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Abstract— To tackle the massive drivers of global warming,
which are our buildings, especially existing buildings, we need
to work on making these buildings more energy efficient.
Building retrofitting in Palestine can tackle the issue of energy
poverty resulting from a shortage of natural resources and the
dependence on imported energy. This paper aims to use energy
simulation for typical existing residential buildings to assess
the energy saving from a proposed retrofitting program. The
most frequently used residential building types were selected
for the computer simulation assessment of the energy
retrofitting program. The energy use of those selected
residential buildings has been identified and a base case has
been established as a baseline for the energy retrofitting
evaluation. Three levels of retrofitting programs were applied
for the selected buildings. A Simulation model was created for
the current residential building type using the DesignBuilder
tool to evaluate the savings from applying the retrofit program.
The simulation has been done for one climate zone in Palestine.
The results show that the main energy consumption in the
typical households are water heating, room heating, cooling
and electric lighting. The results show that level one measures
results in a 16.7% reduction in energy consumption due to
reducing the heating and cooling. Level two results in a 13.3%
reduction in energy consumption for heating, cooling and
lighting. At level three further 28.9% reduction in the total
energy consumption can be achieved for heating, cooling and
water heating. The total saving from energy consumption can
reach up to 58.9% of the total energy consumed in existing
residential buildings by applying the three levels of the energy
retrofitting plan.

Keywords— Energy demand; Energy retrofitting; Building
Simulation; Residential buildings; Performance simulation;
Design builder

. INTRODUCTION

Energy plays a key role in the future of green energy as
an environmentally friendly source of energy [1-3]. The
building sector is well known to be one of the key energy
consumers in the world [4]. Final energy use in buildings
increased from 118 EJ in 2010 to about 128 EJ in 2019 and
CO2 emissions from buildings increased by more than 10
GtCO02 in2019, accounting for 30 % and 28 % of the global
total, respectively (IEA,2020) [5]. The predominant factor
for these phenomena is the increasing living standards and
comfort requirements [6]. Improving the energy efficiency
of buildings should also be a key factor of combating climate
change and global warming [7-8]. Improving energy
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efficiency has become a priority for existing buildings in
recent years [9]. Retrofitting approaches should be described
on the basis of regulations in order to achieve cost-efficient
solutions [9].

Energy retrofit of residential buildings is an approach
designed to reduce global energy consumption [10].
Building energy use has become the main driver of global
growth in energy consumption and CO2 emissions [10-20].

Not only does retrofitting minimize the energy used,
lower the energy bills, but it also increases the quality of
indoor air and eliminates external noise, increasing the
market value [21]. Several factors have an impact on the
implementation of energy retrofit measures, such as budget,
comfort requirements and reliable economic value [22]. The
energy retrofitting can be through focusing on eco-design
and renovation, bioclimatic retrofitting, technological and
behavioral change [23-26].

With a growing population of +2.9% per year, Palestine
has the third fastest growth in the MENA region [27].
Palestine also has the highest economic growth rate, which
will positively influence future investments in energy
efficiency measures [27]. In the last two decades, there has
been a rapid urbanization in West Bank and the Gaza strip,
which has led to an increase on the demands for energy,
especially in residential building sector [28]

In 2018 the households had a 45% of the final energy
consumption in Palestinian territories, it consumes far more
than any other sector [29]. The highest energy consumption
in a typical household is water heating, followed by room
heating, cooling, lighting, fridge and washing machines [27].
electricity is the type of energy that is used more than other
types in residential buildings. by 2030 the Energy
Consumption growth forecast showing that the energy
consumption in the residential sector is going to increase by
more than 30% [27]. With a share of around 9% of the
Palestinian household expenditure, Palestine has the highest
share Compared to other MENA countries [18]. The average
emission for each kWh produced by IEC is ~ 0.700 kg / kwh
[27].

Because the Construction and use of buildings is
responsible for 39% of global energy-related emissions,
according to the World Green Building Council, a more
sustainable approach is crucial to achieve net zero carbon
emissions in the future [30]. As many buildings can stay in
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use for around a century, making existing buildings more
energy efficient is necessary to avoid carbon emission and to
achieve a sustainable energy strategy.

Building retrofitting in Palestine can tackle the issue of
energy poverty resulting from shortage of natural resources
and the dependence on the imported energy. In Palestine as
worldwide there are recent improvements in energy
efficiency in new buildings, however existing buildings is an
important sector to improve in order to meet emission
reduction targets. The energy retrofitting for existing
buildings can be an important step towards energy
sustainability. Moreover, there is a lack of studies,
evaluations and assessments for the potential saving from
applying possible energy retrofitting measures.

Il. METHODOLOGY

A. Energy usage survey

The most used existing residential building type has been
selected as base case for the computer simulation to evaluate
the energy retrofitting program [18]. The energy use in this
selected residential building has been identified and the base
case has been established as a baseline for the energy
retrofitting comparison. Energy use in building survey which
has been done by the Palestinian Central Bureau of Statistics
in 2015 and Country report on energy efficiency and
renewable energy investment climate was used as a reference
for the building energy use by the household to identify the
energy uses with highest consumption [31].

According to this survey, electricity consumption by
household indicated that the average household consumption
of electricity in Palestine for families that used electricity in
2015 was 306 kWh. This rate varies clearly between the
Palestinian areas 442 kWh in the central West Bank, 294
kWh in the south of west bank, 272 kWh in the north of west
bank and 265 kWh in the Gaza Strip . Survey for Gasoline
consumption by household indicated that the average
household consumption of gasoline in Palestine for families
that used gasoline reached 95 liters in 2015. The results from
the survey also showed that the rate of gasoline consumption
is the highest in the central West Bank, reaching 135 liters,
114 in the north of west bank, 91 south of west bank, while
this rate did not exceed 42 liters in the Gaza Strip. Survey for
LPG consumption by household indicated that the average
household consumption of LPG in Palestine for families that
used gas in 2015 was 22 Kg, 28 kg in the south of west bank,
25 Kg in the central and north of west bank, and 14 Kg in
Gaza Strip. Survey for Kerosene consumption by household
showed that the average household consumption of kerosene
in Palestine for families that used kerosene in 2015 was 21
liters, by 28 liters in the West Bank and 12 liters in the Gaza
Strip.

B. Energy Retrofit plan

To improve the energy efficiency of buildings in
Palestine, three levels of retrofit were applied and the impact
of each level was studied separately. So that the money saved
from each level covers part of the cost of the next level. So
that the first level is the least expensive, followed by the
second level and finally the third level is the most expensive.
These levels are as follows:

Energy Modification Program: This level includes low-
cost retrofit measures: Level-1, this level includes low-cost
retrofit measures: (A) Lowering the set point temperature in

the heating season from 20 °C to 18 °C; (B) Increasing the
set point temperature in the cooling season from 23 °C to 25
°C; (C) Sealing the building to reduce leakage as much as
possible by reducing the infiltration from 1 Ach to 0.25 Ach.
Level-2, this level includes the medium cost retrofit
measures: (A) Use of low emission transparent double
glazing (Low Emissivity) (B) Hanging shade installation by
using horizontal overhang above the windows 0.6 m depth
(C) changing the existing lighting system (fluorescent and
incandescent) with a more efficient one (using LED lighting)
(D) Wall and ceiling thermal insulation by adding 5 cm of
extruded polystyrene from inside, then covered by gypsum
boards. Level-3, this level includes the highest capital cost
measures: (A) Use of triple glazing; (B) changing the old
low-efficiency HVAC system with a high-efficiency system.
(C) heating the domestic hot water by the solar water heating
system.

C. Computer simulation

A survey of residential building types based on the
building's size, number of household units per floor and the
number of floors have been done in order to select the most
used residential type. To evaluate the retrofitting plan a
simulation model for selected existing residential building
types is built according to currently used construction details,
materials, and systems in the considered region. This model
is a typical multistory building apartment consisting of five
floors and four apartments for each floor. This model is
considered as a base model for the evaluations of the
effectiveness of the proposed retrofit programs on total
energy consumption as in figure (1) below. The simulation
has been done for climate region four in Palestine, which
represents the mountain region with the highest population
intensity as in figure (2). The weather data file for Jerusalem
has been used as it represents the selected region that
includes also the cities of Hebron, Bethlehem, Ramallah and
Nablus.
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Figure-1: the representative building type selected for the
application of the retrofitting plan
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Figure 2: climatic zones shows climate zone 4 with
highest population intensity [32]

I1l. RESULTS AND DISCUSSION

Saving in annual electricity consumption has been
estimated using computer simulation tools (Design Builder).
The results from applying the retrofitting plan have resulted
in a considerable reduction in energy consumption for

lighting, heating, cooling and domestic hot water. The results
for the base case scenario, where the typical selected
building responds to the majority of buildings with the
inefficient energy performance, show that energy
consumption for heating, cooling, lighting and domestic hot
water are the main consumption of this type of buildings.
The total energy consumption was 87.2 kWh/m?2 per year as
can be seen in Table 1. by applying the first level of the
retrofitting plan which included changing the set point
temperatures and reducing the infiltration resulted in a
decrease in energy consumption for heating and cooling to
72.6 kWh/m2 per year which represents a decrease of 16.7%.

By applying the combination of level 1 mentioned above
and level 2 which includes replacing the glazing, add
shading, replace the lighting and install thermal insulation
from the inside resulted in a decrease in energy consumption
for heating, cooling and lighting to 61 kWh/m?2 per year. This
is a 13.3% reduction in energy consumption from applying
level 2 and a total 30% reduction from applying levels 1 and
in figure 3, compared with the base case scenario.

Finally, applying the combination of level 1 and 2
mentioned above and level 3 which includes an efficient
HVAC system, triple glazing type and solar water heating
resulted in a reduction in energy consumption for heating,
cooling and water heating to 35.8 kWh/m2 per year. This is a
28.9% reduction in energy consumption from applying level
3 and a total 58.9% reduction from applying levels 1,2 and 3,
compared with the base case scenario as it can be seen in
table 1 and figure 3.

Table 1: The applied actions at the three retrofitting levels, and the results for energy consumption (kWh/mg2)

Action/retrofit level Lighting Heating Cooling Domestic hot Water | Total Energy
Base case 145 29.3 21.4 22.0 87.2
Reduce infiltration, level-1 145 220 229 220 814
Set point Temperatures- 145 19.4 16.8 220 72.6
level-1

Insulation, shading, glazing, 9.2 16.7 13.0 22.0 61.0
lighting- level-2

HVAC, level-3 9.2 16.4 6.6 22.0 54.2
Triple glazing and water 9.2 15.9 51 55 35.8
heating, level-3




S0

80

70

kWh,/m?

B Domestic hot water (kWh/m?)

Base case Reduce infiltration Set point
temperatures
o Lighting (kwh/m?) M Heating (kwh/m?)

M Total Energy (kwh/m?)

HVAC Triple glazing and

water heating

Insulation,
shading, glazing,
lighting

Cooling (kwh/m?)

Figure 3: Reduction in Energy consumption for lighting, heating, cooling and domestic hot water and the total reduction from

applying the retrofit plan compared to the base case

IV. CONCLUSION

A Simulation model was created for the current
residential building type using the Design Builder tool to
evaluate the savings by applying the retrofit program. The
results show that at level one of the suggested plan, the
energy consumption for heating and cooling can be reduced
by 16.7 %. At level two the energy consumption for heating,
cooling and lighting can be reduced by a further 13.3 % by
adapting the building envelope optimization (using thermal
insulation, glazing optimization, shading and efficient
lighting). At level three the energy consumption for heating,
cooling, lighting and equipment can be reduced by a further
28.9 % of the total energy consumption. The total energy
reduction can reach up to 59 % of the total energy consumed
in residential buildings by applying the three levels of the
energy retrofitting plan. The retrofit plan can be extended for
other climatic regions in Palestine and can include other
residential building types. As a result, reducing the GHG
emissions, for residential buildings and open new
perspectives of the energy savings sector in different
climates.
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