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Abstract: Since buildings are one of the major contributors to global warming, efforts should be
intensified to make them more energy-efficient, particularly existing buildings. This research intends
to analyze the energy savings from a suggested retrofitting program using energy simulation for
typical existing residential buildings. For the assessment of the energy retrofitting program using
computer simulation, the most commonly utilized residential building types were selected. The
energy consumption of those selected residential buildings was assessed, and a baseline for evaluating
energy retrofitting was established. Three levels of retrofitting programs were implemented. These
levels were ordered by cost, with the first level being the least costly and the third level is the most
expensive. The simulation models were created for two different types of buildings in three different
climatic zones in Palestine. The findings suggest that water heating, space heating, space cooling, and
electric lighting are the highest energy consumers in ordinary houses. Level one measures resulted in
a 19–24 percent decrease in energy consumption due to reduced heating and cooling loads. The use
of a combination of levels one and two resulted in a decrease of energy consumption for heating,
cooling, and lighting by 50–57%. The use of the three levels resulted in a decrease of 71–80% in total
energy usage for heating, cooling, lighting, water heating, and air conditioning.

Keywords: residential buildings; energy retrofitting; performance simulation; Palestine; design builder

1. Introduction

Green energy refers to renewable energy sources that are regarded to be environmen-
tally friendly. These energy sources aid in mitigating the consequences of global warming,
a rise in the Earth’s average temperature caused by fossil fuel emissions [1–3]. The con-
struction industry is well-known as one of the world’s largest energy users [4]. Buildings’
final energy consumption rose from 118 EJ in 2010 to about 128 EJ in 2019. Their CO2
emissions increased by more than 10 GtCO2 in 2019, accounting for 30% and 28% of global
totals, respectively (IEA, 2020) [5].

Residential energy retrofitting has been recognized as an effective way to encourage
energy efficiency and carbon reduction while also improving people’s life quality [6]. Build-
ings account for 16–50% of overall energy demand worldwide [7], while the amount is
40% in Europe [8,9]. Existing building renovations provide outstanding ways to reduce
electricity consumption and therefore greenhouse gas emissions [4]. After manufactur-
ing and transportation, the construction sector accounts for 40% of overall final energy
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demand [10,11], putting it in the third position [12]. Furthermore, energy consumption in
the urban world is projected to increase by 34% in the next 20 years, at an annual rate of
1.5% [12]. In 2030, the residential sector will account for 67% of total energy demand, while
the non-domestic sector will account for 33 percent [13]. In most countries, buildings have
been the primary energy consumers for cooling and heating [14]. The building industry,
especially current residential buildings, is the largest energy user [15]. The consumption
is mainly caused by a variety of operations, including cooling, heating, ventilation, light-
ing, and operating electrical equipment [15]. As a result, efforts should be focused on
optimizing building efficiency in order to reduce energy usage [15].

Adding thermal insulation, solar shielding, reducing thermal load, updating old
inefficient appliances, and adding green energy technologies are only a few of the energy-
saving steps that can be applied by energy retrofitting programs [16–18]. Improving
the energy efficiency of buildings, especially those that are already in use, is critical for
combating climate change [19]. The primary cause of these trends is the rising of living
conditions and comfort expectations [20]. Improving building energy quality should also
be a priority in the fight against climate change and global warming [21,22]. In recent years,
increasing the energy efficiency of existing buildings has been an important concern [23]. In
order to achieve cost-effective solutions in the residential building sector, energy retrofitting
methods should be defined on the basis of regulations [23].

Residential energy retrofitting is a strategy for lowering global energy demand [6].
Building energy usage has surpassed transportation as the primary source of global energy
demand and CO2 pollution [6,24–32]. Retrofitting not only reduces energy consumption
and costs, but it also improves indoor air quality and decreases unwanted noise, improving
the business value [33]. Budget, comfort criteria, and stable economic benefit are all
considerations that influence the introduction of energy retrofit initiatives [33].

1.1. Energy Sector in Palestine

The Palestinian energy sector is confronted with a number of challenges, including
energy insecurity, high fuel prices, rising demand, and a lack of sustainable consumption.
Energy efficiency may improve the living conditions of Palestinian households and increase
the community’s resilience [34]. During the previous decade, Palestine has had the third-
fastest rising population (+2.9 percent per year) in the Middle East and North African
(MENA) region. Palestine has the lowest GDP yet the fastest growing economy. Future
investments in energy efficiency initiatives for the industrial and commercial (I&C) sectors
should benefit from the fast-growing economy. Palestine is the MENA country with the
highest primary energy intensity [35] (This is defined as the ratio between total energy
consumption and GDP. It is a measure of the total amount of energy required to generate a
unit of GDP) [35]. This suggests a relatively low energy usage and, as a result, a potential
challenge in lowering consumption through energy efficiency measures in the residential
sector [35]. This is especially true in Gaza, where repressed demand hits an all-time
high [35]. However, Palestinian households should have the opportunity for development.
Electricity accounts for the lion’s share of the Palestinian energy mix, accounting for 34%.
Furthermore, 60 percent of consumption is accounted for by the household sector. This
demonstrates that focusing energy efficiency measures on the residential sector should
have a significant influence on ultimate consumption [35].

Palestine has the largest utilization of solar water heaters in the MENA region. A solar
water heater system is installed on the roof of 56 percent of homes. However, one-third
of these systems are malfunctioning. Furthermore, distribution losses (both technical and
non-technical) are quite substantial (20–30 percent). For the country, a large decrease in
these losses would be critical. In Palestine, the cost of power is extremely expensive since
87% of its electricity is imported from other countries [1], based on the Electricity Company
retail tariff. As a result, electricity accounts for the greatest percentage of Palestinian
household expenditures (9%) among MENA countries. Any energy efficiency measure
that reduces usage should have a quick payback period. However, in order to choose the
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most appropriate activities, one must first determine what the future consumption will
be between 2020 and 2030, as well as, if feasible, by using electricity [35]. In Palestine,
there are limited studies addressing the issue of energy efficiency and energy retrofitting
in residential buildings [36]. This study will contribute to bridge the knowledge gap and
energy sustainability for this important sector. For the selected buildings, three levels
of retrofitting programs were implemented. As a result, the effects of each level may be
investigated separately. The money saved at each level could be utilized to lower the cost
of adopting the measures at the following level. The levels are ordered by cost, feasibility,
and importance with the first level being the least costly and the third level being the
most costly.

1.2. Residential Buildings in Palestine

Within a broad strategic context, building energy efficiency might be one of the
most important opportunities for Palestine to attain energy independence. In reality, the
deployment of energy efficiency measures reduces building energy demand, resulting in a
reduction in energy-providing demands [37].

The Energy in Buildings and Communities Program (IEA-EBC) was created by the In-
ternational Energy Agency (IEA) to produce high-quality scientific papers to help decision-
makers in boosting building energy efficiency [38]. According to the IEA Annex 53 research,
climate, building envelope, building systems, operations and maintenance, occupant be-
havior, and indoor ambient conditions all influence energy use in buildings [39].

To reduce interior environment difficulties induced by climate change, it is critical
to accurately predict building performance energy and consumption. When performing
energy simulations, a socio-technical approach should be used [40].

To aid Palestine’s transition to more self-sufficient and sustainable energy technology,
present energy use must first be assessed and improved [41]. Because many buildings may
last for over a century, making them more energy efficient is essential for reducing carbon
emissions and achieving a long-term energy plan. Building retrofitting in Palestine can help
to alleviate the problem of energy poverty caused by a lack of natural resources and reliance
on imported energy. Existing building energy retrofits can be a significant step toward
energy sustainability. In Palestine, the majorities of existing residential buildings are not
thermally insulated and are therefore deemed inefficient. Furthermore, research, analyses,
and assessments of the potential savings from implementing viable energy retrofitting
methods are lacking.

2. Materials and Methods

Most energy consumptions in a typical household have been identified as domestic hot
water, lighting household, heating, and cooling [42]. Those energy consumption uses were
targeted in energy reduction for the proposed retrofitting plan. The Palestinian Central
Bureau of Statistics has conducted a survey on energy usage in buildings [42]. The energy
used for heating is a heater (electricity 39.4%, gas 25.4% or kerosene 1.2%) for 64.3% of the
households, firewood of 10.7% of the households, and 2.0% have central heating. Besides
the use of solar energy for water heating, which has technical losses and malfunctioning,
the main energy use for domestic water heating is electricity (59.5% of households, and
LPG 27.8% of households, and firewood 8.6% of households). In 2015, the average home
power usage in Palestine for households who utilized electricity was 306 kWh [34]. In
2030, this value is predicted to rise to 545 kWh [35]. In 2015, the average household use of
gasoline in Palestine was 95 L for families who used gasoline. In 2015, the average home
usage of LPG in Palestine for gas-using families was 22 kg. In 2015, the average household
consumption of kerosene in Palestine for kerosene-using families was 21 L.

Based on the above surveys for energy consumption in typical households, a retrofitting
plan has been established to reduce energy consumption and contribute to the future en-
ergy sustainability for the residential building sector. The retrofit plan targets the highest
energy consumers in residential buildings (heating, cooling, lighting, and domestic hot
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water heating) to achieve significant benefits from the reduction plan. The retrofit plan
was applied to the typical base case (BC) residential models that represent the residential
building sector in terms of building size and types, building occupancy, building materials,
and construction systems, and building energy use. The retrofit plan also includes differ-
ent levels according to the cost, feasibility, applicability, and types of intervention. The
following changes and additions have been applied to the Base Case building at the first
level (L-1) of the retrofit plan includes some low-cost measures like decreasing heating set
point temperature; increasing cooling set point temperature (Electronic thermostats), and
other measures considered basic or important in order to move to next level like reduce
infiltration. The second level (L-2) of the intervention plan includes medium-cost measures,
where the following changes have been applied in addition to the L-1 measures: adding
thermal insulation for external walls and roof, changing glazing, changing electric lighting,
adding window shading and enhancing natural ventilation in the summer. The third level
(L-3) of the intervention plan includes high-cost measures, where the following changes
have been applied in addition to the L-1 and L-2 measures: best practice heating and
cooling system, using mixed-mode ventilation, extra insulation for windows and installing
or renovating solar water heating systems.

To assess the potential energy saving from the retrofit plan, two residential building
types were selected as representative residential buildings. The selected buildings are
apartment buildings which represent the most used residential building types in the
Palestinian cities. The first building type is a five-story apartment; with 4 apartments on
each floor, and the second building is a five-story apartment, with 2 apartments on each
floor as seen in Figure 1.
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apartments at each floor, and, on the right, the building with two apartments on each floor.

Design builder, a computer thermal and energy simulation tool, was used to assess
the effects of applying the retrofit plan on the building energy use reduction. To compare
the results with a baseline building, a base case model was created to reflect the existing
building energy use, occupancy, and building envelope physical properties. The energy
use, occupancy, and building materials’ physical properties are based on surveys and
onsite conditions.
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The base case building is based on existing building envelope construction mate-
rials, where external walls are composed of four layers: local stone, concrete, hollow
concrete block, and plaster with a total a total overall heat transfer coefficient (U value) of
2.3 W/m2K, the roof is a concrete slab with a total overall heat transfer coefficient (U value)
2.5 W/m2K, and the windows are single 6 mm glazing with a total overall heat transfer
coefficient (U value) of 5.1 W/m2K and not shaded. The building is not well sealed with
an infiltration rate of 0.8 ach. The building is using standard fluorescent lighting. The
water heating systems are using natural gas and electricity. Although most residential
buildings have solar water heating systems, it is either an old system or needs maintenance,
so its efficiency is very low. Set point temperatures for heating and cooling were 20 ◦C and
23 ◦C, respectively. Occupancy for a residential building schedule was based on ASHRAE
standards for five persons per household, which is the average size for families in Palestine.
The natural ventilation was on in summertime with a ventilation rate of 1 ach. The load
from interior equipment was considered based on the simulation tool standards values.
The energy consumption from heating, cooling, lighting, and domestic hot water was
calculated for the base case buildings.

The first level of the retrofit plan included modification to the base case building
by reducing the infiltration to 0.25 air changes per hour (ach) (according to international
green construction code), and the set point temperatures for heating and cooling were
changed to 18 ◦C and 25 ◦C, respectively. The energy consumption from heating, cooling,
lighting, and domestic hot water was calculated for the base case buildings with these
modifications. The second level of the retrofit plan included further modifications to the
base case building by adding thermal insulation for external walls and roof (6 cm extruded
polystyrene from inside) U value 0.5 W/m2K and changing the glazing to double low E,
3 mm, 13 mm air gap, with a total U value of 1.53 W/m2K. Replacing standard fluorescent
with CFL and LED lights, blinds from inside, and external 50 cm overhang shading were
also added to the windows, and natural ventilation was enhanced from 1 to 5 ach. The
energy consumption from heating, cooling, lighting, and domestic hot water was calculated
for the base case buildings with these modifications. The third level of the retrofit plan
included further modifications to the building by adding best practice for heating and
cooling systems using mixed-mode ventilation by enhancing natural ventilation to 5 ach for
summer and mechanical ventilation for winter, extra insulation for windows using triple
glazing, 3 mm, 13 air with a total U value of 0.77 W/m2K and 0.5 m overhang and internal
blinds; and using new or renovated solar water heating systems. The energy consumption
from heating, cooling, lighting, and domestic hot water was calculated for the base case
buildings and then calculated for these modifications at each level of the retrofitting plan.
At level three of the retrofit plan, the energy for mechanical ventilation is considered under
the required energy for heating.

To evaluate the retrofit plan in different climate contests in Palestine, three out of seven
different climatic regions were considered for the energy simulation. The selected climatic
zones represent the regions with high population density and cover the main climatic
conditions as seen in Figure 2. The first climatic zone (zone 1) represented by the city of
Jericho, which is 3A according to ASHRAE climate zones, and a Csa (C) Temperate,(s) Dry
summer, (a) Hot summer according to Koppen’s climate classification. It has an elevation of
300 m below sea level and is characterized by hot and dry summers and warm winters. The
second climatic zone (zone 4) represented by the city of Jerusalem, which is 3C according
to ASHRAE climate zones, and a Csa according to Koppen’s climate classification. It has an
elevation of 750 m above sea level and is characterized by hot summers and cold winters.
The third climatic zone (zone 6) is represented by the city of Gaza, which is 3A according
to ASHRAE climate zones, and a Csa according to Koppen’s climate classification. It
has an elevation of 5 m above sea level and is characterized by hot humid summers and
moderate winters.
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3. Results and Discussion

The simulation results for applying the retrofit plan on two residential building
types and three climatic zones in Palestine using design-builder simulation tools show a
significant reduction in energy for heating, cooling, lighting, and domestic hot water use.

For the residential buildings with two units per floor buildings, the simulation results
show that applying level 1 of the retrofit plan can reduce the annual total energy by 21%
compared with the base case building for climatic zones 4 and 6 (from 139 kWh/m2 to
110 kWh/m2 and from 136 kWh/m2 to 108 kWh/m2, respectively), and by 19% for climatic
zone 1 (from 150 kWh/m2 to 121 kWh/m2). These reductions show the importance of
reducing the infiltration and set point temperatures. By applying the combination of level
1 and level 2 of the retrofitting plan, the reduction in total energy compared to the base case
was 57%, 51%, and 53% for Zones 4, 6, and 1, respectively. Adding level two measures such
as thermal insulation, shading, lighting and natural ventilation led to a further reduction
compared to level one of 32% to 36% of the energy for heating, lighting, and cooling.
Finally, applying the three levels of the retrofitting plan can result in a total reduction in
total energy compared with the base case by 73% for zone 4 and 71% for zones 6 and zone
1 as can be seen in Table 1. In this case, the level three measures such as efficient HVAC
and solar water heating led to a further reduction compared to the last two levels by 16%
to 20% depending on the climate zone.

When applying the first level of the retrofitting plan, the significant reduction was for
energy for heating (from 61 kWh/m2 to 40 kWh/m2) followed by the energy for cooling
(from 38 kWh/m2 to 30 kWh/m2) in zone 4 because of the climatic characteristics of
heating dominancy. For zones 6 and 1, which are characterized by cooling dominancy, the
reduction for heating and cooling had a similar effect as can be seen in Figures 3 and 4.
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Table 1. Results from the simulation for energy consumption for lighting, heating, cooling, and domestic hot water,
comparing the base case scenario with the three-level retrofit plans for buildings with two units per floor area.

Climate
Zone/City Retrofit Plan Lighting kWh/m2 Heating kWh/m2 Cooling kWh/m2 Domestic Hot

Water kWh/m2
Total Energy

kWh/m2

Zone 4
(Jerusalem)

Base Case (BC) 12 61 38 28 139

Level 1 (L-1) 12 40 30 28 110

Level 2 (L-2) 9 8 15 28 59

Level 3 (L-3) 9 9 11 8 37

Zone 6 (Gaza)

Base Case (BC) 13 28 68 28 136

Level 1 (L-1) 13 14 54 28 108

Level 2 (L-2) 9 1 28 28 66

Level 3 (L-3) 9 2 23 6 39

Zone 1 (Jericho)

Base Case (BC) 12 30 80 28 150

Level 1 (L-1) 12 15 65 28 121

Level 2 (L-2) 9 2 33 28 71

Level 3 (L-3) 9 2 27 6 43
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Applying the first and second levels of the retrofitting plan has a further significant
reduction in heating (from 40 kWh/m2 to only 8 kWh/m2) followed by the effect on cooling
from 30 kWh/m2 to 15 kWh/m2 and the lowest effect on lighting (from 12 kWh/m2 to
9 kWh/m2) for climatic zone 4. For zones 6 and 1, the significant further reduction is for
energy for cooling (from 54 kWh/m2 to 28 kWh/m2 and from 65 kWh/m2 to 33 kWh/m2)
followed by energy for heating (from 14 kWh/m2 to 1 kWh/m2 and 15 kWh/m2 to
2 kWh/m2), and, finally, the lowest effect was on the energy for lighting (from 13 kWh/m2

to 9 kWh/m2 and 12 kWh/m2 to 9 kWh/m2) as can be seen in Figures 3 and 4.
For the residential buildings with four units per floor buildings, the simulation results

show that applying level 1 of the retrofit plan can reduce the annual total energy by 24% and
23% compared with the base case building for climatic zones 4 and 6 (from 127.2 kWh/m2

to 96.6 kWh/m2 and from 126.2 kWh/m2 to 97.0 kWh/m2, respectively), and by 22% for
climatic zone 1 (from 138.1 kWh/m2 to 107.9 kWh/m2). This reduction was slightly higher
than the reduction for two residential units per floor type. By applying the combination of
level 1 and level 2 of the retrofitting plan, the reduction in total energy compared to the
base case was 56%, 50%, and 51% for Zones 4, 6, and 1, respectively, which is very close
to two residential units per floor type. Finally, applying the three levels of the retrofitting
plan can result in a total reduction in total energy compared with the base case by 80% for
zone 4 and 73% for zones 6 and zone 1 as can be seen in Table 2, which is higher than the
reduction for two residential units per floor type.

Table 2. Results from the simulation for energy consumption for lighting, heating, cooling, and domestic hot water,
comparing the base case scenario with the three-level retrofit plans for buildings with four units per floor area.

Climate
Zone/City Retrofit Plan Lighting kWh/m2 Heating kWh/m2 Cooling kWh/m2 Domestic Hot

Water kWh/m2
Total Energy

kWh/m2

Zone 4
(Jerusalem)

Base Case (BC) 13.9 53.6 36.5 23.1 127.2

Level 1 (L-1) 13.9 31.5 28.0 23.1 96.6

Level 2 (L-2) 9.0 5.7 18.0 23.2 55.9

Level 3 (L-3) 9.0 7.0 8.2 0.7 24.9

Zone 6 (Gaza)

Base Case (BC) 14.1 24.4 64.6 23.1 126.2

Level 1 (L-1) 14.1 10.3 49.5 23.1 97.0

Level 2 (L-2) 9.0 1.0 30.0 23.2 63.2

Level 3 (L-3) 9.0 1.4 19.4 4.6 34.4

Zone 1 (Jericho)

Base Case (BC) 13.9 26.2 74.7 23.1 138.1

Level 1 (L-1) 13.9 11.6 59.2 23.1 107.9

Level 2 (L-2) 9.0 1.1 34.7 23.2 67.9

Level 3 (L-3) 9.0 1.5 22.6 4.6 37.6

By applying the first level of the retrofitting plan, the significant reduction was again
for energy for heating (from 53.6 KWh/m2 to 31.5k KWh/m2), followed by the energy
for cooling (from 36.5 KWh/m2 to 28 KWh/m2) in zone 4; this is because of the climatic
characteristics of heating dominancy. For zones 6 and 1, which are characterized by cooling
dominancy, the reduction for heating and cooling had a similar effect as can be seen in
Figures 5 and 6.

Applying the first and second levels of the retrofitting plan has a further significant
reduction in heating (from 31.5 kWh/m2 to only 5.7 kWh/m2) followed by the effect on cool-
ing from 28 kWh/m2 to 18 kWh/m2 and the lowest effect on lighting (from 13.9 kWh/m2

to 9 kWh/m2) for climatic zone 4. For zones 6 and 1, the significant further reduction
is for energy for cooling (from 49.5 kWh/m2 to 30 kWh/m2 and from 59.2 kWh/m2 to
34.7 kWh/m2) followed by energy for heating (from 10.3 kWh/m2 to 1 kWh/m2 and
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11.6 kWh/m2 to 1.1 kWh/m2) and, finally, the lowest effect was on the energy for lighting
(from 14.1 kWh/m2 to 9 kWh/m2 and 13.9 kWh/m2 to 9 kWh/m2) as can be seen in
Figures 5 and 6.
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When comparing the effect of the retrofitting plan for the two building types in three
different climatic zones, the energy for cooling was slightly higher in the building with
two units than in buildings with four units in the base case scenario for all climatic zones.
This can be justified by the creator’s exposure to the sun in the two residential units, as
can be seen in Figure 7. When applying level one of the retrofitting plans, the cooling load
has a higher reduction in zones 6 and 1 than for zone 4; however, the cooling load for the
two residential buildings units has higher energy consumption for cooling compared to
the four residential units building. By applying the combination of levels 1 and 2 of the
retrofitting plan, there was a further reduction in energy for cooling; however, the cooling
load for the building with two units has higher reduction than the cooling load for the
four unit’s buildings; this can be justified by avoiding the effect of the direct sun through
shading and the effectiveness of natural ventilation. When applying the three levels of
the retrofitting plan, the cooling load for two units building is again higher than the four
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unit’s buildings; this can be justified by the effect of the optimized HVAC system and level
1 effects combined higher than the effect of level 2 on the two types of buildings.
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When comparing the effect of the retrofitting plan for the two building types in three
different climatic zones, the energy for heating was significantly higher in the building with
two residential units per floor than in buildings with four units in the base case scenario for
all climatic zones. This can be justified by the greater exposure to the outdoor environment
for the two residential units. When applying the three levels of the retrofitting plan, the
heating load has a higher reduction in zone 4, which is a winter heating dominant climate
compared to zones 6 and 1, which are summer cooling dominant climates. Again, the
heating load for the two residential buildings units still has higher energy consumption
compared to the four residential units building; however, the difference is less than that of
the base case building as can be seen in Figure 8.
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4. Conclusions

The high energy prices, dependency on imported energy, the energy inefficient con-
struction systems, and the large share of energy consumed in residential buildings have led
to the importance of considering the energy retrofitting in the residential sector in Palestine,
especially for existing buildings. This paper has established a three-phase retrofit plan that
includes different levels of actions to improve energy use for heating, cooling, lighting, and
domestic water heating, as they are the major energy consumers in residential buildings.
The purpose of categorizing energy efficiency measures into levels is to investigate the
effects of each level separately. Each level’s savings will cover a reasonable amount of
the cost of the following level’s measures. The cost of each level is separated into three
categories; the higher the level, the more expensive it is. In fact, level one will have a
very low cost compared with the cost for level two; however, level two is important to
have overall significant reduction. Level three can represent a huge investment and can be
delivered at a later stage. The cost analysis was not addressed in this article as it is focusing
on potential energy saving simulation. The cost saving in energy consumption at each level
from applying the selected measures, and the cost of the retrofitting actions needs further
analysis in future studies.

The computer energy performance simulation tool was used to evaluate the effects
on energy saving and the feasibility of applying such a retrofit plan. The results from
the simulation show that the suggested retrofit plan could have significant reductions
on the energy use in two different selected residential building types for three different
climatic zones. The reductions depend on the retrofit level, building type, and climatic
zones, where it had a range from 19 percent when one level of the retrofit plan was used to
up to 80 percent when the three levels of the retrofit plan were applied. Building types and
climatic zones should be taken into consideration in the establishment and the application
of retrofitting.

By combining level 1 and level 2 of the retrofitting plan, overall energy consumption
was reduced by 51 to 57 percent and 53 percent, respectively. Adding level two measures
resulted in a reduction of 32 percent to 36 percent as compared to level one. Finally, using
the three levels of the retrofitting plan can result in a total energy savings of 71 percent to
73 percent when compared to the basic case. In this case, the level three measures resulted
in a decrease of 16 to 20% in comparison to the previous two levels, depending on the
climatic zone.

Although the retrofit plan was applied to existing residential buildings, new construc-
tion can implement some actions on the retrofit plan during the design and construction
of new buildings. Moreover, the energy production from PV installation, as suggested in
other studies [32], can provide the energy needed after applying the retrofit plan; this way,
residential buildings could be near zero or even energy positive buildings.

Finally, the limitations for this research could be that the study used a typical building
outline for only two of the most used building types. In addition, the research was applied
to only three climatic zones that represent the highest population density in Palestine.
Other building types and other climatic zones need further analysis.

Author Contributions: Conceptualization, S.M., A.J., and R.A.; methodology, S.M., R.A., and A.J.;
software, S.M.; validation, A.J., M.J., A.A., and R.A.; formal analysis, S.M., R.A., P.D., and A.J.;
investigation, M.J.; resources, M.J.; data curation, S.M., R.A., and A.J.; writing—original draft
preparation, S.M., R.A., and A.J.; writing—review and editing, S.M., R.A., and A.J.; supervision, M.J.
and A.A. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.



Energies 2021, 14, 3876 12 of 13

Acknowledgments: The authors would like to acknowledge An Najah National University, German
Jordanian University, the Institute of Materials Science of Mulhouse (IS2M), the University of Haute
Alsace, and the University of Strasbourg for facilitating this research.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Abdallah, R.; Juaidi, A.; Abdel-Fattah, S.; Manzano-Agugliaro, F. Estimating the optimum tilt angles for south-facing surfaces in

Palestine. Energies 2020, 13, 623. [CrossRef]
2. Abdallah, R.; Juaidi, A.; Assad, M.; Salameh, T.; Manzano-Agugliaro, F. Energy recovery from waste tires using pyrolysis:

Palestine as case of study. Energies 2020, 13, 1817. [CrossRef]
3. Manzano-Agugliaro, F.; Taher, M.; Zapata-Sierra, A.; Juaidi, A.; Montoya, F.G. An overview of research and energy evolution for

small hydropower in Europe. Renew. Sustain. Energy Rev. 2017, 75, 476–489. [CrossRef]
4. Pombo, O.; Allacker, K.; Rivela, B.; Neila, J. Sustainability assessment of energy saving measures: A multi-criteria approach for

residential buildings retrofitting—A case study of the Spanish housing stock. Energy Build. 2016, 116, 384–394. [CrossRef]
5. IEA. Tracking Buildings 2020; International Energy Agency: Paris, France, 2020. Available online: https://www.iea.org/reports/

tracking-buildings-2020 (accessed on 14 February 2021).
6. Jia, L.; Qian, Q.K.; Meijer, F.; Visscher, H. Exploring Key Risks of Energy Retrofit of Residential Buildings in China with Transaction

Cost Considerations. J. Clean. Prod. 2021, 126099. [CrossRef]
7. Saidur, R.; Sattar, M.A.; Masjuki, H.H.; Abdessalam, H.; Shahruan, B.S. Energy and exergy analysis at the utility and commercial

sectors of Malaysia. Energy Policy 2007, 35, 1956–1966. [CrossRef]
8. Terés-Zubiaga, J.; Campos-Celador, A.; González-Pino, I.; Escudero-Revilla, C. Energy and economic assessment of the envelope

retrofitting in residential buildings in Northern Spain. Energy Build. 2015, 86, 194–202. [CrossRef]
9. Aissani, A.; Chateauneuf, A.; Fontaine, J.P.; Audebert, P. Cost model for optimum thicknesses of insulated walls considering

indirect impacts and uncertainties. Energy Build. 2014, 84, 21–32. [CrossRef]
10. Costa, A.; Keane, M.M.; Torrens, J.I.; Corry, E. Building operation and energy performance: Monitoring, analysis and optimisation

toolkit. Appl. Energy 2013, 101, 310–316. [CrossRef]
11. Kolokotsa, D.; Rovas, D.; Kosmatopoulos, E.; Kalaitzakis, K. A roadmap towards intelligent net zero- and positive-energy

buildings. Solar Energy 2011, 85, 3067–3084. [CrossRef]
12. Albadry, S.; Tarabieh, K.; Sewilam, H. Achieving net zero-energy buildings through retrofitting existing residential buildings

using PV panels. Energy Procedia 2017, 115, 195–204. [CrossRef]
13. Pérez-Lombard, L.; Ortiz, J.; Pout, C. A review on buildings energy consumption information. Energy Build. 2008, 40, 394–398.

[CrossRef]
14. Al-Ajlan, S.A.; Al-Ibrahim, A.M.; Abdulkhaleq, M.; Alghamdi, F. Developing sustainable energy policies for electrical energy

conservation in Saudi Arabia. Energy Policy 2006, 34, 1556–1565. [CrossRef]
15. Mejjaouli, S.; Alzahrani, M. Decision-making model for optimum energy retrofitting strategies in residential buildings.

Sustain. Prod. Consum. 2020, 24, 211–218. [CrossRef]
16. Chadderton, D.V. Building Services Engineering; Routledge: London, UK, 2013.
17. Kim, J.; Son, D.; Jeong, B. Two-Stage integer programing model for building retrofit planning for energy saving in South Korea.

Sustainability 2017, 9, 2087.
18. Rabani, M.; Madessa, H.B.; Mohseni, O.; Nord, N. Minimizing delivered energy and life cycle cost using Graphical script: An

office building retrofitting case. Appl. Energy 2020, 268, 114929. [CrossRef]
19. Pardo-Bosch, F.; Cervera, C.; Ysa, T. Key aspects of building retrofitting: Strategizing sustainable cities. J. Environ. Manag. 2019,

248, 109247. [CrossRef] [PubMed]
20. Al-Saadi, S.N.; Al-Hajri, J.; Sayari, M.A. Energy-efficient retrofitting strategies for residential buildings in hot climate of Oman.

Energy Procedia 2017, 142, 2009–2014. [CrossRef]
21. International Energy Agency. World Energy Outlook; International Energy Agency/OCED: Paris, France, 2006.
22. Li, J.; Colombier, M. Managing carbon emissions in China through building energy efficiency. J. Environ. Manag. 2009, 90,

2436–2447. [CrossRef]
23. Tang, F.; Chen, J.; Li, J.; Rodriguez, D. Energy saving actions toward NZEBs with multiple-criteria optimization in current

residential buildings. Energy Rep. 2020, 6, 3008–3022. [CrossRef]
24. Lizana, J.; Molina-Huelva, M.; Chacartegui, R. Multi-criteria assessment for the effective decision management in residential

energy retrofitting. Energy Build. 2016, 129, 284–307. [CrossRef]
25. AlFaris, F.; Juaidi, A.; Manzano-Agugliaro, F. Energy retrofit strategies for housing sector in the arid climate. Energy Build. 2016,

131, 158–171. [CrossRef]
26. AlFaris, F.; Juaidi, A.; Manzano-Agugliaro, F. Improvement of efficiency through an energy management program as a sustainable

practice in schools. J. Clean. Prod. 2016, 135, 794–805. [CrossRef]
27. Juaidi, A.; AlFaris, F.; Saeed, F.; Salmeron-Manzano, E.; Manzano-Agugliaro, F. Urban design to achieving the sustainable energy

of residential neighbourhoods in arid climate. J. Clean. Prod. 2019, 228, 135–152. [CrossRef]

http://doi.org/10.3390/en13030623
http://doi.org/10.3390/en13071817
http://doi.org/10.1016/j.rser.2016.11.013
http://doi.org/10.1016/j.enbuild.2016.01.019
https://www.iea.org/reports/tracking-buildings-2020
https://www.iea.org/reports/tracking-buildings-2020
http://doi.org/10.1016/j.jclepro.2021.126099
http://doi.org/10.1016/j.enpol.2006.06.013
http://doi.org/10.1016/j.enbuild.2014.10.018
http://doi.org/10.1016/j.enbuild.2014.07.090
http://doi.org/10.1016/j.apenergy.2011.10.037
http://doi.org/10.1016/j.solener.2010.09.001
http://doi.org/10.1016/j.egypro.2017.05.018
http://doi.org/10.1016/j.enbuild.2007.03.007
http://doi.org/10.1016/j.enpol.2004.11.013
http://doi.org/10.1016/j.spc.2020.07.008
http://doi.org/10.1016/j.apenergy.2020.114929
http://doi.org/10.1016/j.jenvman.2019.07.018
http://www.ncbi.nlm.nih.gov/pubmed/31352277
http://doi.org/10.1016/j.egypro.2017.12.403
http://doi.org/10.1016/j.jenvman.2008.12.015
http://doi.org/10.1016/j.egyr.2020.10.069
http://doi.org/10.1016/j.enbuild.2016.07.043
http://doi.org/10.1016/j.enbuild.2016.09.016
http://doi.org/10.1016/j.jclepro.2016.06.172
http://doi.org/10.1016/j.jclepro.2019.04.269


Energies 2021, 14, 3876 13 of 13

28. Juaidi, A.; Montoya, F.G.; Gázquez, J.A.; Manzano-Agugliaro, F. An overview of energy balance compared to sustainable energy
in United Arab Emirates. Renew. Sustain. Energy Rev. 2016, 55, 1195–1209. [CrossRef]

29. Juaidi, A.; Montoya, F.G.; Ibrik, I.H.; Manzano-Agugliaro, F. An overview of renewable energy potential in Palestine. Renew.
Sustain. Energy Rev. 2016, 65, 943–960. [CrossRef]

30. AlFaris, F.; Juaidi, A.; Manzano-Agugliaro, F. Intelligent homes’ technologies to optimize the energy performance for the net zero
energy home. Energy Build. 2017, 153, 262–274. [CrossRef]

31. Monna, S.; Juaidi, A.; Abdallah, R.; Itma, M. A Comparative Assessment for the Potential Energy Production from PV Installation
on Residential Buildings. Sustainability 2020, 12, 10344. [CrossRef]

32. Juaidi, A.; AlFaris, F.; Montoya, F.G.; Manzano-Agugliaro, F. Energy benchmarking for shopping centers in Gulf Coast region.
Energy Policy 2016, 91, 247–255. [CrossRef]

33. Galante, A.; Pasetti, G. A methodology for evaluating the potential energy savings of retrofitting residential building stocks.
Sustain. Cities Soc. 2012, 4, 12–21.

34. Alqadi, S.; Elnokaly, A.; Sodagar, B. The role of the benchmarking tools in increasing the collective awareness of energy
consumption at the domestic sector. In Proceedings of the 2nd International Conference on Civil Engineering, Bethlehem,
Palestine, 25–26 November 2019.

35. World Bank Group; ESMAP (Energy Sector Management Assistance Program). West Bank & Gaza Energy Efficiency Action Plan
2020–2030 Final Report June 2016; Report No: ACS19044; The World Bank: Washington, DC, USA, 2016.

36. Monna, S.; Juaidi, A.; Abdallah, R.; Salameh, T. Sustainable energy retrofitting for residential buildings in Palestine, a simulation
based approach. In Proceedings of the 2021 12th International Renewable Engineering Conference (IREC), Amman, Jordan,
14–15 April 2021. [CrossRef]

37. Lazzeroni, P.; Olivero, S.; Stirano, F.; Micono, C.; Montaldo, P.; Zanzottera, G.; Calí, F.U.; Repetto, M. Energy efficiency measures
for buildings in Hebron city and their expected impacts in the distribution grid. Energy Procedia 2017, 134, 121–130. [CrossRef]

38. IEA. Total energy use in buildings Analysis and evaluation methods. In International Energy Agency Programme on Energy in
Buildings and Communities Total Energy Use in Buildings Analysis and Evaluation Methods Final Report Annex 53 Energy Use Building
Performance; International Energy Agency: Paris, France, 2013. Available online: http://www.ieaebc.org/fileadmin/user_upload/
images/Pictures/EBC_Annex_53_Main_Report.pdf (accessed on 15 May 2021).

39. Yoshino, H. Current Progress on IEA ECBCS Annex 53: Total Energy Use in Buildings-Analysis and Evaluation Methods. 2011.
Available online: http://arch.nju.edu.cn/_upload/tpl/00/6a/106/template106/CHAMPS2011/CHAMPS%20Web1/CHAMPS2
011/Fullpaper/Hiroshi%20Yoshino.pdf (accessed on 8 May 2021).

40. Al Qadi, S.B.; Elnokaly, A.; Sodagar, B. Predicting the energy performance of buildings under present and future climate
scenarios: Lessons learnt. In Proceedings of the First International Conference On Climate Change (ICCCP), Albireh, Palestine,
8–9 May 2017.

41. Al Qadi, S.; Sodagar, B.; Elnokaly, A. Estimating the heating energy consumption of the residential buildings in Hebron, Palestine.
J. Clean. Prod. 2018, 196, 1292–1305. [CrossRef]

42. Palestinian Central Bureau of Statistics. Household Energy Survey: (2015) Main Results; Palestinian Central Bureau of Statistics:
Ramallah, Palestine, 2015.

43. Applied Research Institute-Jerusalem (ARIJ). Climatic Zoning for Energy Efficient Buildings in the Palestinian Territories (the West.
Bank and Gaza) Technical Report; Applied Research Institute-Jerusalem (ARIJ): Jerusalem, Palestine, 2003.

http://doi.org/10.1016/j.rser.2015.07.024
http://doi.org/10.1016/j.rser.2016.07.052
http://doi.org/10.1016/j.enbuild.2017.07.089
http://doi.org/10.3390/su122410344
http://doi.org/10.1016/j.enpol.2016.01.012
http://doi.org/10.1109/IREC51415.2021.9427862
http://doi.org/10.1016/j.egypro.2017.09.547
http://www.ieaebc.org/fileadmin/user_upload/images/Pictures/EBC_Annex_53_Main_Report.pdf
http://www.ieaebc.org/fileadmin/user_upload/images/Pictures/EBC_Annex_53_Main_Report.pdf
http://arch.nju.edu.cn/_upload/tpl/00/6a/106/template106/CHAMPS2011/CHAMPS%20Web1/CHAMPS2011/Fullpaper/Hiroshi%20Yoshino.pdf
http://arch.nju.edu.cn/_upload/tpl/00/6a/106/template106/CHAMPS2011/CHAMPS%20Web1/CHAMPS2011/Fullpaper/Hiroshi%20Yoshino.pdf
http://doi.org/10.1016/j.jclepro.2018.06.059

	Introduction 
	Energy Sector in Palestine 
	Residential Buildings in Palestine 

	Materials and Methods 
	Results and Discussion 
	Conclusions 
	References

