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Abstract
Energy demand overall the world increases rapidly in various sectors, one of
the highest energy consumption sector is the building sector. Installation of
PV systems is one of the solutions to cover this demand and will serve in
promoting energy efficiency in the Palestinian municipalities in decreasing
the electricity bill, and using the saved money in constructing new projects
and improving the level of services provided to citizens. In this work,
Al-Dahriya municipality has been taken as a case study. The municipality installed 20 KW of photovoltaic panels on the roof of the main building in
2015. The cumulative values for one year after installation the PV system
represent a total consumed electricity by the main building was 71,506 kw,
while the total generated power by the PV system that transferred to building
was 32,664 kw, and 5323 kw exported to the grid with total generated power
by PV system was 37,987 kw. The participation of energy that produced by
the photovoltaic system is 53.12% of the total power demand of the building.
The value of generated power varies between the summer months and winter
months through the difference of the solar radiation intensity and the number of shinning hours, the largest reading of solar radiation intensity is in the
summer months. The study ensures the importance of applying selected
thermal insulation materials in order to decrease the heat transfer through
the boundary wall of the building. Furthermore, this study covers the other
buildings and utilities of municipality and recommended with certain issues
in order to promote energy efficiency.
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Municipality

1. Introduction
The population overall the world is growing rapidly, this growth is associated
with the development for a huge number of sectors, development in industry,
technology, economy, service, commercial, and agriculture sector, this development requires more energy. Traditional sources of energy have a significant
harmful effect on the environment and human through emission of CO2. Natural gas and oil that used in electricity generation, heating and cooling in buildings have a big participation in generation of CO2 emissions [1]. Renewable
energy can supply two-thirds of the total global demand, and significantly participating in decreasing CO2 emissions for the coming three decades [2].
Palestine imports 100% of its fossil fuel from other countries about 87% of its
electricity imports [3]. In addition, high population growth, high living standards and rapid industrial progress have led to an increase in energy demand in
Palestine recently. Total energy consumption per citizen in Palestine is the lowest in the region (0.79 megawatt hours per year for citizen) and costs more than
anywhere else compared to the countries of the Middle East. So, it is necessary to
generate electricity from renewable energy resources in order to solve this insecure situation.
One of the main institutions which has an impact on human services is the
local organizations or municipalities. The Palestinian municipalities are like all
municipalities overall the world who concern in supplying services in the regions
that belong to it, these services contain the supplying of water, electricity, collecting solid waste, and other services. Few Palestinian municipalities supply the
electricity, while the most of municipalities depend on the electricity distribution
companies that working in the region. The weakness of Palestinian municipalities due to the lack of resources is affecting on the potential of municipalities to
construct the projects and decreasing the ability for investments. That also has
its impact on the commitment of municipalities to pay the electricity bill to the
electricity supplier. The value of bill is directly proportional to the amount of
consumed electricity which depends on the number of employees and users, the
total area and number of buildings and utilities, the nature of building materials
that used in the construction of the building, and properties of used instruments
and devices in the buildings.
Al-Dahriya municipality has been chosen as a case study to carry out this
work due to some reasons: the classification of Al-Dahriya municipality as a
large municipality which has six utilities, and more than 100 employees. Al-Dahriya
municipality has installed the photovoltaic boards on the roof of the main
building, which enables us to study the impact of using this PV system on the
main building in order to save the electricity bill, and comparing the saving of
DOI: 10.4236/sgre.2021.122002
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power between the main building and other utilities. Al-Dahriya town located in
the southern part of the West Bank 31˚24'35"N, 34˚58'24"E, as shown in Figure
1, with the semi-desert climate make it one of the most suitable locations for applying solar power systems as a part of successful renewable energy resources.

2. Promoting Energy Efficiency in the Buildings
The term “promoting energy efficiency in the buildings” meaning that the
achieving of the minimum sufficient limit of power in order to manage and operate that buildings or utilities for the various aspects including lighting system,
power system, HVAC system, and control system [4]. Achieving all of that by
the minimum possible cost. Promoting energy efficiency can be achieved by applying some of particular measures, Smart control of lighting systems, the using
of suitable construction materials and selected insulation materials, led lights,
increasing the awareness of employees regarding the perfect usage of utilities,
and using renewable energy resources, these are the most common used measures to achieve more efficient power. A lot of municipalities have been started
retrenchment in order to do balance between incomes and spends. Because of
the electricity bill is one of the highest costs, big efforts must be done to decrease
the value of electricity bill through what we call “promoting energy efficiency in
the buildings belong to the municipality”. Applying the concept of energy efficiency leads to decrease the municipalities expend on the electricity bill, and able
the municipalities to use that saved money in constructing new projects and
Improving the level of services provision to citizens. Increasing the energy efficiency in residential, commercial, and industrial sectors can reduce air pollution
emissions and greenhouse gases significantly [5]. Several studies have been discussed the promoting of energy efficiency from different points of view. Vigna,
et al. 2018 [6] presented that, the physical connection to the same grid of building clusters allows the exchange of energy between buildings (e.g. PV panels installed in one building produce energy that can be used also by the other buildings) or from a central source toward the buildings (e.g. district heating). While,
Allouhi, et al. 2015 [7] highlights on the buildings thermal regulation, called also
thermal codes, which are a set of legal and mandatory requirements for building
design and their compliance provisions during the construction period aiming at
promoting energy performance of buildings. Another study [4] showed that the
transitioning from conventional energy systems is not a change of technology
only but also requires shifts in societal practices, institutions, and conventional
governance models. The energy policy includes the suitable planning and the effective design in order to get the appropriate solution for the needed energy efficiency [8]. The study conducted by [9] states that applying energy efficiency
methods will increase the added value to the building in the financial studies.
Maidment, et al. 2014 [10] studied the impact of applying energy efficiency on
the public health of the residents, the study founded that there is a small but significant improvement in the health after applying some of measures like thermal
insulation, double glazing windows, and central heating.
DOI: 10.4236/sgre.2021.122002
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Figure 1. Location of Al-Dahriya Town.

2.1. PV Systems
Solar energy is one of the most widely-used renewable energy sources, this
energy generated by the sun has been used to provide electricity for many years
[11]. The best renewable energy system that could be used in Palestine is the solar system, Palestine is considered as a country of high solar energy potential
since the daily average of solar radiation intensity in it amounts to 5.4 kWh/m2-day.
This value is very encouraging to exploit this energy as far as possible [12]. The
solar energy system in Al-Dahriya municipality was installed in 2015 as a project
funded by Municipal Development and Lending Fund (MDLF), the photovoltaic
panels that have been installed on the roof of the main building consists of 64
photovoltaic panels that arranged in three groups, the first group which located in the first level of the roof contains 16 photovoltaic panels, the second
group located in the second and third level of the roof contains 32 photovoltaic panels, and the last group located in the last level of top roof with 16 photovoltaic panels. The 64 photovoltaic panels have been connected to two invertors, each 32 boards connected to one of the two used invertors. The system
that used for this kind of photovoltaic panels is in-grid net metering system
which have no batteries for storing the electricity. The total power of the used
system is 20 kw, with productivity power of 100 kw/day. Each photovoltaic
panel generates 320 kw, during the observation it has been noticed that the
orientation of the photovoltaic boards groups didn’t matching the orientation
of the building, the direction of the building was directly towards the north
south direction, while the direction of the solar panels were oriented with 20
degree towards the east side. Continuous readings and measurements have
been recorded, Table 1 shows the readings that collected from the day of installing this system on April 2015, up to one year after installation at Al-Dahriya
municipality.
DOI: 10.4236/sgre.2021.122002
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Table 1. PV system readings.

Time

Date

Produced
Produced
Municipality
PV export
PV system
PV system
building
Inverter 1
Inverter 2
to the grid
meter 1
meter 2
consumption (304993273) (304993208)
(2.8.0)
(100813030610) (100813030647)
meter (1.8.0)

Total

Days

Radiation

KW

KW

KW

KW

KW

KW

11/04/2015 1:23PM

1352

1360

531

4491

1368

1374

2742

27

5.077

4/05/2015 11:30AM

2573

2572

1151

7760

2600

2598

2456

23

5.339

1/06/2015

9:30AM

3952

3957

1808

11,765

3993

3957

2752

28

4.914

1/07/2015 11:20AM

5360

5305

2293

15,750

5416

5356

2822

30

4.703

1/08/2015

9:30AM

6686

6613

2788

20,246

6754

6675

2657

30

4.428

2/09/2015 10:30AM

7889

7802

2981

27,589

7967

7873

2411

32

3.767

1/10/2015

8816

8725

3128

33,793

8904

8803

1867

29

3.218

1/11/2015 13:00AM

10,158

10,071

3511

38,993

10,240

10,161

2694

29

4.644

3/12/2015 11:20AM

11,290

11,240

3808

43,830

11,404

11,342

2345

32

3.664

3/01/2016

1:20PM

12,435

12,400

4096

51,475

12,562

12,514

2330

31

3.758

2/02/2016

8:51AM

13,462

13,451

4311

59,968

13,602

13,576

2102

29

3.624

1/03/2016 10:00AM

14,699

14,723

4761

66,288

14,852

14,861

2535

28

4.526

2/04/2016

16,189

16,152

5323

71,506

16,322

16,342

2951

32

4.610

9:00AM

1:30PM

KWh/day/m2

The first raw represents the readings that have been recorded at the first day
after system installation, which shows the generated power by the photovoltaic
system that appears on the two meters which was 2742 kw, and 531 kw was exported to the grid, with total generated power by the system at that day of 3273
kw, while the consumed power by the building at the same day was 4491 kw, the
solar radiation intensity was 5.07778 kwh/day/m2. The cumulative values for the
various measurements have been taken for a one year after installation the photovoltaic boards system, that cumulative values represent that the total consumed electricity by the main building was 71,506 kw, while the total generated
power by the PV system that transferred to building was 32,664 kw, and 5323 kw
exported to the grid, that means the total generated power by PV system was
37,987 kw, the participation of energy that produced by the photovoltaic system
is 53.12% of the total power demand of the building, the value of generated
power was vary between the summer months (May to August) and winter
months (October to February) through the difference of the solar radiation intensity and the number of shinning hours, the largest reading of solar radiation
intensity was in the summer months as shown in Figure 2.
The lack of maintenance is decreasing the efficiency of photovoltaic panels,
The PV panels should be continuously cleaned in order to obtain the maximum
generated power, the presence of a dust on the PV panels will decrease the panels efficiency through decreasing the amount of received sunlight [13] [14] [15]
[16]. According to Köntges, et al. 2014 [17], one of the famous failure is the glass
DOI: 10.4236/sgre.2021.122002
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breakage, which decrease the performance of PV panels on the long term. There
are no recent readings for the PV system, which will lead to the weakness of the
system follow up and decreasing of the monitoring efficiency of the system. To
sum up, there are a numerous influence that affect the performance of PV panels, they are classified into two major groups, the first group is environmental
factors such as: temperature, dust, and shadow, the second group is the installation factors such as: mismatch effects, and angle of inclination or orientation of
PV panels, [18] integrates all the factors that affect the efficiency of PV panels
and representing the losses of power that cased by each factor. The total area of
the roof of main building is 650 m2, while the total area that used for the installed PV system is 100 m2 only, the reason of using this small area of the roof is
the geometry and the orientation of the building, the angle between the photovoltaic boards and the building is large which decreases the number of used
boards, despite of the previous, there are a good free space on the first level of
roof that can be used to install at least 16 photovoltaic boards which will increase
the generated power by the system and promote the energy efficiency in the
building. The other buildings and utilities of the municipality have been studied
through calculating the appropriate area for installing a new photovoltaic boards
system that could be promote the energy efficiency in the municipality overall.
Table 2 shows the total area for each utility and the proposed area that could be
used for installing photovoltaic boards system.

Figure 2. Solar radiation along the months at the site study.
Table 2. The suitable area for implementing PV system in municipality buildings.

DOI: 10.4236/sgre.2021.122002

Building/utility

Total area (m2)

Proposed area for PV system (m2)

The public park

20,000

3500

Entertainment complex

13,000

3000

Cars station

500

500

The cemetery

7500

3000

livestock market

9500

5000
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The total area of all utilities that could be used for installing the PV system
was 15,000 m2, that means a good design for the system can use 10,000 m2 for
the panels and the rest area for the service and maintenance, by using a new PV
system with recent technology and high specification, a greater amount of power
can be generated and used in order to promote energy efficiency in the municipality overall.

2.2. Thermal Insulation
The building sector is considered as the biggest single contributor to world
energy consumption and greenhouse gas emissions. As a response to the increasing trend of energy use in buildings, decision makers and public authorities
around the world adopted policies and measures aiming to reduce energy consumption and promote energy efficiency in buildings [7]. The decreasing of heat
transfer through the boundary wall into the internal side of the building is an
important issue to achieve the comfortable temperature inside the building. The
heat transfers from the side with high temperature to the side with low temperature, the heat transfers from the hot atmosphere to the adjacent external side of
boundary wall of the building by convection, and then it transfers to the internal
side of the boundary wall by conduction, and finally it transfers to the surrounding air inside the room by convection. There are a lot of parameters that
control the amount of heat transferred to inside the building, that parameters
are: characteristics of the materials that used in wall layers, the thickness of each
wall’s layers, the surface area that subjected to heat transfer, and the temperature
difference between inside and outside the building, Equation (1). illustrates the
relationship between those variables and the amount of heat transferred, the
methods and formulas that used for calculating heat transfer have been mentioned in Flori, et al. 2017 [19].

Q=
− KA ∆T ∆X

(1)

where Q is the total heat transferred through the wall, K is the thermal conductivity constant, A is the surface area, ΔT is the temperature difference between
the two-sides of boundary wall, and ΔX is the thickness of each layer of wall’s
layers. In order to find the total heat transferred Q the value of each variable in
the formula must be substituted, to determine the thermal conductivity constant
K the components of the boundary wall materials must be known. The building
materials that used in the most of buildings today are classical building materials
that include stones, bricks, concrete, glass, wood, insulation materials, tiles, and
plastic [20]. At the site of study, it noticed that the boundary wall of the main
building of Al-Dahriya municipality consists of three layers, the layers from the
external side to the internal side was as follows: building stone of 5 cm thickness,
25 cm of reinforced concrete, and 1 cm of internal plastering as shown in Figure
3.
The thermal conductivity constant K for the wall layers are presented in Table
3.
DOI: 10.4236/sgre.2021.122002
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Figure 3. Al-Dahriya municipality wall layers.
Table 3. Thermal conductivity of typical building materials [21].
Material

K (w/m k)

concrete

1.4

plaster

0.8

Gypsum board

0.16

polystyrene

0.032

stone

1.5

The surface area A is assumed to be 1 m2, and the temperature of the internal
and external sides of the wall was measured, the temperature of the building
stone at the external side of the wall T1 was registered a value of 34˚C as an average temperature of August which is the most warming month in Al-Dahriya as
shown in Figure 4, this figure represents the gradient in colors from cool blue to
hot red of the average monthly day and night temperatures in the site study from
1908 to 2018, and the internal temperature of the internal side of the wall T2 assumed to be 24˚C which is the comfortable temperature inside the buildings,
where ΔT is T2-T1, by substituting the values in Equation (1), the total heat
transferred from the external side of the wall to the internal side Q1 can be
achieved, the total Q1 for one square meter equal to 37.45 w/m2.
The decreasing of using air conditioning system (AC) will increase the energy
efficiency, According to Taras, 2017 [23], 39.5% of the energy worldwide in 2016
was used to heat and cool the buildings. In order to decrease the usage of AC,
selected thermal insulation materials must be added to the layers of the wall, the
thermal insulation materials will decrease the heat transfer through the boundary wall. There are a lot of thermal insulation materials that could be used in to
minimize the heat transfer through the walls in order to obtain a comfortable
temperature inside the building, Abu-Jdayil, et al. 2019 [24] studied the thermal
building insulation materials that have been used in the past decades, and the
current insulation materials used, and concentrating on studying the cost, efficiency, and the impact of these insulations on the environment, in addition the
light was shed on the renewable resources and wastes in thermal insulations development. The main building of municipality is already constructed and occupied, that’s require to use selected thermal insulation materials that does not include new dirty civil works, the proposed thermal insulation materials were the
DOI: 10.4236/sgre.2021.122002
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using of 2 cm expanded polystyrene and 1.5 cm gypsum board which will be installed on the internal side of the boundary wall, Table 3, shows the value of
thermal conductivity K for the used thermal insulation materials. Schiavoni et al.
2016 [25] tabulated the various kinds of thermal insulation materials versus the
material density, thermal conductivity, specific heat, and fire classification. By
applying Equation (1), and substituting the values of temperature, thickness of
layers, and the thermal conductivity of layers that used in calculating Q1 and the
new values for the added thermal insulation materials, the new total of heat
transferred per one square meter Q2 can be achieved, the value of Q2 was equal
to 10.14 w/m2. It could be seen that the applying of thermal insulation materials
of 2 cm expanded polystyrene and 1.5 cm gypsum board will decrease the total
heat transferred through the wall for one square meter by 27.31 w/m2, in other
words, the heat transferred inside the building after adding the insulation layers
is less than one third the total heat transferred through the wall before the applying of insulation system, which will decrease the depending on AC and hence
promoting energy efficiency in the building, Figure 5, describes the insulation
layers in the wall.

Figure 4. The average monthly day (top) and night (bottom) temperatures in Al Dahriya
from 1908 to 2018 [22].

Figure 5. Insulation layers [26].
DOI: 10.4236/sgre.2021.122002
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The glass that has been used in the building’s windows is 4 mm single glass
which allows the heat transfer easily through the window, using of double-glazed
window with glass of more thickness and suitable gap between the two glass
boards will decrease the heat transferred through the window. It was seen that
thermal insulation materials that have been used in the building’s walls, a 2 cm
expanded polystyrene and 10 cm hollow concrete blocks will decrease the heat
transfer through the boundary wall, the usage of thermal insulation materials in
the recently constructed projects by municipality confirms the importance of
applying this system in reducing power consumption and promoting energy efficiency in the building.

3. Discussion
Achieving optimal efficient energy system needs to have a wide planning, and
clear vision regarding the importance of applying the renewable energy systems
and using the thermal insulation materials in buildings construction. There are
two major results that have been achieved through this study, the first result illustrates that applying photovoltaic panels system in the main building of
Al-Dahriya municipality saves electricity up to around 50%, the other result indicates that using of appropriate thermal insulation materials can saving the
needed energy up to 70%, this saving in electricity can be achieved through applying of the previous measures that will contribute in promoting energy efficiency in the building. Increasing employees awareness regarding the right use
of municipality’s facilities will increase the energy efficiency, this awareness includes closing the devices and instruments after finishing the work, turning the
lights off during the non-using of facilities, and other measures that could be applied in order to decrease the electricity bill. Applying the mentioned energy efficiency measures would save surely considerable amounts in the electric energy
bill and fuel, and encouraging other municipalities to apply the principle of
promoting energy efficiency. The rapid development and new technologies in
energy sector is to minimize the depending of using traditional energy sources
and increasing the participation of renewable energy sources, LED light fittings
and accessories, modern devices and instruments, and selected building materials have a large participation in promoting energy efficiency in the building.
Promoting energy efficiency in buildings include lighting, heating, ventilation,
and air conditioning (HVAC) end uses as well as motors, reflective roofs and a
variety of other applications. Efficiency selections are made during initial design
of the building, when equipment wears out and is replaced, or during efficiency
upgrades that can occur at any time [27]. Referring to the new technologies, different types of photovoltaic panels have been produced, the specification of
those new PV panels gives more energy generation with minimum size of these
panels, for example the generated energy by the used PV panels in the main
building of municipality is 320 kw, while the new technologies that used in producing new PV panels with high efficiency in the market nowadays gives 580 kw
DOI: 10.4236/sgre.2021.122002
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of produced energy with the same size of the PV panels that used now in the
municipality, which will give the maximum energy with the minimum area
needed for installing this system. The technologies that related in improving
building materials and thermal insulation materials have also growing rapidly, a
lightweight material with high limit of thermal insulation are available in the
market with a competitive prices. There are a lot of barriers that facing the municipalities in order to promote energy efficiency in the buildings, the barriers
that facing the institutions in the developing countries are relatively the same,
according to Painuly, et al., 2003 [28]. Developing countries have tremendous
potential to increase energy efficiency but face several barriers before the potential can be realized. A lack of access to appropriate financing mechanisms is one
of the important barriers.
The municipality is recommended to install a set of 16 PV panels on the west
side of the first roof of main building, which will provide extra generated energy
to the system, the continuous cleaning of the installed PV panels and the replacement of broken boards will increase the energy efficiency that generated by
the system, using of recent PV panels with new technology and high efficiency in
the other buildings and utilities of municipality will decrease the value of electricity bill more than the half.

4. Conclusion
A lot of aspects that could promote energy efficiency in the buildings must be
studied in the future, some of aspects haven’t conducted in this work such as the
effect of using LED lights instead of existing lights, using instruments and devices with new technologies that saving power, and using the electronic control of
the lights. Tan, et al. 2016 [29] reported that the replacing of used instruments
and devices by a more energy efficient one by using the new technologies will
reduce CO2 emissions as well as decrease the energy consumption. Future study
of replacing the split unit of air conditioning system by central heating system or
using chillers is an important way, in order to measure the saved energy by this
replacement, According to Connolly, et al., 2014 [30], heating of buildings including the achievement of hot water for domestic usage consumed around 23%
of the total demand of energy. Al-Dahriya municipality is encouraged to do like
those studies in order to minimize the electricity bill and promote energy efficiency overall the municipality buildings and utilities. Further studies can be
conducted in order to promote energy efficiency in Al-Dahriya municipality, replacing the current lights fittings and fixtures with led lights, and applying an
automatic lighting system that could rise the energy efficiency significantly.
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