7.50]6.50|13.0 |10.5]|17.0
54 2.00 |0.00 | 650 |1.50 |3.50 |1.50|2.00|14.0 |4.00|11.5
57 1.50 | 1.00 | 2.50 | 1.00 |3.00 |2.00|0.50 |9.50 |1.00 |6.00
60 0.50 |0.00 | 1.00 | 1.50 |4.50 |1.50 | 0.50 |5.00 |0.00|2.50
Total 550 600 | 547 |507.5|570 | 594 | 714 | 807.5 | 446 | 538
Av./Kg |45.83 | 50.0 | 45.58 | 42.3 |47.5|49.5|59.5|67.3 |37.2 | 44.83
Table 24 Continues....
Weight of withdrawn biogas for Samples
Day B11 [(B12 | B13 | B14 | B15|Bl16 | B17 | B18 | D1 D2
3 3.50 12.00 | 2.50 | 3.00 (1.00 [1.00|1.50 |5.50 |23.5 |16.5
6 5.50 | 3.00 | 5.00 | 4.50 |2.50 |3.50 |5.00 |9.00 |455 |255
9 11.0 [9.50 | 11.5 | 6.00 | 5.50 | 8.00 | 9.50 | 14.5 |98.0 |47.5
12 17.5111.5|18.0 | 13.5 |8.00 |12.0 | 13.0 |27.0 | 153 73.5
15 28.0 [ 18.5]29.0 | 27.5 | 15.5]20.5 250 |42.5 |226.5]|109
18 49.5127.0 | 51.5 |44.0 |24.0 320|415 |655 |290 162.5
21 70.5 1 43.5|75.0 | 56.5 |32.0 |48.0 650 |72.0 |374 |197.5
24 90.0 | 54.0 | 83.0 | 68.0 | 455 (605|795 |89.0 |483 |235
27 95.0 1 66.0 | 97.5 | 84.0 | 63.5|73.5|91.0 |87.5 |597.5]276.5
30 87.5(193.0 795|885 |85.0|86.5|98.5 |81.0 |574 |310
33 78.0 | 85.0 | 64.0 [ 89.0 | 80.5 | 74.5 | 86.0 | 64.0 |481.5 | 337
36 60.5169.5|39.5|76.0 |71.063.0|72.0 |51.0 |376.5|3555
39 46.5 [ 41.5 | 28.0 | 54.0 |59.0 | 40.5 |55.0 |43.5 |258.5|324
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42 38.0 | 19.5 | 22.0 | 36.5 |43.0 | 28.5|34.0 |39.0 |137.5]305.5
45 22.0 (13.0 | 16.0 | 23.5 |20.0 | 18.0 | 12.5 | 255 |71.0 |269.5
48 18.5 19.50 | 10.5 | 12.0 | 6.50 | 13.0 | 9.50 | 15.0 |26.5 |218.5
51 9.50 | 8.00 | 7.00 | 5.50 |4.50 | 7.50 | 6.00 |10.5 |10.5 | 131
54 2.50 [ 5.00 | 3.50 | 1.50 |3.00 | 1.50 [ 450 |6.50 |6.50 |62.0
57 1.50 [ 3.50 | 1.00 | 0.00 |2.50 | 2.00 | 2.50 |5.00 |5.00 |19.5
60 2.00 { 1.50 | 1.00 | 1.00 | 2.50 | 0.00 |2.00 |3.50 |4.50 |13.0
Total | 737 | 584 | 645 | 694.5 | 575 | 594 | 713.5 | 757 | 4243 | 3489
Av./Kg [ 61.4 | 48.7 | 53.8 | 57.9 |47.9 | 49.5|59.5 |63.1 |58.93|48.46

Av. :- average.
The deviation for the used digital balance is 0.5 gram.

Figure 17 Biogas production with time for barrels from B1 to B10
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Figure 18 Biogas production with time for barrels from B11 to B18
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Figure 19 Biogas production with time for D1 and D2
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Figure 20 Total biogas weight produced by samples for B1 to B18



117

Biogas weight (gram)

1 23 45 6 7 8 91011121314 151617 18

Barrels

Figure 21 Total biogas weight produced by samples in D1 and D2
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A} - Waste type effect:-
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The food residues (alone) produce the biggest quantity of biogas
(67.3 g/ kg waste —B8-) with maximum production at shorter time (day24).
This may return to the large content of food residues from volatile solids.
Animals waste (alone —B7-) comes in the second rank where its average
production per kilogram waste is 59.5g. Straw (B9) is the lowest waste type
in producing biogas (37.2g /kg waste) because of its high C/N ratio and of
its high fibrous content which digested hardly [Mattocks, 1984]. The

following figure (22) explains these results.

No significant differences observed for biogas productivity from
samples (B2, B3, B4, B5, and B6) which may due to using small quantities

of different waste types for each sample.

Figure 22 Produced biogas from samples B7, B8 and B9
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B} - Animal dung type effect:-

By comparing the results in table (24) and figure (23 below) for
samples in B12 (cow dung), B13 (sheep and goat dung) and B14 (chicken
waste); the sample of chicken waste produces the highest biogas weight
(57.9g/Kg dung) but with maximum production rate at longer time. Then
the sample of sheep and goat dung (53.8g biogas/Kg dung). The sample of
cow dung produces the lowest weight (48.7 g/Kg dung). These results are
reasonable because chicken waste is of the highest volatile solids (the waste
productivity for biogas increases with increasing of its volatile solids
contents; [Mattocks; 1984]) and of the lowest C/N ratio (24 for cow dung,
19 for sheep, 12 for goat and 10 for chicken dung, [FAO/CMS; 1996]) and
of the highest retention time where the best digestion occurs when C/N

ratio ranged between 20 and 30.

Figure 23 Total biogas weight produced from samples B12, B13 and B14
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Results of samples (B12, B13, B14, B15, B16, B17, and B18) —
figure 19 - indicate that sample of equal ratios (B18) from the three animal
dung types (cow, sheep and goat, chicken) produces the largest quantity of
biogas (63.1 g/kg waste) with reaching its maximum production at shorter
time. The reason is not so clear, it may be returned to the reaching best total

solids ratio or best C/N ratio among different waste types.

Mixing a quantity of cow dung with an equal quantity of sheep and
goat dung or chicken waste has no significant difference with respect to
using cow dung only or in the case of mixing it with one of the other
animals waste (B12, B15 and B16) on both its biogas productivity and
retention time of the digestion process. This may return to the fact cow
dung is of the best C/N ratio but of the lowest volatile solids content, sheep
and goat is of the middle C/N ratio and volatile solid contents and chicken
dung of the lowest C/N ratio but with the highest volatile solids content,

and these differences create the equalization.

For sheep and goat samples it is clear that mixing their dung with
cow dung reduce their productivity (B16: 49.5 g of biogas/Kg dung)
comparing with the case of using it alone (B13:- 53.8 g/kg dung), while
mixing them with an equal amount of chicken waste enhance their

production (B17:- 59.5g / kg dung).

Mixing chicken waste (alone in B14 with biogas production 57.9 g
/kg dung) with cow dung lower its productivity (B16: 49.5g / kg dung),
while mixing it with an equal amount of sheep and goat dung enhance their

biogas productivity (B17: 59.5g/ kg dung).
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The two statements above could be explained by the fact that sheep
and goat dung enhance C/N ratio for chicken dung, and chicken dung
increase the volatile solids content of the mixed waste. While cow dung
decrease significantly the volatile solids content of the mixed waste despite

of its enhancing for C/N ratio.
C} - Dilution effect:-

Comparing results for samples (B7, B10, and Bl1land figure 24 ), it
seen that sample biogas productivity increases with increasing water
amount (dilution).Sample B11 of dilution factor 3 produces 61.4g of biogas
per kg waste, B7 of dilution factor 2.5 produces 59.5 g /kg waste and
sample B10 of dilution factor 2 produces 44.83g per kilogram waste. This
may be returned to the fact that increasing water amount decreases the
changes of sample pH and temperature in addition to decreasing total solid

ratio.

Figure 24 Produced biogas from samples B7, B10 and B11
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D)-Enlargement Effect:-

Increasing the amount of the slurry inside the digester decreases the
effect of temperature and pH flocculation on the digestion process which
enhances the organic wastes productivity for biogas. This could be
observed form the results of samples B1, D1 and D2 (of the same waste
types ratios), where the averages for biogas weight per each 1Kg of wastes
in D1 (58.93g) and D2 (48.46g) are bigger than its average (45.83g) in Bl
(small digester).

The curves of biogas productivity with time for large samples (DI,

D2 — Figure 19) are smother than small samples (B1 to B18- Figures 17
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and 18).The same thing could be observed from the pH-curves of these

samples (figures 15 and 16).
E} - Stirring effect:-

The results of samples in D1 (with stirrer) and D2 (without stirrer)
show that the stirring for digester contents is an important factor to improve
organic wastes productivity for biogas and to decrease the retention time of

the digestion process.

From table (24) and figures (19 and 21); it is clear D1 organic
contents produce biogas (total weight 4243g) more than that of D2 (3489g),
and it 1s appear the maximum biogas productivity in D1 was reaching on
day 27 with 54 days for complete digestion (retention time), while
maximum biogas productivity in D2 was reaching on day 36 with more
than 60 days (retention time) for complete digestion of its contents.
Moreover the curve of biogas productivity with time for D1 is smother and
more symmetrical than that of D2 (figure 16) which means the digestion

process in D1 went on by a better way than in D2.

The above results could be explained on the base that stirring make
the substrate more available for acting microorganism, equalize the pH and
temperature of the digester contents and ““ prevent the bacteria from

stagnating in their own waste products” [Mattocks, 1984].

Increasing the weights of samples with longer retention time may
give more differences among tested samples, and so the indications become
more observable and the results more simple for explanations. Also; doing
the experiment in warm months will enhance samples production for

biogas with decreasing the retention time.
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The results show that the average of produced biogas per kilogram

for all samples is equal (51.9 gram) with standard deviation (7.63).
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Chapter Eight
Application of Biogas Technology in Palestine

In this chapter, a family biogas producing system will be proposed
depending on the field survey and the experiment results of the study, the
evidences for biogas technology succession in Palestinian rural areas that
mentioned in chapter one and some information about biogas technology
from other studies. Also; the construction materials with its costs and the
time period required to get back the capital of constructing the proposed

plant will be estimated.
8.1- Sizing the Digester

The following points reported to calculate the volume of the required

biogas production digester for Palestinian rural family:-

1- The average weight of biogas that could be produced from (1Kg) of

mixed organic wastes is (51.9gram) [experimental result].

2- The monthly average for Palestinian rural family consumption from

natural gas is (24Kg) [table -7- of the field survey results].

3- Suitable retention time for anaerobic digestion process in Palestine

ambient conditions is (60) days.

4- The biogas energy value is nearly one half of natural gas [Hansen,

2001].

5- Each animal unit generate daily from (10 Kg) to more than (15Kg) of
organic wastes [Mattocks, 1984] (after converting units from pound

to kilogram).
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6- The daily generated dry organic matter form each rural capita in
Palestine is (0.175 Kg) [El-Jaber, 1993], therefore; the daily weight
of the generated organic waste by rural family (6.85 capita / family,

field survey result) is (1.2) Kg.

7- The best ratio for the slurry components (to be introduced into the
digester) is 1 volume unit of organic waste to 3 volume units of

water [experiment result].
8- Assume that the volume of each 1Kg of slurry is 1 litter.

9- The volume of the digester = (Volume for slurry X retention time) +

volume of gas holder [ At Information, website].

10-The volume of the gas holder should be one fifth of the total digester
volume [GTZ, 1993].

Depending on above points; the monthly weight of biogas required
for Palestinian rural family to cover its monthly requirement from natural
gas is (48) Kg, which could be produced from (924.9) Kg {from 48 /51.9 g

biogas per Kg of mixed organic waste} of organic waste.

This means the daily required quantity of mixed organic waste is
(30.83) Kg {from dividing 924.9 by 30}.This quantity of organic waste
could be obtained from (2 to 3) animal units {available for 42.93% of the
rural families, table 4 of the field survey results, but by summation of
percentages for 2-3 to more 7 units intervals}, or from (1 to 2) animal units
{available for 57.1% of rural families, table 4} with domestic waste

generated by the family.
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The daily required quantity of water for dilution = 30.83X3 = 92.49
Kg; so the daily volume of waste and water = 30.83 + 92.49 = 123.3 litter.

The total volume of digester for slurry = 123.3X retention time
=123.3X 60 days = 7398 litter = 7.4 m?
The volume of gas holder =1/5 X 7.4 = 1.5 m®.
So; the total volume of the required digester =7.4 + 1.5 = 9 m>.
8.2- The Proposed Design for Family Biogas Plant

Because the concern is the rural family; so the simplest design of
long operation time, low construction cost and that could be operated and
repaired by the family itself should be selected. The best choice is a
Chinese fixed — dome design which shown in figure (4) of chapter (3)
[FAO/CMS, 1996; Mattocks, 1984 and At-Information website]. Other

evidences that support this choice are:-

1- The founded experience for the society in digging rain-water wells
which shape is similar to that of fixed — dome design, in addition to

the founding of experienced workers for wells walls cement coating.

2- Most of Palestinian villages and rural families locate on mountains
and their sides where the rock layers are found at small depth under
the soil surface which eliminate the need for building bricks or

cement walls when the digester constructed under ground.

3- Constructing the digester under ground reduces the negative impacts

resulted from atmospheric temperature changes, earth area required
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for constructing biogas plant and reduces the hazard of biogas

explosion inside the digester.

4- Availability of constructing materials such as:- cement, sand, small

stones and plastic pipes with a reasonable prices.

As aresult a 9 m*® Chinese fixed — dome design is the proposed one with
continuous loading (daily or weekly) for wastes into the digester which
decrease the negative impacts associated with wastes accumulation and

provide the family with nearly a daily stable amount of biogas.

The following figure (25); explain the design and its measurements

which calculated by the following equations:-
Cylinder volume =2n r* h
Cone volume =5t r* h
Cubic volume =w 1 h

Where: - © = 3.14, r:radius, h: height, w: width, 1: length.



129

Figure 25 A 9m?® Family biogas plant.
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8.3- Construction Materials and Costs

After asking many experienced people in digging rain-water
collecting wells, cement coating, and about bricks, sand, small stones,
cement bags (50Kg), rigid plastic pipes and other materials (required for
constructing the biogas plant) prices. The costs for constructing the

proposed design of the family biogas plant may be estimated as follows:-

Table 25 Requirements and costs for constructing the proposed design.

Requirements Cost (JD)
Digging operations with workers (4 days working time) 250
2 m? of small stones- 15
2 m? of sand 20
15 cement bags (each 50Kg) 50
2 rigid plastic pipes (3 meter length, and 8" diameter) 10
Gas valve and connectors. 10
50 litter of Plastic or asphalt paints 55
80 bricks (10X10X40 centimeter, may required for pits) 15
Miscellaneous 75
Total 500

Where:- JD: Jordan diner; m: meter;
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8.4- Investment for Applying the Proposed Family Biogas Plant

The biogas plants produce both biogas and organic fertilizer. The
biogas could be used mainly instead of natural gas, while organic fertilizer
used to improve crops yield, and so could be used instead of manufactured
fertilizers. Therefore; the monthly direct economic benefits for biogas

plants could be estimated as follows:-
Monthly economic benefits (investment)

= investment of (biogas + organic fertilizer) — monthly costs.
A) - Biogas using investment:-

The proposed biogas system designed to produce biogas quantity
could cover the monthly consumption of rural family from natural gas, so
the monthly sum saving expected from using biogas is (11.07 JD) {table 7

of survey results, chapter 7}.
B) - Organic fertilizer investment:-

The organic matter contains from 65-90% volatile solids and 30-60%
of the volatile solids (depending on the type of the organic matter)
converted by anaerobic digestion into biogas [El-Jaber, 1993]. If the
averages for the previous percentages (77.5% volatile solids and 45% for
the percentage of amount of volatile solids that converted into biogas) are

taken for calculations, then:-

The amount of organic waste (introduced into the digester) that lost

monthly (converted into biogas)

= monthly loaded organic waste weight X 77.5% X 45%
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=924.9 Kg X 77.5% X 45%% = 322.6 Kg

Then; the amount of organic matter gets out from the digester into the

displacement pit is:
= loaded amount — converted amount into biogas

= 0249 - 322.6 = 602.3 Kg. (the quantity that will be used to fertilize

crops).

The manufactured fertilizer of the lowest price available in the local
markets is (Ammoniac) fertilizer which sale to farmer by about (135 JD /
ton). Assuming that each ton of the digested organic waste (organic matter
get out of the digester) will be sale by 20% of Ammoniac price, then the
price of 1 ton of the digested organic waste = 20% X 135 =27JD.

Therefore; the monthly investment for organic fertilizer from biogas

plant = 602.3 X (27 JD/1000Kg) = 16.3 JD.
C) - Monthly cost

The monthly cost for operating the biogas plant may come from
replacing some of the used equipments (mainly gas valve, gas transporting
pipe) and purchasing for water in the case of using clean water for diluting
organic wastes to be introduced into the digester (the use of water could be

reduced or eliminated by using waste water).

In the case of purchasing for water and with knowing that the price

for 1m? of water (provided by truck tank) is about 1.2 JD, then:

The monthly cost for water is
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= volume of used water (per month) X 1.2 JD/ m?
Volume of water = daily added volume X 30 day/month
=92.49 litter X 30 =2774.7 litter/month = 2.77 m?
The monthly cost of water =2.77 X 1.2=3.3 JD.
If 1 JD added monthly for miscellaneous cost, then:
The monthly total cost=1+3.3 =4.3 JD
As a result; the monthly investment is
= 11.07 (biogas) + 16.3 (organic fertilizer) — 4.3 (monthly costs)
= 23.07JD

8.5- Time Required for Getting Back the Capital of Biogas Plant

Construction

The time period required for getting back the money paid for the

construction of the proposed biogas plant = capital / monthly investment
=500 JD /(23.07 JD/ month)
=21.7 months = 1.8 years

This means the rural family will get back the capital of constructing
its biogas plant with in a time period of less than two years which is a

reasonable period
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Chapter Nine
Results Summary, Conclusions and Recommendations

The main results and the findings of the study will be summarized to
simplify the evaluation for the study objectives, to get out conclusions and

the recommendations.
9.1- Results summary and conclusions

The field survey results show most of the Palestinian rural families
raise animals (72.47%) and have cultivation activities (87.45%). Also; most
rural families use or follow wrong ways for disposing off their animals
dung (collected to be disposed off later, rank 1 in table 8 of chapter 7),
solid domestic wastes (disposed into general containers, rank 1 in table 10),
and waste water (disposed into cess pits, rank 1 of table 11, and 96.76% of
rural families have cess pits —table 17- ). The results indicate to the
availability of organic wastes for rural families which could be used as a
substrate for biogas plants to produce biogas (energy source) and organic
fertilizer for improving crops production. Not only waste water could be
used as a substrate for producing biogas but it could be also used for

diluting organic wastes before its loading into the digester.

The field survey results revealed rural families suffer from negative
impacts of organic wastes ( average percentage of reply 60.3%, table 12).
This could be reduced by applying biogas technology which sanitize
[Mattocks, 1984} the organic wastes.

Moreover; the field survey results revealed rural people have a good

environmental awareness (positive result, table 14 of chapter 7) toward
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organic wastes issues and impacts, and they have a good acceptability
(positive result, table 15) for constructing biogas plants especially if they
get a financial assistant. The good awareness and acceptability could be
invested for disseminating biogas technology in the country, especially in

rural areas.

Experimentally; all tested organic samples produce biogas (average
51.9 gram biogas per each kilogram of organic waste) at ambient
conditions with in a retention time of 60 days. The experiment results
revealed increasing substrate moisture, sample enlargement and good
stirring for digester contents improve samples productivity for biogas and
lower the retention time of the digestion process (table 24 and figures from

14 to 23 of chapter 7).

The success of the experiment indicates to the technical application
feasibility for biogas technology in the country, where all materials

(especially digesters) used were prepared and operated locally.

Economically; the results of calculations in chapter (8) revealed
constructing (construction cost 500 JD) a 9m? fixed —dome biogas family
plant {of continuous (daily) loading for organic wastes (30.83 kg waste /
day)} could cover the monthly energy requirements of Palestinian rural
family obtained from natural gas (saving 11.07 JD monthly) by using the
produced biogas, and saving or investing (16.3 JD) by using (or selling) the
effluent organics instead of manufactured crops fertilizers. This means
constructing a family biogas plant is economically feasible, and so reduces

the dependence on the imported natural gas.
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The objectives of the study will evaluated depending on the
mentioned results (experiment and survey results) with taking in

consideration the following observations:-

1- The experimentally produced biogas burned with a flame like of

natural gas which indicates to a good biogas quality.

2- The odor of the organic wastes after the completing the digestion

process was less than its odor before loading into the digesters.

3- The color of the digested wastes (after emptying the digesters) was
nearly black as the color of the digested organics that described by
FAO/CMS [1996] report.

The observations emphasize that what happened in the experiment
was an aerobic digestion process which produces biogas and organic
fertilizer. Therefore, the first objective (producing biogas and organic

fertilizer from available organic wastes) of the study is achieved.

For the second objective; the experiment results show constructing
biogas digesters at ambient conditions is feasible technically. And field
survey results indicate biogas technology is socially accepted. Moreover,
calculations in chapter (8) emphasize that constructing a 9 m? biogas plant
will give economical benefits for rural family and reduce or eliminate
accumulation of organic wastes which will decrease its the negative
impacts. The results indicate to achieving of the second objective of the

study.

The using of biogas (socially accepted, positive result for statement

three in table -15- of chapter 7) instead of natural gas means reducing
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dependence of the rural family on the imported natural gas which will save
money for rural families and government. This implies the objective three

will achieved if biogas technology disseminate in the country.

The fourth objective (improving local environment) expected to be
achieved in the case of dissemination of biogas plants in the rural areas,
where this technology provide rural family with biogas and organic
fertilizer by anaerobic digestion for organic wastes which means reducing
the volume of wastes to be disposed off, decreasing the accumulated wastes
(enhancing aesthetic situation, and decreasing soil, air and water
contamination), more job opportunities and sanitizing wastes (better
human, animals and plants health) as most studies emphasize (as Mattocks,

1984 and EREC, 2000).

Chemical and biological analysis for the produced biogas and
organic effluent from digesting organic wastes used in the experiment are
necessary to give more confidence in evaluating the objectives of the study,
but (unfortunately) the analysis did not done (reasons mentioned in chapter

6).
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9.2- Recommendations

Depending on the results and observations for the experiment and the

field survey of the study the following recommendations are reported:-

1-

Biogas plants should be constructed to decrease the volume of

organic wastes that should be disposed off.

Constructing a 9 m® fixed-dome biogas plants with continuous
loading for organic wastes (operated and repaired by rural family)
will cover the daily energy requirements (instead natural gas) for
rural family and provide it with organic fertilizer for improving

crops production.

Cess pits could be repaired or constructed so that it could be used as

a digester for anaerobic digestion of organic wastes.

Straw should be grinded before introducing it into the digester to

enhance its biogas production and to facilitate stirring process.

Training persons (by energy authority, environment authority,
Ministry of agriculture, agricultural communities and local
universities) on biogas technology to provide advertising for rural

families.

6-Financial help (from government or non governmental organizations

-NGO’s-) should be provided to rural families to help them in

constructing biogas plants.

7- More studies about applying biogas technology in Palestine should be

done to disseminate successfully this important technology in the

country.
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Appendix (IT) The monthly averages of maximum and minimum
temperatures for Palestinian agricultural stations [Saleh,
Waleed Irsan, 2003].

Country : Palestine (West Bank) ~ Station : AL ARROUB
Alutude 960 meter(s) above M.S.L
(Lattude: 31.36 Deg. (North) Longitude: 35.07 Deg. (East

Month  MaxTemp MiniTemp Humidity Wind Spd. SunShine Solar Rad. ETo
(deg.C) (deg.C) (%) (Km/d) (Hours) (MJ/m2/d) (mm/d)

January 123 44 770 2070 6.2 1.3 134

February 13.0 48 780 2420 6.2 133 192

March 165 63 710 2390 75 176 297

April 209 81 650 2330 85 213 44

May 257 12 5.10
1

3570 1560 100 249

June 285 70500 1210 118 277 5.67
July 206 159 590 1210 116 272 5.65
August 300 162 640 1300 11O 253 529
September 28,4 144 70.0 1210 99 216 425
October 257 121 640 1380 86 - 170 333
November 204 9.6 720 1380 706 132 212
December 147 64 750 1900 63 10.7 1.58

4

Average 221 104 672 1713 88 19.3 3.63

Pen-Mon equation was used in ETo calculations with the following values
:for Angstrom's Coefficients
a=0.25 b=0.5

R K K RO OK KK R KKK R K K R R KK SR AR KRR R OKCK KRR KK ROR KOR R KR Ok Rk kK

D"WALEED2\ARROUB.TXT

CropWat 4 Windows Ver 4.2 2003/12/4

KR Rk RO K KR K ROk K kK KK OO HOR kR kR R HOR R TR R RO R R ROR KKK R KR R R Ok R ke K

Climate and ETo (grass) Data

HOR AR KR R KRR R R R R R Rk Kk K R R R KR R AR R KRR R R R R R K R KRR R AR R X R R R R R R KR KRR KR A

Data Source: DAWALEED2\BEITQAD.PEM

‘Country : Palestine (West BanK)  Station : BEIT QAD 'JENIN
.Altitude:-190 meter(s) above M.S.L
(Latitude: 32.28 Deg. (North) Longitude: 35.21 Deg. (East

Month  MaxTemp MiniTemp Humidity Wind Spd. SunShine Solar Rad. ETo
(deg.C) (deg.C) (%) (Km/d) (Hours) (MJ/m2/d) (mm/d)

January 174 6.8 80.0 181.0 54 10.2 1.68
February 182 7.1 840 1900 5.6 12.4 2.00
March 216 86 76.0 190.0 6.8 16.5 3.08
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Appendix (IT) Continue

April 283 1.2 67.0 190.0 7.8 20.2 475
May 31.0 140 390 2160 9.7 24.2 6.74
June 329 173 630 2250 113 26.9 6.74
July 336 196 63.0 2330 111 26.4 6.81
August 342 21.1 650 207.0 10.0 237 6.16
September 33.2 19.8 640 173.0 9.1 20.4 5.12
October  30.6 16.1 650 130.0 8.1 16.2 3.63
November 250 11.8 66.0 147.0 6.8 12.1 2.56
December 18.8 87 740 181.0 54 9.6 1.80

Average 27.1 135 672 1886 8.1 18.2 4.26

Pen-Mon equation was used in ETo calculations with the following vaiues

:for Angstrom's Coefficients

a=10.25 b=0.5

AR KKK R K ok R K KK K K R K KR K Kk Ok K R i R KK RO R R OR R R K R R R K KRR K K R K KR KK R K XX KK KRR kR kKKK A

D WALEED2\BEITQAD.TXT

CropWat 4 Windows Ver 4.2 2003/12/4

HOROR R KK KR OROK R R R K KK e KR R KR KK R R R KRR R K o R K R R KRR R R K R R KK KR KK KR K R K K KR

Chmate and ETo (grass) Data .

HR R R R KRR R KK KKK KO R K KKK K R K R ROR KR R AR R R R AR R KRR AR KR R KA KA KRR KRR KKK KKK KKk x &

Data Source: D:\WALEED2\FARAA.PEM

Country : Palestine (West Bank)  Station . Al-Fara
Alutude - 198 meter(s) above M S L

(Lattude. 32.08 Deg. (North) Longitude: 35.30 Deg. (East

Month  MaxTemp MiniTemp Humidity Wind Spd. SunShine Sclar Rad.  ETo
(deg.C)(deg.C) (%) (Km/d) (Hours) (MJ/m2/d) (mm/d)

January 195 93 73.0 1104 357 10.6 1.69
February 202 9.2 730 1560 6.0 12.9 2.34
March 243 12,1 63.0 1464 75 17.4 383

April 29.1 144 630 864 8.7 215 4.28

May 346 190 520 792 103 25.1 5.53
June 37.1 21t 510 864 116 27.4 6.30
July 394 227 510 1632 117 27.3 7.55

August 385 242 520 1560 11.0 252 6.89
September 36.6 229 430 1200 9.9 215 5.50
October 335 202 540 600 85 16.7 3.32
November 27.9 16.8 550 600 7.3 12.7 2.16°
December 21.5 11.9 67.0 504 6.2 10.4 1.37

Average  30.2 17.0 581 106.2 87 19.1 4.20

Pen-Mon equation was used in ETo calculations with the following values
:for Angstrom's Coefficients
a=0.25 b=0.5

LR L R R R T R R e R ey

DAWALEED2\FARAA.TXT

Climate and ETo (grass) Data

LR R R R R T R R R R L S S
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Appendix (IT) Continue

Data Country : Palestine (West Bank)  Station : Hebron
-Altitude: 1005 meter(s) above M.S.L
(Latitude: 31.53 Deg. (North) Longitude: 35.10 Deg. (East

Month  MaxTemp MiniTemp Humidity Wind Spd. SunShine Solar Rad. ETo
(deg.C) (deg.C) (%) (Knvd) (Hours) (MJ/m2d) (mm/d)

January 102 40 740 2232 47 97 145
February [1.5 47 720 2304 438 1.7 1.86
March 146 65 660 2280 6.4 16.1 275
April 196 99 550 2064 8.1 20.7 4.10
May 236 132 480 1680 9.0 233 4.97
June 259 158 510 1680 83 223 517
July 272 170 570 1656 96 242 5.36
August  27.2 7.0 60.0 1560 109 23] 5.21
September 26.0 159 62.0 1464 103 221 436
October 232 140 3590 1440 938 18.4 336
November 17.5 99 640 13584 70 12.5 212
December 12.1 56 730 1824 47 9.1 141
Average 199 111 618 1814 73 18.0 351

Pen-Mon cquation was used in ETo calculations with the following values
:for Angstrom's Coefficients
a=025 b=05

CropWat 4 Windows Ver 4.2 2003712/

KRR R KKK KR KR ORRR KR R R O ROKOR KR K KRR R KRR KRR KOO R R KK K K KRR KRR R R K R K K

Climate and ETo (grass) Data

Data Source' D WALEED2 JAIRPORT PEM

Country : Palestine (West BanK)  Station : JERICHO AIRPORT
.Altitude:-276 meter(s) above M.S.L
(Latitude: 31.52 Deg. (North) Longitude: 35.30 Deg. (East

Month  MaxTemp MiniTemp Humidity Wind Spd. SunShine Solar Rad. ETo
(deg.C) (deg.C) (%) (Km/d) (Hours) (MJ/m2/d) (mm/d)

January 19.0 9.3 71.0 1210 6.3 11.3 1.80

February 20.6 100 640 1380 7.1 14.3 2.57
March 244 120 59.0 1640 73 17.3 3.75
April 295 159 530 1640 9.0 220 5.24
May 344 200 430 1810 111 264 7.06
June 370 224 390 173.0 125 287 7.83
July 386 240 410 1560 126 286 7.76
August 379 2438 46.0 138.0 12.1 26.8 6.95
September 35.8 23.6 490 130.0 10.! 21.9 5.57
October 327 202 51.0 1210 87 17.1 4.11
November 28.1 150 550 1300 82 13.7 3.00
December 21.4 112 660 121.0 6.3 10.6 1.90

Average 299 174 531 1448 93 19.9 4.80

Pen-Mon equation was used in ETo calculations with the following values
:for Angstrom's Coefficients
a=025 b=0.5

KRR R R R AR KRR KRR R KKK R R AR R AR RN RN R MR RN AR KRR R R MR KRR R RN KRR Rk R KRR R kR Rk &
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Appendix (IT) Continue

Climate and ETo (grass) Data

Data Source: DAWALEED2UERICHO.PEM

Country : West Bank Station : Jericho
-Altitude:-250 meter(s) above M.S.L
(Latitude: 31.85 Deg. (North) Longitude: 35.45 Deg. (East

Month  MaxTemp MiniTemp Humidity Wind Spd. SunShine Solar Rad.  ETo
(deg.C) (deg.C) (%) (Knvd) (Hours) (MJ/m2/d) (mm/d)

January 191 7.4 700 1608 55 10.5 2.00
February 209 83 656 1872 59 12.9 257

March 243105 570 2352 77 17.7 4.29
April 293 142 450 2928 93 224 0.63
May 337 176 330 2856 94 238 S.01
June 36.7 204 380 2760 118 277 898
July 37.8 221 400 2880 117 273 920
August 376 224 440 2664 116 261 842
September 36.1 21.2 47.0 2256 105 223 6.83
October 323 179 510 1704 105 19 478

November 264 129 60.0 1416 65 11.9 277
December 205 9.0 700 1368 5.6 9.9 .84

. Average 296 153 521 2222 88 193 354

Pen-Mon equation was used in ETo calculations with the following values
“for Angstrom's Coefficients
u=10.25 b=05

*******t***#X**it**i**#******!’l****‘**t****k*l***!*t*l!itt:*****l*ik**i*xi****

CropWat 4 Windows Ver 4.2 2003/12/4

e R T e

Climate and ETo (grass) Data

Country : West Bank Station : Jericho
Altitude:-250 meter(s) above M.S.L

(Latitude: 31.85 Deg. (North) Longitude: 35.45 Deg. (East

Month  MaxTemp MiniTemp Humidity Wind Spd. SunShine Solar Rad. ETo
(deg.C) (deg.C) (%) (Kmv/d) (Hours) (MJ/m2/d) (mm/d)

January  19.1 74 700 1608 5.3 10.5 2.00

February 209 83 650 1872 59 12.9 2.77

March 243 105 570 2352 77 17.7 4.29
April 293 142 450 2928 93 224 6.63
May 337 176 380 2856 9.4 238 8.01
June 36.7 204 380 2760 118 277 8.98
July 37.8 221 400 2830 117 273 9.20
August 376 224 440 2664 116  26.1 8.42
September 36.1 21.2  47.0 2256 105 223 6.83
October 323 179 510 1704 105 191 478
November 26.4 129 600 1416 65 1.9 2.7
December 20.5 9.0 700 1368 56 9.9 1.84

Average 296 153 S21 2222 8§ 19.3 5.54
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Appendix (IT) Continue

Chimate and ETo (grass) Data

Country : Palestine (West Bank)  Station : Jerusalem
Altitude: 800 meter(s) above M.S.L
(Latitude: 31.78 Deg. (North) Longitude: 35.22 Deg. (East

Month  MaxTemp MiniTemp Humidity Wind Spd. SunShine Solar Rad. ETo
(deg.C) (deg.C) (%) (Km/d) (Hours) (MI'm2/id) (mm/d)

January 114 6.1  67.0 2928 354 10.4 1.89

February 129 6.9 66.0 3240 71 143 245
March 160 87 59.0 3312 74 i7.3 348

April 09 103 500 3336 94 226 514
May 248 153 450 3240 114 268 6.56
June 273 177480 3504 124 286 730
July 284 189 530 3672 121 279 7.25
August 286 19.0 57.0 3360 1.8 264  6.62
September 275 18.1 580 3072 101 218 5.52
Ocober 2435 104 560 2352 73 154 390
November 187 123 39.0 2344 65 1.9 277
December 133 8.0 66.0 2880 59 10.2 1.98

Average 212 131 570 3120 89 195 4.57

Pen-Mon equation was used in ETo calculations with the following values
:for Angstrom's Coctficients
*a=0.25 b=03

CropWat 4 Windows Ver 4.2 2003/12/4
KRR ORR O ROk KR R K K KKK R ROR KR R KK KR KKK KR R KR OR R R KRR KR R R R R R K R R KR xR K
Climate and ETo (grass) Data

K KRR KR KRR R KR A OKOCR KR RO KR R K KK R R KR ORI K R OR KR KRR KRR KRR K KRR R X X K

Data Source: DAWALEED2\NABLUS.PEM

Country : Palestine (West Bank)  Station : Nablus

[Altitude: 680 meter(s) above M.S.L

(Latitude: 32.22 Deg. (North) Longitude: 35.25 Deg. (East

Month  MaxTemp MiniTemp Humidity Wind Spd. SunShine Solar Rad. ETo
(deg.C) (deg.C) (%) (Km/d) (Hours) (MJ/m2/d) (mm/d)

January 13.1 6.2 67.0 1560 47 96 1.58

February 144 6.7 670 1704 438 115 2.02
March 172 88 620 18UO 6.4 16.U 293

April 222 121 530 1848 82 208 436
May 257 149 510 1920 89 231 5.30
June 279 174 550 2160 84 227 5.65
July 291 193 610 2232 96 242 5.83
August 294 195 650 2112 109 250 5.65
September 284 185 64.0 1848 10.2 21.8 4.77
October 258 16.2 57.0 1392 938 18.2 357
November 202 12.1 570 141.6 70 123 232
December 146 7.8 670 139.2 45 8.8 1.49
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138

Average 213 133 605

1782

78 178 379

Pen-Mon equation was used in ETo calculations with the following values

:for Angstrom's Coefficients
a=025 b=03

l‘*h‘iitt*lttttt;t‘*ttttttt‘*****t*****i*!*t##*i*t**hﬂ!tiiit*t*ilﬁt*t*l*#tttt

Climate and Eto (grass ) Data

Datz Saurce : DAWALEED?! Tulkarm PEM -

Country' Palestine {WestBank)
Altitude: 65 meter(s) above M.S.L

(Lathude: 3231 Deg. (North)

Station: TULKARM

Longitude: 3303 Deg. (East

Month MaxTemp “(:;Zecn;p Humidity | WindSpd. | Sunshine Sol.ur Rad Ewo
{deg. C) s % (Kmvd) (Hours) | (Mym2d) | (mmid)

Jiaary | 133 8.6 720 1032 320100 1.3
February 138 §.7 76.0 984 3.3 123 164
March 16.7 10.8 730 912 i 68 16.1 237
April 205 138 63.0 $l6 |17 0.1 147
My | M6 159 62.0) M2 1 90 32 430
e [ 212 19.4 6.0 69.6 103 | 25 187
July 29.0 21 68.0 69.6 97 1 13 493
August 29.6 07 740 6.8 g o2 44§
September | 282 202 70.0 62.4 3 ] 193 170
October 26.8 19.] 61.0 69.6 76 15.6 283

I November 208 143 64.0 91.2 67 12.0 193
Desember 159 10.6 71.0 96.0 53 93 1.33
Average 2.3 136 69.4 814 16 17.5 310

Pen-Mon equation was used in ETo calculations with the following values for

Angstrom's Coefficients:

a=025 b=0.5
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Appendix (III): The field survey {questionnaire) of this study.

An-Najah National University
Faculty of Graduated Studies
Environmental Science Program

SURVEY
Dear Farmer:-

Biogas technology is a technology applied for producing biogas
(mainly methane gas) by anaerobic digestion for organic materials.
Produced biogas could be used as energy source for many purposes like: -
cooking, boiling water, lighting and operating engines. In additional to the
biogas, this process produces a good organic fertilizer that could be used to
enhance crops production and soil conditions. Also, there are many

environmental positive impacts resulted from applying this technology.

This survey is a scientific one that mainly aims to see the ways used
by farmers for treating and disposing their domestic, animals, and crops
wastes; in additional to their sources of energy. And how these ways
impact on their body and physical health, economic, and social life. The
obtained data will be compared with the situation if the biogas technology

applied in our rural areas.

All data will be used for scientifically purposes, and it will be deal

with complete secret. So; we hope you will fill the correct required data on

which our results and conclusions will be build up, which may help you in

improving your life conditions.
Supervisor:-Prof. Marwan Haddad

Student: - Medyan Adel Hassan. Date: -01 /11 /2003.
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PART ONE

Family, and Family Raised Animals, Planted Areas, Energy Sources, and

Generated Organic Wastes Fate Data.
A) - Please fill in the following space the required data:-
1- Total number of your family members -------------
2- Residence ------------- .
B) - Raised Animals and Animals Dung Disposal Ways Data:-

Please; fill in the following table the required data about animals
raised by your family. For animals feed types, write the suitable word that
express about your animals feeds from (always, almost, sometimes, rarely,

never).

Family Raised Animals Data

Animals Feed

No. | Animals | Numbers [oraing [straw | fertilizers | Others
(specify)
1- Cows
2- Sheep
3- Goats
4- chickens
5- Others:
a-
b-
c-
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Please; chick with (V) under the word that suitable to the statement
about ways that may followed by your family for disposing or treating

animals dung

Animals dung Treatment and Disposal Ways

No Statements All | Most | Some | Little | Nothing
1- | Collected in especial
place to be disposed off
later.

2- | Collected to be through in
the field (without
fermentation).

3- | Fermented for using as an
organic crops fertilizer.

4- | Burned to get energy
(taboon for example)

5- | Burned as a disposal
method.

6- | Collected for sale.

7- | Fermented for biogas
production.

8- | Other ways-----------------

C) - Family Planting Areas and Crops Residues Disposal and Treatment
Ways Data:-

Please; fill in the following tables the required information about

your family planting activities.

Family Irrigated Crops
No. | Type of Planting Most Planted Crops Area (m?)
1- Plastic (covered)
2- | Sustain(as lemons)
3- Un covered
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Family un irrigated Crops

No. Type of Planting Most Planted Crops Area (m?)

1- | Seasonally Crops

2- | Sustain (as olives)

Please; in the following table chick with (\) under the word that is
suitable to the statement about ways that may followed by your family for
treating and disposing its planting wastes and residues:

Planting Wastes and Residues Fate

No | Statement All | Most | Some | Little | Nothing
1- | Fed to animals (straw
and leaves).

2- | Burned in the field.

3- | Remains in the field
ground.

4- | Removed to the field
bounders.

5- | Wood burned to get
energy.

6- | Straw made bales.

7- | Fermented to produce
biogas and/ or organic
fertilizers.

8- | Disposed off with
animals wastes.

9- | Other ways-----------------
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D) - Family Energy Sources Data:-

Please; fill in the following table your family energy sources with

their monthly average costs and uses.

Family Energy Data
No. Energy Source | Monthly Average Uses
Cost
1- Electricity
2- Natural gas
3- Coal
4- Fire wood

5- Liquid gasoline
fuel

diesel

kerosene

6- Animal dung
7- Others
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E) - Family Domestic Wastes Fate:-

Please in the following table chick with (\) under the word that is
suitable to the statement which talk about the way that may followed by

your family for disposing off and treating organic domestic wastes.

Family Domestic Waste Fate

)
Z

always
rarely
never

almost

Statement

Sometimes

1- | Disposing solid domestic
wastes in general containers.

2- | Disposing solid domestic
wastes on animals wastes
disposal place

3- | Feeding organic domestic
waste to animals.

4- | Fermenting organic wastes to
get biogas and/ or fertilizers.
5- | Disposed off in especial place

near home.

6- | Distributed in the planting
areas.

7- | Wastewater drained off to the
absorption pit.

8- | Wastewater drained off on the
earth surface.

9- | Wastewater drained off into
near home valley or water
stream.

10- | Using wastewater for irrigating
home plants.

11- | Draining wastewater into
general disposing net.
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PART TWO

General Indications
A) - Wastes and other issues impacts on rural people life.

Please; chick with (V) under the word that express about the situation

expressed by the statements in the table below.

Wastes and Other Issues Impacts On Rural People Life.

statement

|
QO wvn| | &=

o S| S| EE| T ¢
Z BEoégo
'c—‘“'c_g(/)d—i;qﬁ

1- | Suffering from rodents, flies,
snakes, insects...ect

2- | Suffering from bad smell of
accumulated solid wastes.

3- | Suffering from smell of
wastewater.

4- | Suffering from taboon smoke.

5- | Suffering from neighbors farms
6- | Grazing my animals on plants
grow on solid disposal place.

7- | Grazing my animals on plants
grow on wastewater stream sides.
8- | Using manufactured fertilizers to
enhance my crops production

9- | Using insecticides, herbicides,...
for enhancing crops production.
10- | Using animals' drugs for animals
treatment.

11- | Suffering from repeated diseases
in my family members.

12- | Using drugs to reduce or kill
insects, rodents, flies....

13- | Cleaning my animals farm.

'
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Last table continues..
14- | Neighbors complain to you from
your animals farm impacts

15- | Wearing safety clothes when
using animals and plants drugs
and treatments.

16- Suffering a- electricity
from
unavailability

or bad c- agricultural
governmental | advertising
services

b- water

d- roads

e-finance help

f-wastewater
disposal

g-solid waste
disposal

h-health services

1-education

B)-Farmer opinion toward wastes issues.
Please; in table -9- below chick with (V) under the word that agrees

with your opinion toward the issues in the following statements.
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Farmer Opinion toward Wastes Issues

Statement

Surely

May

Doubte
No

—| No

Accumulating wastes pollutes soil and water
environments.

2 | Burning wastes and crops residues pollute air
environment.

3 | Accumulating and wrong disposal and treatment of
wastes increase distribution of flies, rodents. ..

4 | Flies, rodents... are considered diseases causing or /
and disease victors.

5 | Un isolated cess pits cause pollution to the ground
water in additional to soil.

6 | Polluting soil, water and air impacts negatively human
health.

7 | Wastes accumulation and wrong disposal cause
negative impacts on human body and physical health.

8 | Irrigating crops with wastewater causes diseases for
consumer health.

9 | Feel disturbed when I see accumulated waste.

10 | Cleaning animal farm within short periods impacts
positively human life and animal health.

11 | Using manufactured fertilizers (for crops and animals)
impacts positively consumer health.

12 | Grazing animals plants growing on wastes will
negatively impacts human and animal health.

13 | Un fermented organic waste as a fertilizer is better than
the fermented waste.

14 | Using animals and plant drugs enhance their
production.

15 | Using animals and plants drugs improve human health.

16 | Applying biogas technology reduces the volume of the
wastes to be disposed off.

17 |1 will apply biogas technology, if its economic is
feasible.

18 | I will construct a biogas plant, if I get a financial help.

19 | I will use biogas instead of natural gas, if it of less cost.

20 | If you don’t raise animals, are you ready to raise if
biogas plants applied and give good economic results?.

21 | Feel disturbed from smelling wastes odors.
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PART THREE
Different Questions

Please; circle the symbol of your choice that agrees with your reply
to the questions of choices. While write your answers in the prepared

spaces for the questions require that:-
Q1:- Before this visit, your knowledge about biogas technology:-
a- much b- something c- little d- nothing

Q2:- Your knowledge about anaerobic fermentation process for organic

wastes:-
a- much b- something c- little d- nothing
Q3:- Is there a cess pit for disposing your family waste water?
a- yes b- no

Q4:- If there is a cess pit, is it internally isolated by cement or any other

material?
a- yes b- no

Q5:- Do you think that the contents of the cess pit seals into surrounding

soil?
a- yes b- may be C- no
Q6:- Your family cess pit contents emptied once within a period of:-

a- 6 months  b- one year c- two year d- three years and more
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Q7:- The distance between your home and the nearest waste disposal place

Q8:- Your animals' farm cleaned once every ---------- days.

QO9:- Problems facing your family in disposing off or treating :-

1- Home solid wastes are ---------========m oo

Please; if you have any notes or suggestions about this questionnaire

subjects write it below.

=== Thank You ===
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Appendix (IV) Arabic copy of the survey
sl sl o
dgib gl ~ sl daals
Ll el all 34
Al oslel o

‘AB\XA;))?S;&.?M\

g o) g e

(Clsd) Sle L) (o S Uy dibae La o€ A (g gl S Lia gl o<

saal Al jaad Al S aladind (Say A saell O gall D) aiagl) dilee (g

sl Sl Ayl Ll el Jedny deliay) celd) s okl —:die (al el

Laad el )50 Jualaal) 1) cpundl adadind (Sey g sae slaw dlenl 220 o 0y
o s S 03 (Bl (g i Aplay) Ak <l 50 Bac Glllia

J8 (e Al Gl plaiel J Wld Gag e gl sa liuY) 1
abaal ZLaYL duel 30 5 el sl (il iall = agillds (e paldl 5 dalladd cue ) )
pemas o s Al g dpad) aginia o @)kl b2 i Ay il o agdpan
Losb g sl e ()18 g Lle Jemal) s ) il Ao Laia¥) agilas 5 (solai]
iilaia & (5 gal) Sl g jliie sl ]

ol Y aadind Cage i) 13 8 e el J8 e Lt ) il asen
5 Asthall Clogled)l s oSie gy Gl AL 4 ey Jalad Gise 5 kil Ao
aSila Cag ol (et 8 oSaeld a8 3 a5 il lede i G ddagaal
LS glal G 0 SLG
Jan Gy ya ysud sl —1a il
e Jale pae —rea U

22003/11/1 =5 Jal



165
JY) )

Lilalis e Aaalil) 4 guand) LU juaa ¢lgaal 3L pall i) gaad) cdlilal) —: il
—agdil cle) Hall 8 A sladl) bl e el ) (]

—————— é‘_’,).ja\)éiqmtw—l

—:lds) e paldill 3ok kel i sall by —(c

Leg .elilile gl 3l pall il pal) Jom 4y sllaall by ) Jsaall Las ela )
fual e /L) A (e dpuliadl S amy slall ol gadl Gleda g ey
sl g Al aulid) s salal) 3 (1af /100
Al gl B ) il gall il

) gl alals a2a]) il gl | 28

Ay e | e i G
(32) | Axias
BN
el o
Fl| 3
g 4
—g Al 5
=
e
c




166
Lellss a0 5 lall daudiall AaSH cand (V) 508 gy elasl o Jill Jsaall 3

Al s gy e paliil) ff dalled) chilile lgags Al Gkl s

Gl gl &gy e palidl 5 dallas 35k
ety | i QB | diany | delaza | dmpen 8kl | A8 )
aliill ald (Sa b dnes J| ]

g Lagd 4ie

Osy) Jil b aee | 2
(e

Grae el el ely| 3
Jpaladll

G L) Al e Jpaall Gay| 4
(D oy seal

4o paliill Al S (3 gy

O ) el g ly (S aan

sl Sl Z LY b i

0l Jf N WD

—tigel 3l Al il —(z

Al ehilile calis Jsa s plaall bbby L0 J gaall G sl )

A g sa) Jualadl
R Gl 3 b)) Y Jalaal il Sl g | adJ
P

(Slpmealls) 2ada | -2
tlaze y2 | -3




167

Al ol Dy eyl Jualadl

(%) daludd) Al )l ) S Jualadl) i el M| A
daliadl) 1
(052 IS) dadla o)

5 AL 5 el il ZaKD it (V) 508wy ¢ M0 Jsaall i els

Jralaal clle 5 Way e galddl) o dallead dlla) Jd (e deiidl GOk e

el 3

Jpaladl e 5 Wey yuas

5y | d 5 al) | 8

(SosY) 5 Gl ) QU gpall aalay | g

Jisll G 3 9

Jiall g Gdgm| 3

diall oga e 3l 4

Jsanll (el 5 o) il Goay | 5
Adk) e

(<L) 8 IS Jle il g |

S e Jpanll Agldl UG jeas| 7
$omal dedl f (55

CRE PYENLIPRUr SR gt B

(——- ——— 23) 58| 9




168

—riag Il AL Aa) jaleae by —(2

O IS 4 el il C¥ame Joa Ay sllaad) clibndly (JEI Jgaad) L oLl
Leie S claaain) aal S5 a3 5Sadl) Adlal) jalias

Alkall Aaal) iy

Gldazi) | ()] i) el D) Jara Akl jias| a8
sl g
Gm.kl\ ) o)
Gl padl | 3
chall| 4
ol | a5

Y g | 5L

H&)

Gl Eg,| 6
Al 7




169

el ALaa) 8 jall Alial) FaSY cant (V) 5LE my Ja) Jpnl) 8 tels
A5 Lol (e aliill ehille gt ) (3l

lad | ) el | blal | We | Lals soball | a8
Ll il glall Adeal) 40l e o) | -1
Cigy e 8 Adall Al el o) | -2

i) gual

) all 4y gl A i) el Jlakel | -3
dyaall Lpaad 4 ol s -4
6 sanll dandl §f /5 gsad) S e
Gl i pald S Al | -5

el ) pa V) S | -6

8 sl Ledy paty daalall oliadll (o i) o3y =7
Lpaliaidl

oo ) mhau e dalal) olud) ot | -8

S A aY Lol ol (ot S| -9

Gl (g Ay il Al Jglasd)
A3l el il g Aaaladl oludl) pasid | =10
Cay il 2805 3 Aadlal) oladl) iy posi 3y | =11
Aalal)




170
A anid

dale o ydiga

SR [ P PR N NP P RCA P C . s S DV (S SQUUPPW KPS

clal) Wb ol ¢l el ol

Ot )l sl e o al Had 5 cllal e il (]

Aal e e A Lulial) LY ot (V) 5,08 pamy Jll Jpaad) 8 gola

A AL 5 el a5

oia ) sl e 58l sl il a il

lad |10t | Llad | Wile | L 5kl | a8

Caal 550 il e paall i) e Jlef | -1

AaS) el claill gy U ol g ) e Jlef | -2

Laalall olall dgy & 4a) ) e slladdl | =3

() o Al o allal) laa e c;-"\-“j -4

Oomal die Al gl Uas dgag e me e | 5

e el aldl e gilgs e | -6
Llal el

Gl Lo LW ald e Sl e | 7
Aadlall olaall Jglas

Jralaall 2l rail datad) 50 aaaif | -8

5 Gldal Glawe el Glae il [ -9
Jaalaal) Zpalii) Gl 4 50)

W s Aalladd 25530 aaand | -10

Lo Alal) o dla) ) S8 ol Ala | —11

Clpial e JlEN g L) aaandd | -12
bl 5 o)

A 3L yall ) guall 3 yadaa Cadati 23y | —13




171

SHU) gan 3 s <l 0 e Sl jaa ol S

-14

Gl Jsaal) Ay

b —0 | cleadl s

=l sy 4a sSa

Gkl —a

L e L) —

Azl aL;LA“ -3

bl e galisll =

Lanall o) —

adal —

vie (gl Gagl) Ad ) Al x| -15
Lol )l cladall 5 a0 Aoz
AERVIN| - A5 ade (e L;"L‘:i -16

il Ll slad g ) all 6l —(2

e ) s 8w ) AKD cas (V) 5l s U Jsaall b gels
L) ALlad) 5 Ll

clal) Wl ol ¢l el ol

V| ek Kl 3kl | A8
Al ) 54 A Sl e oS 5 -]
Al sed) Al Sl Jualaal) Ly 5 il 3 a0 ) -2
Oe S e Al paladll 5 daladlly oS) 5| -3
..... Sl gl jaall L
ol e e e eee i) 58 5 yEall s | —4
Gl g o Wgime el Lpalaial il -5
48l olall 5 4yl Gl
Ol daia o e i 495l 5 ol sl el gl | -6
daa Ll i Leie hlad) paladll 5 clladl o8 5 ) =7




172

Apadil) 5 dpad) Gluty)

Gl Jsasd) oy

Allginall Lol el Cansy Fadlal) olually Jualadl) (5

-8

a8 il el 45 ) xie Gaally e

-9

Saly boyual G g e AUl gl 3 plas oot
Ol 5 ol daa e Ll

=10

S (Osad 5 clal) daad) Gluaddl aladi
Allgiaall dna e Lila

-11

sl Jgas 5ol oS e clipal e
O] daa o Ula i deslal)

-12

3 il Gl e Jadl 3 pedia il 4 seand) et

-13

Leali o cpuany il 5 o gl 4y a1 Jladiiad

-14

S Ana ey il g o guall Ay a1 ol

-15

Sy L s o iy (5l AN Al Gl

-16

Lolad) dpane il 1Y g nd) Sl AuE Gulal (o g

-17

sle Glas 1)) Lf}.—.‘ﬁj\ el tj)u.d el dafiia
b e A Bae Lua

-18

1) cmdal Y e Yay sl Sl aadiu) G
aass J8 s

-19

Gl 1)) 4(&\_.335 oS Al u;\) QU gn o LEEY  dafie
B Agalal il il 5 g sand) S o liie

=20

el da9 ) adl Laxie Gacally el

=21




173
AT RPORR A
FHELTO (W
—iggnd) Al A e ol e LN oda JE 1Y) Jlsadl
s Y my AL - ool any — bS]
—1dy gl cllanll D) jedill Aglee Jsa i pea =1 S ) gl
i Y AL — bl Lany 5
—: A5 3l daolad) olead) Ciy paitl dpaliaial 3 jia aa s Gl ) gud)
N -o axs =
—1g Al salay f Liiend A1 e (35m 50 il () ) Apabiaia¥) 5 jaadl = aol 1 gl
N -o ans =
—: L ddand) 3 jaall s dnaliaial) 3 jiall il gine—: ualad) ) 5ud)
i OSae —0 an =
=1 JSBaal 58 e dpaliaial) b jeal) Gl sine pual oy = el J) gl
B I PO R FEE sl 61
. Sia —————————— o e Cfe ol 5 ety o ALl =1 ) sl
g JS32a) 93y AU g B jplas caplat Sy = el J) )
—i e paldill 8 ehilile Leal 6 A Gl geall §f JSLERD — il J) g

——————————————————————————————————— o bl A il e -1



D e O s A e oo e Ty A L0601

L0961 U1 [PRIS] AQ PAXDUUR 2I9M YDIYM UId[RSIUISL jo sprd a501) dpnOUL 10U $20(] UR[RSTUD[ 4

98/.G/ $5092 002§ sioveil 9619¢ ((TAT XA 911L6GL £e6l0e 6vY69C ¢888¢¢ £LOZL91 [A101asd ], uriunsaed
51025 Lyee 81SY L10¢8 g8l oLvsy G6S5SY £ves 69891 ZzLese 818251t ding ezen
STA*TA G.LS Sie L1168 - LE€LOY JAWAS]? 0e9 0862 ] A1 8g2Z¢ee qerey
1506 - GZse 8Z¥S1L - 95+9 g95¥9 - 8v.8 8v.8 £€90¢ SN A ueyy]
c0LLL FANY geet 8L.L91 - 6116 6116 9vv oot cLPS 60¢E1l¢E yereg-1v 112g
50001 oosli - £2olLe - /699 /699 goee 009 006c 0290¢ eZely
£cl8l S c0S 0£661 S81 Loyt 98621 S¥6 LESE z28vv 8669¢€ ezen YuoN
WA YA 8€8€T 229 v00Zvol LLose 0lLGLL LZsevli 065€62 08001 0/l9¢0¢ S616SVL jueg 1saan Jurupruiay
S 8¢96 L L106BEL ggecd 628 Sice Zsiee @ 09188 Z6€0€EC UoIqoH
- GZ8 - £662¢ Lccl 9501 1122 S9.S Ly Z8.LS 2990Yv waypuieg
- 6cy b LLovL gee - Gee 6¥.LL - 6vLL SSi91 s wajesniaf
bOL8 - y0¢ g0¢8 - soeee G0eed - 99v2 99ve 6.L1PE oyouRf
OGSt 1244 - Lovest ived ggee L1992 5020¢ cl L1120t g62581 Yang-[V pur yr(jpuaey
€L 0egge - 8906L 628 ovi 696 £re9 - 199 4%¢) 08¢98 wyes
b2LS 347" - 15995 6EL 988Y 5295 8GES - 85€G ¥€9.9 vArbied
GoLe £e6e L 26,602 LLGL 668¢€ 9.vS L2ove LiLe [AF IR 000€£S¢ sSqQeN
9887 GG0¢E - 06csel €9t 60LL1 Z2LoE) vyolLlL 0L R) ¥l £15091 unreyn
862l sell S6Z 69021 VA4 ¥g80¢t 80G¢clt 98991 6GEE S¥00cC 229sY seqnj,
69V - - v¥ococ 96.Lvc 9928t 290ty L99¢6 199¢€6 €l€6EC utuaf
6O G| by ﬁu«.::i_ <5 -Gy e pajuiey paiediiag 2101, pajuiey | paredyg €101, uordoy
duueng % e Guueoqu e 3 e Fa¥al :.q,,d.qau s g X2l e 3 | IPI0], puean / 9ICI0OUIIAON)
SPQAL, ML | jmee SYUEINIIA] Py ey sdoa) ppig| et 3 e

6661/8661 ‘SUOID) PRI PUE SIGUIIZIA ‘SIVLL JNIY JO vAIY PIIEANN)) 1] QL]
SFP [ ey (o sy Ara sty Crer e S P iren M 866 1/6661

wInunp (ealy

(1007 ‘SADd] seuoje |, uerunssfed 103 (6661/8661) sonsnels [eamougy (1) xipuaddy




175
cllasl e g.ma.“ @3533\ ) Gtﬁ! © 94
il T ) ) (8 L g L)

e
G Ahias Jile (pda
il

das G gsa gud gl
uai.hl\

(3 jaad) syl L) Uy Gk Lasls€ o gaml i) Lol
Al Al 5 Al i) A linaY) A1 e a5l s Le Lt alatl

Gygmall Msa) jig —role ade dilie o) b gl ) a il ol
Ll M;Ld‘ LJJJH‘ M&)&J‘ )3‘)1\51\ cw&}ﬁdﬁﬂ‘ asal JJLAA 6;\3,13\ &4:13153
@J\.umj‘ Y M\A:}! u.u\.ﬂ\ :\:ﬂglﬁj"é‘)\);j\ :\;‘)Jha}a.ai}

Tl L e JHla) ) Ja) Y ) Ay Sadl 1 e
CLED e Aie (20) amd s LAY Al uhadil il 3l 3 da el
Lt As 5 el 4 sl

Liklio 8 40l g sadl Sl o lie el Gl Joa W) pex lanu) clily

a0 (5 eh Jaxa aa (6.85) 2 Apdasdall Asy 5 5l 3 s Jasa o G 4y )

Cadlaal ALYl (a8l oy 6.711 f Lallell ol Hlu 45.97) ddlall Caglsal
coelialae 5 agill gal cladall 5 4500 cAxiiad) saand bl Hladiu)

o3a aliea of Cua diy ) LiDlle die Ay smal)l il Jdal Lad puin glaaay) il o
e@i\.}\ﬁ.ﬁ :\ALA?L\ c(%8745) e bl ‘55 B (%7247) &L\h\}.}ﬂ\ =St Iy’ P

Cigy —iom paldill e f sade e 5ok DL o ai ¢y e 5 dle LA il
b il Alall A3 il e o(-%71.20 — 2 Lah Lgie palail] aant) el g



176

— Gpalaia)) iall Cad ) Zadlad Lals 5 (—%75.80 — ddall cilyslal

(%70.80) il giall Ll 5 Lelualaa Ly <ULl o3 anlsi (il 3 .(—%89.00
Aplay) (alis 43yl ol

Lalud) BV e Osilay Sdanddl) oy ) i) e o latia) by CiddS ¢la

il Jua Lilad Les agdl o 5 (%60.3¢ AaY) Jame daws ) dysuaall il
aellE il sa¥) ol Plitind Sy (%652 ol dausie) lallad 5 il
a1 Lagad 5 sl SLl ajlie 8y (%658l Al lau gid)

A 5 sand D La iS5 Jom s el & el 5 Al sacLuall

5 ¢ 240 Lie JS aan b ppua s L B A 18) due (e pand

& Aasiaad dyanll o sall e (L 1500 Legie JS paa (S (pazala G Gliie

5 sl Ol el daly) o 20a) Jo sl i A 0 8 a8 5 el o Ll
celall 4S50l ) dale 5 Al aas (Al (4 pmal) LGN & 63—z s

(8.12 5 6.52 (ol & ca gl ) Glisll maead diagaall Cila 3 e

el s i L 55 i) 5 ¢(6) 032 e I pangll Alee (a ISY) ALY b sl

il il ases of e &y el clily culy (lay lagen Ll 5,881 Y 3 (7) 0s

e pl 2SS IS (s Sl &1e51.9) Jaay 5 5a3lul) 5 ) al) s 2 (8 (g ual) Slad

Lo dia 3 5 il DA g guall 3l (e W 2l ey ciliay 5 ddalisddl 4 sumall cllinl
Lass (60) saad e SN 5 Ay paill Ay e Leg (36 ) 24) o

(wliss 48/ £67.3) ol S (e 2SSl contl ledall Ly (8 63 ol 00 cawa
(U8 &S] £37.2) 05 J gl malll (8 Ly (Sy, a8 [ §59.5) <l sall &gy &
[ £57.9) sl Sl Al Jumil) ga mlaall Eigy ol sl gl Sy g )5y Al
DB Gy ol g (G, &S £53.8) el 5 aliel) Gigy Gy amy 5 (Qiy, S
Agall L (5 sl 3ol ueay g snd) S U o G L (Qis 5 S/ £48.7)

(D1) maled alil cialy dum aualell @iy sins ¢l a5 e 5 (B11>B7>B10)



177
O3 ( D2) aaled) dpalil carly Laiy (@l 4/ 5 gn Jle £58.93) a5
(s iS [ & 48.46 ) & )
Ao Lo |l (23.07) Loed i <osm dslandill Zdy 5)) 2D o ad5idd) 0
ansS A pumgal) Ly sumall Baldl) sl 5 (andall 3D e Vo)) sl Sl oo
Ll (ya (3830.83) Gae sy Al 509 ana s Ol £y pde Culdl 5l Lag 5 gune
Ay saanl

Jsn S5 cilaslany G Al e 30550 Sl ol e 54l 1 s3] @
.ij:\L“ Olall L ol g3

a5l S 03 agiallE anatl 3 seall o 3 3ell J1 @

(sl Sl e lie AaEY TASH Baclualls Aalal) a5 30 Blasl pund @



178
asa ) Caa ) A P

A sl o lail) daals
Ll el ol 248

G e Sl s sl Bz s i
b Ayl (Sl (B A gl Ay sianl

Aas)

i

s Gy ya ) g5 il

L) il all 20K Al o slall 8 el Aa o cilllial YWSind da gy ybY) o3 Caasi
LOlandi ¢ Gl A gl -l Aadls

£2004



