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Abstract

1. Introduction

Improving the energy eﬃciency of buildings is proposed
worldwide to be considered as part of the overall solution to
the problems associated with the use of conventional energy
in buildings. The tendency of producing more energy eﬃcient
buildings has, additionally, special importance in the Gaza
strip, considering the severe energy deﬁcit that has been
suﬀering from in recent years. It is evident that buildings
sector consumes the main bulk of electricity supplied to the
Gaza strip. Accordingly, this research aims to ﬁnd out the
potential of reducing the energy consumption of buildings
through the proper selection of wall construction materials.
For this purpose, the research examines the eﬀect of the
thermal properties of various wall combinations on the annual
required energy for heating and cooling. Computer programs
were used to simulate the various cases and to calculate the
amount of energy required. This includes, a simple calculator
developed by the author based on the steady state method
of Cooling Load Temperature Diﬀerence (CLTD). In addition,
Ecotect program was used also to carry out the simulation
and validate the results. The outcome of the research reveals
clearly that the thermal properties of wall building materials
have a signiﬁcant eﬀect on the amount of energy consumed by
buildings. It was concluded that applying the U-value of walls
(1.8 W/m2.k) recommended by the local Energy Code results in
a reduction of 22% in the required heating and cooling energy
of residential buildings in the Gaza strip.

It is estimated that buildings consume about 25%-30% of
the total energy use worldwide. The majority of such energy
consumption is utilized to ensure thermal comfort in buildings
through heating and cooling applications [1]. It is evident that
reducing energy consumption of buildings has become vital,
taking into considerations the limitation of conventional energy
resources and the adverse eﬀects associated with the use of
such type of energy on the environment [2]. Energy eﬃcient
buildings has emerged as a new approach to encourage using
natural resources and reduce the energy requirements to
maintain indoor comfortable conditions [3]. Buildings, in this
case, are designed, as a prerequisite, in a way that to ensure
minimum heat gain in summer and heat loss in winter in order
to reduce heating and cooling loads. Therefore, selecting the
proper thermal properties of a building envelope play a major
role in determining the energy consumption patterns and
comfort conditions in enclosed spaces [4].

Keywords: Thermal performance, Energy eﬃciency, Building
design, Wall components.

As part of the buildings envelope, walls account for a signiﬁcant
proportion of heat loss and gain [5] . Almujahid, et al. (2013)
reported that about one third of heat loss occurs through walls
in the case of un-insulated brick veneer dwellings [6]. Therefore,
it is critically important to determine properly the thermal
transmittance of walls when assessing the energy performance
of buildings. It is worth mentioning that many previous studies
have conﬁrmed the beneﬁts of improving the envelope thermal
properties on the consumed energy of buildings. Fang et
al. (2014) investigated the eﬀect of wall insulation on the
thermal performance of two types of constructed test rooms
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in China. They concluded that the well-insulated room reduces
the required cooling energy by up to 23% compared with the
other un-insulated normally constructed room [7]. Thormark
(2006) reported that improving the thermal insulation of the
building envelope will considerably reduce the energy required
to operate the building [8]. Mishra et al. (2012) estimated the
optimum thickness of wall insulation materials as a way to
reduce the energy consumption of buildings in India, taking
into consideration the cost of insulation and energy over the
life time of the building [9]. The results of the simulation study
carried out by Yoshimi et al. (2011) concluded that covering
the external walls with vegetation results in reducing the heat
gain and loss and consequently lowering the required heating
and cooling loads of buildings [10]. Almujahid et al. (2013)
examined the thermal performance of real test walls with
three diﬀerent combinations in the climate of Riyadh City with
the aim of ﬁnding out the eﬀect of wall materials on a building
thermal behavior [6].

the daily average minimum temperatures are 21° and 11° C
in summer and winter respectively. The average number of
yearly sunshine hours is 2863, and the sun shines in 300 days a
year. The daily average solar radiation on a horizontal surface
is about (222) W/m2 . The average relative humidity ranges
between 65% in winter and 73% in summer, with September
and October the most humid, whereas, January and February
are the less humid. Rain falls only in winter with a yearly
average of about 271.5 mm [13].

This paper focuses on the eﬀect of walls thermal transmittance
on the required heating and cooling loads. It investigates the
energy performance of a typical house building in the Gaza
strip with various options of wall components. The simulation
was carried out using a simple calculator developed by the
author based on a steady state Cooling Load Temperature
Diﬀerence (CLTD) method developed originally by ASHRE in
(1975). Ecotect program was also used to estimate the energy
consumption of the building in summer and winter. The study
aims to explore the potential of saving energy in residential
buildings through improving the thermal resistance of walls.
This approach of building design and construction has been
recently introduced as part of the overall solutions to the
problem of energy shortage in the Gaza strip. In spite of the
importance of this tendency, very few studies have been carried
out, in the local context, to ﬁnd out to which extent applying
the values of thermal transmittance of walls recommended
by the Palestinian Energy Code, [11], will reduce the energy
consumption. Therefore, this study comes in an attempt to
ﬁll the gap and introduce the results of an investigation that
corresponds to the local context in terms of the local climatic
conditions, building materials, and methods of construction.

The total electricity load supplied to the Gaza Strip today is
about 197 MW coming from three sources as follows: the Gaza
power plant (60 MW), the Israeli electric company (120 MW)
and Egypt (17 MW). The actual requirements for electricity
in the Gaza strip are, however, estimated to be about 300
MW, which means that there is a shortage of about 100 MW
(34% of the total needs). As a result of the electricity load
shortage, the electric current is cut oﬀ at least eight hours
per day, causing disruptions in economic activities and all
aspects of live. It should further be noted that the electricity
demand increases by about 10 - 15 MW annually as a result
of the natural population growth and the expansion in various
sectors, including the housing and domestic sectors, thus
further aggravating the electricity shortage [14].

2. The Gaza Strip Climactic Conditions
The Gaza Strip in Palestine is considered a transition zone
between the coastal area wetlands and the dry desert region
(Sinai desert in the south-west and Negev desert in the southeast). It is located in hot humid region on longitude 340 26’
east and latitude 310 10’ north [12]. The climate in the Gaza
Strip is mild rainy in winters, and hot dry in summers subject to
drought. Temperatures are generally high with a daily average
of 24°C in summer (from May to August) and 15°C in winter (from
November to February). However, the daily average maximum
temperatures are 27° C in summer and 19° C in winter, whereas

3. The Energy Situation in the Gaza Strip
The Gaza strip has almost no conventional energy sources,
wherefore it is almost totally dependent on the electricity and
fossil fuel imported from abroad. As a result of the combined
eﬀects of the unstable political situation, blockade, and weak
economic situation, the Gaza strip has been suﬀering from a
severe energy deﬁcit and a worsening balance between supply
and demand in recent years.

The distribution of the total annual electricity consumption
in the Gaza strip among various sectors clearly reveals that
the domestic and residential sector consumes the main bulk
of electricity; about 70% of the total consumption [15]. This
indicates that domestic sector should be the focus of any plan
to reduce the per-capita electricity demand in Gaza in the future.
Improving energy-eﬃciencies in buildings as far as possible, is
proposed as part of an overall solution to the energy problems
in the Gaza strip. Applying energy conservation and eﬃciency
measures in residential buildings is highly recommended to
improve the overall energy situation in the Gaza strip. Energy
eﬃcient buildings are expected to contribute to minimize the
dependence on inadequate conventional energy sources in
Gaza, reduce the adverse environmental eﬀects caused by
burning fossil fuels, as well as help easing the energy crisis.
4. Thermal Performance of a Building
The thermal performance of a building refers to the process
in which the building interact with the internal and external
inﬂuential conditions. The main aim of investigating the

28 - 30th May 2015 | Ankara - TURKIYE
thermal performance is to estimate the energy required to
achieve thermal comfort in enclosed spaces, and consequently
to size the equipment required for such purpose. There are
various factors that aﬀect the thermal performance of a
building including geometrical parameters, thermal properties
of materials, climatic conditions and the building usage [16].
This paper concentrates mainly on the eﬀect of wall thermal
properties on the thermal performance of a building. Thermal
transmittance (U-value) was taken primarily to describe the
thermal performance of wall components. U-value is the
rate of steady-state heat ﬂow; it describes the ability of wall
components to conduct heat, measured in (W/m².K). It depends
on the thermal conductivity and thickness of wall building
materials [17].

The calculations are made in the absence of solar radiation,
and assuming minimum out door temperatures, which usually
occurs in winter early in the morning before the sunshine.
5.1.2 Estimation of Cooling Load
Similarly, the total cooling load equals the total heat gain of the
building including the external and internal gains. The external
gains consists of heat transfer through the building envelope
by conduction, radiation, and fenestration. The total external
gains is added to the internal gains, which consists of sensible
and latent heat transfer from people, equipment and lighting.
The calculations take into account maximum solar radiation,
in addition to maximum average external temperature, which
usually occurs in the hottest period of summer.

5. Parametrical Study
A parametrical study was conducted to ﬁnd out the eﬀect
of wall thermal properties on the consumed annual energy
of buildings in Gaza. The study was carried out using a
computerized calculator developed by the author depending
on the mathematical model of Cooling Load Temperature
Diﬀerence (CLTD) and Solar Heat Gain Factor (SHGF) which
was developed originally by ASHRAE in (1975) [18]. (CLTD)
is used for estimating fabric heat gain, whereas, (SHGF) is
used to estimate heat transfer through fenestration. Ecotect
program, was also used to validate the results and ﬁnd out to
what extent the developed program is reliable, in addition to
estimating the energy performance of the examined cases. The
following sections presents more details about the tools and
the assumptions of the study.

Figure 1. Window of heating load calculations.

5.1 Description of the Developed Model
The developed model is based on the algorithms of (CLTD/
SHGF), which were programed using Visual Basic programing
language. The resulted model is a computerized calculator
with three diﬀerent interfaces. This was done with the aim of
facilitating carrying out this study and similar ones easily and
to avoid tedious manual calculations. In addition to the main
calculator interface, there are two windows, one for heating
load calculations and the other for cooling load calculations,
Figure 1, 2. To use the calculator, some data have to be entered
ﬁrst to specify the design conditions, the building parameters,
thermal properties of the building fabric, and solar and internal
gains. The theoretical background behind the two diﬀerent
calculations can be summarized as follows, according to
ASHRAE (1997):
5.1.1 Estimation of Heating Load
Since a steady state is assumed, the total heating load is
equal to the total heat loss from the building. Therefore, the
total sensible and latent heat losses from the building envelop
including walls, windows, roof, ground and doors are estimated.

Figure 2. Window of cooling load calculations.
5.2 Building Walls in the Gaza Strip
Concrete blocks are considered the most widely used building
material for walls construction. It is used either with or without
cement plaster as an external ﬁnishing surface. The external
walls of buildings are usually made of 200mm concrete blocks,
whereas, internal walls are made of 100mm, 120mm or 150mm
concrete blocks. Thermal insulation is not usually used as part
of the walls construction materials, due to its high initial cost,
in addition to the lack of awareness of its beneﬁts in reducing
the heating and cooling energy requirements. Table 1. presents
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the thermal properties of some common wall construction
components in Palestine, according to the Palestinian Code of
Energy (2004), [11].

Table 1. Thermal properties of common wall components.
Reproduced from [11].
Width
(m)

Thermal
Conductivity
(W/m.K)

Cement plaster

0.03

1.20

Concrete blocks

0.15

0.90

Thermal insulation

0.03

0.04

Concrete blocks

0.10

0.90

Cement plaster

0.02

1.20

Natural stone

0.07

1.70

Concrete

0.20

1.75

Thermal insulation

0.03

0.04

Concrete blocks

0.10

0.90

Cement plaster

0.03

1.20

Cement plaster

0.02

1.20

Concrete blocks

0.20

0.90

Thermal insulation

0.03

0.04

Cement plaster

0.03

1.20

Natural stone

0.07

1.70

Concrete

0.20

1.75

Thermal insulation

0.03

0.04

Cement plaster

0.03

1.20

Natural stone

0.07

1.70

Concrete

0.20

1.75

Air gap

0.05

0.28

Concrete blocks

0.10

0.90

Cement plaster

0.03

1.2

Cement plaster

0.30

1.20

Concrete blocks

0.10

0.90

Air gap

0.05

0.00

Concrete blocks

0.10

0.90

Cement plaster

0.02

1.20

Cement plaster

0.03

1.20

Concrete blocks

0.20

0.90

Cement plaster

0.02

1.20

Natural stone

0.07

1.70

Concrete

0.20

1.75

Cement plaster

0.03

1.20

Cement plaster

0.03

1.20

Concrete

0.20

1.75

Cement plaster

0.02

1.20

Layer

1

2

3

4

1016

5

6

7

8

9

U-value
(W/m2.K)

0.80

with the recommended average range (10%-15%) according
to the climatic conditions of Gaza [12]. It should be mentioned
that residential buildings take various forms in the Gaza strip
including, detached, semidetached, and multistory buildings
with various number of apartments in each story. This building
was selected to represent such types of buildings, taking into
consideration that the special design parameters of each type
should be considered in any speciﬁc or detailed study targeting
any of them. Table 2. shows the speciﬁcations of the examined
building elements, while Table 3. presents the temperatures
and ventilation rates considered in the study.

Table 2. Design parameters.
Element

Components

U-value
(W/m2.k)

0.82

0.84

0.9

1.53

Area (m2)

Walls

Vary

Vary

North elev. 35,
East elev. 24,
South elev. 38.34,
West elev. 25

Roof

Plaster
(inside),
Hollow
block
Concrete slab, foam
concrete and water
proof.

2.36

142.5

Glass

Single
glazed
with metal frames
windows.

6.0

North elev. 5.2,
East elev. 3.56,
South elev. 5.16,
West elev. 2.6

Door

Wood

3.0

3.3

Floor

Concrete solid slab
covered by mosaic
tiles.

0.55

142.5

Table 3. Temperatures and ventilation rates
1.58

2.25

Season

Indoor
temp. (Cº)

Outdoor
temp. (Cº)

Underground
temp (Cº)

Ventilation
rate (ac/hr.)

Winter

19

9

10

1

summer

26

32

10

1

2.77

2.98

5.3 Parameters of the Examined Building
To ﬁnd out the eﬀect of thermal properties of building walls
on the required heating and cooling loads, a typical example
of residential buildings was examined. It is a single apartment
detached house with an area of 142.5 m2, taking a rectangular
shape with dimensions of 9.5m width and 15 m length, Figure
3., 4. This type of buildings is common in the Gaza strip in terms
of the distribution of its internal spaces, form of building and
windows area and shape. The windows area (16.5m2) is about
12% of the total area of external walls, which corresponds

Figure 3. Plan of the examined house, [12].
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The calculations were carried out using Formula 1. Figure 6.
clariﬁes the symbols used in Formula 1.

Figure 4. Perspective of the examined house, [12].

6. Results
The heating and cooling loads of the examined building was
estimated using the developed calculator considering the
various wall construction options presented in Table 1. Figure
5. shows that the required loads increase gradually with
increasing the corresponding walls U-value, i.e. decreasing
the thermal resistance of the wall materials. This conﬁrms the
overall agreed on tendency that the lower the U-value of walls
is, the lower will be the loads required to maintain comfortable
conditions in the building.

Figure 6. Symbols used in the Formula 1.

Aluminum framed windows with diﬀerent speciﬁcations were
selected to carry out the study, since they are the most popular
in the Gaza strip. Table 4. shows the optimum U-value of wall
opaque materials that corresponds to each case of windows
U-value.

Table 4. Calculated U-value of wall opaque materials.
Cases

Figure 5. Relationship between wall U-values and the
required loads
6.1 Meeting the Energy Code Requirements
According to the Palestinian Energy Code of Buildings [11], the
total U-value of external walls including windows and opaque
elements should not exceed 1.8 (W/m2.k). However, the code
does not specify separately the U-value of windows and that
of wall opaque materials, which may diﬀer from one case to
another depending on the area and thermal properties of each
of them. For the purpose of ﬁnding out the optimum U-value
of opaque wall materials, that ensure meeting the code
requirements, manual calculations were carried out taking
into consideration four diﬀerent cases of window U-values.

Windows
U-value

Opaque
wall
U-value

Total walls
U-value

6.0

2.34

2.78

Ref.

Single
windows

glazed

1

Double
windows
space)

glazed
(6mm

4.0

1.47

1.8

2

Double
windows
space)

glazed
(16mm

3.6

1.52

1.8

3

Double
glazed
windows (16mm
space, ε=0.05)

2.6

1.66

1.8

4

Single
windows

6.0

1.20

1.8

glazed

It is clear that to maintain a total U-value of external walls
equals 1.8 (W/m2.k), the thermal resistance of wall opaque
materials have to be increased as the resistance of windows
decreases, Figure 7. This inverse relationship between the
thermal properties of the two elements indicates that windows
thermal properties play a major role in specifying the thermal
properties of the rest of walls. Therefore, windows thermal
properties and area should be carefully speciﬁed, in parallel
with choosing the wall opaque components.
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Accordingly, it can be concluded that the U-value of external
walls of most buildings in the Gaza strip is less than desirable.
This is referred to the fact that the majority of external walls of
such buildings are made of plastered 200mm concrete blocks
and single glazed aluminum farmed windows with a total
U-value estimated to be 2.78 (W/m2.k). In this case of windows
speciﬁcations, the U-value of opaque wall materials should
not exceed 1.20 (W/m2.k) according to Table 4., which is not
the case with the commonly used plastered concreted blocks,
that has a U-value equivalent to 2.34 (W/m2.k). And even, in
the best possible case, if double glazed metal framed windows
with a U-value of 4 (W/m2.k) was used, it is still higher than the
recommended value to meet the code requirements.

conductance of each separate layer. The calculation results
were also validated using Ecotect program, which has the
facility of creating wall combinations and estimating their
thermal properties.
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Figure 7. Relationship between windows and opaque
walls U-values.
6.3 Improvement of Wall Thermal Properties
To increase the thermal resistance of opaque wall materials,
some improvements on the wall of concrete blocks were
carried out. This includes making double wall with various
thicknesses. Figure 8. shows some suggested wall components
that consist mainly of concrete blocks with additional layers of
air or thermal insulation. Each wall option corresponds to one
of the various possible cases of window thermal properties,
as shown in Table 4. The U-value of each wall option was
carefully selected in a way to ensure that the U-value of the
total combination of wall opaque and window surfaces equals
the recommended value by the code (1.8 W/m2.k). It should be
mentioned that, generally, a particular U-value of wall opaque
materials can be achieved with various combinations of layers.
This provides ﬂexibility for designers to choose wall layers that
fulﬁll the requirement, considering the materials availability
and costs. Accordingly, the suggested options of walls (Figure
8) are presented as examples of possible wall combinations,
taking into considerations the most commonly available
building materials in the Gaza strip.
The U-values of the suggested wall options were calculated
using manual method depending on the thickness and thermal

Figure 8. Suggested wall options.

6.4 Eﬀect of Wall Thermal Properties on the Required
Energy
The thermal performance of the examined building was simulated
using the diﬀerent cases presented in Table 4. The simulation
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was carried out using both the developed calculator and Ecotect
program as a validation tool. In addition, the energy consumption
of the building for heating and cooling was also estimated using
Ecotect throughout the year. As a way to ﬁnd out the extent to
which the suggested cases will improve the thermal performance
of the building, the common case of wall components in Gaza was
taken as a reference case for the comparison. The wall reference
case represents the most commonly type of wall materials used
in the Gaza strip, which is made of plastered 200mm concrete
blocks with a U-value of 2.34 (W/m2.k). Figure 9. shows that
the estimated heating and cooling loads required to maintain
a comfortable conditions in the building. It is clear that the
amounts of heating and cooling loads of the suggested cases are
almost constant. The trend of the resultant values by both tools
is identical, although, the results of Ecotect is higher than that of
the calculator with an average of 20% for heating loads and only
about 2.5% for cooling loads.
This means that choosing any option of U-values for the
combination of opaque wall materials and windows will result
in nearly the same thermal performance and load requirements.
It is also evident that choosing any of the suggested options
will reduce the heating and cooling loads of the reference case
with 24% and 6% respectively. The low reduction percentage
of the cooling load due to the improvement of wall thermal
properties is referred to the signiﬁcant eﬀect of the roof in
transferring heat to indoor spaces due to its long exposure to
solar radiation. In addition to the eﬀect of transparent windows
glass, which also allow a considerable amount of solar
radiation to penetrate into the internal spaces, and convert to
heat. This indicates that to have full advantage of reducing the
U-value of walls, the solar radiation penetration on both roof
and windows should be controlled through shading devices or/
and increasing the thermal resistance of roof, in parallel with
increasing the reﬂectivity of windows glass to control the
transmitted short waves of solar radiation.

6.4 Energy Requirement of the Building
The trend of the required energy amounts for heating and
cooling estimated by Ecotect is similar to that of the required
loads, Figure 10. It is evident that using any of the suggested
wall combinations (U-value) will result in a reduction in both
heating and cooling energy requirements throughout the year
with about 22% compared with that at the reference case.
This clearly indicates that improving the thermal resistance of
walls and applying the values of wall thermal transmittance
recommended by the Energy Code will be advantageous, and
will lead to a considerable improvements in the buildings
thermal performance in the Gaza strip. This result agrees with
the that achieved by Fang et al. (2014) who conﬁrmed that
improving the thermal resistance of a tested room walls will
reduce the cooling energy by 23% as mentioned early in the
introduction.

1019

Figure 10. Estimated heating and cooling energy of the
building

7. Conclusion
The thermal properties of wall building materials has a
signiﬁcant role in determining the thermal behavior of
buildings. Therefore, selecting the proper wall components
is of a considerable importance in creating energy eﬃcient
buildings that consume less energy to maintain comfortable
conditions in enclosed spaces. It is evident that this approach
of building design contributes signiﬁcantly to create more
sustainable built environment, with minimum adverse eﬀect on
the environment. It has also an additional importance in the
Gaza strip, taking into consideration the local energy crisis
prevalent for several years, and the urgent need for energy
saving.

Figure 9. Estimated heating and cooling loads of the
building

It was concluded that, the heating and cooling loads of
buildings in the Gaza strip are gradually reduced, as the wall
U-value is lowered. Windows U-value has a signiﬁcant eﬀect
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on determining the total wall U-value, and therefore, it should
be carefully speciﬁed in parallel with opaque materials. It was
found that the most widely used wall materials in the Gaza
strip, which are made of plastered 200mm concrete blocks, are
less than desirable and insuﬃcient to meet the requirements
of the Palestinian Energy Code. Accordingly, buildings that use
such type of opaque wall materials and single glazed aluminum
framed windows are energy ineﬃcient. To improve the thermal
performance of buildings, the thermal properties of walls
need to be improved. For this purpose, four diﬀerent cases
of wall and window combinations that meet the requirement
of the energy code in terms of U-value, were suggested and
simulated. The results indicated that meeting the U-value of
walls recommended by the code will result in a reduction by
24% and 6% in the heating and cooling loads respectively.
In addition, the total heating and cooling energy required to
maintain comfortable conditions in buildings during the year
will be reduced by 22%.
This clearly indicates that improving the thermal resistance
of walls will be beneﬁcial, and will considerably lead to save
required energy in the Gaza strip. It should be mentioned that
the roof and windows thermal properties of buildings should
also be improved in accordance with the energy code to have
full advantage of improving the walls thermal transmittance.
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