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Abstract: Palestine is a developing country of a different nature from that of the developing countries of the world. It is a
state under occupation that does not have many natural resources. It is prohibited from exploiting its natural resources such as
water, salt, and natural gas, and even producing or importing electricity, occupation is the total importer of fossil fuels, adding
87% of its electricity needs. The design of green energy-saving buildings, combined with the exploitation of renewable energy
resources, especially solar energy, with 3000 sunshine a year and an average of solar radiation of 5.4 kW h/m*/day, may be the
only way out of the current situation. The main objective of this work is to provide a review of the green building sector in
Palestine in terms of research issued, governmental and non-governmental bodies concerned with the development of this
field, in addition to the most important projects implemented as green building in Palestine, and finally discussing the most
important obstacles hindering the adoption of green building as a long-term sustainable development strategy. Our urban
heritage has an architectural and construction style that meets the requirements of sustainable construction. However, the rapid
and dramatic change in the construction sector, in terms of building materials and construction, has increased the energy
burden. Throughout Palestine there are seven climatic zones, which in itself is a challenge to the design of green construction,
in addition to low public awareness of the concept of sustainable construction. The study concluded that, the absence of
legislations and laws binding the minimum requirements of green building are among the most important obstacles to the
adoption of sustainable construction as a long-term strategy to achieve the desired independence in the energy sector, in
addition to the non-use of financial tools to stimulate investment in the green building sector in Palestine.

Keywords: Palestine, Green Building, Climatic Zones, Natural Resources, Sustainable Development, Building Materials,
Construction Sector

2030. Although the proportion of cities to the Earth's surface
is less than 1% but is directly responsible for climate change
now. Cities are the black hole for global energy, swallowing
75 percent of the world's total energy, and will, therefore, be
the world's top greenhouse gas emitters. Recent studies show
that more than half of the possibilities of reduction located
inside buildings. Building green buildings are one of the most
effective ways to reduce carbon emissions within cities [3].
The construction sector ranks first as a single contributor
to carbon dioxide emissions and about two-thirds of global
energy consumption occurs in buildings, according to a
report by the United Nations Environment Program (UNEP)
[1], the report noted that we have a great opportunity to use
resources effectively in the construction sector. In keeping
with the concept of sustainable development, the green
building has the greatest potential to be a solution to reduce

1. Introduction

The world population will reach 9 billion by the end of
2050 [1], this global population will be directly proportional
to the demand for all components of life, water, and natural
resources, which in turn will worsen the state of ecosystems
around the world. For more than 20 years, the United Nations
General Assembly has sounded the alarm, to set up a global
scale aimed at achieving strategies related to long-term
environmental issues, in response to this call, the Portland
Committee held on March 20, 1987, which defined
sustainable development as our ability to meet our immediate
needs, without affecting the needs of future generations [2].
50% of the world's population is in cities, 60% of the global
population growth will occur within cities, until the end of
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carbon emissions and stop the depletion of natural resources.
Taking into account the economic dimension of sustainability
is one of the fundamentals of the design of the green
building. Therefore, there are many fruits that are collected
and are usually evaluated from the angle of the building life
cycle. In the 1970s, when the oil crisis emerged, the concept
of green buildings appeared for the first time, and attention
continued to this day. Include the concept of building on the
agenda of the Stockholm Conference [4].

It argued that energy saving in the green building is
between 25% and 70% [5-10]. Although there are those who
argue that the performance of these buildings is not as
planned [11-16]. Despite the global trend towards green
buildings that achieve sustainability, we do not deny the fact
that there is a lack of awareness about green building. In
addition, building owners are not paying attention to the
future and operational costs of buildings, this is one of the
most important difficulties facing the spread of green
building globally. [1, 17, 19-22]. Low water consumption and
other natural resources, improved public health, increased
productivity and improved indoor air quality [17, 18], are all
side effects of the green building. If we want to define the
green building, it is a basic design based on raising the
efficiency of the use of resources, taking into account the
minimum impact on human health and the surrounding
environment during the life cycle, all this is done through
sequential operations starting with the location of the
building and ending with removal through construction
Operation, maintenance, and recycling. Green buildings have
many tangible, measurable and intangible effects on the
environment and man. The low level of energy and water
consumption is a measurable effect from the first day of
construction of the green building, where water savings can
be 30-50% and 20-30% savings in energy consumption. The
quality of the ventilation, the comfort of the heat, the healthy
atmosphere, the well-being, and the light are all benefits that
the inhabitant feels from the first day [3]. Green construction
or sustainable construction are two sides of a single coin
[23]. They both represent a new concept for the construction
industry, which is to increase the efficiency of the building,
consume energy and rationalize the consumption of
construction, and the building's relevance to the surrounding
environment with the least damage and all this is reflected on
the human health and well-being [24].

Dwaikat and Ali (2016), mentioned that there are many
aspects and environmental considerations that must be taken
into account during the construction, operation, recycling and
disposal of waste for a green or sustainable building [25].
There was a need for general systems and measures to
evaluate the green building, but there is no unified global
system to evaluate the performance of the green building.
Many countries around the world have developed their own
systems and tools, this is known as building environmental
assessment methods (BEAM) [26, 27]. Britain depends
(BREEAM) The  British  Research  Establishment
Environmental Assessment Method, while United States
adopts (LEED) the American Leadership in Energy and

Environmental Buildings, it is a globally recognized system
widely deployed in several countries.

To sum up, the benefits of a green building cover three key
aspects: economic, environmental and social, and this is what
sustainability is all about [28, 29]. The fans of the Green
Building always emphasize the superiority of the green
building on that non-green [25], For example, Madew [30]
said that in the green building, energy saving and water
drainage can reach 60%, while Torcellini et al. [31] found
that the performance of six green buildings offered between
25% -75% compared with other buildings which applied to
energy law in the United States, Ries et al. [32] found that in
a Manufacturing facility established as a green building
certified by LEED, the efficiency of the building in energy
use increased by 30%, while productivity increased by 25%.

In Palestine, which is divided into two geographical areas
where communication is almost non-existent: the West Bank
with a population of 2, 881, 687 people, according to the
Palestinian Central Bureau of Statistics (PCBS), and the Gaza
Strip with a population of 1, 899, 291 people, with total
population density 794people/km’, the most important thing is
political instability, which in turn has severe repercussions on all
sectors, including the energy sector and the local economy. The
current political situation has made control of natural resources,
including energy and water, impossible and complicated. As a
result of this bitter reality, interest has grown in the concept of
green buildings and the concept of sustainable alternative
energy, which can be a radical solution to the situation of the
deteriorating energy in Palestine in general. [33]

The lack of exploitation of renewable energy resources in
Palestine, despite indicators of availability, inevitably
increases the operating cost of buildings, depletion of energy
resources in addition to increasing carbon emissions. Solar
energy, wind energy, and geothermal energy, if used
effectively in the green building design process, will provide
a radical solution to the regulation of energy depletion, as
well as achieve the desired independence in the energy sector
in Palestine. Although there are many successful experiments
to establish green buildings in Palestine, it is very necessary
to conduct investigations in a systematic manner to know the
shape and role of the future Palestinian home, which depends
entirely on renewable sources of energy [33].

The possibility of free open trade to import the needs of
Palestine from the petroleum products is negligible because
Israel controls the oil imports in general, and therefore all the
needs of Palestine are imported from the petroleum products
and electric power through Israel, [34] In addition to
considering Palestine as a total importer of petroleum
products. All of the foregoing raises the complexity of the
issue of safety in the energy sector in Palestine [33].

The exact date of the beginning of the interest of the
Palestinian engineers in the green building is not known, but
it is certain that there are several attempts to write about this
subject through conferences or thesis on postgraduate studies.
There are some reviews of previous studies related to green
building in Palestine.

In 2010, Haj Hussain [35], discussed the possibility of
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adopting the concept of the courtyard in Palestinian homes as
a future sustainable strategy, the author argued that the
traditional Palestinian architectural model is an example of
buildings adapted to the Palestinian environment and culture.
The concept of the courtyard is, therefore, an element that
can be reintegrated into the future Palestinian housing for
sustainability and green building.

Salameh [36], focused on one element of the building, the
external walls, as the building envelope responsible for
energy conservation and making the building more efficient
and sustainable, the writer said that the building systems in
Palestine do not follow the strategy of sustainability, which
increases the cost of operating the building. On the other
hand, In 2013, Abdel Hadi [37], discussed the possibility of
developing green residential buildings in the Palestinian
cities, highlighting the necessity of developing residential
buildings in Palestine in accordance with climatic and
environmental developments, using alternative renewable
energy technologies and reducing the heat load inside the
buildings, taking into account the traditional techniques of
Palestinian architecture within New technology. Abdel Hadi
(2013) studied the traditional buildings in Palestine and
identify the environmental elements, and methods used to
suit the environment and the surrounding climate. She also
went on to study possible ways to modernize building
elements in residential buildings within a modern technology
suitable for environmental conditions. And studied how to
use modern technology to integrate the environmental
dimension of residential buildings in the design decisions of
the comprehensive data for the stage of design and
implementation, and the operation of methods and techniques
developed. The author concluded that the old buildings were
enjoying a better climatic environment than the modern
buildings for a number of reasons, the most important of
which are: Heat insulation, steering, shading, and ventilation.
She explained that investment in the previous elements
increases the initial cost of the building, but the
environmental, physical and thermal satisfaction will be
much better than the initial cost. And recommended the need
to develop building materials to make homemade materials
with better characteristics than is currently available.

The schools were the focus of the author's research in
2016, Haj Hussain et al. [38], as they sought to evaluate the
thermal comfort and energy performance, they went to study
two samples in two different climatic zones, Nablus and
Jericho. The writers concluded that the reality of schools in
Palestine is far from the desired comfort in green
construction. Energy needs improvements to reach the lowest
level of energy consumption. The authors adopted two
approaches to qualitative and quantitative research, linking
the results of the two approaches, and producing the possible
results that form the cornerstone for the design of green
school buildings in Palestine. The paper was a part of a
research project “Al-Maqdisi” that had been done during
2013-2015 and funded by the French government.

Al Atawneh et al. [34], as part of a Ph.D. thesis, which was
being supervised by the Department of Architecture at the

University of Palermo. The writer discussed the obstacles
and challenges facing the design of green buildings to a
developing country such as Palestine. Al Atawneh divided
the challenges into two main categories: organizational and
technical difficulties. He also discussed regional experiences
compared to Palestine. He also called on the writer to think
of sustainable building materials as a future for palaces in
Palestine and called for the employment of renewable energy
as a future strategy for sustainability in Palestine.

Saadeh and Baba [39], as a part of the master's thesis for
the writer, the question discussed in the paper is to what
extent we stand by the application of green school building
standards in Palestine and the future possibilities for
achieving this. The study concluded that there are serious
attempts by the Ministry of Education to improve the school
building and its conformity with the green design standards
of high efficiency through the application of some aspects
and compliance with mandatory requirements, especially
which can be applied within the possibilities of Simple
financial possibilities.

Hodiri [4]. Based on the controversial issue of the actual
economic performance of the Green Building compared to
the expected performance of the building in theory, the writer
investigated the truth by a case study, the school of (Aqqaba)
as the first green school in Palestine, which received the
golden classification of the Supreme Council of the
Palestinian Green Building. The second objective was to
compare the actual performance of the school in terms of
water and energy expenditure compared to other government
schools. The author used actual data for water and energy
consumption for the Green School and compared it with
actual reports of water and energy consumption for 205
public schools in the West Bank during 2016.

The main objective of this work is to highlight the green
building in Palestine in terms of reality and achievements, the
paper aims at highlighting the challenges facing the house
design in Palestine as a developing country a study which is
related to discussing different experiences in the field of
energy saving strategies in Palestine and some surrounded
countries, such as Jordan which shares certain climatic and
architectural characteristics with Palestine. In summary, the
paper makes a compressive overview of the green buildings
in Palestine and how the availability of renewable energy can
help to solve the situation of the energy sector in Palestine.

2. Geographic and Demographic
Description of Palestine

Palestine lies on the western edge of the Asian continent,
forming the south-west strip of the Levant, its length from
north to south 430 km, and the average width 80-70km. The
geographical distribution of Palestine consists of two areas
that are not geographically connected: the Gaza Strip and the
West Bank, located between 34 20°- 35 30° ' E and 31
10°’-32 30 °’N as shown in Figure 1 below.

Despite the small area occupied by Palestine, it is a
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combination of elements of natural and human geography
[40]. In the Jordan Valley, Palestine drops to 350 meters
below sea level, where the lowest point in the world is
formed, and it is leveled with the sea surface on the shores of
Gaza and rises more than 1000 meters above sea level in
some areas of the West Bank [41].
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Palestine is classified in the Mediterranean climate, its
summer is relatively long and dry, and its winter is very cold,
with two distinct transitional periods, namely, spring and
autumn, which are intertwined with the winter and summer
seasons [42].
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Figure 1. Map of the West Bank and Gaza, [33].

3. Climatic Zones in Palestine

When the Palestinian Ministry of Local Government
decided to develop and adopt the energy-saving buildings
code in Palestine with the support of the United Nations
Development Program (UNDP), it was necessary to establish
a classification of the climatic zones in Palestine. On this
basis there was an agreement was reached on August 2002
between Applied Research Institute — Jerusalem (ARIJ) and
(UNDP) [43].

The goal of the climate division of Palestine was to adapt
and construct codes for energy-saving buildings in Palestine
and thus was classified on several foundations such as
average annual precipitation, annual temperature and
humidity rate of the West Bank and Gaza.

Green building design is primarily based on energy
efficiency and reduced cooling and heating loads. Climate
analysis, which has a significant impact on energy
consumption in buildings, is the cornerstone for adopting
green buildings that achieve thermal comfort and energy
efficiency. The report came out in five climatic zones in the

West Bank and two in the Gaza Strip.

Zonel: Occupies an area of 1103.3 km” Hot and dry in
summer, warm winter: This climatic zone extends along the
eastern slopes, including the Dead Sea and part of the Jordan
Valley, characterized by a hot and dry climate in summer and
warm winter. Its cooling loads increase significantly in the
summer.

Zone 2: This area is characterized by a hot, dry climate in
the summer and mild winter, with area 823.2 km® which
extends along the eastern slopes of the West Bank.

Zone 3: It has a Mediterranean climate, a hot summer for
half a year, and a mild winter, Stretching over 969.1 kmz, of
the entire area of the West Bank, a semi-arid region.

Zone 4: It features a warm, partly humid summer, cold
winters, Mediterranean Sea climate approximately 47% of
the total population of the West Bank lives on 1314.6 km2,
Including Nablus, Jerusalem, Bethlehem, Ramallah, and Al-
Bireh, it is considered to be the heart of the West Bank. It is
inhabited by most of the buildings. The building materials are
natural stone, concrete, concrete blocks.

Zone 5: Warm sub-humid summer, temperate winter —
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Mediterranean climate, the area covers an area of 1461.2
square meters, including Jenin, Tulkarm, Qalqiliya and Salfit
as shown in Figure 2.

Gaza strip climate zones: Zone 6: This area covers the
entire coastline and most of the northern, southern and
central areas of the Gaza Strip, where more than 97% of the
Gaza Strip's population lives. Its climate is humid, the
average temperature is 18°C.

Zone 7: An arid desert climate, inhabited by about 2.8% of
the total population of the Gaza Strip.

It is clear that Palestine has many climatic zones, which
means different temperatures, demographics, and different
environmental conditions. This is a challenge to the design of
the green building. Each climate zone has its own model
[34]. Unfortunately, we would say that the majority of
Palestinian designers and the public do not give enough
attention to climatic zones and their impact on the design of a
sustainable building.

WEST BANK

Figure 2. Climatic zones of the west bank -Palestine, [35].

4. The Reality of Energy in Palestine

The reality of energy in Palestine is deteriorating, Israel
control of the Palestinian border and buffer limits the
prospects for open trade of electricity and petroleum products
and makes Israel able to impose non-competitive prices on
energy tariffs in Palestine, crippling the ability to develop the
energy sector. All petroleum products are imported by Israel
[44], this difficult reality for a developing country such as
Palestine makes renewables a radical solution to the
independence and security of the energy sector in Palestine
[45].

Abu Hamed et al. [46] stressed that the Palestinian citizen
pays the most expensive price of energy compared to the
surrounding area, in addition to the foggy national energy

policy, and plans are an unclear strategy. In 2007, Abualkhair
[47] studied the status of energy in Palestine in 1995, there
were 65 areas in Palestine that do not have electricity, and the
average consumption of Palestinian citizens in the West Bank
and Gaza Strip is the lowest in the region. In 2012 Abu
Hamed et al. [46] concluded that the energy situation in
Palestine was not better in 2007, the citizen continues to pay
the highest price for the lowest consumption rate by
comparing with the region but the rate of consumption of
electric power increased to 3808 GW h in the West Bank and
1606 GW h in the Gaza Strip.

In 2016, Juiadi et al. [33] emphasized that the energy
generated by petroleum products, electric power, and energy
from renewable sources, including solar energy and wind
energy, are the main pillars of the balance of the energy
sector in Palestine, as noted in Figure 3. The writer said that
Palestine imports all the needed oil derivatives. In 2013 the
demand for energy in Palestine, for example, the residential,
commercial and other sectors as the largest consumer of
energy in Palestine were classified by 58.2%, followed by the
transport sector with 36.5%, While the role of solar energy is
limited to use in heating water by 65%.

Energy Balance in Palestine

Diesel
33.00%
Electricity
27.01%
12.34% Gasoline
9.93%
LPG I
8.47%

7.24%
Wood and Charcoal

Solar Energy

1.11% /

0.69% Bitumen
Olive Cake -~
/ . .
0.10% Oils and Lubricants
Kerosene

0.11%
Figure 3. Energy balance in Palestine in 2016, [33].

5. Renewable Energy Sources

The political, economic and geographic conditions of
Palestine make us always think of prioritizing renewable
energy sources and their preference for fossil fuels, especially
since Palestine is characterized by high indicators of the
availability of renewable energy sources, mainly solar energy
and wind power, as Palestine has more than 3000 hours of
sunshine during the year [48].

The rate of solar energy in Palestine varies from 5.4 kW
h/m*/day to 6 kW h/ m%day [49]. This energy is very
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promising if it is compared to other places in the world like
Spain-Madrid (4.88 kW h/m%day) [50], Australia -Sidney
(4.64 kW h/mz/day) [51], Mexico-Gulf of Mexico (4.78 kW
h/m*/day) [52].

Juiadi et al. [33], presented a complete review of the
energy situation in Palestine. At the same time, the writer
explained how renewable energy can play a key role in
sustainable development and that it could be the magic
solution for the Palestinian energy sector and its
independence. And that one of the most important goals of
the Palestinian government to generate 10% of the
Palestinian market needs of electricity by renewable energy,
by 2020. Solar energy is the most reliable source of
renewable energy in Palestine, while not neglecting other
sources such as wind power, geothermal energy, and biomass
energy. Solar energy in Palestine is not properly exploited in
the field of electricity production, although it is heavily
exploited in domestic water heating. The treasure of solar
energy in Palestine has 3000 sunshine a year and an average
of solar radiation of 5.4 kW h/m%day. Wind power in
Palestine is moderate, can be used as supporting systems in
remote speakers not connected to the electricity grid, while

9.0
8.0
7.0
6.0
5.0
4.0
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2.0
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0.0 ' 1 * ’ !
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the speed of the wind in Gaza does not reach the level of
power generation, it is very low, It can only be used as a
water pump. Another obstacle to the exploitation of wind
energy in Gaza is the difficulty of installing turbines. There
are no open areas that are not populated.

There is an awareness of the importance of national
sovereignty over energy in Palestine, and there is a deep
understanding that renewable energy sources are the path to
this sovereignty. The use of renewable energy to generate
electricity in high-consumption sectors, as well as remote
areas not connected to the electricity network, will
significantly reduce our dependence on the production of
electricity and increases the ability of Palestinians to
establish sustainable development and reduce carbon
emissions.

If we look at Figure 4, we will see the monthly solar
radiation rate in 2010 for four cities representing the north,
center, and south of the West Bank respectively: Salfeet and
Tubas, Ramallah, Hebron. The solar radiation on the
horizontal surface varies from 2.63 kW h/m%day in
December to 8.4 kW h/m*/day in June.

Ramallah

Salfeet

Hebron

Tubas

| | | |

Jul Aug Sep Oct Nov Dec

Figure 4. solar radiation for different cities in west bank by month, 2010, [33].

The above results seem encouraging to the use of solar
energy in electricity generation on a large scale and
economically feasible, especially areas away from the
electrical grid to achieve self-reliance, and reduce carbon
emissions compared to currently used diesel generators.

Interestingly, this abundant solar energy in Palestine is not
incorporated into the design of buildings except in a very
limited way, is almost nonexistent, for example (Abu-
Hafeetha, 2009) [53], proved that the electrical energy
consumption of 108 schools In Nablus city is 140 MWh/year,
This amount of energy is consumed by indoor lighting [38].

In conclusion, Palestine as a developing country and
prohibited from exploiting its natural resources such as water,
salt, and natural gas, and even producing or importing
electricity. The design of green energy-saving buildings,

combined with the exploitation of renewable energy
resources, especially solar energy, is the only way out of the
current situation [34].

6. The Construction Sector in Palestine

Sustainability is a broad and comprehensive concept based
on many aspects, including social, economic, cultural and
environmental [36]. Sustainable building is one of the most
important elements of sustainable development, which has
become the world's top priority. In Palestine, the construction
sector is one of the largest sectors affecting economically,
socially and environmentally. The sector directly affects the
quality of the environment and energy during the
construction, running and maintenance phase. According to
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the Palestinian Central Bureau of Statistics, in 2010 the
construction sector recorded the highest growth rate of 36%,
in addition to the increase in the number of workers in this
sector by 22% compared to 2009 [61]. In recent decades
buildings have become more lethal to the environment and
more depleted of natural resources, with much internal heat
disturbance, resulting in increased cooling loads in the
summer and winter heating loads. As a result, construction
costs and consumption of fossil fuels have increased
significantly, thus increasing carbon emissions. It's shocking
to say that, many Palestinians build their own homes without
recourse to an engineer, which increases random
construction, in addition, the Palestinian public treats the
building as a facility, not as a living space, which requires
special attention to thermal comfort, good ventilation and
natural lighting [34]. In the past, the Palestinian used
building materials to suit the nature of his area. In other
words, he created materials from the local environment that
fit the region's climate. In fact, this is one element of
sustainability. At present, all construction materials with
different areas consist of: natural stone, concrete, concrete
bricks, and some use thermal insulation layers which are not
commonly used in Palestinian homes [34]. The natural stone
itself is one of nature's inaccessible resources, so it’s not
permanent and the stages by which natural stone passes from
extracting to manufacturing and even transport, are itself
processes that hurt nature [36].

The Palestinian public does not pay much attention to heat
insulation materials, because the high price increases the
initial cost. This is one of the obstacles that prevent the
spread of the use of insulation materials, thus increasing the
load on energy to achieve the desired thermal comfort by
installing air conditioning and cooling. Even if the insulation
materials are used, it is used in a random manner that is not
based on thermal calculations, and there is no consideration
of the different climatic zones in Palestine.

In 2011, Salameh [36] Concluded that the system of
building practice in Palestine does not take into account the
concept of sustainability, and therefore the construction
procedures in Palestine increase the complexity of the
environment and raise the cost of operation and maintenance
of the building. The writer said that the movement of people
towards modern building materials because of the cheap
price and aesthetic advantages and ease of implementation,
regardless of the fundamental defects such as ease of heat
loss or easy absorption of heat, which increased the building
and the operational requirements, and the need for permanent
maintenance. In addition, the construction sector's tendency
to use new materials in the exterior of the building, such as
metal and glass, has further undermined the sustainability of
construction and limited attention to aesthetics regardless of
the effectiveness of the materials. Construction in the West
Bank is one of the most important pillars of the national
economy. However, the dependence of this sector on the
traditional machines and the manufacture of materials, in
addition to the huge amount of waste resulting from the
construction process, eliminates the concept of sustainability

in this sector.

7. Traditional Architecture and Modern
Architecture in Palestine

The raw materials used in construction are very diverse in
Palestine and have played a major role in architecture since
ancient times, in terms of resisting the factors of nature,
climate, and the surrounding environment, and responding to
the possibilities available and the function of construction,
the variety of construction between stone, pottery. And how
construction is considered essential to the study of traditional
architecture in terms of building materials and the impact of
climate and the surrounding environment which is considered
very important. The traditional Palestinian architectural style
has been able to adapt to the surrounding environment by
simplifying construction methods and has great interaction
with the surrounding environment. Thus, we can say that the
traditional Palestinian architectural style applied the
principles of sustainable green construction [34, 36, 37].
Abdel Hadi [37], Claimed that the old buildings had a
climate environment and apply the conditions of
sustainability more than that of modern for a number of
reasons, the most important of which:

1. Better Heat insulation due to the use of clay as a
building material in addition to the thickness of the
large walls.

2. Shading where the thickness of the walls on the
provision of shading in the summer, while can enter the
sun in the winter because of the low rise of the sun
throughout the day.

3. Orientation where it is clear that the historical buildings
were sensitive to the orientation of the direction in the
south.

4. In high humidity and coastal areas, people have been
forced to construct individual buildings with no
overcrowding to provide good ventilation. In
mountainous areas, however, we find the direction of
the adjacent construction, which reduces the heat loss in
the winter.

Architecture moved a qualitative leap towards the end of
the first half of the twentieth century was the outcome of the
interaction of local environmental factors with the social and
cultural factors, which varied from one place to another
depending on the climate and surrounding nature and
building materials available in the region.

In ancient construction, human beings took care of the
local climatic conditions, such as the thickness of the walls,
the size and height of the openings, in addition to the shape
of roofs, and local building materials such as stone, Which
was reflected by reducing the intensity of sunlight falling on
the building, and characterized the surrounding streets that
were narrow and winding.

The traditional architectural style in Palestine is
distinguished by its energy-saving elements. For example,
the inner courtyard provides thermal stability, providing
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natural ventilation and lighting, energy saving, and social
benefits. There are other elements that characterize the
traditional construction such as Iwan, hallway, wind catcher,
Almashrabia and all contribute to energy saving. According
to the Register of Historic Buildings in Palestine issued by
the Riwaq Foundation, the random expansion witnessed by
the Palestinian territories in the period 1995-2000 was the
result of an unprecedented rate of construction. The
percentage of buildings in some cities and villages reached
50% without Urban vision or planning [54].

At the beginning of the twentieth century, there were many
changes in the pattern of construction in Palestine, which
resulted from the change in the nature of life in terms of
social and economic, and the entry of new building materials
except for stone, which is still considered one of the basics of
building materials. The change in the construction industry,
especially building materials such as cement and iron, has
radically changed the way of construction, such as reducing
the thickness of walls and ceilings, and using more building
materials to deliver heat, which increases the loss of winter
and summer gain [37], but in new forms commensurate with
the development of construction, Constructively functional
and took a new form of materials exotic to our environment,
and be so-called contemporary architecture. [36]

To summarize, Palestine, like other third world countries,
suffers from the disadvantages of indiscriminate construction
and non-compliance with building regulations, which
resulted in a disregard for the standards and the depletion of
green areas due to urban expansion. Most of the buildings in
cities and villages were built without thermal insulation
according to old specifications dating back to the 1950s and
1960s; While some Palestinian cities such as Ramallah face
an accelerated construction cycle with new building methods
and materials such as curtain walls; traditional construction
systems were better, subject to environmental specifications,
and some institutions Torah which have given the
construction sector and housing a great interest such as:

1. The Supreme Palestinian Council for Green Building

2. CHF (Cooperative Housing Foundation)

3. Reviving Earth Architecture in Jordan valley -Palestine.

8. Palestine Higher Green Building
Council (PHGBC)

The Palestinian Green Building Council, a non-
governmental organization with no legislative authority, has
emerged from the cooperation between the Palestinian
Engineers Association and several governmental and non-
governmental organizations. The Supreme Steering
Committee formulated the general orientations of the
Council, which included parties directly or indirectly related
to the engineering work in Palestine. We mention: the
Ministry of National Economy, the Ministry of Local
Government, the Ministry of Health, the Ministry of National
Economy, the Ministry of Education, the Ministry of Local
Government, the Water Authority,, the Environmental

Quality Authority, the Energy Authority,, the Standards and
Metrology Institution, Federation of Palestinian Industries,
Representatives of Palestinian universities, the representative
of Palestine in the Energy Committee of the Union of Arab
Engineers, and the representative of Palestine in the Energy
Committee of the International Federation of Engineering
Organizations [4, 55].

Objectives of the Council:

1. Educating the community about the concept of green
buildings.

2. Supporting research and studies in the field of green
buildings and clean energy, and employing them in the
process of promoting this sector in Palestine.

3. The Council provides necessary guidance on green
buildings.

4. The Council works on training human resources to
work in the field of green buildings through specialized
development plans.

5. The Council provides funding for researchers and
specialists in this field to prepare standards and research
related to the development of green buildings in
Palestine.

6. The Council issued a guide on green buildings in
Palestine that is compatible with the country's climate,
geographic and social specificities [55].

In 2013, the Palestinian Engineers Association, in
collaboration with the Supreme Council of Green Buildings,
issued a guidebook on green buildings in Palestine, in
accordance with the geographical, demographic, climatic and
other circumstances of Palestine. The guide book was a
pioneering step towards a general framework for green
building strategy and sustainability. The green council
defined the green building as the building that achieves a
balanced relationship between two parties, the occupants of
the building and the surrounding environment. The guiding
principle is that the most important principle of green
building is its effective treatment with energy saving,
integration with clean energy systems, lighting and natural
ventilation, as well as the interaction of the building with the
environment so that it is less environmentally during
construction, maintenance, and housing. [4].

There are three axes in which the green building achieves
the balance between man and the surrounding environment.
The first axis is dealing with an energy effectively. The
second axis depends on making the most of the
environmental, geographical and climatic conditions. The last
axis is sustainability. (PHGBC, 2013) [42].

The candidate buildings are evaluated as green buildings
based on their collection points out of 200 points, the
collection of points depends on the possibility of the building
to collect points in six parts:

1. Sustainability of the construction site constitutes 15%

of the total points.

2. Energy efficiency is 30% of the total points.

3. Water efficiency at a rate of 25% of the total points

4. 15% of the total points were for the quality of the
internal environment
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5. 10% of the total points relate to materials and resources

6. Innovation in green building design reaps 5% of total
points

Accordingly, there are four categories based on the

evaluation of green buildings in Palestine, as follows:

1. Diamond class buildings that get 160 points and more.

2. Gold category, which is between 140 and 159 points

3. The Silver category is a building that scores between
120 and 139 points

4. Buildings with between 100 and 119 points are in the
bronze category

No building shall be evaluated by the Supreme Council

unless it complies with the minimum mandatory
requirements:

1. The building must be used for at least 12 months before
being evaluated on an operational and maintenance
basis, with complete information on water and
electricity consumption during this period.

2. The building must be committed to safety measures
known locally and internationally, in addition to its
commitment to local building policies [42].

9. Palestinian Code, Energy Efficient
Building Code, Ministry of Local
Government, 2004

The Ministry of Local Government issued this code to deal
with the modern construction legislation, which works to
reduce waste of energy, and the development of Palestinian
building systems through the thermal design of the external
elements of the building, and the protection of the
environment in reducing the emission of waste gases, and
ensuring the thermal satisfaction, and basic principles in the
design of thermal buildings, Buffer and its properties [56].

To summarize, there are three main bodies cooperating in
this field, the Supreme Council for the Green Building of the
Palestinians, and the Engineers Union in cooperation with the
Ministry of Local Government. The three parties are working
hard to find a sustainable strategy for the construction of
green buildings in Palestine, through a framework of well-
considered policies.

10. Green Buildings Projects in Palestine

I. Palestinian Museum: When the Palestinian Museum
opens its doors in the fall of 2014, visitors will be able to
experience Palestine’s first energy-efficient green building.
Striving for a Leadership in Energy and Environmental
Design (LEED) silver rating [57].

II. M. Qattan Foundation New Building: Qattan
Foundation has established a new building in the city of
Ramallah to serve as a multi-purpose cultural building with a
total area of 7, 730 square meters. The building is the first
registered building certified by the Palestinian Supreme
Council for Green Buildings. The building includes several
activities such as the library, a gallery, a multi-functional hall,

a fine art studio, a theater, training rooms, classrooms, a
restaurant and a studio for performing art [55, 58].

III. Shtayya green building: the building is under
construction, and when completed, will be the first green
residential building in Palestine, The Project's idea began in
the middle of2016 and after about a year we've got the
building license from the related authorities in Palestine. We
've followed and applied the required Green &Sustainable
codes as requested according to LEED forms and regulations
[59].

IV. Aqqaba Green School: it's considered as the first green
school in Palestine is rated as Gold by the Palestinian Green
Building Council. The site of the school in the village of
Agaba in Tubas province, which is hot and dry in the summer
and the mild winter, with an average temperature of 18
degrees Celsius. The school opened in 2016, with a total area
of 1408 square meters, accommodating 156 students. The
school has seven classrooms, two labs and a library, as well
as green spaces, three water wells, a gray water recycling
system that is later used to irrigate crops, and a solar energy
system to produce electricity [4, 55]. We also recall Wadi
Almogir school in Hebron, where it relied on the process of
conditioning and cooling the health rooms on the fixed land
energy through the work of concrete tunnels that transfer air
to each classroom so that the weather is nice in summer.

V. There are serious attempts by the Ministry of Education
to improve the school buildings and its conformity with high-
quality green design standards, through the application of
certain mandatory aspects [39]. In addition to the Ministry of
Energy has provided facilities on the use of solar cells to
encourage their use on the roofs of homes [34, 38]. There are
several individual projects to design buildings that achieve
the concept of sustainability in Palestine. These buildings
will be harmonious with the environment and provide
comfort for the integration with clean energy sources. Hani
Al Hassan, a Palestinian architect who designed an
environmentally friendly house in Jericho as a leading
individual effort to design sustainable homes suitable for the
desert environment, Al Hassan has received an international
award as a result of this project [34].

VI. ShamsArd Design Studio is committed to creating
sustainable and green designs that emulate the environment
and society and adapt to the surrounding climatic conditions.
The studio is dedicated to the design and implementation of
green projects, which are integrated with clean alternative
energy solutions and waste recycling, Ventilation and natural
lighting, the studio was founded in 2012 and its main
headquarters in the city of Ramallah, has been implemented
and designed several sustainable buildings, We mention
Kaykab Ecology Museum, the building is located in the city
of Ramallah, with a total area of 60 square meters. It was
completed in 2012. The building was built on the basis of
green buildings. It was built entirely of blocks made of the
same site. The building is integrated with a passive solar
system, collect solar heat and wind chimney as you see in
Figure 5. Moon House, appears in Figure 6, the building is 84
square meters in size and is a private residence completed in
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2013. The building includes green building technologies such
as solar energy and natural ventilation using what is known
as stoves, a pattern of traditional architecture in Palestine, as
well as water recycling Gray, and building materials from the
local environment as well as finishes [60].

To sum up, there are about 1, 195, 848 residential
buildings in Palestine according to the general census of
2017 [61], the number of green buildings of the total number
almost does not mention, There are individual pilot attempts
to build green buildings, but the Palestinian public does not
have enough awareness or interest in the term green
buildings as a way of living and integrating with nature,
climate and energy sources.

Finally, what can be said, that Palestine does not have
sufficient control over its natural resources, One of the basic
rules of the Green Building is to use the available natural
resources so that the Palestinians will find themselves forced
to follow the principles of the Green Building during
construction. This is done only by strict legislation and
regulations with incentives for green building. A thousand
miles start with the necessary laws, legislation, and
awareness [4, 55].

[Source: https://www.shamsard.com/architecture]

Figure 5. Kaykab Ecology Museum.

[Source: https://www.shamsard.com/architecture]

Figure 6. Moon house.

Research Limitations

Although we highlighted the current situation of the green
building in Palestine, and this is the goal of the work from
the beginning, but there were a lot of research parameters
that prevented further expansion in the search:

a) The lack of studies in Palestine that contribute to the
definition of green building concepts, energy-saving
building systems and the risks of climatic predictions
that have become clear, due to the increase in global

warming [37].

b) The absence of standards for the design stages of the
green building in Palestine helps the Owner or
Contractor to make decisions during the design phase
and to choose building systems and materials that
appear to be simple and routine, but are in fact
becoming very dangerous, directly affecting our
environmental occupants. Health and economic [36].

¢) Most of the studies available in traditional construction
focused on the form of building and used building
materials, and did not give sufficient attention to the
building and its suitability to the surrounding environment.

Analysis of the Possibility of Adopting Sustainable
Construction in Palestine as a Long-Term Strategy,
Strengths, and Weaknesses

This analysis will determine our current position and our
future direction within a long-term strategic framework. It is
important to know that any strategic plan ready has
succeeded in several countries around the world that may not
fit Palestine, which is characterized by a very special
situation. The promotion of the sustainable building sector is
closely related to several areas including social, economic,
political, cultural, technological, legal and environmental
issues. This is an invitation to the decision makers to view
this work as a reference that highlights the current state of the
green building and approved its development and adoption as
a national strategy contributing to the independence of the
energy sector in Palestine.

1 Strengths

a) The attention of the Palestinian Government, the Energy
Authority and the engineer’s association to achieve a
renaissance in this sector.

b) Access to alternative clean energy resources available in
Palestine, such as solar, wind, biomass energy.

c) Take advantage of our cultural heritage, since traditional
old buildings were more sustainable than modern ones,
in terms of thermal insulation, shading, steering, and
ventilation.

d) The possibility of benefiting from the Jordanian
experience in the subject of green building, especially
that Jordan shares with Palestine characteristics of
climate, culture, technology and building materials [36].

1I. Weaknesses and Challenges facing Palestine towards
sustainable green building

B. Atawneh in 2015 [36], summarized the difficulties
facing sustainable development buildings in Palestine:

The limited availability of financial support for green
building projects in Palestine is a major obstacle for the
Palestinians, especially with the high cost of some
technological aspects in the energy-saving buildings. In
addition, the low income of the Palestinian citizen makes him
think of the lowest initial costs of building a building. And
the concept of green building.

a) Absence of laws and legislation, there is no
governmental regulatory framework to compel citizens
to meet the minimum requirements of green buildings.
There is no legislation by the municipalities and local
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councils that regulate the work of the requirements of
the green building in Palestine, in addition to the
absence of the awareness and guidance role in order to
encourage the public, as many regulations around the
world such as new California T-24, its goal is having all
residential buildings to be green by 2020, and all
commercials by 2030 [63].

b) Lack of trained human resources, this is due to the very
low number of qualified engineers who have learned the
origins of green building design.

c) The Nature of building materials, In the past, the
Palestinian used building materials to suit the nature of
his area, in other words, he created materials from the
local environment that fit the region's climate. In fact,
this is one element of sustainability. At present, all
construction materials with different areas consist of:
natural stone, concrete, concrete bricks, and some use
thermal insulation layers which are not commonly used
in Palestinian homes.

The natural stone itself is one of nature's inaccessible
resources, and thus it is a material that is not permanent [34],
and the stages by which natural stone passes from extracting
to manufacturing and even transport, are itself processes that
hurt nature.

a) The lack of designers combining traditional
architectural design techniques with energy efficient
systems saves energy mainly on mechanical and
electrical solutions that integrate architectural and
structural design, so we need designers who have the
skills to design a green energy-saving building.

b) The Palestinian public does not pay much attention to
heat insulation materials, because the high price
increases the initial cost. This is one of the obstacles
that prevent the spread of the use of insulation
materials, thus increasing the load on energy to achieve
the desired thermal comfort by installing air
conditioning and cooling.

Even if the insulation materials are used, it is used in a
random manner that is not based on thermal calculations, and
there is no consideration of the different climatic zones in
Palestine

a) Few designers or people pay attention to the different
climatic zones in Palestine, and this in itself is one of
the most important obstacles to the existence of designs
to build energy conserves and adapts to the surrounding
environment.

Along the West Bank, there are 5 climatic zones, and two
in Gaza. This means that there is a new challenge in
designing green buildings. Every climate zone has its own
design and building materials that suit it.

b) There is no mandatory legislation on the use of thermal

insulation, which cost millions of dollars.

11. Conclusions

This work presented a long review of the green building
sector in Palestine in terms of the research carried out in this

field, the projects that were implemented, the institutions that
were interested in developing this sector, in addition to the
most important achievements.

Let us agree that there is a keen interest from the
government, the Engineers Syndicate, the Ministry of Local
Government and the Supreme Council for Green Building, in
the sense of the sustainability of the buildings in Palestine
and that there is full awareness among these parties that the
green building combined with the abundance of clean energy
sources in Palestine is a big step towards the independence of
the energy sector.

But If we ask the following question: What percentage of
housing units established in 2017 in the West Bank and Gaza
Strip according to green construction standards and
specifications? The ratio is very marginal, almost zero, although
the risk inherent in financing the green building market is
marginal, given the expected future savings. In recent decades,
tens of thousands of buildings have been built in the West Bank
and Gaza Strip, without taking into consideration the
specifications of green building and thermal insulation. Many
people avoid providing quality environmental insulation in
buildings, claiming to be costly. Palestinian, we can say that the
culture of construction is characterized by excessive waste;
buildings and apartments are adopted in a completely inefficient
way. The Palestinian construction sector is very conservative
and it is difficult to introduce new technologies that have gained
momentum all over the world.

The Palestinian Authority areas lag behind many others. It
is common for the world to bridge the gap between relatively
high initial investment in sustainable construction on the one
hand and future financial savings and benefits on the other,
through the use of various financial instruments provided by
public and private sector financing. These include facilities
and financial exemptions, loans for government bailouts and
improved green leases, as part of government plans, as well
as "green" loans for the renovation of properties and houses
granted by commercial banks during the buying and selling
process. The question is: Why do not attractive financial
instruments that are applicable to green building encourage
us to change this reality? First, it must be agreed that green
construction involves not only financial savings and
environmental service; its advantage is that it requires more
serious planning and stronger cooperation among all those
involved in the construction process.

As green architecture is voluntary and non-binding,
economic incentives including tax cuts on green goods,
subsidies and soft loans for green building, support for
energy-saving systems, and the private sector initiative to
provide incentives such as green building insurance, and to
give preference in housing loans to green buildings. In short,
the first step towards a sustainable and independent future in
Palestine is the laws and legislation that are binding on the
conditions of sustainability in buildings, in addition to
activating financial instruments that stimulate the private
sector to invest in green building, in addition to raising public
awareness of the economic and health benefits of the
Palestinian people. The current situation will not be
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overnight in Palestine, but there is always a first step in the
march of a thousand miles.
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