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Abstract— The main focus of this research is to put forward a
new idea of implementing solar photovoltaic panels and
anaerobic biogas digester to produce electricity for small
residential houses. In the proposed hybrid energy unit, the
photovoltaic arrays generate electricity for day time use, while
electric generator driven by internal combustion engine powered
by biogas digester provides electricity during night time.
Calculations show that photovoltaic system of containing 10
panels of 400 Wp can provide day time electricity to a medium
residential house. On the contrary, the methane gas produced by
the 2m?3 biogas digester supplied with house solid waste can
generate electricity for only 2 hours at night. The substrate
quantity can be increased by adding more organic material from
animal manure or green grass. This system is suggested to solve
the problem of energy shortage in remote houses in West Bank
and Gaza Strip due to the cruel war and destruction of all energy
sources and electricity infrastructure.
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I. INTRODUCTION

A. Background

Main sources of electricity supply in Palestine comes from
Israeli Electric Company IEC 87%, with small contribution
form Jordan 2% and from Egypt and Gaza Power Station 8%.
Local electricity production is very small mainly from
renewable energy resources 3%, and electric power station in
Gaza Strip. In addition to the low energy independence ratio,
energy sector suffers from high prices. Electricity cost exceeds
17cents per kWh, gasoline and diesel fuels exceed 2.0 $/litre,
while LPG around 1.6 $/kg. Annual average per capita
electricity consumption in Palestine is 1280 kWh/year. capita.
Renewable energy production contributes to 11.4% of the total
energy consumption, meanwhile Renewable Energy
electricity consists only 4% of the consumed electricity [1].

B. Household energy

Energy consumption in the residential sector contributes to
38% of total energy consumption in Palestine as depicted in
Fig. 1. In year 2022 the annual households’ consumption of
oil products is 179 kTOE, and 4885 GWh of electricity [2].
Table 1 shows annual per household energy consumption
from different energy sources. Table 1 includes

average values for whole Palestine, West Bank, and three
regions in West Bank; south, middle, and north of West Bank.
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whole Palestine, West Bank, and three regions in West Bank;
south, middle, and north of west Bank.
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Figure 1. Percentage of energy consumption in various sectors in Palestine.

TABLE |. AVERAGE ANNUAL HOUSEHOLD ENERGY CONSUMPTION [3].

region Electri | Diesel Gasoline | Kerosene LPG
city Litre litre litre kg
kWh

Palestine | 306 149 95 21 22

West 328 160 115 28 26

Bank

North of | 272 180 114 23 25

West

Bank

Middle 442 183 135 36 25

of West

Bank

South of | 294 122 91 27 28

West

Bank

Concerning domestic water heating, electric heaters are used
by 60% of houses, 28% use LPG boilers, 9% use biomass
heaters, while 3% only use solar water heaters [4].

For space heating 39% of households use electric heaters, 29%
use wood stoves, 25% of households use LPG heaters, while
only 1% still using kerosene heaters. [5].

C. Solar energy

Palestine located around 32 °N experiences a good amount of
solar irradiation with over 3000 hours of sun shine and 2000
kWh per m? annually [6]. Daily average solar irradiation varies
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between 6.15 and 8.27 kwh/m2.day on various areas of West
Bank [16].

Solar drying was the main practice of food preservation in the
past, then in the 1970s solar water heating was introduce to the
area to become as the main source of water heating.
Thermosiphon solar water heating units do not require
electricity to operate, hence they are used even in areas with
no electricity. Solar water heaters in addition to wood and
other biomass resources were the main sources of energy
especially in rural areas. Recently after year 2000 PV arrays
as source of electricity start to be introduced to the market;
first as autonomous units with battery storage and mainly for
remote applications. Later grid connected units in households
was introduced through Palestine solar initiative for 1000
units based on feed in —tariff, however later changed to net
metering. As market develops, many small companies entered
the market and later also large companies with financial and
technical capabilities to install MW units, around 240MWp
installed by 2022 which included 2300 household units [7].

D. Biomass

Biomass resources mainly wood, agriculture waste, and
animal manure were the sources of fuel for water and space
heating, baking, cooking and other energy usages in the past
in Palestine. The traditional bread baking method using
Taboon is fueled through a mixture of animal manure and
agriculture straw residues. This along with kerosene and to
some extend diesel fuel are the only sources of energy in the
rural areas. Gradually those were replaced with petroleum
products, then later with electricity power.

Waste to energy is a sustainable solution to environmental
waste management and disposal. Many routes and
technologies are available for such conversion among which
is biogas production through anaerobic digestion of organic
waste materials, landfill gas is another large scale and long
term option to produce biogas from municipal solid waste.
Incineration of waste to obtain heat directly is a widely
employed option, with provision to deal with environmental
pollution from exhaust combustion gases. Municipal solid
waste in Palestine contain a fairly good amount of organic
materials as shown in Table 2 [8]. In Palestine only one
landfill biogas project is under way in the Zahrat Al-Finjan
landfill with a capacity reaching 1600 m3/hour by year 2030
and will be developed to generate 20MW of electricity [9].
Smaller scale biogas digester units are being tested and
introduced in the local market [10, 11]. Biogas from biomass
waste usually contains around 55% of methane and the rest is
carbon dioxide, with a heating value around 20 MJ/ m? [12].
Biogas can replace LPG for many applications where heat is
needed, such as for cooking, and heating. In addition, biogas
can be employed to drive internal combustion engines with
some engine modifications.
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TABLE Il.  SOLID WASTE COMPOSITION IN SELECTED LANDFILLS IN
PALESTINE [8]
Composition | Landfill
Al Zahrat AL | Jericho
Minya | Finjan
Organic 46% 55% 45.9%
Plastic 183% | 12% 26.4%
Paper/ 10.9% | 14% 11.1%
cardboard
Glass 2.35 1.5% 1.3%
Metal 1.8% 2% 4.9%
Others 20.7% | 15.5% 10.6%

TABLE Ill. TYPE OF HOUSING UNITS IN PALESTINE [13]

Region Type of housing unit

Villa | House | Apartment | Others
Palestine 0.5 453 53.0 1.2
2019
Palestine 0.5 43 54 3
2022

E. Housing type

Palestine population by mid-2023 is estimated at 5.48 million,
78% of population lives in urban areas, 14% live in rural areas
while 8% in refugee camps [14]. Concerning housing types as
shown in table 3 apartment housing forms 53%, separate
housing dwelling consists 45.3% with less than 0.5% living in
villas. Also as shown in Table 3 trend is moving more toward
apartment dwellings in multi- story buildings.

In this paper energy supply to a typical detached house in
Palestine based on a hybrid renewable energy resources will
be designed. Solar electricity generated from PV array in
addition to biogas production from household waste to
generate electricity through a biogas engine.

Il. RESEARCH METHODOLOGY

The main methodology used in this research is based on
designing a hybrid system to produce electricity for household
appliances. The system consists of a solar PV panels system
integrated with biomass — biogas digester. The sustainability
of the system will be tested using society 5.0 system by
relating the corresponding Sustainability Development Goals
to the outputs of the system. This should take into account the
implementation of modern artificial intelligence and
mechatronics systems that help to conserve energy
consumption. Finally, a case-study calculation is used to
verify the results.

I11. HYBRID PV-BIOGAS ENERGY UNIT

A. Hybrid energy unit design

Using solar PV panels is a very well-known way to produce
electricity for domestic houses. The main problem facing this
method is that it is useless at night between sunset and sunrise,
unless the excess produced electricity is stored in batteries.



Storage is another story that adds more expenses and less
lifetime to the system. Biogas digesters are also widely used
to produce methane gas (CH,) that is usually used for cooking
and heating. The main focus of this research is to put forward
a concept of hybrid energy unit consists of a solar PV panels
integrated with an anaerobic biogas digester.

The PV solar panels as shown in Fig. 2 are used during the
daylight to generate electricity and feed it directly to the
household network. Because there is no battery or any storage
device, solar panels are useful only in day time, while at night
the biogas generator is turned on to generate electricity.
Batteries can solve the night problem but they add more
expenses to the system and reduce the payback period. On the
other hand, the batteries’ lifetime is very short which means
that there will be a need to replace them at least three time
during the PV panels lifetime period.

The biogas digester has three openings, one for feeding the
household waste, animal and livestock manure, the second
hole is for extracting and draining the fertilizer liquid and
remaining slurry after the fermentation process, and the third
hole on the top of the tank is for withdrawing the produced
biogas. The produced biogas is stored in the gas tank to be
used for two purposes; the first purpose is for cooking and
heating by directing it to fire burners, and the second purpose
is to run the biogas electricity generator to produce electricity.
The biogas generator is an internal combustion engine that
works on gas combustion, this engine is coupled to an electric
generator that produces electricity to be fed directly to the
house’s network. The produced electricity can be used at
night, when the PV solar panels are not active, to provide the
house with electricity without the need for storage batteries.

The biomass or biogas digester is usually made of elastic
synthetic material for safety of operation and operators. The
overall electricity load of domestic household appliances can
be calculated and should be equal or less than the total sum of
electrical energy produced by both PV panels and biogas
digester.

Biogas Generator

Biogas tank

Cooking

1.9

Waste
Filling

Sturry

Drainage

PV panels Anaerobic Biogas Digester

Figure 2. Hybrid energy unit, PV solar panels and anaerobic biogas digester
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IV. SUSTAINABILITY OF THE HYBRID ENERGY UNIT

According to the requirements of the Society 5.0 sustainability
conditions put by Japan in 2016, human being is the center of
the development process. The implementation of Al and
modern technologies in functioning the system supported by
implementing the Sustainability Development Goals (SDGs)
leads to have a sustainable and developed society. The hybrid
energy unit has an influence on 7 SDGs. As it saves money
and has a short payback period it helps in reducing poverty
and eliminating hunger (SDG1 and SDG2) as shown in Fig. 3.

No
Poverty
Cli.trfare SDGI Zero
Action Hunger
SDGI3 PV Solar panels SDG2
5 5 .
v > =\
Cities & = B
communirty S Society 5.0 2 Health &
5 " §o Well-being
SDG11 20 &
2 oy & & SDG3
A “, %
2, A
Solar Water Heater
Tl Water &
Energy Sanitation
SDG7 SDG6

Figure 3. Sustainability of the hybrid energy unit

Producing electricity from PV panels and from biogas digester
improves the level of life for people by giving them the ability
to use all electrical household devices without restriction and
in a healthy manner because these methods reduce the green-
house emissions as indicated by SDG3. SDG6 is related to
water and sanitation, this system saves the ground water from
contamination because it uses animal manure in the digester
instead of disposing it on soil.

SDG7 of clean energy is directly implemented by two
renewable energy sources; biogas and solar energy. Applying
the hybrid energy unit in all houses improves community and
creates a green city obtaining SDG11. Finally, climate change
in SDG13 is improved by implementing this hybrid unit. It is
clear that this unit satisfies the three main pillars of
sustainability; environmental, social and economic.

V. HYBRID SYSTEM SIZING

A. Sizing the PV system

Solar PV panels are designed to cover the total load of the
household appliances where during the day time the whole
load will be met by them. To estimate the size and power of
the required PV panels, it is necessary first to estimate the
daily use of energy [15]:



Em
Eq = a 1)
Where Eq stands for the daily energy use (kWh/day), En is the
monthly energy use (kWh/month) and d is the number of days
in month. The output power required is calculated by:

p="a @)
h
Where P is the output power (kW) required for the house and

h is the daily number of hours of full sun. The final size of the
PV system is calculated by the following:

PV = ; ®3)

Where PV is the total power (kW) required from the PV
system and f is the de-rating factor of the PV solar panels.

B. Sizing the Biogas digester

The size of the anaerobic biogas digester can be estimated by
the following equation:
Vg =S4 X Ry 4)

Where Vy is the volume of the digester tank (m%), Rt is the
retention time or the number of days required for digestion and
depends on the temperature. Sq is the volume of substrate input
to the digester per day (m®/day) which includes the solid waste
and the added water. The quantity of the produced biogas
depends on the type of substrate inserted in the digester and
the temperature. The produced gas contains several types of
gases. The typical composition of the produced biogas is
shown in Table 4.

TABLE V. COMPOSITION AND PERCENTAGES OF BIOGAS [17]

Compound Formula Volume
percentage (%0)

Methane CH, 50-80

Carbon dioxide CO, 15-50

Nitrogen N, 0-10

Hydrogen H, 0-1

Hydrogen sulfide H.S 0-0.5

Oxygen 0, 0-2.5

Table 5 depicts the yield biogas and the methane percentage
produced from the fermentation of different kinds of substrate
materials in the biogas digester. Fig. 4 shows the quantities of
produced methane from the fermentation of different

materials.

TABLE V. YIELD OF BIOGAS AND METHANE PERCENTAGES [17]

Substrate input Yield biogas Methane (CHy)
materials (m®/kg) percentage (%)
Animal manure 0.27 55
Green grass 0.63 70
Wheat straw 0.432 59
Leaves 0.25 58
Sludge 0.64 50
Carbohydrate 0.75 49
Protein 0.98 50
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Methane quantity (m3/kg)

Figure 4. Quantities of methane biogas produced from different materials
[17]

VI. CASE STUDY: MEDIUM RESIDENTIAL HOUSE

A. PV calculations

This section is to provide a sample calculation for a medium
Palestinian house. A normal medium house with 8 persons
consumes electric energy of around Eq = 700 kWh/month. To
estimate the daily use of energy in a month of 30 days,
equation (1) gives:

7
Ed = E =23.3 kWh/day

Knowing that Palestine has an average daily full sun of 7.2
hours [16], the output power required is calculated from
equation (2) by:

— 23.3kWh/d =324 kW
7.2h/d

Where P is the output power (kW) required for the house
taking the daily number of hours of full sun is 7.2. Knowing
that the de-rating factor for most of the PV panels equals to
0.85, the final size of the PV system is calculated from
equation (3) by the following:

3.80 kW
Selecting a PV panels rated at 400 Wp, then the number of
PV panels required for a medium house is equal to:

SLW _ 952 = 10 pane
0Arw > = panels

The expected cost for PV systems reaches $1200/kWp. This
means that the expected cost of this PV system is about
4800$.

B. Biogas calculations

To estimate the required biogas digester for a medium house
of 8 persons, it is necessary to estimate size of the digester.
Knowing that the leftover food quantity for residents equals to
one kg/person/day and the retention time for the fermentation
of the carbohydrates and proteins is around 40 days. The size
of the anaerobic biogas digester can be estimated by equation
(4):

Vy = 1kg/person /day X 8 person X 40 days = 320 kg

Panels =

If the average density of leftover food is close to water density,
then the volume of the substrate material is 0.32 m3. The
normal ratio for the substrate material to water is 1:1, the ratio
of the digestion tank to the gas tank is 3:1, then the total



volume of the digester with the gas tank is 1.92 m® [18]. The
produced methane gas from this digester can be calculated
taking the methane quantities from Figure 4 as 0.45m?/kg:
Methane gas production

=1 kg/person/day X 8 person x 0.45 m3/kg
=3.6m3/day

Each one cubic meter of biogas can generate 6 kWhy of
thermal energy, assuming efficiency of biogas engine and
electric generator is 33%, which means that the one cubic
meter of biogas can produce only 2 kWh, of electrical energy,
while the rest turns into heat. Knowing the calculated biogas
digester produces 7.92 m®/day, then the generated electricity
is:

Electricity generation = 2 kWhe X 3.6 m3/day

=72 kWh/day

If we need to use electricity at a power of 3.6 kW at night, then
biogas generator will work only for about 2 hours. This period
can be doubled by using energy efficient lighting and
household appliances that can reduce the rated power and
increase the running time. The other option is by adding
further animal manure or green grass in the digester to increase
the quantity of substrate material and hence the biogas
quantity.

VII. CONCLUSION

The idea of the foregoing research comes from the high need
for energy sources in Gaza Strip after the catastrophic
demolishing of all shelters and sources of life specially energy
sources. The suggested hybrid energy targets medium houses
with 8 persons in average. The hybrid unit consists of 10 PV
panels, 400 Wp each and 2 m® biogas digester that uses the
leftover food from residential kitchen as a substrate feed
material.

The PV system is expected to generate 28.8 kWh of electricity
during the day time which is enough to cover about 2.88 kW
electric load for 10 hours. Proposed hybrid system avoids
using batteries for energy storage because they are expensive
and have a short life time.

The suggested biogas two cubic meter digester system
produces methane gas through the fermentation process of the
organic solid waste to drive a biogas generator, that consists
of a modified gasoline engine and an electric generator that
generates 7.2 kWh of electricity daily. The main problem
facing the use of the biogas digester is the small quantity of
leftover food hence limiting generated biogas and electricity.
The shortage in biogas digester can be recovered by using
energy efficient lighting and household appliances that can
reduce the rated power and increase the running time and by
adding further animal manure or green grass in the digester to
increase the quantity of substrate material and hence the
biogas quantity.

115

(1]

(2]

(3]
(4]

(5]

(6]

(71
(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

REFERENCES

Palestinian Energy & Natural Resources Authority (2022). Energy
Sector Statistics. https://penra.pna.ps/energy-sector-statistics . retrieved
May 15, 2025.

Palestinian Central Bureau of Statistics 2023.  Final Energy
Consumption by Sector and Type of energy and Year, 2013-2022.
Retrieved May 15, 2025.

Palestinian Central Bureau of Statistics
https://www.pchs.gov.ps/site/lang__en/706/default.aspx
Palestinian Central Bureau of Statistics 2015. Percentage Distribution of
Households who are Water Heating by Region and the Main Energy
Source for Water Heating, January 2015.
https://www.pcbs.gov.ps/Portals/_Rainbow/Documents/HE-
%20EA9%202015.htm . retrieved May 15, 2025.

Palestinian Central Bureau of Statistics 2015. Percentage Distribution of
Households who are Heating by Region and the Main Energy Source for
Heating, January 2015.

Palestinian Energy and Environment Research Centre. Atlas of Solar
Resources, State of Palestine (2014). https://solargis2-web-assets.s3.eu-
west-1.amazonaws.com/public/doc/projects/324c001c88/Solargis-
leaflet-SolarAtlasPalestine-2014-web.pdf. Retrieved May 15, 2025.
Palestinian Energy and Natural Resources Authority (2022). Energy
sector statistics. https://penra.pna.ps/energy-sector-statistics

Thoni, V., & Matar, S. (2019). Solid Waste Management in the
Occupied Palestinian Territory-West Bank including East Jerusalem &
Gaza Strip. CESVI, Iltaly. Retrieved 20 October 2021, from
https://www.cesvi.eu/wp-content/uploads/2019/12/SWM-in-Palestine-
report-Thoni-and-Matar-2019_compressed-1.pdf

Breukelman, H. (2018). Feasibility study waste to energy options on the
West Bank. Nederland: Rijksdienst voor Ondernemend. Retrieved from:
https://www.waste-water-soil.com/westbank/

Taha, M., & Al-Sa'ed, R. (2017). Potential application of renewable
energy sources at urban wastewater treatment facilities in Palestine —
three case studies. Desalination and Water Treatment, 94, 64-71.
https://doi.org/10.5004/dwt.2017.21591.

Altayseer Biogas (2025). https://al-tayseer.ps/portfolio . Retrieved May
15, 2025.

Argalis, P.P.; Vegere, K. Perspective Biomethane Potential and Its
Utilization in the Transport Sector

in the Current Situation of Latvia. Sustainability 2021,13, 7827.
https://doi.org/10.3390/su13147827

Palestinian Central Bureau of Statistics 2023. Percentage Distribution of
Households in Palestine by Region and Type of Housing Unit, 2020.
https://view.officeapps.live.com/op/view.aspx?src=https%3A%2F%2F
www.pcbs.gov.ps%2Fportals%2F_pcbs%2FPressRelease%2FPress E
n_WHDayArabHousingDay2022E.docx&wdOrigin=BROWSEL INK,
Press_En_WHabitatArabHousingDay2023E.docx. Retrieved May 15,
2025.

Aurora (2025), How to size a PV system form an electric bill.
https://aurorasolar.com/blog/how-to-size-a-pv-system-from-an-
electricity-bill/. Retrieved May 15, 2025

AlFaris, F., A. Juaidi, and F. Manzano-Agugliaro. 2016. Improvement
of efficiency through an energy management program as a sustainable
practice in schools. Journal of Cleaner Production 135:794-805. doi:
https://doi.org/10.1016/j.jclepro. 2016.06.172

Biogas Training Center (BRC) Chendu, Sichuan, Chaina. Design of
Biogas Plant.
https://sswm.info/sites/default/files/reference_attachments/BRC%20ny
%20Design%20Biogas%20Plant.pdf . Retrieved May 15, 2025.
Rowayda Ali & Rashed Al-Sa’ed (2017): Pilot-scale anaerobic digester
for enhanced biogas production from poultry manure using a solar water
heating system, International Journal of Environmental Studies, DOI:
https://doi.org/10.1080/00207233.2017.1392766

2015.



https://penra.pna.ps/energy-sector-statistics
https://www.pcbs.gov.ps/site/lang__en/706/default.aspx
https://www.pcbs.gov.ps/Portals/_Rainbow/Documents/HE-%20EA9%202015.htm
https://www.pcbs.gov.ps/Portals/_Rainbow/Documents/HE-%20EA9%202015.htm
https://solargis2-web-assets.s3.eu-west-1.amazonaws.com/public/doc/projects/324c001c88/Solargis-leaflet-SolarAtlasPalestine-2014-web.pdf
https://solargis2-web-assets.s3.eu-west-1.amazonaws.com/public/doc/projects/324c001c88/Solargis-leaflet-SolarAtlasPalestine-2014-web.pdf
https://solargis2-web-assets.s3.eu-west-1.amazonaws.com/public/doc/projects/324c001c88/Solargis-leaflet-SolarAtlasPalestine-2014-web.pdf
https://penra.pna.ps/energy-sector-statistics
https://www.cesvi.eu/wp-content/uploads/2019/12/SWM-in-Palestine-report-Thoni-and-Matar-2019_compressed-1.pdf
https://www.cesvi.eu/wp-content/uploads/2019/12/SWM-in-Palestine-report-Thoni-and-Matar-2019_compressed-1.pdf
https://doi.org/10.1016/j.algal.2016.08.008
https://al-tayseer.ps/portfolio
https://doi.org/10.3390/su13147827
https://view.officeapps.live.com/op/view.aspx?src=https%3A%2F%2Fwww.pcbs.gov.ps%2Fportals%2F_pcbs%2FPressRelease%2FPress_En_WHDayArabHousingDay2022E.docx&wdOrigin=BROWSELINK
https://view.officeapps.live.com/op/view.aspx?src=https%3A%2F%2Fwww.pcbs.gov.ps%2Fportals%2F_pcbs%2FPressRelease%2FPress_En_WHDayArabHousingDay2022E.docx&wdOrigin=BROWSELINK
https://view.officeapps.live.com/op/view.aspx?src=https%3A%2F%2Fwww.pcbs.gov.ps%2Fportals%2F_pcbs%2FPressRelease%2FPress_En_WHDayArabHousingDay2022E.docx&wdOrigin=BROWSELINK
https://birzeit0-my.sharepoint.com/:w:/r/personal/ahasan_birzeit_edu/_layouts/15/doc2.aspx?sourcedoc=%7B2A982275-091B-49C1-86CD-375A06272EBB%7D&file=Press_En_WHabitatArabHousingDay2023E.docx&action=default&mobileredirect=true&wdPreviousSession=c737257f-8446-4ec7-9ac5-b79bcd42c5d1&wdOrigin=BROWSELINK%2COFU.WORD.EDIT-A-COPY&wdPreviousSessionSrc=OFU
https://aurorasolar.com/blog/how-to-size-a-pv-system-from-an-electricity-bill/
https://aurorasolar.com/blog/how-to-size-a-pv-system-from-an-electricity-bill/
https://doi.org/10.1016/j.jclepro.%202016.06.172
https://sswm.info/sites/default/files/reference_attachments/BRC%20ny%20Design%20Biogas%20Plant.pdf
https://sswm.info/sites/default/files/reference_attachments/BRC%20ny%20Design%20Biogas%20Plant.pdf
https://doi.org/10.1080/00207233.2017.1392766

	FrontMatter.pdf (p.1-7)
	CPRegularPaper.pdf (p.8)
	submission_3.pdf (p.9-14)
	submission_7.pdf (p.15-21)
	submission_10.pdf (p.22-29)
	submission_11.pdf (p.30-41)
	submission_13.pdf (p.42-44)
	submission_17.pdf (p.45-52)
	submission_19.pdf (p.53-59)
	submission_21.pdf (p.60-65)
	submission_24.pdf (p.66-72)
	submission_32.pdf (p.73-83)
	submission_33.pdf (p.84-89)
	submission_34.pdf (p.90-95)
	submission_35.pdf (p.96-103)
	submission_36.pdf (p.104-111)
	submission_38.pdf (p.112-116)
	submission_39.pdf (p.117-127)
	submission_41.pdf (p.128-130)
	I. INTRODUCTION
	II. Mechanisms of Biofouling in Gaza
	A. Microbial Colonization
	B. EPS Synthesis

	C. Nutrient Dynamics
	A. Health and Economic Impacts

	IV.   Mitigation Strategies
	A. Biological Pretreatment
	B. Advanced Oxidation
	C. Emerging Technologies
	D. Policy and Infrastructure
	E. Systemic Challenges

	Key Considerations
	References

	submission_49.pdf (p.131-140)
	submission_52.pdf (p.141-149)
	I. INTRODUCTION
	II. Geological setting
	A. Stratigraphy
	B. Topography and Hydrology

	III. GEOTECHNICAL ANALYSIS
	A.  Site Geotechnics
	B. Field and Laboratory Tests
	1. Trial Bits
	2. Boreholes
	3. Analysis of Tests Results

	IV. DISCUSSION
	V. GENERAL REMARKS
	VI. APPENDICES
	VII. Acknowledgment
	VIII. References

	submission_56.pdf (p.150-158)
	submission_58.pdf (p.159-163)
	submission_63.pdf (p.164-169)
	submission_64.pdf (p.170-174)
	submission_65.pdf (p.175-181)
	submission_67.pdf (p.182-190)
	I. INTRODUCTION
	II.  Literature Review
	A. International Legal Approaches to Ethical Hacking

	III. Methodology
	A. Dataset Description
	B. Study Population and Sample Size
	C. Data Collection Tools
	D. Data Analysis
	E. Ethical Considerations
	F. Study Limitation

	IV. Result
	A. Survey Results
	B. Interview Findings

	V. Discussion
	1) Comparison with International Frameworks

	VI. Conclusion
	References

	submission_68.pdf (p.191-197)
	submission_70.pdf (p.198-203)
	submission_72.pdf (p.204-211)
	Introduction
	Paper Organization, Notations, and Symbols

	System and Channel Models
	Multiple RISs-Assisted G2A Channel
	RIS Selection Strategy
	A2G Channel

	Performance Analysis
	Outage Probability
	Average Symbol Error Probability

	Optimization
	Optimal transmit power
	Optimal UAV's location

	Numerical Results
	Conclusion
	References

	submission_74.pdf (p.212-217)
	submission_75.pdf (p.218-226)
	submission_77.pdf (p.227-238)
	submission_78.pdf (p.239-245)
	submission_79.pdf (p.246-251)
	submission_83.pdf (p.252-258)
	submission_84.pdf (p.259-268)
	submission_85.pdf (p.269-274)
	submission_86.pdf (p.275-284)
	submission_87.pdf (p.285-294)
	submission_88.pdf (p.295-303)
	submission_89.pdf (p.304-312)
	submission_91.pdf (p.313-316)
	submission_92.pdf (p.317-321)
	submission_93.pdf (p.322-327)
	submission_95.pdf (p.328-331)
	submission_98.pdf (p.332-345)
	submission_99.pdf (p.346-352)
	submission_102.pdf (p.353-358)
	submission_106.pdf (p.359-362)
	submission_107.pdf (p.363-369)
	submission_108.pdf (p.370-378)
	submission_109.pdf (p.379-389)
	submission_111.pdf (p.390-396)
	I. INTRODUCTION
	II. Literature Review
	A. Humanitarian Urbanism and Design
	B. Participatory Design and Post-Disaster Recovery
	C. Design Thinking in Humanitarian Contexts

	III. Design Thinking As a Methodology
	A. Empathize
	B. Define
	C. Ideate
	D. Prototype
	E. Test

	IV. Student’s Proposals and Themes
	A. Modular Emergency and Transitional Shelters
	B. Sustainable and Locally Sourced Materials
	D. Cultural Sensitivity and Identity Preservation
	E. Adaptive Reuse of Partially Destroyed Structures
	F. Sustainable Infrastructure

	V. Findings and Reflections
	VI. Conclusion
	Acknowledgment
	References

	submission_113.pdf (p.397-405)
	submission_116.pdf (p.406-411)
	submission_119.pdf (p.412-417)
	submission_121.pdf (p.418-422)
	submission_122.pdf (p.423-432)
	submission_123.pdf (p.433-441)
	I.INTRODUCTION 
	II.RESEARCH SIGNIFICANCE
	III.PROBLEM STATEMENT & RESEARCH QUESTION
	IV.AIMS AND OBJECTIVES
	V.LITERATURE REVIEW
	VI.METHODOLOGY 
	A. Site Conditions
	1)Environmental
	2)Historical and Socio-economic Background

	B.Site selection and initial proposed sheltering sce
	C.From Modular Unit Design to a Community:         
	D.Integrated Design Approach: Modularity, Participat
	E.Structural solutions and construction steps
	F.Plans and design features
	G.Master plan
	H.Design flexibility

	VII.CONCLUSION
	VIII.RECOMMENDATIONS
	IX.REFERENCES

	submission_126.pdf (p.442-450)
	submission_127.pdf (p.451-459)
	submission_128.pdf (p.460-466)
	submission_129.pdf (p.467-475)
	submission_135.pdf (p.476-481)
	I. INTRODUCTION
	II. Literature Review
	III. AI-Driven Smart Construction in Palestine
	A. Conception and Design
	B. Planning, Building Permits and Preconstruction
	C. Procurement, Construction and Post-Construction

	IV. Cases study: AI-Driven Digitalization in Al-Quds Housing Company
	V. Conclusion
	References

	submission_141.pdf (p.482-488)
	I. INTRODUCTION
	II. Literature review
	2.1. BCG Matrix in Real Estate Strategy
	2.2. ESG Principles in Real Estate Development
	2.3. Integrating ESG and Strategic Tools: Theoretical Perspectives
	2.4. Lack of ESG-BCG Integration in Palestinian Real Estate Practice
	2.5. Real Estate Decision-Making in Politically Fragile Markets

	III. Research Methodology
	3.1. Research Design and Approach
	3.2 Case Context: Real Estate in Palestine
	3.3 Data Sources and Collection
	3.4 Analytical Framework
	3.5 operational steps for integrating ESG into the BCG Matrix

	IV. Analysis and Discussion
	4.1 Overview of Projects Under Study
	4.2 BCG-Based Strategic Classification
	4.3 ESG Evaluation of Selected Projects
	4.4 Synthesis: ESG-BCG Hybrid Strategic Recommendations

	V. Conclusion and Recommendations
	5.1. Conclusion
	5.2 Recommendation

	VI. Limitations and Future Work
	References

	submission_142.pdf (p.489-498)
	submission_143.pdf (p.499-505)
	submission_148.pdf (p.506-512)
	submission_149.pdf (p.513-522)
	submission_151.pdf (p.523-531)
	submission_153.pdf (p.532-536)
	submission_154.pdf (p.537-543)
	Energy Innovative of Waste to Energy Enhancement in Palestine/Hebron Case Study
	Energy Innovative of Waste to Energy Enhancement in Palestine/Hebron Case Study 
	I.​INTRODUCTION 
	A.​Waste Composition 
	B. Waste Disposal Practices 

	II.​WASTE-TO-ENERGY TECHNOLOGIES 

	Energy Innovative of Waste to Energy Enhancement in Palestine/Hebron Case Study
	Energy Innovative of Waste to Energy Enhancement in Palestine/Hebron Case Study
	III.​PROPOSED SOLUTION FOR HEBRON 
	A.​Infrastructure Limitations 
	B.​High Operational Costs 
	D.​Public Perception and Opposition 

	V.​CONCLUSION 
	References 



	submission_156.pdf (p.544-553)
	submission_160.pdf (p.554-558)
	submission_161.pdf (p.559-563)
	submission_163.pdf (p.564-571)
	I. INTRODUCTION
	II. Literature Review
	III. Methodology
	A. Dataset
	B. GPT-4o-Based Preprocessing and Reclassification
	C. Spatio-Temporal Prediction Using ConvLSTM

	IV. Analysis and Results
	A.  GPT-4o-Based Preprocessing and Reclassification Results
	B. ConvLSTM  Spatio-Temporal Prediction Results

	V. Discussion and Comparison
	VI. Conclusion
	References

	submission_165.pdf (p.572-584)
	submission_167.pdf (p.585-594)
	submission_168.pdf (p.595-604)
	submission_169.pdf (p.605-611)
	submission_170.pdf (p.612-618)
	submission_171.pdf (p.619-635)
	submission_172.pdf (p.636-648)
	AbstractsReporstProjects.pdf (p.649-713)

