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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 9m³
biogas plant with daily loading for (30.83 Kg) of organic wastes into the
digester.
It is 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, polyaromatic 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 socioeconomic impacts are abstracted from these references: - [Bo HolmNielsen 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.

Figure1 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:1- 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 socioeconomical 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 idea 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 Ι) for 1998-1999 [PCBS, 2001.] show
that:1- 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 Ц 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:1- 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.
c) - 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
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decreased by installing the digester under-ground, or by using plastic house
or any temperature isolating materials around the digester[FAO/CMS,
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:
- 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, Qaliqelia (artesian wells), AlO'ja (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,
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
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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:
1- 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.

28

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 10th BC century in Assyria and 16th 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,
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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 [Köttner, 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
is 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 (H2O)[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

H2

5.0 - 10

Nitrogen

N2

1.0 – 2.0

Water Vapour

H2O

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 (ft³) [Hansen, 2002] or (5.5) kilocalories (Kcal) per cubic meter (m³)
[At Information, website].While pure methane (the fuel component of the
biogas) has energetic value of (995) BTU per ft³, and natural gas more than
(1000) BTU per ft³ [Mattocks, 1984]. Anyway the following statement
gives a sense about the energy that could be obtained from one (m³) 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 is over or under ground and if it is temperature
isolated 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

Organic matter + Water
Mixing pit

Biogas collecting system
Digester

Displacement pit

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
Carbohydrates
s

Proteins
Hydrolysis
Fermentation
(Acidogenesis)
Fermentation
(Acetogenesis)
Methanogenesis

Lipids
Lipolytic, Proteolytic
and Cellulytic Bacteria

Amino acids/Sugars

Fatty Acids

Fermentative Bacteria
Hydrogen Producing
Bacteria

Acetate / Hydrogen Methanogenic Bacteria

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)
dioxide).

CH4 (methane) + CO2 (carbon
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2- 2CH3CH2OH (ethanol) + CO2
3- CO2 + 4H2 (hydrogen)

CH4 + 2CH3COOH
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 is 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 is 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, eggshaped …
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 1m³ up to 15m³ or to slightly
larger volume. For economic reasons, the least recommended size is 5m³
[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 20m³ 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 is 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. Floatingdrum 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:1- 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.

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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Figure 5 Chinese fixed dome plant

Figure 6 Fixed dome plant CAMARTEC design
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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

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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Photo 1 Floating-drum plant in Mauritania
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Figure 9 The KVIC floating drum model (Lichtman, 1983)
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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 (1.5m³) volume, one is with stirrer while the
other is without stirrer. Figure (11) is the schematic diagram of 1.5m³ with
stirrer digester.
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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
6

5

1

7

3

4

Figure 11 Schematic diagram of 1.5m³ 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 deviation± 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 3 Some of the Used Instruments

Photo 4 Large (1.5m³) 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 is 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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Table 2 Samples Compositions.
Animal Dung ratio
(to each other)
Digester

B1
B2
B3
B4
B5
B6
B7
B8
B9
B10
B11
B12
B13
B14
B15
B16
B17
B18
D1
D2

Cow

Sheep
and
Goat

Chicken

0.666
0.666
0.666
0
0.333
0.333
1.333
0
0
1.333
1.333
1.333
0
0
0.666
0.666
0
0.444
4
4

0.666
0.666
0.666
0
0.333
0.333
1.333
0
0
1.333
1.333
0
1.333
0
0.666
0
0.666
0.444
4
4

0.666
0.666
0.666
0
0.333
0.333
1.333
0
0
1.333
1.333
0
0
1.333
0
0.666
0.666
0.444
4
4

Sample Composition
(waste types ratio)
Total
Wheat
animal Food
dung Residues Straw
Ratio

2
2
2
0
1
1
4
0
0
4
4
1.333
1.333
1.333
1.333
1.333
1.333
1.333
12
12

1
2
0
2
2
1
0
4
0
0
0
1.333
1.333
1.333
1.333
1.333
1.333
1.333
6
6

1
0
2
2
1
2
0
0
4
0
0
1.333
1.333
1.333
1.333
1.333
1.333
1.333
6
6

Water
Dilution
Factor

2.5
2.5
2.5
2.5
2.5
2.5
2.5
2.5
2.5
2.0
3.0
2.5
2.5
2.5
2.5
2.5
2.5
2.5
2.5
2.5

Where :*** B= Barrel,
*** D1= 1.5m³ digester with stirrer, D2= 1.5m³ 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

61

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 (1.5m³) 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 Щ represent the
complete copy of the field survey (Appendix ІV 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 ІV) 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 Ш).
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
uses.
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 (√) 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 (√) 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 issues, 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

may be

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¯ ) = (X1 + X2 + …. + Xn ) / n
Standard deviation (Sd.) = SQ{[(X1-X¯)² + (X2-X¯)² + … +(Xn-X¯)²]/n}
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

score

4

No. of replies
No. of replies X
score

almost

sometimes

rarely

never

3

2

1

0

83

49

11

26

10

179

332

147

22

26

0

527

Total

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:1- 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
І) – 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
Surveyed
Families
247

Family Members
Total Members
Average Members
of Surveyed
Per Family
Families
1692

6.85

Standard
Deviation
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.
Ц) – 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:• 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].
• 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].
• The daily cattle waste (or each one animals’ unit) could produce
about 600 litter of biogas [Junaidi, 2000].
• 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 200Kg 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
No. of
from total
from total
families
surveyed
families raise
families
animals

Animal
Units

*Average
of Units

Standard
Deviation

0
0< unit<1
1– 1.99
2- 2.99
3-3.99
4-4.99
5-5.99
6-6.99
7 and more

0.54
1.34
2.31
3.43
4.61
5.49
6.49

0.16
0.22
0.32
0.28
0.184
0.193
.211

68
38
35
9
13
7
6
14

21.23%
19.55%
5.03%
7.26%
3.91%
3.35%
7.82%

27.53%
15.39%
14.17%
3.64%
5.26%
2.83%
2.43%
5.67%

19.72
11.35
Total number of families which
raise animals
Total

57

31.84%

23.10%

100%

72.47%
100%

179
247

*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 (⅔) 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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Figure12 Percentages of families according to

their animal units

25.00%
20.00%
15.00%
10.00%
5.00%
0.00%
7 and 6-6.99 5-5.99 4-4.99 3-3.99 2- 2.99 1–
more
1.99

0> 0.00%
unit<1

Animal units

Figure 13 Percentages of families according

to raising animals

Do not raise
animals
Raise animals

27.53%
72.47%;

Families percentages

30.00%
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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.

Animal

Percentage
(%)

Average of
reply

Percentage
(%)

Manufactured
Feed

Average of
reply

Straw
Percentage
(%)

Grains
Average of
reply

Feed

Cow
Sheep + Goat
Chicken
Total Average

2.94
3.56
2.51
3.00

73.5
89.0
62.7
75.1

3.65
3.14
3.40*

91.2
78.5
84.9*

2.58
2.72
3.06
2.79

64.5
68.0
76.5
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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Ш) – Family Planted Areas:The large agricultural activation of Palestinian rural families could
be seen through table -1- of appendix (І) 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 is 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 Ш.
Table 6 Cultivate activation of Palestinian rural families

Families

Don’t own any
agriculture area
Cultivate sustain rain fed
crops.
Cultivate seasonal rain
fed crops.
Cultivate sustain irrigated
crops.
Cultivate Field irrigated
crops.
Of rain fed cultivation
only.
Of irrigated cultivation
only.
Of irrigated and rain fed
cultivation.
Total families of cultivate
activation.

Number Percentage(%)
Percentage
of
from total
(%) from
Families
families of
Total
cultivate
Surveyed
activation
Families(247)
31.00

-

12.55

192.0

88.89

77.73

165.0

76.39

66.80

28.00

12.96

11.34

49.00

22.69

19.84

143.0

66.20

57.90

8.000

3.704

3.240

65.00

30.09

26.32

216.0

100.0

87.45
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Figure 14 Cultivate activation of Palestinian rural families

Total families of cultivate
activation.
Of irrigated and rain fed
cultivation.
Of irrigated cultivation only.
Of rain fed cultivation only.
Cultivate Field irrigated crops.
Cultivate sustain irrigated crops.
Cultivate seasonal rain fed crops.
Cultivate sustain rain fed crops.
Don’t own any agriculture area
100

80

60

40

Percentage (%)

20

0
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ІV) – 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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Monthly Average
Consumption
(JD)

Energy Source

Did not use

Use without cost

Use with cost

*average

**average

Sd.

Electricity

5.000
2.02%

-

242.0
97.9%

6190

25.06

9.57

3.660

1.41

3.000
1.22%

-

244.0
98.7%

2735

11.07

4.86

1.620

0.71

158.0
63.9%

-

89.00
36.0%

2182

8.830

4.82

1.290

0.70

203.0
82.1%

23.00
9.31%

21.00
8.50%

88.39

0.358

0.51

0.052

0.04

197.0 38.00
12.00
79.7% 15.4 % 4.860%

160.5

0.650

0.47

0.095

0.02

-

-

-

-

-

11355.49

45.97

20.2
total

6.711

2.880
total

Animal
Dung

Fire
Wood

Sd.

Natural
Gas

Per Capita

Liquid
Fuel

Per Family

Coal

No. of families with
their percentage from
total surveyed families
(247)

Total monthly consumption
for all families
(JD)

Table 7 Energy sources and monthly consumption of rural families.

228.0
92.3%

19.00
7.69%

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.
12345678-

Statements
Collected in especial place to
be disposed off later.
Collected to be through in
the field (without
fermentation).
Fermented for using as an
organic crops fertilizer.
Burned to get energy (taboon
for example)
Burned as a disposal method.
Collected for sale.
Fermented for biogas
production.
Other ways------------------------- (No answers mentioned)

*Average of
reply

Percentage
(%)

Rank

2.85

71.2

1

2.66

66.4

2

1.28

32.0

4

1.34

33.4

3

1.24
1.01

31.0
25.3

5
6

0.02

0.56

7

-

-

-

*** 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
123456789-

Statement
Fed to animals (straw and
leaves).
Burned in the field.
Remains in the field ground.
Removed to the field
bounders.
Wood burned to get energy.
Straw made bales.
Fermented to produce biogas
and/ or organic fertilizers.
Disposed off with animals
wastes.
Other ways-----------(straw
grinded for animals feed)

Average

Percentage

Rank

2.83

70.8

1

1.54
1.09

38.4
27.3

4
7

1.43

35.7

5

2.61
2.24

65.3
56.0

2
3

0.00

0.00

9

1.26

31.5

6

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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456-

Rank

3-

Percentage
(%)

3.03

75.8

1

0.985

24.6

3

0.864

21.6

5

0.170

4.17

6

1.44

36.0

2

0.879

22.0

4

Percentag
e (%)

Rank

2-

Disposing solid domestic wastes in
general containers.
Disposing solid domestic wastes on
animals wastes disposal place
Feeding organic domestic waste to
animals.
Fermenting organic wastes to get
biogas and/ or fertilizers.
Disposed off in especial place near
home.
Distributed in the planting areas.

Average

1-

Statement

Average

No. in
survey

Table 10 Family domestic waste fate.

3.56

89.0

1

0.364

9.10

3

0.273

6.82

5

0.576

14.4

2

0.348

8.71

4

Max. Range and score is 4; Calculations in chapter 6

No. in
survey

Table 11 Family wastewater fate

7891011-

Statement
Wastewater drained off to the cess
pits.
Wastewater drained off on the earth
surface.
Wastewater drained off into near home
valley or water stream.
Using wastewater for irrigating home
plants.
Draining wastewater into general
disposing net.

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 Ш), 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.
І) – 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

12-

1
2

345-

3
4
5

11-

6

14-

7

16-

8

Suffering from rodents, flies, snakes,
insects…ect
Suffering from bad smell of accumulated
solid wastes.
Suffering from smell of wastewater.
Suffering from taboon smoke.
Suffering from neighbors farms
Suffering from repeated diseases in my
family members.
Neighbour complain to you from your
animals farm impacts
a- electricity
Suffering from
unavailability or bad b- water
c- agricultural
governmental
advertising
services
d- roads
e-finance help
f-wastewater disposal
g-solid waste disposal
h-health services
i-education
Average for statement 16
Average for all statements

Percentage
(%)
Result*

statement

Average

No.

No. in
survey

governmental services.

3.16 79.0 +
3.69
3.07
1.42
1.89

92.3
76.7
35.5
47.3

+
+
-

1.75 43.8

-

1.39 34.8
1.86 46.5
3.31 82.8

+

3.25
3.63
3.30
3.11
3.21
2.97
1.74
2.93
2.41

+
+
+
+
+
+
+
+

81.3
90.8
82.8
77.8
80.3
74.3
43.4
73.3
60.3

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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6789101215-

1 Grazing my animals on plants grow on solid
disposal place.
2 Grazing my animals on plants grow on
wastewater stream sides.
3 Using manufactured fertilizers to enhance
my crops production
4 Using insecticides, herbicides,… for
enhancing crops production
5 Using animals' drugs for animals' treatment.
6 Using drugs to reduce or kill insects,
rodents, flies….
7 Wearing protecting clothes when using
animals and plants drugs and treatments.

Result***

Percentage

statement

Average*

No

No in survey

Table 13 Some of farmers practices.

1.38 34.5

-

1.41 35.3

-

2.96 74.0

+

2.53 63.3
2.71 67.7

+
+

2.48 62.0

+

1.67 41.8

-

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

Ц) – 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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12345678910111213-

12345678910
11
12
13

Accumulating wastes pollutes soil
and water environments.
Burning wastes and crops residues
pollute air environment.
Accumulating and wrong disposal
and treatment of wastes increase
distribution of flies, rodents…
Flies, rodents… are considered
diseases causing or / and disease
victors.
Un isolated cess pits causes
pollution to the ground water in
additional to soil.
Polluting soil, water and air
impacts negatively human health.
Wastes accumulation and wrong
disposal cause negative impacts on
human body and physical health.
Irrigating crops with wastewater
causes diseases for consumer
health.
Feel disturbed when I see
accumulated waste.
Cleaning animal farm within short
periods impacts positively human
life and animal health.
Using manufactured fertilizers (for
crops and animals) impacts
positively consumer health.
Grazing animal's plants growing
on wastes will negatively impacts
human and animal health.
Un fermented organic waste as a
fertilizer is better than the

Result**

Percentage
(%)

Statement

Direction
of
statement
Average*

No. in the
survey
No

Table 14 Farmer environmental awareness toward wastes impacts.

+

3.07

76.8 +

+

2.69

67.2 +

+

3.34

83.6 +

+

2.98

74.6 +

+

2.25

56.2

+

2.46

61.6 +

+

2.58

64.6 +

+

2.23

55.8

-

+

1.97

49.2

-

+

2.82

70.4 +

-

2.14

53.6

+

2.51

62.8 +

-

2.41

60.2 +

-

-
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fermented waste.
Table 14 Continues …

14151621-

1
4
1
5
1
6
1
7

Using animals and plant drugs
enhance their production.
Using animals and plants drugs
improve human health.
Applying biogas technology reduces
the volume of the wastes to be
disposed off.
Feel disturbed from smelling wastes
odors.
Average

+

3.42 85.4 +

-

1.84 46.0

+

2.55 63.8 +

+

3.06 76.4 +
2.61 65.2 +

-

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

1819-

20-

23-

4-

I will apply biogas
technology, if its
economic is feasible.
I will construct a biogas
plant, if I get a financial
help.
I will use biogas instead
of natural gas, if it is of
less cost.
If you don’t raise
animals, are you ready to
raise animals if biogas
plants applied and give
good economic results?
Average

Result***

Percentage
(%)

1-

Average*

No.

17-

Statement

Direction of
statement

No. in the
survey

Table 15 Farmers acceptability for applying biogas technology.

+

2.38

59.4

-

+

2.94

73.6

+

+

2.73

68.2

+

+

2.48
2.63

62.0
65.8

+
+

99
* 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
І)-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.
Table16 Farmer knowledge about biogas technology and anaerobic

percentage

No. of
answers

percentage

No. of
answers

percentage

Average Of Reply

Percentage (%)

Result**

2

No. of
answers

1

Reply Choices

5.0

2.0

18

7.3

26

10.5

198

80.2

0.1

3.50

-

42

17

79

32

92

37.3

34

13.8

1.5

50.7

-

much
Subject

Biogas
Technology
Anaerobic
Fermentation

No. of
answers
percentage

Question number

digestion process.
something

Max. range for average and score is 3.
** (-) means negative result.

Ц) – Cess pits:-

little

nothing
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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
No. of answers
Percentage

17.00
7.113 %

One
year
77.00
32.22%

Two
years
48.00
20.08%

Three years Total
or more
97.00
239.0
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.
Ш) - 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
Intervals
Distance
(meter)
(meter)
1 - 50
22.73
51 - 100
81.55
101 - 150
136.8
151 and more
1483
Total

No. of
Families

Percentage
of families

109.0
27.00
21.00
90.00
247.0

44.13%
10.93%
8.502%
36.44%
100.0%

ІV) - 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
within (days)
1-7
8 - 14
15 - 21
22 - 28
29 and more
Total

No. of Families
do that
127
18.0
10.0
5.00
19.0
179

Percent of families from
families that raise animals
70.9%
10.1%
5.59%
2.79%
10.6%
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.
Temp. Temp.
1.00
18.5
36.0
2.00
19.0
34.0
3.00
19.0
33.5
4.00
18.0
30.5
5.00
17.5
27.0
6.00
16.0
24.0
7.00
14.5
21.0
8.00
17.5
30.0
9.00
13.5
32.0
10.0
13.0
32.0
11.0
11.0
31.0
12.0
11.0
34.0
13.0
11.0
33.0
14.0
11.5
35.0
15.0
11.5
34.0
16.0
12.0
32.0
17.0
11.5
33.0
18.0
14.0
33.5
19.0
12.0
30.0
20.0
11.0
29.0
21.0
12.0
28.0
22.0
13.5
28.5
23.0
10.0
28.0
24.0
11.0
30.0
25.0
12.0
29.0
26.0
10.5
25.5
27.0
10.0
26.0
28.0
10.5
26.0
29.0
11.0
26.5
30.0
12.0
27.0

Day
31.0
32.0
33.0
34.0
35.0
36.0
37.0
38.0
39.0
40.0
41.0
42.0
43.0
44.0
45.0
46.0
47.0
48.0
49.0
50.0
51.0
52.0
53.0
54.0
55.0
56.0
57.0
58.0
59.0
60.0
Average

Min.
Temp.
11.5
13.0
12.0
13.5
11.0
10.0
10.5
9.00
11.0
10.5
10.5
12.0
10.0
10.5
9.00
9.50
9.00
10.0
10.0
12.5
14.0
11.0
12.5
10.5
13.0
11.5
10.0
9.00
10.0
9.50
12.03

Max.
Temp.
28.0
26.5
29.0
27.5
25.0
23.5
22.0
23.0
19.5
18.0
20.5
18.0
16.5
16.0
18.0
18.5
17.0
18.5
20.5
23.0
21.0
22.5
20.5
22.0
19.5
19.0
17.0
18.0
20.5
19.0
25.4
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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 B5 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
B1

B2

B3

pH – Value for Samples
B4 B5 B6 B7 B8

B9

B10

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 6.94 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 5.21 6.49 5.53 5.58 6.00 6.51 6.23 6.24 6.59

12

5.35 5.13 6.37 5.58 5.31 5.83 6.56 6.31 6.20 6.17

15

5.14 5.02 6.23 5.40 4.95 5.76 6.53 6.42 6.17 5.92

18

5.12 5.18 6.09 5.26 4.86 5.47 6.60 6.51 6.19 5.87

21

5.28 5.24 5.93 5.00 4.74 5.37 6.73 6.82 6.45 5.81

24

5.53 5.66 5.85 5.13 4.71 5.30 6.81 7.09 6.53 5.70

27

5.88 6.03 5.97 5.39 4.71 5.37 6.95 7.13 6.78 5.83

30

6.37 6.58 6.27 5.62 4.65 5.43 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 6.82 6.73 5.60 5.03 5.85 7.24 7.21 7.19 6.68

39

7.25 7.17 6.99 5.73 5.36 6.07 7.33 7.21 7.25 6.96

42

7.30 7.22 7.27 5.96 5.50 6.48 7.31 7.23 7.36 7.27

45

7.28 7.25 7.33 6.29 5.61 6.70 7.46 7.21 7.41 7.53

48

7.36 7.39 7.46 6.51 5.94 6.92 7.52 7.25 7.48 7.68

51

7.32 7.41 7.56 6.70 6.21 7.11 7.50 7.22 7.54 7.75

54

7.27 7.43 7.51 6.96 6.58 7.19 7.61 7.23 7.59 7.81

57

7.23 7.41 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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Table 23 … continues

Day

pH – Value for Samples
B11 B12 B13 B14 B15 B16 B17 B18 D1

D2

1

7.96 7.29 7.13 6.73 7.16 6.95 7.03 6.85 6.92 7.04

3

7.38 6.72 6.68 6.35 6.50 6.41 6.56 6.50 5.94 6.17

6

6.85 6.50 6.01 5.91 5.97 6.12 6.23 6.31 5.37 6.04

9

6.47 6.31 5.97 5.78 5.91 5.88 6.12 5.81 5.39 5.83

12

6.01 6.25 5.73 5.74 5.96 5.90 5.15 5.37 5.46 5.79

15

5.83 6.14 5.86 5.69 6.05 5.91 5.05 5.18 5.37 5.82

18

5.74 6.03 5.83 5.58 6.27 5.78 4.92 5.10 5.44 5.85

21

5.69 5.92 5.90 5.51 6.45 5.98 5.09 5.23 5.70 5.93

24

5.62 5.89 6.15 5.49 6.81 5.83 5.26 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

5.58 6.27 6.54 5.89 6.93 5.92 5.25 6.31 6.14 6.01

33

5.61 6.41 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

5.93 6.91 6.80 6.20 7.29 6.34 5.86 7.03 6.61 6.13

42

6.13 7.08 7.02 6.41 7.36 6.57 5.95 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 7.31 7.16 6.70 7.46 7.01 6.79 7.20 7.28 6.70

51

7.23 7.30 7.28 6.99 7.43 7.15 6.72 7.26 7.35 6.89

54

7.52 7.35 7.27 7.05 7.51 7.13 6.86 7.25 7.42 6.94

57

7.60 7.32 7.48 7.16 7.49 7.22 6.97 7.28 7.39 7.03

60

7.65 7.34 7.42 7.19 7.55 7.23 7.00 7.27 7.45 7.29
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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.

Day

Weight of withdrawn biogas for Samples (gram).
B1

B2

B3

B4

B5

B6

B7

B8

B9

B10
1.50

3

2.50

1.00 2.00

0.50

2.50 4.50 3.50 6.00

-

6

5.00

4.00 2.50

3.50

2.50 5.50 5.00 8.50

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 8.50

6.00

10.0 9.00 16.5 25.0

3.50 7.50

15

18.0

15.5 11.0

7.00

17.5 21.0 29.0 46.5

5.50 10.0

18

24.5

26.5 20.0

9.50

22.0 18.5 50.5 63.0

13.0 16.5

21

34.5

37.5 32.5

16.0

35.5 26.0 67.0 82.5

24.5 28.5

24

43.0

50.5 49.0

35.5

46.5 32.5 88.0 90.5

46.0 51.5

27

69.5

74.0 66.5

50.5

68.0 41.0 92.5 86.0

52.0 72.0

30

92.0

74.0 84.5

62.5

73.5 59.0 83.5 80.0

55.5 68.5

33

81.0

68.5 70.5

73.0

71.0 84.5 75.5 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

38.0

61.5 41.5

65.0

64.5 78.5 45.0 50.5

42.5 39.5

42

30.0

49.5 28.5

44.0

33.0 60.0 36.5 42.0

35.0 25.0

45

19.0

30.0 25.5

28.0

20.0 37.5 25.0 31.5

22.0 27.5

48

6.50

12.5 18.5

13.0

10.5 15.0 14.5 20.0

16.0 21.5

51

3.50

1.50 9.00

4.50

6.00 7.50 6.50 13.0

10.5 17.0

54

2.00

0.00 6.50

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

507.5 570

45.83

50.0 45.58 42.3

Av./Kg

547

594

714

807.5 446

47.5 49.5 59.5 67.3

538

37.2 44.83

Table 24 Continues….

Day
3
6
9
12
15
18
21
24
27
30
33
36
39

Weight of withdrawn biogas for Samples
B11 B12 B13

B14

B15 B16

B17

B18

D1

D2

3.50 2.00 2.50 3.00

1.00 1.00 1.50

5.50

23.5

16.5

5.50 3.00 5.00 4.50

2.50 3.50 5.00

9.00

45.5

25.5

11.0 9.50 11.5 6.00

5.50 8.00 9.50

14.5

98.0

47.5

17.5 11.5 18.0 13.5

8.00 12.0 13.0

27.0

153

73.5

28.0 18.5 29.0 27.5

15.5 20.5 25.0

42.5

226.5 109

49.5 27.0 51.5 44.0

24.0 32.0 41.5

65.5

290

162.5

70.5 43.5 75.0 56.5

32.0 48.0 65.0

72.0

374

197.5

90.0 54.0 83.0 68.0

45.5 60.5 79.5

89.0

483

235

95.0 66.0 97.5 84.0

63.5 73.5 91.0

87.5

597.5 276.5

87.5 93.0 79.5 88.5

85.0 86.5 98.5

81.0

574

78.0 85.0 64.0 89.0

80.5 74.5 86.0

64.0

481.5 337

60.5 69.5 39.5 76.0

71.0 63.0 72.0

51.0

376.5 355.5

46.5 41.5 28.0 54.0

59.0 40.5 55.0

43.5

258.5 324

310
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42
45
48
51
54

38.0 19.5 22.0 36.5

43.0 28.5 34.0

39.0

137.5 305.5

22.0 13.0 16.0 23.5

20.0 18.0 12.5

25.5

71.0

269.5

18.5 9.50 10.5 12.0

6.50 13.0 9.50

15.0

26.5

218.5

9.50 8.00 7.00 5.50

4.50 7.50 6.00

10.5

10.5
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2.50 5.00 3.50 1.50

3.00 1.50 4.50

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

713.5 757

4243

3489

Total

737

584

645

694.5 575

Av./Kg 61.4 48.7 53.8 57.9

594

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
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Figure 21 Total biogas weight produced by samples in D1 and D2

6000
4000
2000
0
1

2
Digester

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.

Biogas weight (gram)

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.

750
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550
500
B14

Barrel

B13

B12

Biogas weight (gram)

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 B11and 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 B1
(small digester).
The curves of biogas productivity with time for large samples (D1,
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 is 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 m³
The volume of gas holder = 1/5 X 7.4 ≈ 1.5 m³.
So; the total volume of the required digester = 7.4 + 1.5 ≈ 9 m³.
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

128

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 a result a 9 m³ 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 = 2 r² h
Cone volume = ⅓  r² h
Cubic volume = w l h
Where: -  = 3.14, r : radius, h: height, w: width, l: length.
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Figure 25 A 9m³ 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
Digging operations with workers (4 days working time)
2 m³ of small stones2 m³ of sand
15 cement bags (each 50Kg)
2 rigid plastic pipes (3 meter length, and 8" diameter)
Gas valve and connectors.
50 litter of Plastic or asphalt paints
80 bricks (10X10X40 centimeter, may required for pits)
Miscellaneous
Total
Where:- JD: Jordan diner; m: meter;

Cost (JD)
250
15
20
50
10
10
55
15
75
500
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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
= 924.9 - 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 1m³ 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/ m³
Volume of water = daily added volume X 30 day/month
= 92.49 litter X 30 = 2774.7 litter/month ≈ 2.77 m³
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)
= 23.07 JD
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 9m³ 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 m³ 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.
2- Constructing a 9 m³ 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.
3- Cess pits could be repaired or constructed so that it could be used as
a digester for anaerobic digestion of organic wastes.
4- Straw should be grinded before introducing it into the digester to
enhance its biogas production and to facilitate stirring process.
5- 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 (II) The monthly averages of maximum and minimum

temperatures for Palestinian agricultural stations [Saleh,
Waleed Irsan, 2003].
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Appendix (Ш): 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

12345-

Cows
Sheep
Goats
chickens
Others:
abc-

grains

straw

fertilizers Others
(specify)
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Please; chick with (√) 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
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------------------------------------

Little

Nothing

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
1Plastic (covered)
2- Sustain(as lemons)
3Un covered

Most Planted Crops

Area (m² )

156

Family un irrigated Crops
No.
Type of Planting
Most Planted Crops
Area (m² )
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
123456789-

Statement
All
Fed to animals (straw
and leaves).
Burned in the field.
Remains in the field
ground.
Removed to the field
bounders.
Wood burned to get
energy.
Straw made bales.
Fermented to produce
biogas and/ or organic
fertilizers.
Disposed off with
animals wastes.
Other ways-----------------

Most Some Little Nothing
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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
Cost

1-

Electricity

2-

Natural gas

3-

Coal

4-

Fire wood

5-

Liquid
fuel

gasoline
diesel
kerosene

6-

Animal dung

7-

Others

Uses
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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.

12-

Disposing solid domestic
wastes in general containers.

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.

never

rarely

Sometimes

almost

Statement

always

No.

Family Domestic Waste Fate
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PART TWO
General Indications
A) - Wastes and other issues impacts on rural people life.
Please; chick with (√) under the word that express about the situation
expressed by the statements in the table below.

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.

never

rarely

Some
times

almost

No

statement

always

Wastes and Other Issues Impacts On Rural People Life.
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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
from
unavailability
or bad
governmental
services

a- electricity
b- water
c- agricultural
advertising
d- roads
e-finance help
f-wastewater
disposal
g-solid waste
disposal
h-health services
i-education

B)-Farmer opinion toward wastes issues.
Please; in table -9- below chick with (√ ) under the word that agrees
with your opinion toward the issues in the following statements.
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1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21

Accumulating wastes pollutes soil and water
environments.
Burning wastes and crops residues pollute air
environment.
Accumulating and wrong disposal and treatment of
wastes increase distribution of flies, rodents…
Flies, rodents… are considered diseases causing or /
and disease victors.
Un isolated cess pits cause pollution to the ground
water in additional to soil.
Polluting soil, water and air impacts negatively human
health.
Wastes accumulation and wrong disposal cause
negative impacts on human body and physical health.
Irrigating crops with wastewater causes diseases for
consumer health.
Feel disturbed when I see accumulated waste.
Cleaning animal farm within short periods impacts
positively human life and animal health.
Using manufactured fertilizers (for crops and animals)
impacts positively consumer health.
Grazing animals plants growing on wastes will
negatively impacts human and animal health.
Un fermented organic waste as a fertilizer is better than
the fermented waste.
Using animals and plant drugs enhance their
production.
Using animals and plants drugs improve human health.
Applying biogas technology reduces the volume of the
wastes to be disposed off.
I will apply biogas technology, if its economic is
feasible.
I will construct a biogas plant, if I get a financial help.
I will use biogas instead of natural gas, if it of less cost.
If you don’t raise animals, are you ready to raise if
biogas plants applied and give good economic results?.
Feel disturbed from smelling wastes odors.

No

May
Doubte

Statement

Surely

No

Farmer Opinion toward Wastes Issues
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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
is: - (-------) meter.
Q8:- Your animals' farm cleaned once every ---------- days.
Q9:- Problems facing your family in disposing off or treating :1- Home solid wastes are -------------------------------------------------------------------------------------------------------------------------------------------2- Animals dung are --------------------------------------------------------------------------------------------------------------------------------------------------3- Wastewater are ---------------------------------------------------------------------------------------------------------------------------------------------------4- Crops residues and planting wastes ------------------------------------------------------------------------------------------------------------------------------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

ﺠﺎﻤﻌﺔ ﺍﻟﻨﺠﺎﺡ ﺍﻟﻭﻁﻨﻴﺔ

ﺒﺴـــﻡ ﺍﷲ ﺍﻟﺭﺤﻤﻥ ﺍﻟﺭﺤﻴﻡ

ﻜﻠﻴﺔ ﺍﻟﺩﺭﺍﺴﺎﺕ ﺍﻟﻌﻠﻴﺎ
ﻗﺴﻡ ﺍﻟﻌﻠﻭﻡ ﺍﻟﺒﻴﺌﻴـﺔ

ﺍﺴﺘﺒﻴﺎﻥ
ﺍﻟﺴﻼﻡ ﻋﻠﻴﻜﻡ ﻭ ﺭﺤﻤﺔ ﺍﷲ؛
ﻋﺯﻴﺯﻱ ﺍﻟﻤﺯﺍﺭﻉ-:
ﺘﻜﻨﻭﻟﻭﺠﻴﺎ ﺍﻟﻐﺎﺯ ﺍﻟﺤﻴﻭﻱ ﻫﻲ ﺘﻜﻨﻭﻟﻭﺠﻴﺎ ﻤﻁﺒﻘﺔ ﻹﻨﺘﺎﺝ ﺍﻟﻐﺎﺯ ﺍﻟﺤﻴﻭﻱ )ﺃﺴﺎﺴﺎ ﻏﺎﺯ ﺍﻟﻤﻴﺜﺎﻥ(
ﻤﻥ ﻋﻤﻠﻴﺔ ﺍﻟﻬﻀﻡ ﺍﻟﻼﻫﻭﺍﺌﻲ ﻟﻠﻤﻭﺍﺩ ﺍﻟﻌﻀﻭﻴﺔ .ﻴﻤﻜﻥ ﺍﺴﺘﺨﺩﺍﻡ ﺍﻟﻐﺎﺯ ﺍﻟﻨﺎﺘﺞ ﻜﻤﺼﺩﺭ ﻟﻠﻁﺎﻗﺔ ﻟﻌﺩﺓ
ﺃﻏﺭﺍﺽ ﻤﺜل -:ﺍﻟﻁﺒﺦ ،ﺘﺴﺨﻴﻥ ﺍﻟﻤﺎﺀ ،ﺍﻹﻀﺎﺀﺓ ،ﻭﺘﺸﻐﻴل ﺍﻟﻤﺤﺭﻜﺎﺕ .ﺒﺎﻹﻀﺎﻓﺔ ﻟﻠﻐﺎﺯ ﺍﻟﺤﻴﻭﻱ
ﻴﻨﺘﺞ ﻋﻥ ﻫﺫﻩ ﺍﻟﻌﻤﻠﻴﺔ ﺴﻤﺎﺩ ﻋﻀﻭﻱ ﻴﻤﻜﻥ ﺍﺴﺘﺨﺩﺍﻤﻪ ﻟﺘﺤﺴﻴﻥ ﺇﻨﺘﺎﺝ ﺍﻟﻤﺤﺎﺼﻴل ﺍﻟﺯﺭﺍﻋﻴﺔ .ﺃﻴﻀﺎ
ﻫﻨﺎﻟﻙ ﻋﺩﺓ ﺘﺄﺜﻴﺭﺍﺕ ﺒﻴﺌﻴﺔ ﺇﻴﺠﺎﺒﻴﺔ ﺘﻨﺘﺞ ﻤﻥ ﺘﻁﺒﻴﻕ ﻫﺫﻩ ﺍﻟﺘﻜﻨﻭﻟﻭﺠﻴﺎ.
ﻫﺫﺍ ﺍﻻﺴﺘﺒﻴﺎﻥ ﻫﻭ ﺍﺴﺘﺒﻴﺎﻥ ﻋﻠﻤﻲ ﻴﻬﺩﻑ ﺃﺴﺎﺴﺎ ﺇﻟﻰ ﺍﺴﺘﻴﻀﺎﺡ ﺍﻟﻁﺭﻕ ﺍﻟﻤﺘﺒﻌﺔ ﻤﻥ ﻗﺒل
ﺍﻟﻤﺯﺍﺭﻋﻴﻥ ﻟﻤﻌﺎﻟﺠﺔ ﻭ ﺍﻟﺘﺨﻠﺹ ﻤﻥ ﻨﻔﺎﻴﺎﺘﻬﻡ -:ﺍﻟﻤﻨﺯﻟﻴﺔ ،ﺍﻟﺤﻴﻭﺍﻨﻴﺔ ،ﻭ ﺍﻟﺯﺭﺍﻋﻴﺔ ﺒﺎﻹﻀﺎﻓﺔ ﻟﻤﺼﺎﺩﺭ
ﺤﺼﻭﻟﻬﻡ ﻋﻠﻰ ﺍﻟﻁﺎﻗﺔ؛ ﻭﻜﻴﻑ ﺘﺅﺜﺭ ﻫﺫﻩ ﺍﻟﻁﺭﻕ ﻋﻠﻰ ﺼﺤﺘﻬﻡ ﺍﻟﺒﺩﻨﻴﺔ ﻭ ﺍﻟﻨﻔﺴﻴﺔ ﻭ ﻋﻠﻰ ﻭﻀﻌﻬﻡ
ﺍﻻﻗﺘﺼﺎﺩﻱ ﻭ ﺤﻴﺎﺘﻬﻡ ﺍﻻﺠﺘﻤﺎﻋﻴﺔ .ﺍﻟﺒﻴﺎﻨﺎﺕ ﺍﻟﺘﻲ ﺴﻴﺘﻡ ﺍﻟﺤﺼﻭل ﻋﻠﻴﻬﺎ ﺴﻭﻑ ﺘﻘﺎﺭﻥ ﻤﻊ ﺍﻟﻭﻀﻊ ﻓﻴﻤﺎ
ﻟﻭ ﻁﺒﻘﺕ ﻤﺸﺎﺭﻴﻊ ﺍﻟﻐﺎﺯ ﺍﻟﺤﻴﻭﻱ ﻓﻲ ﻤﻨﻁﻘﺘﻨﺎ.
ﺠﻤﻴﻊ ﺍﻟﺒﻴﺎﻨﺎﺕ ﺍﻟﺘﻲ ﺴﺘﻌﺒﺄ ﻤﻥ ﻗﺒل ﺍﻟﻤﺯﺍﺭﻉ ﻓﻲ ﻫﺫﺍ ﺍﻻﺴﺘﺒﻴﺎﻥ ﺴﻭﻑ ﺘﺴﺘﺨﺩﻡ ﻹﻏﺭﺍﺽ
ﻋﻠﻤﻴﺔ ﻓﻘﻁ ،ﻭ ﺴﻭﻑ ﺘﻌﺎﻤل ﺒﺴﺭﻴﺔ ﺘﺎﻤﺔ .ﻟﺫﻟﻙ ﻨﺭﺠﻭ ﻤﻨﻜﻡ ﺘﻌﺒﺌﺔ ﺍﻟﻤﻌﻠﻭﻤﺎﺕ ﺍﻟﻤﻁﻠﻭﺒﺔ ﻭ
ﺍﻟﺼﺤﻴﺤﺔ ،ﺤﻴﺙ ﺴﺘﺒﻨﻰ ﻋﻠﻴﻬﺎ ﺍﻟﻨﺘﺎﺌﺞ ﻭ ﺍﻻﺴﺘﻨﺘﺎﺠﺎﺕ ﺍﻟﺘﻲ ﻗﺩ ﺘﺴﺎﻋﺩﻜﻡ ﻓﻲ ﺘﺤﺴﻴﻥ ﻅﺭﻭﻑ ﺤﻴﺎﺘﻜﻡ.
ﺸﺎﻜﺭﻴﻥ ﺤﺴﻥ ﺘﻌﺎﻭﻨﻜﻡ.
ﺍﻟﻤﺸﺭﻑ -:ﺍﻟﺒﺭﻭﻓﺴﻭﺭ ﻤﺭﻭﺍﻥ ﺤﺩﺍﺩ
ﺍﻟﻁﺎﻟـﺏ -:ﻤﺩﻴﻥ ﻋﺎﺩل ﺤﺴﻥ
ﺍﻟﺘﺎﺭﻴـﺦ2003/11/1 -:ﻡ
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ﺍﻟﻘﺴﻡ ﺍﻷﻭل
ﺒﻴﺎﻨﺎﺕ -:ﺍﻟﻌﺎﺌﻠﺔ؛ ﺍﻟﺤﻴﻭﺍﻨﺎﺕ ﺍﻟﻤﺭﺒﺎﺓ ﻟﺩﻴﻬﺎ؛ ﻤﺼﻴﺭ ﺍﻟﻨﻔﺎﻴﺎﺕ ﺍﻟﻌﻀﻭﻴﺔ ﺍﻟﻨﺎﺘﺠﺔ ﻋﻥ ﻨﺸﺎﻁﺎﺘﻬﺎ
ﺃ( -ﺍﻟﺭﺠﺎﺀ ﺘﻌﺒﺌﺔ ﺍﻟﺒﻴﺎﻨﺎﺕ ﺍﻟﻤﻁﻠﻭﺒﺔ ﻓﻲ ﺍﻟﻔﺭﺍﻏﺎﺕ ﺍﻟﺘﺎﻟﻴﺔ-:
 -1ﻤﺠﻤﻭﻉ ﻋﺩﺩ ﺃﻓﺭﺍﺩ ﺃﺴﺭﺘﻙ .------
 -2ﻤﻜﺎﻥ ﺍﻟﺴﻜﻥ .-----------
ﺏ( -ﺒﻴﺎﻨﺎﺕ ﺍﻟﺤﻴﻭﺍﻨﺎﺕ ﺍﻟﻤﺭﺒﺎﺓ ﻭ ﻁﺭﻕ ﺍﻟﺘﺨﻠﺹ ﻤﻥ ﺭﻭﺜﻬﺎ-:
ﺍﻟﺭﺠﺎﺀ ﺘﻌﺒﺌﺔ ﺍﻟﺠﺩﻭل ﺍﻟﺘﺎﻟﻲ ﺒﺎﻟﺒﻴﺎﻨﺎﺕ ﺍﻟﻤﻁﻠﻭﺒﺔ ﺤﻭل ﺍﻟﺤﻴﻭﺍﻨﺎﺕ ﺍﻟﻤﺭﺒﺎﺓ ﻟﺩﻯ ﻋﺎﺌﻠﺘﻙ .ﻓﻴﻤﺎ
ﻴﺘﻌﻠﻕ ﺒﻨﻭﻉ ﻁﻌﺎﻡ ﺍﻟﺤﻴﻭﺍﻨﺎﺕ ،ﺍﻟﺭﺠﺎﺀ ﻭﻀﻊ ﺍﻟﻜﻠﻤﺔ ﺍﻟﻤﻨﺎﺴﺒﺔ ﻤﻥ ﺍﻟﻘﺎﺌﻤﺔ )ﺩﺍﺌﻤﺎ /ﻏﺎﻟﺒﺎ /ﺃﺤﻴﺎﻨﺎ/
ﻨﺎﺩﺭﺍ /ﺃﺒﺩﺍ( ﻓﻲ ﺍﻟﻌﺎﻤﻭﺩ ﺍﻟﻤﻨﺎﺴﺏ ﺃﻤﺎﻡ ﻨﻭﻉ ﺍﻟﺤﻴﻭﺍﻥ.
ﺒﻴﺎﻨﺎﺕ ﺍﻟﺤﻴﻭﺍﻨﺎﺕ ﺍﻟﻤﺭﺒﺎﺓ ﻟﺩﻯ ﺍﻟﻌﺎﺌﻠﺔ.
ﺍﻟﺭﻗﻡ ﺍﻟﺤﻴﻭﺍﻨﺎﺕ

ﺍﻟﻌﺩﺩ

ﻁﻌﺎﻡ ﺍﻟﺤﻴﻭﺍﻨﺎﺕ
ﺤﺒﻭﺏ

1

ﺃﺒﻘﺎﺭ

2

ﺃﻏﻨﺎﻡ

3

ﻤﺎﻋﺯ

4

ﺩﺠﺎﺝ

5

ﺃﺨﺭﻯ-:
ﺍ-
ﺏ-
ﺝ-

ﻗﺵ

ﺃﻋﻼﻑ

ﻏﻴﺭ ﺫﻟﻙ

ﻤﺼﻨﻌﺔ

)ﺤﺩﺩ(
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ﻓﻲ ﺍﻟﺠﺩﻭل ﺍﻟﺘﺎﻟﻲ ،ﺍﻟﺭﺠﺎﺀ ﻭﻀﻊ ﺇﺸﺎﺭﺓ )√( ﺘﺤﺕ ﺍﻟﻜﻠﻤﺔ ﺍﻟﻤﻨﺎﺴﺒﺔ ﻟﻠﻌﺒﺎﺭﺓ ﺍﻟﺘﻲ ﺘﻘﺎﺒﻠﻬﺎ
ﺤﻭل ﺍﻟﻁﺭﻕ ﺍﻟﺘﻲ ﺘﺘﺒﻌﻬﺎ ﻋﺎﺌﻠﺘﻙ ﻟﻤﻌﺎﻟﺠﺔ ﺃﻭ ﺍﻟﺘﺨﻠﺹ ﻤﻥ ﺭﻭﺙ ﺤﻴﻭﺍﻨﺎﺘﻬﺎ.
ﻁﺭﻕ ﻤﻌﺎﻟﺠﺔ ﻭ ﺍﻟﺘﺨﻠﺹ ﻤﻥ ﺭﻭﺙ ﺍﻟﺤﻴﻭﺍﻨﺎﺕ

ﺍﻟﺭﻗﻡ ﺍﻟﻌﺒﺎﺭﺓ
1
ﻴﺘﻡ ﺠﻤﻌﻪ ﻓﻲ ﻤﻜﺏ ﺨﺎﺹ ﻟﻠﺘﺨﻠﺹ

ﺠﻤﻴﻌﻪ ﻤﻌﻅﻤﻪ

ﺒﻌﻀﻪ ﻗﻠﻴل ﻤﻨﻪ ﻻﺸﻲﺀ

ﻤﻨﻪ ﻓﻴﻤﺎ ﺒﻌﺩ
2

ﻴﺘﻡ ﺠﻤﻌﻪ ﻟﻴﻨﺜﺭ ﻓﻲ ﺍﻟﺤﻘل )ﺒﺩﻭﻥ
ﺘﺨﻤﻴﺭ(

3

ﻴﺨﻤﺭ

ﻟﻴﺴﺘﻌﻤل

ﻜﺴﻤﺎﺩ

ﻋﻀﻭﻱ

ﻟﻠﻤﺤﺎﺼﻴل
4

ﻴﺤﺭﻕ ﻟﻠﺤﺼﻭل ﻋﻠﻰ ﺍﻟﻁﺎﻗﺔ )ﻜﻤﺎ ﻓﻲ
ﺍﻟﻁﺎﺒﻭﻥ ﻤﺜﻼ(

5

ﻴﺤﺭﻕ ﻜﻭﺴﻴﻠﺔ ﻟﻠﺘﺨﻠﺹ ﻤﻨﻪ

6

ﻴﺠﻤﻊ ﻜﻲ ﻴﺒﺎﻉ ﻟﻠﻤﺯﺍﺭﻋﻴﻥ

7

ﻴﺘﻡ ﺘﺨﻤﻴﺭﻩ ﻹﻨﺘﺎﺝ ﺍﻟﻐﺎﺯ ﺍﻟﺤﻴﻭﻱ

8

ﻁﺭﻕ ﺃﺨﺭﻯ )ﺤﺩﺩ (---------

ﺝ( -ﺒﻴﺎﻨﺎﺕ ﺍﻟﻌﺎﺌﻠﺔ ﺍﻟﺯﺭﺍﻋﻴﺔ-:
ﺍﻟﺭﺠﺎﺀ ﺘﻌﺒﺌﺔ ﺍﻟﺠﺩﺍﻭل ﺍﻟﺘﺎﻟﻴﺔ ﺒﺎﻟﺒﻴﺎﻨﺎﺕ ﺍﻟﻤﻁﻠﻭﺒﺔ ﺤﻭل ﻨﺸﺎﻁﺎﺕ ﻋﺎﺌﻠﺘﻙ ﺍﻟﻔﻼﺤﻴﺔ.
ﺍﻟﻤﺤﺎﺼﻴل ﺍﻟﻤﺭﻭﻴﺔ.
ﺍﻟﺭﻗﻡ

ﻨﻭﻉ ﺍﻟﺯﺭﺍﻋﺔ

-1

ﺒﻼﺴﺘﻴﻜﻴﺔ

-2

ﺩﺍﺌﻤﺔ )ﻜﺎﻟﺤﻤﻀﻴﺎﺕ(

-3

ﻏﻴﺭ ﻤﻐﻁﺎﺓ

ﺍﻟﻤﺤﺎﺼﻴل ﺍﻷﻜﺜﺭ ﺘﻜﺭﺍﺭﺍ ﻓﻲ ﺍﻟﺯﺭﺍﻋﺔ

ﺍﻟﻤﺴﺎﺤﺔ )ﻡ(²
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ﺍﻟﻤﺤﺎﺼﻴل ﺍﻟﻐﻴﺭ ﻤﺭﻭﻴﺔ ﻟﺩﻯ ﺍﻟﻌﺎﺌﻠﺔ.
ﺍﻟﺭﻗﻡ

ﻨﻭﻉ ﺍﻟﺯﺭﺍﻋﺔ

1

ﺍﻟﻔﺼﻠﻴﺔ

2

ﺩﺍﺌﻤﺔ )ﻜﺎﻟﺯﻴﺘﻭﻥ(

ﺃﻜﺜﺭ ﺍﻟﻤﺤﺎﺼﻴل ﺘﻜﺭﺍﺭﺍ ﻓﻲ ﺍﻟﺯﺭﺍﻋﺔ

ﺍﻟﻤﺴﺎﺤﺔ )ﻡ(²

ﺭﺠﺎﺀ ﻓﻲ ﺍﻟﺠﺩﻭل ﺍﻟﺘﺎﻟﻲ؛ ﻭﻀﻊ ﺇﺸﺎﺭﺓ )√( ﺘﺤﺕ ﺍﻟﻜﻠﻤﺔ ﺍﻟﻤﻨﺎﺴﺒﺔ ﻟﻠﻌﺒﺎﺭﺓ ﺍﻟﻤﻘﺎﺒﻠﺔ ﻭ ﺍﻟﺘﻲ
ﺘﻌﺒﺭ ﻋﻥ ﺍﻟﻁﺭﻕ ﺍﻟﻤﺘﺒﻌﺔ ﻤﻥ ﻗﺒل ﺍﻟﻌﺎﺌﻠﺔ ﻟﻤﻌﺎﻟﺠﺔ ﺃﻭ ﺍﻟﺘﺨﻠﺹ ﻤﻥ ﺒﻘﺎﻴﺎ ﻭ ﻨﻔﺎﻴﺎﺕ ﺍﻟﻤﺤﺎﺼﻴل
ﺍﻟﺯﺭﺍﻋﻴﺔ.
ﻤﺼﻴﺭ ﺒﻘﺎﻴﺎ ﻭ ﻨﻔﺎﻴﺎﺕ ﺍﻟﻤﺤﺎﺼﻴل.
ﺍﻟﺭﻗﻡ ﺍﻟﻌﺒﺎﺭﺓ
1

ﻴﻁﻌﻡ ﻟﻠﺤﻴﻭﺍﻨﺎﺕ ) ﺍﻟﻘﺵ ﻭ ﺍﻷﻭﺭﺍﻕ(

2

ﻴﺤﺭﻕ ﻓﻲ ﺍﻟﺤﻘل

3

ﺘﺘﺭﻙ ﻓﻲ ﺃﺭﺽ ﺍﻟﺤﻘل

4

ﻴﻠﻘﻰ ﻋﻠﻰ ﺤﺩﻭﺩ ﺍﻟﺤﻘل

5

ﻴﺤﺭﻕ ﺍﻟﺨﺸﺏ )ﺴﻴﻘﺎﻥ ﻭ ﺃﻏﺼﺎﻥ( ﻟﻠﺤﺼﻭل
ﻋﻠﻰ ﺍﻟﻁﺎﻗﺔ

6

ﻴﺠﻤﻊ ﺍﻟﻘﺵ ﻋﻠﻰ ﺸﻜل ﻗﻭﺍﻟﺏ )ﺒﺎﻻﺕ(

7

ﺘﺨﻤﺭ ﺍﻟﺒﻘﺎﻴﺎ ﺍﻟﻨﺒﺎﺘﻴﺔ ﻟﻠﺤﺼﻭل ﻋﻠﻰ ﺍﻟﻐﺎﺯ
ﺍﻟﺤﻴﻭﻱ ﺃﻭ ﺍﻟﺴﻤﺎﺩ ﺍﻟﻌﻀﻭﻱ

8

ﺘﻠﻘﻰ ﻓﻲ ﻤﻜﺏ ﺭﻭﺙ ﺍﻟﺤﻴﻭﺍﻨﺎﺕ

9

ﺃﺨﺭﻯ )ﺤﺩﺩ (-----------------

ﺠﻤﻴﻌﻪ ﻤﻌﻅﻤﻪ

ﺒﻌﻀﻪ ﻗﻠﻴل ﻻ ﺸﺊ
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ﺩ( -ﺒﻴﺎﻨﺎﺕ ﻤﺼﺎﺩﺭ ﺍﻟﻁﺎﻗﺔ ﻟﻠﻌﺎﺌﻠﺔ ﺍﻟﺭﻴﻔﻴﺔ-:
ﺒﺎﻟﺭﺠﺎﺀ ﺘﻌﺒﺌﺔ ﺍﻟﺠﺩﻭل ﺍﻟﺘﺎﻟﻲ ﺒﺎﻟﺒﻴﺎﻨﺎﺕ ﺍﻟﻤﻁﻠﻭﺒﺔ ﺤﻭل ﻤﻌﺩﻻﺕ ﺍﻟﺘﻜﺎﻟﻴﻑ ﺍﻟﺸﻬﺭﻴﺔ ﻟﻜل ﻤﻥ
ﻤﺼﺎﺩﺭ ﺍﻟﻁﺎﻗﺔ ﺍﻟﻤﺫﻜﻭﺭﺓ ﻤﻊ ﺫﻜﺭ ﺃﻫﻡ ﺍﻻﺴﺘﺨﺩﺍﻤﺎﺕ ﻟﻜل ﻤﻨﻬﺎ.
ﺒﻴﺎﻨﺎﺕ ﺍﻟﻁﺎﻗﺔ ﻟﻠﻌﺎﺌﻠﺔ
ﺍﻟﺭﻗﻡ ﻤﺼﺩﺭ ﺍﻟﻁﺎﻗﺔ
1

ﺍﻟﻜﻬﺭﺒﺎﺀ

2

ﺍﻟﻐﺎﺯ ﺍﻟﻁﺒﻴﻌﻲ

3

ﺍﻟﻔﺤﻡ ﺍﻟﻨﺒﺎﺘﻲ

4

ﺍﻟﺤﻁﺏ

5

ﺍﻟﻭﻗﻭﺩ ﺍﻟﺒﻨﺯﻴﻥ
ﺍﻟﺴﺎﺌل ﺍﻟﺴﻭﻻﺭ
ﺍﻟﻜﺎﺯ

6
7

ﺭﻭﺙ ﺍﻟﺤﻴﻭﺍﻨﺎﺕ
ﺃﺨﺭﻯ

ﻤﻌﺩل ﺍﻻﺴﺘﻬﻼﻙ ﺍﻟﺸﻬﺭﻱ )ﺩﻴﻨﺎﺭ ﺃﺭﺩﻨﻲ( ﺍﻻﺴﺘﺨﺩﺍﻤﺎﺕ
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ھ( -ﻤﺼﻴﺭ ﺍﻟﻨﻔﺎﻴﺎﺕ ﺍﻟﻤﻨﺯﻟﻴﺔ ﻟﻠﻌﺎﺌﻠﺔ-:
ﺭﺠﺎﺀ؛ ﻓﻲ ﺍﻟﺠﺩﻭل ﺍﻟﺘﺎﻟﻲ ﻭﻀﻊ ﺇﺸﺎﺭﺓ )√( ﺘﺤﺕ ﺍﻟﻜﻠﻤﺔ ﺍﻟﻤﻨﺎﺴﺒﺔ ﻟﻠﻌﺒﺎﺭﺓ ﺍﻟﻤﻘﺎﺒﻠﺔ ﺍﻟﻤﺘﻌﻠﻘﺔ
ﺒﺎﻟﻁﺭﻕ ﺍﻟﺘﻲ ﺘﺘﺒﻌﻬﺎ ﻋﺎﺌﻠﺘﻙ ﻟﻠﺘﺨﻠﺹ ﻤﻥ ﻨﻔﺎﻴﺎﺘﻬﺎ ﺍﻟﻤﻨﺯﻟﻴﺔ.
ﻤﺼﻴﺭ ﺍﻟﻨﻔﺎﻴﺎﺕ ﺍﻟﻤﻨﺯﻟﻴﺔ ﻟﻠﻌﺎﺌﻠﺔ.
ﺍﻟﺭﻗﻡ

ﺍﻟﻌﺒﺎﺭﺓ

-1

ﺇﻟﻘﺎﺀ ﺍﻟﻨﻔﺎﻴﺎﺕ ﺍﻟﻤﻨﺯﻟﻴﺔ ﺍﻟﺼﻠﺒﺔ ﺒﺎﻟﺤﺎﻭﻴﺎﺕ ﺍﻟﻌﺎﻤﺔ

-2

ﺇﻟﻘﺎﺀ ﺍﻟﻨﻔﺎﻴﺎﺕ ﺍﻟﻤﻨﺯﻟﻴﺔ ﺍﻟﺼﻠﺒﺔ ﻓﻲ ﻤﻜﺏ ﺭﻭﺙ
ﺍﻟﺤﻴﻭﺍﻨﺎﺕ

-3

ﺇﻁﻌﺎﻡ ﺍﻟﻨﻔﺎﻴﺎﺕ ﺍﻟﻤﻨﺯﻟﻴﺔ ﺍﻟﻌﻀﻭﻴﺔ ﻟﻠﺤﻴﻭﺍﻨﺎﺕ

-4

ﺘﺨﻤﺭ ﺍﻟﻨﻔﺎﻴﺎﺕ ﺍﻟﻤﻨﺯﻟﻴﺔ ﺍﻟﻌﻀﻭﻴﺔ ﻟﻠﺤﺼﻭل
ﻋﻠﻰ ﺍﻟﻐﺎﺯ ﺍﻟﺤﻴﻭﻱ ﻭ /ﺃﻭ ﺍﻟﺴﻤﺎﺩ ﺍﻟﻌﻀﻭﻱ

-5

ﻴﺘﻡ ﺇﻟﻘﺎﺌﻬﺎ ﻓﻲ ﻤﻜﺏ ﺨﺎﺹ ﻗﺭﺏ ﺍﻟﺒﻴﺕ

-6

ﺘﻨﺜﺭ ﻓﻲ ﺍﻷﺭﺽ ﺍﻟﺯﺭﺍﻋﻴﺔ

-7

ﻴﺘﻡ ﺍﻟﺘﺨﻠﺹ ﻤﻥ ﺍﻟﻤﻴﺎﻩ ﺍﻟﻌﺎﺩﻤﺔ ﺒﺘﺼﺭﻴﻔﻬﺎ ﻟﺤﻔﺭﺓ
ﺍﻤﺘﺼﺎﺼﻴﺔ

-8

ﺘﺼﺭﻑ ﺍﻟﻤﻴﺎﻩ ﺍﻟﻌﺎﺩﻤﺔ ﻋﻠﻰ ﺴﻁﺢ ﺍﻷﺭﺽ

-9

ﻴﺘﻡ ﺘﺼﺭﻴﻑ ﺍﻟﻤﻴﺎﻩ ﺍﻟﻌﺎﺩﻤﺔ ﻷﺤﺩ ﺍﻷﻭﺩﻴﺔ ﺃﻭ
ﺍﻟﺠﺩﺍﻭل ﺍﻟﻤﺎﺌﻴﺔ ﺍﻟﻘﺭﻴﺒﺔ ﻤﻥ ﺍﻟﺒﻴﺕ

-10

ﺃﺴﺘﺨﺩﻡ ﺍﻟﻤﻴﺎﻩ ﺍﻟﻌﺎﺩﻤﺔ ﻟﺭﻱ ﺍﻟﻨﺒﺎﺘﺎﺕ ﺍﻟﻤﻨﺯﻟﻴﺔ

-11

ﻴﺘﻡ ﺘﺼﺭﻴﻑ ﺍﻟﻤﻴﺎﻩ ﺍﻟﻌﺎﺩﻤﺔ ﻓﻲ ﺸﺒﻜﺔ ﺍﻟﺘﺼﺭﻴﻑ
ﺍﻟﻌﺎﻤﺔ

ﺩﺍﺌﻤﺎ ﻏﺎﻟﺒﺎ

ﺃﺤﻴﺎﻨﺎ ﻨﺎﺩﺭﺍ

ﺃﺒﺩﺍ
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ﺍﻟﻘﺴﻡ ﺍﻟﺜﺎﻨﻲ
ﻤﺅﺸﺭﺍﺕ ﻋﺎﻤﺔ
ﻴﺘﻜﻭﻥ ﻫﺫﺍ ﺍﻟﻘﺴﻡ ﻤﻥ ﺠﺯﺃﻴﻥ ﻫﻤﺎ  -:ﺘﺄﺜﻴﺭﺍﺕ ﺍﻟﻨﻔﺎﻴﺎﺕ ﻭ ﺃﻤﻭﺭ ﺃﺨﺭﻯ ﻋﻠﻰ ﺤﻴﺎﺓ ﺍﻟﺭﻴﻔﻴﻴﻥ
ﻭ ﺭﺃﻱ ﺍﻟﻤﺯﺍﺭﻉ ﺘﺠﺎﻩ ﻗﻀﺎﻴﺎ ﺍﻟﻨﻔﺎﻴﺎﺕ.
ﺃ( -ﺘﺄﺜﻴﺭﺍﺕ ﺍﻟﻨﻔﺎﻴﺎﺕ ﻭ ﺃﻤﻭﺭ ﺃﺨﺭﻯ ﻋﻠﻰ ﺤﻴﺎﺓ ﺍﻟﺭﻴﻔﻴﻴﻥ
ﺒﺎﻟﺭﺠﺎﺀ؛ ﻓﻲ ﺍﻟﺠﺩﻭل ﺍﻟﺘﺎﻟﻲ ﻭﻀﻊ ﺇﺸﺎﺭﺓ )√( ﺘﺤﺕ ﺍﻟﻜﻠﻤﺔ ﺍﻟﻤﻨﺎﺴﺒﺔ ﺍﻟﺘﻲ ﺘﻌﺒﺭ ﻋﻥ ﺍﻟﺤﺎﻟﺔ
ﺍﻟﻭﺍﺭﺩﺓ ﻓﻲ ﺍﻟﻌﺒﺎﺭﺓ ﺍﻟﻤﻘﺎﺒﻠﺔ ﻟﻬﺎ.
ﺘﺄﺜﻴﺭﺍﺕ ﺍﻟﻨﻔﺎﻴﺎﺕ ﻭ ﺃﻤﻭﺭ ﺃﺨﺭﻯ ﻋﻠﻰ ﺤﻴﺎﺓ ﺍﻟﺭﻴﻔﻴﻴﻥ
ﺍﻟﺭﻗﻡ ﺍﻟﻌﺒﺎﺭﺓ

-1

ﺃﻋﺎﻨﻲ ﻤﻥ ﺍﻨﺘﺸﺎﺭ ﺍﻟﺤﺸﺭﺍﺕ ،ﺍﻟﻔﺌﺭﺍﻥ ،ﺍﻟﺯﻭﺍﺤﻑ

-2

ﺃﻋﺎﻨﻲ ﻤﻥ ﺍﻟﺭﻭﺍﺌﺢ ﺍﻟﻜﺭﻴﻬﺔ ﻟﻠﻨﻔﺎﻴﺎﺕ ﺍﻟﻤﺘﺭﺍﻜﻤﺔ

-3

ﺍﻟﻤﻌﺎﻨﺎﺓ ﻤﻥ ﺍﻟﺭﺍﺌﺤﺔ ﺍﻟﻜﺭﻴﻬﺔ ﻟﻠﻤﻴﺎﻩ ﺍﻟﻌﺎﺩﻤﺔ

-4

ﺃﻋﺎﻨﻲ ﻤﻥ ﺩﺨﺎﻥ ﺍﻟﻁﺎﺒﻭﻥ )ﻟﻠﻌﺎﺌﻠﺔ ﺃﻭ ﺍﻟﺠﻴﺭﺍﻥ(

-5

ﻤﻨﺯﻋﺞ ﻤﻥ ﻭﺠﻭﺩ ﺤﻅﺎﺌﺭ ﺍﻟﺤﻴﻭﺍﻨﺎﺕ ﻋﻨﺩ ﺍﻟﺠﻴﺭﺍﻥ

-6

ﺃﺭﻋﻰ ﺤﻴﻭﺍﻨﺎﺘﻲ ﻋﻠﻰ ﺍﻟﻨﺒﺎﺕ ﺍﻟﻨﺎﻤﻲ ﻋﻠﻰ ﻤﻜﺏ

-7

ﺃﺭﻋﻰ ﺤﻴﻭﺍﻨﺎﺘﻲ ﻋﻠﻰ ﺍﻟﻨﺒﺎﺕ ﺍﻟﻨﺎﻤﻲ ﻋﻠﻰ ﺠﻭﺍﻨﺏ

-8

ﺃﺴﺘﺨﺩﻡ ﺍﻷﺴﻤﺩﺓ ﺍﻟﻤﺼﻨﻌﺔ ﻟﺘﺤﺴﻴﻥ ﺇﻨﺘﺎﺝ ﺍﻟﻤﺤﺎﺼﻴل

-9

ﺍﺴﺘﺨﺩﻡ ﻤﺒﻴﺩﺍﺕ ﺍﻷﻋﺸﺎﺏ ،ﻤﺒﻴﺩﺍﺕ ﺍﻟﺤﺸﺭﺍﺕ ﻭ

ﺍﻟﻨﻔﺎﻴﺎﺕ ﺍﻟﺼﻠﺒﺔ

ﺠﺩﺍﻭل ﺍﻟﻤﻴﺎﻩ ﺍﻟﻌﺎﺩﻤﺔ

ﺍﻷﺩﻭﻴﺔ ﻟﺘﺤﺴﻴﻥ ﺇﻨﺘﺎﺠﻴﺔ ﺍﻟﻤﺤﺎﺼﻴل

 -10ﺃﺴﺘﺨﺩﻡ ﺍﻷﺩﻭﻴﺔ ﻟﻤﻌﺎﻟﺠﺔ ﺤﻴﻭﺍﻨﺎﺘﻲ
 -11ﻫﻨﺎﻙ ﺃﻤﺭﺍﺽ ﺘﻜﺭﺭ ﺇﺼﺎﺒﺔ ﺃﻓﺭﺍﺩ ﺍﻟﻌﺎﺌﻠﺔ ﺒﻬﺎ
 -12ﺃﺴﺘﺨﺩﻡ ﺍﻷﺩﻭﻴﺔ ﻟﻘﺘل ﺃﻭ ﺍﻟﺘﻘﻠﻴل ﻤﻥ ﺍﻟﺤﺸﺭﺍﺕ
ﻭﺍﻟﻔﺌﺭﺍﻥ ﻭ ﺍﻟﺫﺒﺎﺏ ....

 -13ﻴﺘﻡ ﺘﻨﻅﻴﻑ ﺤﻅﻴﺭﺓ ﺍﻟﺤﻴﻭﺍﻨﺎﺕ ﺍﻟﻤﺭﺒﺎﺓ ﻟﺩﻱ

ﺩﺍﺌﻤﺎ ﻏﺎﻟﺒﺎ

ﺃﺤﻴﺎﻨﺎ ﻨﺎﺩﺭﺍ ﺃﺒﺩﺍ
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 -14ﻴﺸﻜﻭ ﻟﻙ ﺠﻴﺭﺍﻨﻙ ﻤﻥ ﺘﺄﺜﻴﺭﺍﺕ ﺤﻅﻴﺭﺓ ﺤﻴﻭﺍﻨﺎﺘﻙ

ﻴﺘﺒﻊ ﺍﻟﺠﺩﻭل ﺍﻟﺴﺎﺒﻕ
 -15ﺃﺭﺘﺩﻱ ﺍﻷﻟﺒﺴﺔ ﺍﻟﻭﺍﻗﻴﺔ )ﺍﻟﻜﻔﻭﻑ ،ﺍﻟﻘﻨﺎﻉ (...ﻋﻨﺩ
ﺍﺴﺘﺨﺩﺍﻡ ﺍﻷﺩﻭﻴﺔ ﻭ ﺍﻟﻌﻼﺠﺎﺕ ﺍﻟﺯﺭﺍﻋﻴﺔ

 -16ﺃﻋﺎﻨﻲ ﻤﻥ ﻋﺩﻡ ﺘﻭﻓﺭ ﺃ -ﺍﻟﻜﻬﺭﺒﺎﺀ
ﺃﻭ

ﺴﻭﺀ

ﺍﻟﺤﻜﻭﻤﻴﺔ

ﺍﻟﺨﺩﻤﺎﺕ ﺏ -ﺍﻟﻤﺎﺀ

ﺝ -ﺍﻹﺭﺸﺎﺩ ﺍﻟﺯﺭﺍﻋﻲ
ﺩ -ﺍﻟﻁﺭﻕ
ﻩ -ﺍﻟﻤﺴﺎﻋﺩﺍﺕ ﺍﻟﻤﺎﻟﻴﺔ
ﻭ -ﺍﻟﻤﻴﺎﻩ ﺍﻟﻌﺎﺩﻤﺔ
ﻱ -ﺍﻟﺘﺨﻠﺹ ﻤﻥ ﺍﻟﻨﻔﺎﻴﺎﺕ
ﺯ -ﺍﻟﺨﺩﻤﺎﺕ ﺍﻟﺼﺤﻴﺔ
ﺭ -ﺍﻟﺘﻌﻠﻴﻡ

ﺏ( -ﺭﺃﻱ ﺍﻟﻤﺯﺍﺭﻉ ﺘﺠﺎﻩ ﻗﻀﺎﻴﺎ ﺍﻟﻨﻔﺎﻴﺎﺕ
ﺍﻟﺭﺠﺎﺀ؛ ﻓﻲ ﺍﻟﺠﺩﻭل ﺍﻟﺘﺎﻟﻲ ﻭﻀﻊ ﺇﺸﺎﺭﺓ )√( ﺘﺤﺕ ﺍﻟﻜﻠﻤﺔ ﺍﻟﺘﻲ ﺘﺘﻭﺍﻓﻕ ﺤﺴﺏ ﺭﺃﻴﻙ ﻤﻊ
ﺍﻟﻌﺒﺎﺭﺓ ﺍﻟﻤﻘﺎﺒﻠﺔ ﻟﻬﺎ.
ﺭﺃﻱ ﺍﻟﻤﺯﺍﺭﻉ ﺘﺠﺎﻩ ﻗﻀﺎﻴﺎ ﺍﻟﻨﻔﺎﻴﺎﺕ.
ﺍﻟﺭﻗﻡ ﺍﻟﻌﺒﺎﺭﺓ
-1

ﺘﺭﺍﻜﻡ ﺍﻟﻨﻔﺎﻴﺎﺕ ﻴﻠﻭﺙ ﺍﻟﺘﺭﺒﺔ ﻭ ﺍﻟﺒﻴﺌﺔ ﺍﻟﻤﺎﺌﻴﺔ

-2

ﺤﺭﻕ ﺍﻟﻨﻔﺎﻴﺎﺕ ﻭ ﺒﻘﺎﻴﺎ ﺍﻟﻤﺤﺎﺼﻴل ﻴﻠﻭﺙ ﺍﻟﺒﻴﺌﺔ ﺍﻟﻬﻭﺍﺌﻴﺔ

-3

ﺘﺭﺍﻜﻡ ﻭﺍﻟﺘﻌﺎﻤل ﻭ ﺍﻟﺘﺨﻠﺹ ﺍﻟﺨﺎﻁﺊ ﻤﻥ ﺍﻟﻨﻔﺎﻴﺎﺕ ﻴﺯﻴﺩ ﻤﻥ

-4

ﺘﻌﺘﺒﺭ ﺍﻟﺤﺸﺭﺍﺕ ﻭ ﺍﻟﻘﻭﺍﺭﺽ ...ﻤﻥ ﻤﺴﺒﺒﺎﺕ ﺍﻷﻤﺭﺍﺽ

-5

ﺍﻟﺤﻔﺭ ﺍﻻﻤﺘﺼﺎﺼﻴﺔ ﺍﻟﻐﻴﺭ ﻤﻌﺯﻭﻟﺔ ﻋﻥ ﻤﺤﻴﻁﻬﺎ ﺘﺴﺒﺏ

-6

ﺘﻠﻭﺙ ﺍﻟﻤﺎﺀ ﺍﻟﻬﻭﺍﺀ ﻭﺍﻟﺘﺭﺒﺔ ﻴﺅﺜﺭ ﺴﻠﺒﺎ ﻋﻠﻰ ﺼﺤﺔ ﺍﻹﻨﺴﺎﻥ

-7

ﺘﺭﺍﻜﻡ ﺍﻟﻨﻔﺎﻴﺎﺕ ﻭ ﺍﻟﺘﺨﻠﺹ ﺍﻟﺨﺎﻁﺊ ﻤﻨﻬﺎ ﻴﺅﺜﺭ ﺴﻠﺒﺎ ﺼﺤﺔ

ﺍﻨﺘﺸﺎﺭ ﺍﻟﺤﺸﺭﺍﺕ ﻭ ﺍﻟﻔﺌﺭﺍﻥ .....

ﺘﻠﻭﺜﺎ ﻟﻠﺘﺭﺒﺔ ﻭ ﺍﻟﻤﻴﺎﻩ ﺍﻟﺠﻭﻓﻴﺔ

ﻤﺘﺄﻜﺩ ﻤﻤﻜﻥ ﻤﺘﺸﻜﻙ

ﻻ
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ﺍﻹﻨﺴﺎﻥ ﺍﻟﺒﺩﻨﻴﺔ ﻭ ﺍﻟﻨﻔﺴﻴﺔ

ﻴﺘﺒﻊ ﺍﻟﺠﺩﻭل ﺍﻟﺴﺎﺒﻕ
-8

ﺭﻱ ﺍﻟﻤﺤﺎﺼﻴل ﺒﺎﻟﻤﻴﺎﻩ ﺍﻟﻌﺎﺩﻤﺔ ﻴﺴﺒﺏ ﺃﻤﺭﺍﻀﺎ ﻟﻠﻤﺴﺘﻬﻠﻙ

-9

ﺃﺸﻌﺭ ﺒﺎﻟﻀﻴﻕ ﻋﻨﺩ ﺭﺅﻴﺔ ﺍﻟﻨﻔﺎﻴﺎﺕ ﺍﻟﻤﺘﺭﺍﻜﻤﺔ

 -10ﺘﻨﻅﻴﻑ ﺤﻅﻴﺭﺓ ﺍﻟﺤﻴﻭﺍﻨﺎﺕ ﻋﻠﻰ ﻓﺘﺭﺍﺕ ﻗﺼﻴﺭﺓ ﻴﻨﻌﻜﺱ
ﺍﻴﺠﺎﺒﻴﺎ ﻋﻠﻰ ﺼﺤﺔ ﺍﻹﻨﺴﺎﻥ ﻭ ﺍﻟﺤﻴﻭﺍﻥ

 -11ﺍﺴﺘﺨﺩﺍﻡ ﺍﻟﻤﺨﺼﺒﺎﺕ ﺍﻟﻤﺼﻨﻌﺔ )ﻟﻠﻨﺒﺎﺕ ﻭ ﺍﻟﺤﻴﻭﺍﻥ( ﻴﺅﺜﺭ
ﺍﻴﺠﺎﺒﻴﺎ ﻋﻠﻰ ﺼﺤﺔ ﺍﻟﻤﺴﺘﻬﻠﻙ

 -12ﺭﻋﻲ ﺍﻟﺤﻴﻭﺍﻨﺎﺕ ﻋﻠﻰ ﻤﻜﺏ ﺍﻟﻨﻔﺎﻴﺎﺕ ﻭ ﺠﺩﺍﻭل ﺍﻟﻤﻴﺎﻩ
ﺍﻟﻌﺎﺩﻤﺔ ﻴﺅﺜﺭ ﺴﻠﺒﺎ ﻋﻠﻰ ﺼﺤﺔ ﺍﻹﻨﺴﺎﻥ

 -13ﺍﻟﻨﻔﺎﻴﺎﺕ ﺍﻟﻌﻀﻭﻴﺔ ﺍﻟﻐﻴﺭ ﻤﺨﻤﺭﺓ ﺃﻓﻀل ﻤﻥ ﺘﻠﻙ ﺍﻟﻤﺨﻤﺭﺓ
 -14ﺍﺴﺘﺨﺩﺍﻡ ﺍﻷﺩﻭﻴﺔ ﻟﻠﺤﻴﻭﺍﻥ ﻭ ﺍﻟﻨﺒﺎﺕ ﻴﺤﺴﻥ ﻤﻥ ﺇﻨﺘﺎﺠﻬﺎ
 -15ﺍﺴﺘﺨﺩﺍﻡ ﺍﻷﺩﻭﻴﺔ ﻟﻠﺤﻴﻭﺍﻥ ﻭ ﺍﻟﻨﺒﺎﺕ ﻴﺤﺴﻥ ﺼﺤﺔ ﺍﻹﻨﺴﺎﻥ
 -16ﺘﻁﺒﻴﻕ ﺘﻘﻨﻴﺔ ﺍﻟﻐﺎﺯ ﺍﻟﺤﻴﻭﻱ ﻴﻘﻠل ﻤﻥ ﺤﺠﻡ ﺍﻟﻨﻔﺎﻴﺎﺕ ﺍﻟﻤﺭﺍﺩ
ﺍﻟﺘﺨﻠﺹ ﻤﻨﻬﺎ

 -17ﺴﻭﻑ ﺃﻁﺒﻕ ﺘﻘﻨﻴﺔ ﺍﻟﻐﺎﺯ ﺍﻟﺤﻴﻭﻱ ﺇﺫﺍ ﻜﺎﻨﺕ ﻤﺠﺩﻴﺔ ﺍﻗﺘﺼﺎﺩﻴﺎ
 -18ﻤﺴﺘﻌﺩ ﻟﺒﻨﺎﺀ ﻤﺸﺭﻭﻉ ﻟﻠﻐﺎﺯ ﺍﻟﺤﻴﻭﻱ ﺇﺫﺍ ﺤﺼﻠﺕ ﻋﻠﻰ
ﻤﺴﺎﻋﺩﺓ ﺘﻤﻜﻨﻨﻲ ﻤﻥ ﺫﻟﻙ

 -19ﺴﻭﻑ ﺍﺴﺘﺨﺩﻡ ﺍﻟﻐﺎﺯ ﺍﻟﺤﻴﻭﻱ ﺒﺩﻻ ﻤﻥ ﺍﻟﻐﺎﺯ ﺍﻟﻁﺒﻴﻌﻲ ﺇﺫﺍ
ﻜﺎﻥ ﺃﻗل ﺘﻜﻠﻔﺔ

 -20ﻤﺴﺘﻌﺩ ﻻﻗﺘﻨﺎﺀ ﺤﻴﻭﺍﻨﺎﺕ )ﺇﻥ ﻟﻡ ﻴﻜﻥ ﻟﺩﻴﻙ( ،ﺇﺫﺍ ﻁﺒﻘﺕ
ﻤﺸﺎﺭﻴﻊ ﺍﻟﻐﺎﺯ ﺍﻟﺤﻴﻭﻱ ﻭ ﺃﻋﻁﺕ ﻨﺘﺎﺌﺞ ﺍﻗﺘﺼﺎﺩﻴﺔ ﺠﻴﺩﺓ

 -21ﺃﺸﻌﺭ ﺒﺎﻟﻀﻴﻕ ﻋﻨﺩﻤﺎ ﺃﺸﺘﻡ ﺭﺍﺌﺤﺔ ﺍﻟﻨﻔﺎﻴﺎﺕ
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ﺍﻟﻘﺴﻡ ﺍﻟﺜﺎﻟﺙ
ﺃﺴﺌــﻠﺔ ﻤﺨﺘـﻠﻔﺔ
ﺍﻟﺴﺅﺍل ﺍﻷﻭل -:ﻗﺒل ﻫﺫﻩ ﺍﻟﺯﻴﺎﺭﺓ ،ﻤﻌﺭﻓﺘﻙ ﻋﻥ ﺘﻘﻨﻴﺔ ﺍﻟﻐﺎﺯ ﺍﻟﺤﻴﻭﻱ-:
ﺃ -ﻜﺒﻴﺭﺓ

ﺝ -ﻗﻠﻴﻠﺔ

ﺏ -ﺒﻌﺽ ﺍﻟﺸﻲﺀ

ﺩ -ﻻ ﺸﻲﺀ

ﺍﻟﺴﺅﺍل ﺍﻟﺜﺎﻨﻲ -:ﻤﻌﺭﻓﺘﻙ ﺤﻭل ﻋﻤﻠﻴﺔ ﺍﻟﺘﺨﻤﺭ ﺍﻟﻼﻫﻭﺍﺌﻲ ﻟﻠﻨﻔﺎﻴﺎﺕ ﺍﻟﻌﻀﻭﻴﺔ-:
ﺃ -ﻜﺒﻴﺭﺓ

ﺏ -ﺒﻌﺽ ﺍﻟﺸﻲﺀ

ﺝ -ﻗﻠﻴﻠﺔ

ﺩ -ﻻ ﺸﻲﺀ

ﺍﻟﺴﺅﺍل ﺍﻟﺜﺎﻟﺙ-:ﺘﻭﺠﺩ ﺤﻔﺭﺓ ﺍﻤﺘﺼﺎﺼﻴﺔ ﻟﺘﺼﺭﻴﻑ ﺍﻟﻤﻴﺎﻩ ﺍﻟﻌﺎﺩﻤﺔ ﺍﻟﻤﻨﺯﻟﻴﺔ -:
ﺏ -ﻻ

ﺃ -ﻨﻌﻡ

ﺍﻟﺴﺅﺍل ﺍﻟﺭﺍﺒﻊ  -:ﺍﻟﺤﻔﺭﺓ ﺍﻻﻤﺘﺼﺎﺼﻴﺔ ) ﺇﻥ ﻜﺎﻨﺕ ﻤﻭﺠﻭﺩﺓ ( ﻤﻌﺯﻭﻟﺔ ﺃﺴﻤﻨﺘﻴﺎ ﺃﻭ ﺒﻤﺎﺩﺓ ﺃﺨﺭﻯ-:
ﺏ -ﻻ

ﺃ -ﻨﻌﻡ

ﺍﻟﺴﺅﺍل ﺍﻟﺨﺎﻤﺱ -:ﻤﺤﺘﻭﻴﺎﺕ ﺍﻟﺤﻔﺭﺓ ﺍﻻﻤﺘﺼﺎﺼﻴﺔ ﺘﺘﺴﺭﺏ ﻟﻠﺤﻔﺭﺓ ﺍﻟﻤﺤﻴﻁﺔ ﺒﻬﺎ -:
ﺃ -ﻨﻌﻡ

ﺝ-ﻻ

ﺏ -ﻤﻤﻜﻥ

ﺍﻟﺴﺅﺍل ﺍﻟﺴﺎﺩﺱ  -:ﻴﺘﻡ ﻨﻀﺢ ﻤﺤﺘﻭﻴﺎﺕ ﺍﻟﺤﻔﺭﺓ ﺍﻻﻤﺘﺼﺎﺼﻴﺔ ﻤﺭﺓ ﻭﺍﺤﺩﺓ ﻜل -:
ﺃ 6-ﺸﻬﻭﺭ

ﺏ -ﺴﻨﺔ

ﺝ -ﺴﻨﺘﻴﻥ

ﺩ 3 -ﺴﻨﻭﺍﺕ ﺃﻭ ﺃﻜﺜﺭ

ﺍﻟﺴﺅﺍل ﺍﻟﺴﺎﺒﻊ  -:ﺍﻟﻤﺴﺎﻓﺔ ﺒﻴﻥ ﺒﻴﺘﻙ ﻭ ﺃﻗﺭﺏ ﻤﻜﺏ ﻨﻔﺎﻴﺎﺕ ﻫﻲ  ----------ﻤﺘﺭ.
ﺍﻟﺴﺅﺍل ﺍﻟﺜﺎﻤﻥ  -:ﻴﺘﻡ ﺘﻨﻅﻴﻑ ﺤﻅﻴﺭﺓ ﺤﻴﻭﺍﻨﺎﺘﻲ ﻤﺭﺓ ﻭﺍﺤﺩﺓ ﻜل  ----------ﻴﻭﻤﺎ .
ﺍﻟﺴﺅﺍل ﺍﻟﺘﺎﺴﻊ -:ﺍﻟﻤﺸﺎﻜل ﺃﻭ ﺍﻟﺼﻌﻭﺒﺎﺕ ﺍﻟﺘﻲ ﺘﻭﺍﺠﻬﺎ ﻋﺎﺌﻠﺘﻙ ﻓﻲ ﺍﻟﺘﺨﻠﺹ ﻤﻥ -:
 -1ﺍﻟﻨﻔﺎﻴﺎﺕ ﺍﻟﻤﻨﺯﻟﻴﺔ ﺍﻟﺼﻠﺒﺔ ﻫﻲ -----------------------------------
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 -2ﺭﻭﺙ ﺍﻟﺤﻴﻭﺍﻨﺎﺕ ﻫﻲ ----------------------------------------
 -3ﺍﻟﻤﻴﺎﻩ ﺍﻟﻌﺎﺩﻤﺔ ﻟﻠﻤﻨﺯل ---------------------------------------
 -4ﻨﻔﺎﻴﺎﺕ ﺍﻟﻨﺒﺎﺘﺎﺕ -------------------------------------------

ﻋﺯﻴﺯﻱ ﺍﻟﻤﺯﺍﺭﻉ  -:ﺇﺫﺍ ﻜﺎﻥ ﻟﺩﻴﻙ ﺃﻴﺔ ﻤﻼﺤﻅﺔ ﺃﻭ ﺍﻗﺘﺭﺍﺤﺎﺕ ﺤﻭل ﻤﻭﺍﻀﻴﻊ ﻫﺫﺍ
ﺍﻻﺴﺘﺒﻴﺎﻥ ؛ ﺍﻟﺭﺠﺎﺀ ﺘﺩﻭﻴﻨﻬﺎ ﺃﺴﻔل ﻫﺫﻩ ﺍﻟﺼﻔﺤﺔ.

ﺸﻜﺭﺍ ﻟﺘﻌﺎﻭﻨﻜﻡ؛
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ﺠﺩﻭﻯ ﺇﻨﺘﺎﺝ ﺍﻟﻐﺎﺯ ﺍﻟﺤﻴﻭﻱ ﺍﻟﻌﺎﺌﻠﻲ ﻤﻥ ﺍﻟﻨﻔﺎﻴﺎﺕ

ﺍﻟﻌﻀﻭﻴﺔ ﺍﻟﻤﻤﺯﻭﺠﺔ ﻓﻲ ﺍﻟﻤﻨﺎﻁﻕ ﺍﻟﺭﻴﻔﻴﺔ ﺍﻟﻔﻠﺴﻁﻴﻨﻴﺔ
ﺇﻋﺩﺍﺩ

ﻤﺩﻴﻥ ﻋﺎﺩل ﻤﺼﻁﻔﻰ ﺤﺴﻥ
ﺇﺸﺭﺍﻑ

ﺍﻟﺒﺭﻭﻓﺴﻭﺭ ﻤﺭﻭﺍﻥ ﺤﺩﺍﺩ

ﺍﻟﻤﻠﺨﺹ
ﺘﻜﻨﻭﻟﻭﺠﻴﺎ ﺍﻟﻐﺎﺯ ﺍﻟﺤﻴﻭﻱ ﻫﻲ ﺘﻜﻨﻭﻟﻭﺠﻴﺎ ﻤﻁﺒﻘﺔ ﻹﻨﺘﺎﺝ ﺍﻟﻐﺎﺯ ﺍﻟﺤﻴﻭﻱ )ﻤﺼﺩﺭ ﻁﺎﻗﺔ(
ﻭﺍﻟﺴﻤﺎﺩ ﺍﻟﻌﻀﻭﻱ ﺒﺎﻟﺘﺨﻤﺭ ﺍﻟﻼﻫﻭﺍﺌﻲ ﻟﻠﻤﻭﺍﺩ ﺍﻟﻌﻀﻭﻴﺔ ،ﻭ ﺨﺼﻭﺼﺎ ﺍﻟﻨﻔﺎﻴﺎﺕ ﺍﻟﻌﻀﻭﻴﺔ ﺍﻟﺘﻲ ﻴﺠﺏ
ﺍﻟﺘﺨﻠﺹ ﻤﻨﻬﺎ ﻤﻤﺎ ﻴﻌﻁﻲ ﺍﻟﻤﺯﻴﺩ ﻤﻥ ﺍﻷﺜﺎﺭ ﺍﻹﺠﺘﻤﺎﻋﻴﺔ -ﺍﻹﻗﺘﺼﺎﺩﻴﺔ ﻭ ﺍﻟﺒﻴﺌﻴﺔ ﺍﻹﻴﺠﺎﺒﻴﺔ.
ﺍﻟﻨﺠﺎﺡ ﻟﻤﺸﺎﺭﻴﻊ ﺍﻟﻐﺎﺯ ﺍﻟﺤﻴﻭﻱ ﻓﻲ ﺍﻱ ﻤﻨﻁﻘﺔ ﻴﻌﺘﻤﺩ ﻋﻠﻰ -:ﺘﻭﻓﺭ ﺍﻟﻤﻭﺍﺩ ﺍﻟﻌﻀﻭﻴﺔ،
ﺘﻜﺎﻟﻴﻑ ﺍﻟﺒﻨﺎﺀ ،ﻤﺼﺎﺩﺭ ﺍﻟﻁﺎﻗﺔ ﺍﻟﻤﻭﺠﻭﺩﺓ ﻭ ﺘﻜﺎﻟﻴﻔﻬﺎ ،ﺍﻟﺨﺒﺭﺓ ﻭ ﺍﻟﻤﻌﺭﻓﺔ ،ﺍﻟﻅﺭﻭﻑ ﺍﻟﻤﺎﺨﻴﺔ ﺍﻟﺴﺎﺌﺩﺓ
ﻭ ﺨﺼﻭﺼﺎ ﺩﺭﺠﺔ ﺍﻟﺤﺭﺍﺭﺓ ،ﻭ ﻗﺎﺒﻠﻴﺔ ﺍﻟﻨﺎﺱ ﻹﻗﺎﻤﺔ ﻫﺫﻩ ﺍﻟﻤﺸﺎﺭﻴﻊ.
ﻋﻨﻲ ﻫﺫﺍ ﺍﻟﺒﺤﺙ ﺒﺩﺭﺍﺴﺔ ﺍﻟﺠﺩﻭﻯ ﻹﻨﺘﺎﺝ ﺍﻟﻐﺎﺯ ﺍﻟﺤﻴﻭﻱ ﺍﻟﻌﺎﺌﻠﻲ ﻤﻥ ﺍﻟﻨﻔﺎﻴﺎﺕ ﺍﻟﻌﻀﻭﻴﺔ
ﺍﻟﻤﻤﺯﻭﺠﺔ ﻓﻲ ﻤﻨﺎﻁﻕ ﺍﻟﺭﻴﻑ ﺍﻟﻔﻠﺴﻁﻴﻨﻲ ﺒﻭﺴﺎﻁﺔ ﺍﻹﺴﺘﺒﺎﻨﺔ ﻭ ﻓﺤﺹ ) (20ﻋﻴﻨﺔ ﻤﻥ ﺍﻟﻨﻔﺎﻴﺎﺕ
ﺍﻟﻌﻀﻭﻴﺔ ﺍﻟﻤﻤﺯﻭﺠﺔ ﺘﺠﺭﻴﺒﻴﺎ.
ﺒﻴﺎﻨﺎﺕ ﺍﻻﺴﺘﺒﻴﺎﻥ ﺘﺩﻋﻡ ﺭﺃﻴﻨﺎ ﺤﻭل ﺃﻫﻤﻴﺔ ﺇﻗﺎﻤﺔ ﻤﺸﺎﺭﻴﻊ ﺍﻟﻐﺎﺯ ﺍﻟﺤﻴﻭﻱ ﺍﻟﻌﺎﺌﻠﻴﺔ ﻓﻲ ﻤﻨﺎﻁﻘﻨﺎ
ﺍﻟﺭﻴﻔﻴﺔ ﺤﻴﺙ ﺃﻥ ﻤﻌﺩل ﻋﺩﺩ ﺃﻓﺭﺍﺩ ﺍﻷﺴﺭﺓ ﺍﻟﺭﻴﻔﻴﺔ ﺍﻟﻔﻠﺴﻁﻴﻨﻴﺔ ﻫﻭ ) (6.85ﻤﻊ ﻤﻌﺩل ﺸﻬﺭﻱ ﻤﺭﺘﻔﻊ
ﻟﺘﻜﺎﻟﻴﻑ ﺍﻟﻁﺎﻗﺔ ) 45.97ﺩﻴﻨﺎﺭ ﺃﺭﺩﻨﻲ ﻟﻠﻌﺎﺌﻠﺔ ,ﺃﻭ  6.711ﺩﻴﻨﺎﺭ ﺃﺭﺩﻨﻲ ﻟﻠﻔﺭﺩ( ،ﺒﺎﻹﻀﺎﻓﺔ ﻟﺘﻜﺎﻟﻴﻑ
ﺍﻻﺴﺘﺨﺩﺍﻡ ﺍﻟﻤﻌﺘﺎﺩ ﻟﻺﺴﻤﺩﺓ ﺍﻟﻤﺼﻨﻌﻪ ،ﺍﻷﺩﻭﻴﺔ ﻭ ﺍﻟﻌﻼﺠﺎﺕ ﻟﺤﻴﻭﺍﻨﺎﺘﻬﻡ ﻭ ﻤﺤﺎﺼﻴﻠﻬﻡ.
ﺇﻥ ﺒﻴﺎﻨﺎﺕ ﺍﻹﺴﺘﺒﻴﺎﻥ ﺘﺸﻴﺭ ﺃﻴﻀﺎ ﻟﺘﻭﻓﺭ ﺍﻟﻨﻔﺎﻴﺎﺕ ﺍﻟﻌﻀﻭﻴﺔ ﻋﻨﺩ ﻋﺎﺌﻼﺘﻨﺎ ﺍﻟﺭﻴﻔﻴﺔ ،ﺤﻴﺙ ﺃﻥ ﻤﻌﻅﻡ ﻫﺫﻩ
ﺍﻟﻌﺎﺌﻼﺕ ﻴﺭﺒﻲ ﺍﻟﺤﻴﻭﺍﻨﺎﺕ ) (%72.47ﻭ ﺫﻭ ﻨﺸﺎﻁﺎﺕ ﻓﻼﺤﺔ ) ،(%87.45ﺒﺎﻹﻀﺎﻓﺔ ﻟﻨﻔﺎﻴﺎﺘﻬﻡ
ﺍﻟﻤﻨﺯﻟﻴﺔ .ﻋﻼﻭﺓ ﻋﻠﻰ ﺫﻟﻙ؛ ﺘﺘﺒﻊ ﻫﺫﻩ ﺍﻟﻌﺎﺌﻼﺕ ﻁﺭﻕ ﻏﻴﺭ ﻤﻔﻴﺩﺓ ﺃﻭ ﺴﻠﺒﻴﺔ ﻟﻠﺘﺨﻠﺹ ﻤﻥ -:ﺭﻭﺙ
ﺤﻴﻭﺍﻨﺎﺘﻬﺎ )ﺘﺠﻤﻊ ﻟﻠﺘﺨﻠﺹ ﻤﻨﻬﺎ ﻓﻴﻤﺎ ﺒﻌﺩ –  ،(-%71.20ﻨﻔﺎﻴﺎﺘﻬﺎ ﺍﻟﻤﻨﺯﻟﻴﺔ ﺍﻟﺼﻠﺒﺔ )ﺘﻠﻘﻰ ﻓﻲ
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ﺍﻟﺤﺎﻭﻴﺎﺕ ﺍﻟﻌﺎﻤﺔ –  (-%75.80ﻭ ﻤﻴﺎﻫﻬﺎ ﺍﻟﻌﺎﺩﻤﺔ ) ﺘﺴﺤﺏ ﻟﻠﺤﻔﺭ ﺍﻹﻤﺘﺼﺎﺼﻴﺔ -
 .(-%89.00ﻓﻲ ﺍﻟﻤﻘﺎﺒل؛ ﺘﻁﻌﻡ ﻫﺫﻩ ﺍﻟﻌﺎﺌﻼﺕ ﺒﻘﺎﻴﺎ ﻤﺤﺎﺼﻴﻠﻬﺎ ﻭ ﻨﺒﺎﺘﺎﺘﻬﺎ ﻟﻠﺤﻴﻭﺍﻨﺎﺕ )(%70.80
ﻭ ﻫﺫﻩ ﻁﺭﻴﻘﺔ ﺘﺨﻠﺹ ﺇﻴﺠﺎﺒﻴﺔ.
ﺃﻴﻀﺎ؛ ﻜﺸﻔﺕ ﺒﻴﺎﻨﺎﺕ ﺍﻹﺴﺘﺒﻴﺎﻥ ﺃﻥ ﻤﻭﺍﻁﻨﻲ ﺍﻟﺭﻴﻑ ﺍﻟﻔﻠﺴﻁﻴﻨﻲ ﻴﻌﺎﻨﻭﻥ ﻤﻥ ﺍﻷﺜﺎﺭ ﺍﻟﺴﻠﺒﻴﺔ
ﻟﻠﻨﻔﺎﻴﺎﺕ ﺍﻟﻌﻀﻭﻴﺔ ) ﻨﺴﺒﺔ ﻤﻌﺩل ﺍﻹﺠﺎﺒﺔ  (%60.3،ﻭ ﺃﻥ ﻟﺩﻴﻬﻡ ﻭﻋﻴﺎ ﺃﻴﺠﺎﺒﻴﺎ ﺤﻴﺎل ﺘﺄﺜﻴﺭﺍﺕ
ﺍﻟﻨﻔﺎﻴﺎﺕ ﻭ ﻗﻀﺎﻴﺎﻫﺎ )ﻤﺘﻭﺴﻁ ﺍﻟﻨﺴﺒﺔ .(%65.2 ،ﻴﻤﻜﻥ ﺇﺴﺘﻐﻼل ﻫﺫﻩ ﺍﻻﻤﻭﺭ ﻟﺘﺤﺴﻴﻥ ﻗﺎﺒﻠﻴﺘﻬﻡ
)ﻤﺘﻭﺴﻁ ﺍﻟﻨﺴﺒﺔ ﺍﻟﺤﺎﻟﻴﺔ (%65.8،ﻹﻗﺎﻤﺔ ﻤﺸﺎﺭﻴﻊ ﺍﻟﻐﺎﺯ ﺍﻟﺤﻴﻭﻱ ،ﻭ ﺨﺼﻭﺼﺎ ﺇﺫﺍ ﺘﻡ ﺘﺯﻭﻴﺩﻫﻡ
ﺒﺎﻟﻤﺴﺎﻋﺩﺓ ﺍﻟﻤﺎﻟﻴﺔ ﻭ ﺍﻟﻤﻌﺭﻓﺔ ﺍﻟﻀﺭﻭﺭﻴﺔ ﺤﻭل ﺘﻜﻨﻭﻟﻭﺠﻴﺎ ﺍﻟﻐﺎﺯ ﺍﻟﺤﻴﻭﻱ ﻭ ﻓﻭﺍﺌﺩﻫﺎ.
ﺘﻡ ﻓﺤﺹ ﻋﺸﺭﻭﻥ ﻋﻴﻨﺔ ) 18ﻋﻴﻨﺔ ﻓﻲ ﻫﻭﺍ ﻀﻡ ﺼﻐﻴﺭﺓ ﺤﺠﻡ ﻜل ﻤﻨﻬﺎ  240ﻟﻴﺘﺭ ،ﻭ
ﻋﻴﻨﺘﺎﻥ ﻓﻲ ﻫﺎﻀﻤﻴﻥ ﻜﺒﻴﺭﻴﻥ ﺤﺠﻡ ﻜل ﻤﻨﻬﻤﺎ  1500ﻟﻴﺘﺭ( ﻤﻥ ﺍﻟﻤﻭﺍﺩ ﺍﻟﻌﻀﻭﻴﺔ ﺍﻟﻤﻤﺯﻭﺠﺔ ﻓﻲ
ﺍﻟﻅﺭﻭﻑ ﺍﻟﻁﺒﻴﻌﻴﺔ .ﻭ ﻗﺩ ﺘﻡ ﺩﺭﺍﺴﺔ ﺘﺄﺜﻴﺭ ﺍﻟﻌﻭﺍﻤل ﺍﻟﺘﺎﻟﻴﺔ ﻋﻠﻰ ﺇﻨﺘﺎﺠﻴﺔ ﺍﻟﻌﻴﻨﺎﺕ ﻟﻠﻐﺎﺯ ﺍﻟﺤﻴﻭﻱ ﻭ
ﻫﻲ -:ﻨﻭﻉ ﺍﻟﻨﻔﺎﻴﺎﺕ ﺍﻟﻌﻀﻭﻴﺔ ،ﺍﻟﺨﻠﻁ ،ﺤﺠﻡ ﺍﻟﻌﻴﻨﺔ ﻭ ﻋﺎﻤل ﺯﻴﺎﺩﺓ ﻜﻤﻴﺔ ﺍﻟﻤﺎﺀ.
ﻫﺒﻁﺕ ﺩﺭﺠﺎﺕ ﺍﻟﺤﻤﻭﻀﺔ ﻟﺠﻤﻴﻊ ﺍﻟﻌﻴﻨﺎﺕ )ﺘﺭﺍﻭﺤﺕ ﻓﻲ ﺍﻟﺒﺩﺍﻴﺔ ﺒﻴﻥ  6.52ﻭ (8.12
ﺒﺒﻁﺀ ﻓﻲ ﺍﻷﻴﺎﻡ ﺍﻷﻭﻟﻰ ﻤﻥ ﻋﻤﻠﻴﺔ ﺍﻟﻬﻀﻡ ﺇﻟﻰ ﻤﺎ ﺩﻭﻥ ) ،(6ﺜﻡ ﺍﺭﺘﻔﻌﺕ ﺘﺩﺭﻴﺠﻴﺎ ﺤﺘﻰ ﻭﺼﻠﺕ ﺃﻋﻠﻰ
ﻤﻥ ) ( 7ﻓﻲ ﺍﻷﻴﺎﻡ ﺍﻷﺨﻴﺭﺓ ﻟﻬﺎ ﺠﻤﻴﻌﺎ .ﺃﻴﻀﺎ؛ ﺩﻟﺕ ﺒﻴﺎﻨﺎﺕ ﺍﻟﺘﺠﺭﺒﺔ ﻋﻠﻰ ﺃﻥ ﺠﻤﻴﻊ ﺍﻟﻌﻴﻨﺎﺕ ﺃﻨﺘﺠﺕ
ﺍﻟﻐﺎﺯ ﺍﻟﺤﻴﻭﻱ ﻓﻲ ﺩﺭﺠﺎﺕ ﺍﻟﺤﺭﺍﺭﺓ ﺍﻟﺴﺎﺌﺩﺓ ﻭ ﺒﻤﻌﺩل )51.9ﻏﺭﺍﻡ ﻏﺎﺯ ﺤﻴﻭﻱ( ﻟﻜل ﻜﻴﻠﻭﻏﺭﺍﻡ ﻤﻥ
ﺍﻟﻨﻔﺎﻴﺎﺕ ﺍﻟﻌﻀﻭﻴﺔ ﺍﻟﻤﺨﺘﻠﻁﺔ ﻭ ﻭﺼﻠﺕ ﻹﻋﻠﻰ ﺇﻨﺘﺎﺝ ﻟﻬﺎ ﻤﻥ ﺍﻟﻐﺎﺯ ﺍﻟﺤﻴﻭﻱ ﺨﻼل ﺍﻟﻔﺘﺭﺓ ﺍﻟﺯﻤﻨﻴﺔ ﻤﺎ
ﺒﻴﻥ ) 24ﺇﻟﻰ  (36ﻴﻭﻤﺎ ﻤﻥ ﺒﺩﺍﻴﺔ ﺍﻟﺘﺠﺭﺒﺔ ﻭ ﺍﻟﺘﻲ ﺇﺴﺘﻤﺭﺕ ﻟﻤﺩﺓ ) (60ﻴﻭﻤﺎ.
ﺤﺴﺏ ﻨﺘﺎﺌﺞ ﺍﻟﺘﺠﺭﺒﺔ؛ ﻓﺈﻥ ﺒﻘﺎﻴﺎ ﺍﻟﻁﻌﺎﻡ ﺃﻨﺘﺠﺕ ﺃﻜﺒﺭ ﻜﻤﻴﺔ ﻤﻥ ﺍﻟﻐﺎﺯ ﺍﻟﺤﻴﻭﻱ )67.3ﻍ  /ﻜﻎ ﻨﻔﺎﻴﺎﺕ(
ﺜﻡ ﺭﻭﺙ ﺍﻟﺤﻴﻭﺍﻨﺎﺕ )59.5ﻍ  /ﻜﻎ ﺭﻭﺙ( ﺒﻴﻨﻤﺎ ﻗﺵ ﺍﻟﻘﻤﺢ ﺃﻨﺘﺞ ﺃﻗل ﻭﺯﻥ )37.2ﻍ  /ﻜﻎ ﻗﺵ(.
ﺒﺎﻟﻨﺴﺒﺔ ﻹﻨﻭﺍﻉ ﺭﻭﺙ ﺍﻟﺤﻴﻭﺍﻨﺎﺕ؛ ﻓﺈﻥ ﺭﻭﺙ ﺍﻟﺩﺠﺎﺝ ﻫﻭ ﺍﻷﻓﻀل ﺍﻨﺘﺎﺠﻴﺔ ﻟﻠﻐﺎﺯ ﺍﻟﺤﻴﻭﻱ )57.9ﻍ /
ﻜﻎ ﺭﻭﺙ( ﻭ ﺒﻌﺩ ﺫﻟﻙ ﺭﻭﺙ ﺍﻷﻏﻨﺎﻡ ﻭ ﺍﻟﻤﺎﻋﺯ )53.8ﻍ  /ﻜﻎ ﺭﻭﺙ( ﻭ ﺃﺨﻴﺭﺍ ﺭﻭﺙ ﺍﻷﺒﻘﺎﺭ
)48.7ﻍ  /ﻜﻎ ﺭﻭﺙ( .ﻟﻘﺩ ﺍﺘﻀﺢ ﺃﻥ ﺍﻨﺘﺎﺝ ﺍﻟﻐﺎﺯ ﺍﻟﺤﻴﻭﻱ ﻴﺘﺤﺴﻥ ﺒﺯﻴﺎﺩﺓ ﺍﻟﻤﺤﺘﻭﻯ ﺍﻟﻤﺎﺌﻲ ﻟﻠﻌﻴﻨﺔ
) (B11>B7>B10ﻭ ﻤﻊ ﺘﺤﺭﻴﻙ ﻤﺤﺘﻭﻴﺎﺕ ﺍﻟﻬﺎﻀﻡ ﺤﻴﺙ ﺒﻠﻐﺕ ﺍﻨﺘﺎﺠﻴﺔ ﺍﻟﻬﺎﻀﻡ ) ( D1
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ﺫﻭ ﺍﻟﻤﺤﺭﻙ )58.93ﻍ ﻏﺎﺯ ﺤﻴﻭﻱ  /ﻜﻎ ﻨﻔﺎﻴﺎﺕ( ﺒﻴﻨﻤﺎ ﺒﻠﻐﺕ ﺍﻨﺘﺎﺠﻴﺔ ﺍﻟﻬﺎﻀﻡ ) ( D2ﺒﺩﻭﻥ
ﺍﻟﻤﺤﺭﻙ )  48.46ﻍ  /ﻜﻎ ﻨﻔﺎﻴﺎﺕ (.
ﻤﻥ ﺍﻟﻤﺘﻭﻗﻊ ﺃﻥ ﺍﻟﻌﺎﺌﻠﺔ ﺍﻟﺭﻴﻔﻴﺔ ﺍﻟﻔﻠﺴﻁﻴﻨﻴﺔ ﺴﻭﻑ ﺘﻭﻓﺭ ﺸﻬﺭﻴﺎ ) (23.07ﺩﻴﻨﺎﺭﺍ ﺃﺭﺩﻨﻴﺎ ﻨﺘﻴﺠﺔ
ﺍﺴﺘﺨﺩﺍﻡ ﺍﻟﻐﺎﺯ ﺍﻟﺤﻴﻭﻱ )ﺒﺩﻻ ﻤﻥ ﺍﻟﻐﺎﺯ ﺍﻟﻁﺒﻴﻌﻲ( ﻭ ﺍﺴﺘﺨﺩﺍﻡ ﺍﻟﻤﺎﺩﺓ ﺍﻟﻌﻀﻭﻴﺔ ﺍﻟﻤﻬﻀﻭﻤﺔ ﻜﺴﻤﺎﺩ
ﻋﻀﻭﻱ ﻓﻴﻤﺎ ﻟﻭ ﺃﻗﺎﻤﺕ ﻤﺸﺭﻭﻉ ﻏﺎﺯ ﺤﻴﻭﻱ ﺤﺠﻡ 9ﻡ ³ﻭ ﺒﺈﻀﺎﻓﺔ ﻴﻭﻤﻴﺔ )30.83ﻜﻐﻡ( ﻤﻥ ﺍﻟﻨﻔﺎﻴﺎﺕ
ﺍﻟﻌﻀﻭﻴﺔ.
ﺒﻨﺎﺀ ﻋﻠﻰ ﻨﺘﺎﺌﺞ ﺍﻟﺩﺭﺍﺴﺔ ﻴﻭﺼﻰ ﺒﻤﺎ ﻴﻠﻲ -:
• ﺇﺠﺭﺍﺀ ﺍﻟﻤﺯﻴﺩ ﻤﻥ ﺍﻟﺩﺭﺍﺴﺎﺕ ﻟﺘﺯﻭﻴﺩ ﻤﻭﺍﻁﻨﻲ ﺍﻟﺭﻴﻑ ﺒﻤﻌﻠﻭﻤﺎﺕ ﺃﻜﺜﺭ ﺤﻭل
ﺘﻜﻨﻭﻟﻭﺠﻴﺎ ﺍﻟﻐﺎﺯ ﺍﻟﺤﻴﻭﻱ.
• ﺒﺫل ﺍﻟﻤﺯﻴﺩ ﻤﻥ ﺍﻟﺠﻬﻭﺩ ﻟﺘﺤﺴﻴﻥ ﻗﺎﺒﻠﻴﺘﻬﻡ ﻟﻬﺫﻩ ﺍﻟﺘﻜﻨﻭﻟﻭﺠﻴﺎ.
• ﺘﺤﺴﻴﻥ ﺍﻟﻭﺴﺎﺌل ﻟﺘﺯﻭﻴﺩ ﺍﻟﻌﺎﻤﺔ ﺒﺎﻟﻤﺴﺎﻋﺩﺓ ﺍﻟﻜﺎﻓﻴﺔ ﻹﻗﺎﻤﺔ ﻤﺸﺎﺭﻴﻊ ﺍﻟﻐﺎﺯ ﺍﻟﺤﻴﻭﻱ.
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ﺒﺴﻡ ﺍﷲ ﺍﻟﺭﺤﻤﻥ ﺍﻟﺭﺤﻴﻡ
ﺠﺎﻤﻌﺔ ﺍﻟﻨﺠﺎﺡ ﺍﻟﻭﻁﻨﻴﺔ
ﻜﻠﻴﺔ ﺍﻟﺩﺭﺍﺴﺎﺕ ﺍﻟﻌﻠﻴﺎ

ﺠﺩﻭﻯ ﺇﻨﺘﺎﺝ ﺍﻟﻐﺎﺯ ﺍﻟﺤﻴﻭﻱ ﺍﻟﻌﺎﺌﻠﻲ ﻤﻥ ﺍﻟﻨﻔﺎﻴﺎﺕ

ﺍﻟﻌﻀﻭﻴﺔ ﺍﻟﻤﻤﺯﻭﺠﺔ ﻓﻲ ﺍﻟﻤﻨﺎﻁﻕ ﺍﻟﺭﻴﻔﻴﺔ ﺍﻟﻔﻠﺴﻁﻴﻨﻴﺔ

ﺇﻋﺩﺍﺩ
ﻤﺩﻴﻥ ﻋﺎﺩل ﻤﺼﻁﻔﻰ ﺤﺴﻥ
ﺇﺸﺭﺍﻑ
ﺍﻟﺒﺭﻭﻓﺴﻭﺭ ﻤﺭﻭﺍﻥ ﺤﺩﺍﺩ

ﻗﺩﻤﺕ ﻫﺫﻩ ﺍﻷﻁﺭﻭﺤﺔ ﺍﺴﺘﻜﻤﺎﻻ ﻟﻤﺘﻁﻠﺒﺎﺕ ﺩﺭﺠﺔ ﺍﻟﻤﺎﺠﺴﺘﻴﺭ ﻓﻲ ﺍﻟﻌﻠﻭﻡ ﺍﻟﺒﻴﺌﻴﺔ ﺒﻜﻠﻴﺔ ﺍﻟﺩﺭﺍﺴﺎﺕ ﺍﻟﻌﻠﻴﺎ

ﻓﻲ ﺠﺎﻤﻌﺔ ﺍﻟﻨﺠﺎﺡ ﺍﻟﻭﻁﻨﻴﺔ ﻓﻲ ﻨﺎﺒﻠﺱ  ،ﻓﻠﺴﻁﻴﻥ.
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