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Abstract—Waste management strategies are largely non-existent in rural areas in Egypt, as more than 70% of the waste generat-
ed is not collected and is being disposed in open dumps or canals which have turned into garbage dumps and are brimming
with organic and solid waste. Improvements in waste management strategies are urgently needed to combat the resulted health
services high costs and alleviate environmental hazards. The aim of this research is to explore new strategies and establish
guidelines for waste management that can be applied in Egypt with an economic return for individuals, thus achieving sustain-
able development. To achieve this aim a qualitative analysis of waste management strategies of a rural village in Beheira was
conducted. Their problems and habits were studied, interviews were held and questionnaires were distributed and collected
with the inhabitants. In addition, an anaerobic digester prototype was implemented in a house and its economic return on the
family was calculated.

Index Terms— Anaerobic digester, Biogas, Renewable energy, Rural areas, Solid waste, Sustainable development, Waste man-

agement.

1 INTRODUCTION

OLID waste management (SWM) is one of the most press-

ing challenges that the Egyptian authorities are facing for

decades. However, it is not only limited to the waste collec-
tion and disposal, but it comprises waste collection, transporta-
tion, sorting, recovery and disposal [1], [2]. Rapid urbanization
and the change in consumption patterns increase the solid
waste production as it is a byproduct of human activities, result-
ing in increasing the magnitude of the problem [1]. It is stated
that the city that is not able to manage its waste effectively, is
rarely able to manage the more complex services like transpor-
tation, education, or health [3].

More than one ministry or structure are responsible for solid
waste management in Egypt , however each ministry proposes
every management process separately which shortages the vi-
sion of planning and cooperation [4], [5].

In 2015, Egypt produced nearly 90 million tons of municipal
solid waste, agricultural waste, industrial waste, construction
and demolition waste, and other hazardous materials [4]. Solid
waste collection systems collect between 50-65% of waste in
urban areas, while in rural areas 30% of waste is collected [1],
[6]. The poor disposal practice and uncollected waste result in a
loss of 1.5 % of GDP for health impacts. The low income popu-
lation is affected more by the burdens imposed by insufficient
solid waste systems [7].

Dumping of waste in canals in Egypt became a series prob-
lem and an urgent intervention is needed, as waste plugs the
flow of the canals and prevent the water from reaching agricul-
tural lands, as what happened in El-harooneya canal when ex-

cessive branching of the water canal together with the waste
disposal in the small passages of water led to loss of water at the
terminates of the canal [8].

Solid waste can be considered as a valuable resource if it is
properly used, however it can result in serious reverse impacts
on the health of the public and the environment if it is not effec-
tively managed [9], An example is seen in burning of fossil fuels
and the emission of carbon dioxide from burning waste result-
ing in the increase of the greenhouse gases in the atmosphere,
which has caused a rise in temperature [10]. In addition, the
canals became a breeding ground for flies, mosquitoes and oth-
er insects. This correlates with the children living nearby being
susceptible to diarrhea, cholera and other waterborne diseases.

In this regard, renewable energy recovery strategies such as
biogas are suggested. Biogas which is generated from anaerobic
digestion can replace the conventional fossil fuels, thus reduc-
ing greenhouse gases emission [10]. Compost and biogas pro-
duction from organic waste is widely accepted as a best practice
in Africa [11].

Biogas can be generated from varied options of biomass as
crop residues, livestock farm waste, food waste [10]. Therefore,
the solid waste produced from rural areas has a high potential
for the production of biogas from the anaerobic digester. As a
result, waste management systems for households scale could
eradicate or reduce the process of waste collection and transpor-
tation. In addition, it doesn’t require a special infrastructure
while transforming garbage into energy source and safe prod-
uct with no harmful emissions [12].
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The aim of this research is to explore new strategies and es-
tablish guidelines for waste management that can be applied in
Egypt with an economic return for individuals, thus achieving
sustainable development.

To achieve this aim a qualitative analysis of waste manage-
ment strategies of a rural village in Beheira was conducted.
Their problems and habits were studied, interviews were held
and questionnaires were distributed and collected with the in-
habitants about waste management finally, their awareness was
raised by involving them. In addition, an anaerobic digester
prototype was implemented in a house and its economic return
on the family was calculated.

2 SoLID WASTE MANAGEMENT

Solid waste is any unusable or unwanted material, by-
products or substances [13]. The quantity of waste generated
differs from city to city and season to season and is affected by
the level of economic development and activity of a country
[14]. It may be categorized according to:

Its source or origin to: Municipal solid waste (MSW), agri-
cultural waste, industrial waste, construction and demolish
waste, institutional waste, municipal services waste [3], [15].

Its contents to: Wet Zorganic waste (decomposes easily es-
pecially in warm weather ex: left-over food, garden waste). Or
Dry / non-organic waste (doesn’t decompose easily ex: plastic,
rubber, glass, metal) [5], [14].

Its hazardous potential to: Toxic, non-toxic, infectious, ra-
dioactive, flammable, etc.

2.1 Fundamental elements of solid waste management

Solid Waste Management involves activities associated with
the six fundamental elements of

- Waste generation

- Handling, separation, and storage at the source.

- Collection.

- Transfer or transport.

- Processing and transformation.

- Disposal

Solid Waste management is a responsibility of the munici-
pality. However, in many African municipalities achieving
this goal is barely fulfilled as a result of undeveloped and in-
convenient services. This is due to lack of legislations, poor
infrastructure, limited recycling activities, and poor facilities
for safe handling, treatment, and disposal of such waste [5],
[16].

2.2 Solid waste management hierarchy

Most developed countries have already stated their strategies
and policies on the principles of the waste hierarchy. The de-
sign of the hierarchy may differ among countries, however
waste prevention through efficient use of raw materials and
resources is the first preference to most of them [3], [17], [18].
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The hierarchy usually adopted is: prevention and reduction,
re-use, recycling, recovery and disposal.

2.2.1 Prevention and reduction

Prevention and Reduction means eliminating the amount of
waste produced at the source. Reduction can be carried out
through consumers polices and extended producers [15], [19].

2.2.2 Reuse

Reuse means using a product on more than one occasion, ei-
ther in its original or modified form for other purpose- using
empty jar for storage-. Reusing of a product doesn’t return it
to the industry for reprocessing, that’s why it is more prefera-
ble than recycling as the material doesn’t go through a de-
tailed treatment process thus saving energy and material us-
age [5], [19].

2.2.3 Recycling

Recycling means the removal of useful materials (paper, glass,
plastic, and metals) from the trash to be treated or reprocessed
to be used as raw materials in the manufacture process for
subsequent reuse either for its original form (e.g., paper recy-
cling) or for other purposes (e.g., recycling plastic bottles into
fleece jackets) [5], [20].

2.2.4 Recovery

The waste management hierarchy prioritizes energy recovery
over disposing waste to landfills. Material recovery or energy
recovery can take numerous forms of the waste that can’t be
reused or recycled and recover energy from them through
transformation to any beneficial purpose by thermal, chemical,
or biological treatment. Treatment methods are selected based
on the quantity, composition and form of the waste materials
[15], [17], [19], [21].

2.2.5 Disposal

Waste management practices cannot eliminate the need for
landfills completely. Waste that can’t be transformed or recy-
cled and holds no further value that can be recovered must be
landfilled. However, the disposal of waste in landfills remains
the least preferable option. Types of disposal are: Sani-
tary/secure landfills, Controlled dumps and Open dumps [5],
[15], [17].

2.3 Solid waste management in Egypt

In 2015, Egypt produced nearly 90 million tons of all wastes.
However, 81 % of the waste generated is dumped in random
dumps which are not controlled and only 7 % of the waste is
dumped in controlled sanitary landfill sites. The recycling and
recovery rates didn’t exceed 12 % [4], [22], while only 7 % of
the waste is composted [6]. The poor disposal practice and
uncollected waste result in an estimated loss of 1.5 % of GDP
for health impacts across Egypt. The low income individuals
are more affected by the burdens imposed by insufficient solid
waste systems [7].

Solving the waste problem in rural areas is becoming more
challenging as the majority is of low socioeconomic level and
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they aren’t aware of the consequences of not having a waste
management services this is further complicated by the lack of
technology which could help in such communities [19].

2.3.1 Solid waste composition according to source

Waste composition differs between countries, even within one
country the type of waste vary according to season, location,
and urban patterns. Wherefore the waste composition in
Egypt — a developing country- is not the same as a developed
country [19]. The waste composition in 2015 shows that agri-
cultural waste is the biggest constituent, while municipal solid
waste accounts for 25 %, the composition of waste is presented
in figure 1 [4].

Agricultural waste

al solid waste (MSW)

7% Industrial waste

11% 4% construction & demolish waste

2 % Sanitation waste
1% Hazardous waste

Fig. 1. lllustrates the composition of waste according to source.

2.3.2 Solid waste composition according to content
Organic/biodegradable: which accounts to the greatest
amount of waste; 50-60%; Paper and Cardboard are 10%; Plas-
tic accounts for 13%; Glass are 4%; Metals: are 2%, finally other
waste accounts for 15%, Shown in figure 2 according to EEAA
Egypt state of the environment 2015 report [1].
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Fig. 2. Shows the composition of waste according to content.
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3 METHODOLOGY

To achieve the research aim, a qualitative analysis of waste
management strategies of a rural village in Beheira was con-
ducted. The inhabitants’ problems and habits were discussed,
interviews with the gate keeper and two garbage collectors
were held, focus group discussion were done and question-
naires with 52 inhabitants and two supermarkets about waste
management were distributed and collected. Then all the col-
lected data were analyzed. Finaly, an anaerobic digester proto-
type was implemented in a house and its economic return on
the family was calculated.

4 RESEARCH CASE STUDY

Aziz Bahary is a small village with 165 households, it is located
within the premises of Beheira governorate. The total area of the
village is 36,514.23 m2 [23]. The settlement is surrounded by agri-
cultural fields. The total population is 830, out of which 250 are
men, 240 are women and 340 are children. The average household
size is 5.36.

Many houses have a cowshed in their ground floor. There are 105
residential buildings, 1 mosque, & 3 supermarkets.

4.1 Village problems:

Aziz Bahary is suffering of a lack of waste management system due
to the absence of garbage collectors. Moreover, many households
dispose their waste in canals which have turned into garbage
dumps and are brimming with solid waste, streets, agricultural
lands or vacant lands. Figure 3 is showing the location of the gar-
bage on the village plan.

Additionally, the price of the butane gas cylinders increased from
15 L.E (on 1/10/2016) to 25 L.E (on 4/11/2016) and reached up to
40 LE and more (on 1/8/2017) [24] .This has a great effect on the
residents, as each house uses in average 2 or 3 cylinders monthly.

4.2 Types of village waste mostly generated

According to source:

- Residential and commercial waste (generated from households &
supermarkets)

- Agricultural waste (generated from poultry farms, animal farms,
planting and harvesting of trees)

According to content

- Wet or organic waste (biodegradable/ compostable): ex. left-over
food, agricultural waste, wood, animal waste.

- Dry or non-organic waste: ex. plastic, rubber, glass, metal, paper,
diapers.
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Fig. 3. Shows that the waste is disposed in the canals (A), streets
(B) or any vacant land (C).

4.3 Data preparation phase
Primary data are built on a number of activities. These in-
clude:

Field surveys and walkthroughs; Primary field visits have
been performed on the 12th of August 2016 to become familiar
with the village and distinguish the social constraints and the
residents’ problems.

An Individual interview with the village gatekeeper
(Sheikh Khaled); as he is familiar with all the village inhabit-
ants and is responsible for solving the village problems.

Households' questionnaires; these started on the 4th of Oc-
tober 2016 and completed on the 9th of December including a
questionnaire of 52 households, some of which having a cow-
shed while others not, as shown in figure 4

Household samples
B Anaerobic digester
B Supermarkets
B Mosque
B Main streets
B Canal

Fig. 4. Shows the houses where the questionnaires were collected, the
location of the two supermarkets and the anaerobic digester

Supermarkets’ interviews; the interview was held on the
6th of October 2016 with two supermarkets.

Focus Group discussions; Data was obtained from two fo-
cus group discussions and individual in-depth interviews,
prepared and held in the village.

Interviews with two garbage collectors; a phone call inter-
view was done with two garbage collectors working in villag-
es near Aziz Bahary to know more information about the
waste collection system.

4.4 Implementing an anaerobic digester

On the 2nd of October 2016, an area of (3.5 *4.5 m?) was
digged for the digester. Then the labors began the construction
of the first and largest dome (digester tank). The selected place
is located next to the cowshed to be easier for the households
to feed the unit.

The digester consists of two spherical domes, a mixing
tank, gas outlet pipe and a place for collecting the manure. The
construction phase took 5 days, then the household started
feeding the digester with diluted manure every day for 45
days, finally the biogas was generated from the gas outlet
pipe. Figure 5 illustrates the timeline of the construction of the
anaerobic digester.
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e el

4th of October
After plastering the
digester tank. the
labors began in con-
structing the outlet
tank.

Retention time
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Anaerobic Digester Timeline

b Ly

7th of October

The construction of the aneo-
robic digester was finished
and the retention time began.

Sth of October

‘I'he labors plastered the
outlet tank then started in
building the mixing tank.

The labors continued in

w fixed the I'VC pipe.

Fig. 5. lllustrates the timeline of the construction of the anaerobic digester.

5 DIscUSSION

The households’ questionnaire analysis shows that 96.2 % of
the households dispose their non-organic waste in the canals,
while 40.4 % dispose the organic and non-organic waste in the
canal, turning it into a dumping site. The majority of the sam-
ple 80.8 % suffer from the foul odor and diseases while dispos-
ing the waste, thus believe that finding a proper waste man-
agement system is a necessity.

In the households’ questionnaire the families were asked to
propose a solid waste management system that suits them.
The families said that the village needs a waste collector, 71 %
said he can come 3 times a week, 67.3 % stated that he can
come any time of the day, 79.2 % suggested that the collection
location shall be at the beginning of the street, 84.6 % can pay
him 10 pounds per month, 44 % of the households said that
the commitment of the garbage collector is the key for the sys-
tem to continue and succeed, 58.3 % recommended raising
the awareness of the people to keep the area clean and 56 %
suggested that the religious leaders can help in doing this.

Additionally, one of the strength characteristics of this vil-
lage is that 82.7 % of the households sort the waste before dis-
posing it, hence they have the potential to establish a waste
management system by collecting and recycling the non-
organic waste by the waste collector and using an anaerobic
digester for the organic remnants.

45 days

More than 70 % of the waste generated in Aziz Bahary con-
sists of organic waste, thus the focus of the improvement in
the waste management system should focus primarily on the
organic waste management in households, in addition most of
the inhabitants are farmers who need compost regularly.

The anaerobic digester saves money for a household. It also
has lesser negative impact on the environment and humans, as
it doesn’t require a special infrastructure or the transportation
of waste to a long way to disposal sites. Additionally, it allows
garbage to be changed into energy sources and safe products
with no harmful emission.

The household’s scale digester can be applied in two situa-
tions; either the households pool their manure for a single di-
gester if each family doesn’t own the required head or space,
or the households own the necessary number of heads of live-
stock as the case in Aziz Bahary. In this case, the family in-
stalls the digester at their house, uses the produced manure
for feeding the digester, uses the slurry for their land and uses
the gas in their own kitchen. Forty six point two percent of the
families in Aziz Bahary have a cowshed and 79 % of them ac-
cepted to share with their neighbors in a digester. The follow-
ing figure 6 illustrates the households that own a cowshed at
their home
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B Cowsheds
B Aneorobic digester
B Mosque

B Main streets

H Canal

Fig. 6. lllustrates the households that own a cowshed at their home.

5.1 Feasibility study of anaerobic family scale digester

The average households’ size in Aziz Bahary is 5.36. Most of
the families rent or own a small plot of agricultural land, on
which they cultivate food, animal or cash crops.

Ninety percent of the families own more than 1 head of live-
stock, sometimes some goats, a donkey and/ or some poultry.
The animals stay in the cowshed all day long and the manure
is collected twice a day and is applied to the land. A major loss
of waste nutrients takes place due to the disposal of 55.8% of
the households’ organic waste without treatment.

In addition of using animal dung, farmers use chemical ferti-
lizers in order to retain soil fertility. Farmers indicated using
about 10 bags of fertilizers (of different types) per acre per
year. On the mid of November 2016 the average price of the
bag ranged between 110 LE and 145 LE per 50 kg bag, so the
annual cost was around 1275 LE per acre. However, on august
2018 the prices of the fertilizers’ bag increased —due to infla-
tion- to range between 210 and 225 according to its type.

Comparing the initial cost of the 2m3 digester with the annual
savings of organic fertilizers and biogas subsidy shows that
The digester is repaid in approximately 2-3 years as illustrated
in table 1, table 2 and figure 7.

Table 1 illustrates the cost of the different sizes of the digester on Novem-
ber 2016 and the yearly produced manure [25].

1,258

Table 2 shows the annual savings of 2m® household digester on 2016

Parameters

Initial cost

6 sacks urea fertilizers

12 sacks super phosphate
fertilizers

Operation & maintenance (5
% of initial cost)
Butane gas cylinders (2.5)

Annual savings of fertilizers

Annual savings of butane
cylinders

Total saving

Total cost (LE)

5400

6 * 145= 870

12* 110= 1320

-270

2.5*25=62

870 + 1,320 = 2190

62* 12 =744

2,190+ 744 - 270=
2664 L.E

Savings
5328LE

Savings
2664 LE

Savings
26640 LE

Savings
53280 LE

Savings
13,320 LE

Inflation rate is neglected

Fig. 7. lllustrates the lifetime savings of the 2m?® digester

5.2 The feedback of the family that implemented the

anaerobic digester

The family rents an agricultural land of one acre, they use the
produced slurry from the digester in cultivating their land.
Mohamed the family’s elder son, who is responsible for taking
care of the digester, said that the digester is working properly
except for the fact that the produced biogas is weak due to the

Volume of Dimen-sions Animal dung Butane cylinder/ Manure produced yearly in Implem- Cost
unit (m3) (m) /day month sacks entation days LE
Urea Super needed
phosphate
2 3.2*3.2 50 2-3 6 12 4 5400
3 3.6*3.6 75 3 9 18 4 6000
4 44 100 4 12 24 5 8000
6 4.6%4.6 150 6 18 36 7 10,000
13SER © 2017
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long distance between the digester and the kitchen. The 2m3
digester is supposed to save 2-3 butane gas cylinder per
month. Nonetheless, in their case it only saves 1 cylinder per
month.

However, the produced slurry save more than half the
amount of the chemical fertilizers that the family used to buy.
Mohamed said that in the past he used to buy 12 chemical fer-
tilizers bags every year, but now he just uses 4 bags of chemi-
cal fertilizers beside the produced manure. He stated that he
uses only half the amount of the produced manure, because
their land is 1 acre and the 2m3 digester can serve a 1.5-2 acre
land.

As of august 2017 the average price of the chemical fertiliz-
ers went up to 220 LE per 50 kg bag, and the butane gas cylin-
der became 40 LE. However the initial cost of the digester in-
creased to 6700 instead of 5400. Comparing the initial cost of
the implemented digester with the annual savings of organic
fertilizers and biogas subsidy, the digester is repaid in approx-
imately 3-4years as shown in table 3 and figure 8.

Table 3 illustrates the annual savings of the implemented digester:

Parameters Total cost (LE)
Initial cost 6700

4 sacks urea 4*225=900

4 sacks super 4* 210= 840
phosphate

Operation & maintenance -335

(5 % of initial cost)

Butane gas cylinders 1* 40= 40

Savings of fertilizers 900+840= 1740

Annual savings of butane 40*12 =480

cylinders

Total saving 1,740+ 480-335=1885 L.E
Savings Savings
7540LE 18,850 LE

Initial cost

Savings
1885LE

Savings
37,700 LE

Savings
9425LE

Inflation rate is neglected

Fig. 8. lllustrates the lifetime savings of the implemented digester

Nevertheless, the implemented unit could save more as it is supposed
to produce manure equivalent to 6 sacks of urea and 12 sacks of su-
per phosphate as shown in table 1 in this case when comparing the
initial cost of the digester with the annual savings of organic fertiliz-
ers and biogas subsidy, the digester is repaid in less than 2 years as
shown in table 4 and figure 9.
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Table 4 illustrates the annual savings of a 2m? digester as of august 2017:

Parameters Total cost (LE)
Initial cost 6700
6 sacks urea 6 *225= 1350

12 sacks super 12* 210= 2520

phosphate

Operation & maintenance (5 -335
% of initial cost)
Butane gas cylinders (2) 2* 40=80

Savings of fertilizers 1350+2520= 3870

Annual savings of butane 80* 12 =960
cylinders
Total saving 3,870+ 960-335=4495 L.E

The initial cost of implementing a digester is divided between
the construction work done by the family, company’s supervi-
sion and construction materials cost. By comparing the life-
time saving of the 2m3 digester on 2016 and that on 2017, it is
showed that the savings of the digester in 2017 is almost the
double of that on 2016, as only the construction materials price
increased which accounts almost to 40 % of the initial cost, but
on the other hand the price of the saved chemical fertilizers
bags increased to the double as shown in table 4.

Savings
44,950 LE

Savings
8990 L.E

Savings
4495LE

Savings
89,900 LE

Savings
22475LE

Inflation rate is neglected

Fig. 9. lllustrates the lifetime savings of a 2m?® digester as of august 2017

6 CONCLUSIONS:

Solid waste composition in Egypt is dominated by organic
material (56 %). This constitutes an opportunity for solid
waste composting and the use of the compost as an organic
fertilizer thus fostering sustainability.

The government needs to encourage systems that manage
the waste at the source and that maximizes the separation of
recyclable material at the source so as to reduce the amount of
waste to be disposed and the cost related to it. In addition, the
engagement of the local communities in raising the awareness
and motivating the households to compost and recycle is re-
quired.
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There is a set of limiting constraints that face rural areas,
these require innovative waste management systems, such as:

The limited land availability for disposing waste, which led
to the waste being dumped into irrigation canals and agricul-
tural drains;

The geographical location of rural communities, as each
community contains small populations relatively and large
distance separating them;

Most villages suffer from poor mobility in their premises,
because of their narrow and unpaved streets; and

The willingness and the ability of the inhabitants to pay for
waste management services are limited, due to their low in-
come statues, which leads to them being less appealing to pri-
vate sector companies.

Despite the aforementioned limitations, municipalities are
required to apply strict regulations and fines to prevent the
dumping of waste in canals and in public spaces.

The anaerobic digester not only reduces the pollution pro-
duced due to burning waste or disposing it into canals, but
also solves the gas cylinder shortage, produces organic ferti-
lizers for healthier livings, and saves money for the house-
holds. In addition the importance of the bio-fuel becomes
more eminent in rural areas when taking the increase of bu-
tane gas cylinders into consideration as the recent increase of
the prices led to the escalation of the expenses for those who
need them the most.

Moreover, the impact of producing organic fertilizer also
plays an important role, as it is a replacement of the currently
wasted manure which provides weak fertilization and necessi-
tates the use of chemical fertilizers which costs more and af-
fects both the farmers and the governmental spending.

Finally the cost of implementing an anaerobic digester is di-
rected towards the company’s supervision, the construction
work -which can be done by the family members- and the con-
struction material. Although the spending for the company’s
supervision and that for construction work are almost the
same from 2016 to 2017, the price of the chemical fertilizers
increased by 40 %, so the annual saving of the digester in 2017
is almost double that of 2016.
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