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In this paper, the possibility of reducing the energy demand of the typical multi-family buildings in Amman, Jordan
utilizing passive design strategies are investigated through a parametric simulation study. Firstly, the energy demand
of the multi-family buildings under the typical practice is evaluated, after that several design strategies are proposed
such as wall and roof insulation, shading device, ventilation, etc. The effect of each strategy on the multi-family
buildings’energy demands is assessed alone and then in combination with the other strategies, to find the optimum
solution to reduce the energy demand. This is beneficial for architects, engineers, and decisions makers involved in
the design of energy-efficient multifamily buildings. The result proves that it's possible to reduce the annual energy
demand by 53, 71, and 78% of the cooling, heating, and lighting, respectively, by introducing passive design strate-
gies. Around 45% savings of the heating demand are achieved due to adding wall insulation. Regarding the cooling
demand about 17%, and 14% are saved due to applying a ventilated blind shading device and using a nighttime
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Introduction

According to the international energy agency it is esti-
mated that about 40% of the worldwide primary energy
is consumed by the building field, more than half of this
energy is utilized for heat, and cool spaces, as well as to
prepare hot water. This energy is mostly generated by
fossil fuels burning (IEA 2017), contributes to CO, emis-
sions, and has an impact on climate change (Koo et al.
2017; Alrwashdeh 2018a, b). It is also expected that the
world’s energy demand will increase in the future due to
many factors such as population growth, high life quality,
and increasing demand for building services (IEA 2017;
Prieto et al. 2017). High energy consumption is caused

*Correspondence: jenan.abugadourah@mutah.edu.jo

! Department of Architecture Engineering, Faculty of Engineering, Mutah
University, PO Box 7, Al-Karak 61710, Jordan

Full list of author information is available at the end of the article

@ Springer Open

by heat gained and lost thru the building’s envelope.
Improving the energy efficiency in buildings is recog-
nized as an attractive solution for mitigating the effects of
this problem (Alrwashdeh and Alsaraireh 2018; Lambie
and Saelens 2020).

Jordan is lacking indigenous energy resources and
relies on imported gas and oil from foreign coun-
tries. According to the ministry of energy and mineral
resources, Jordan imports around 97% of its energy needs
in 2015, which causes a financial burden on the national
economy (MEMR, 017). The energy demand has tripled
in the last 15 years and is expected to continue at the
same rate (NEPCO 2016; MEMR 2017, 2018). Moreo-
ver, in the past 50 years, Jordan has been a platform for
accommodating multiple surrounding countries. Being in
the center of the conflict zone, its political stability situa-
tion has been an attraction for the surrounding refugees.
It has affected the population growth, which leads to an
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increase in housing demand and energy demand (Aln-
sour 2016). Furthermore, the residential sector accounts
for the majority of energy consumption with up to 24%
of the total energy consumed and about 42% of the total
consumed electricity in the country (MEMR 2018).
Moreover, during the last two decades, the building and
construction sector has accelerated at a high rate, and
75% of the growth results from the residential stock (RSS
2007). Amman, the capital of Jordan, is the city where
around 45% of the new constructions are taking place.
The multi-family apartment buildings form 73% of the
entire housing stock and more than 80% of all buildings
(Younis 2017). Therefore, this study focuses on the multi-
family buildings in Amman, Jordan.

Most Jordanian buildings give limited attention to con-
siderations of climate and energy efficiency design. As
the majority of the designers adopt a typical design with-
out assuring passive strategies as being one of the major
objectives in the building’s design (Jaber et al. 2008;
Johansson et al. 2009). Accordingly, many of these build-
ings do not offer their residents a comfortable indoor
environment, which would necessitate increased cool-
ing and heating demands, putting greater pressure on
the Jordanian economy (Al-Hinti and Al-Sallami 2017;
Bataineh and Al Rabee 2021).

In view of the situation described above (high rate of
population growth, scarcity of local resources, high
energy prices, and urbanization), one of the Mediterra-
nean regions’ priorities, and particularly in Jordan, is to
enhance the building’s energy efficiency. As a result, it is
expected that increasing building energy efficiency would
result in significant economic, social, and environmen-
tal advantages. Furthermore, because of the poor design
of typical Jordanian buildings, it is expected that imple-
menting passive design strategies will result in significant
energy savings (Al-Hinti and Al-Sallami 2017).

Studies and researches related to the improvement of
buildings’ energy performance in the Jordan context are
still very limited (Attia and Zawaydeh 2014; Bataineh
and Alrabee 2018; Bataineh and Al Rabee 2021). How-
ever, many researchers around the world have focused
their efforts on improving buildings energy performance
(Cabeza et al. 2010; Yu et al. 2011; Lau et al. 2016; Al-
Hinti and Al-Sallami 2017; He et al. 2019; Ali et al. 2020;
Lambie and Saelens 2020; Liu et al., 2020; Bataineh and
Al Rabee 2021; Ragab 2021). Wilhelm A. Friessa and
Kambiz Rakhshanb investigated several passive strategies
in the United Arab Emirates to combat the high climate.
They discovered that optimal building orientations and
the use of thermal insulation might save up to 20% on
energy (Friess and Rakhshan 2016). Ingy El-Darwish and
Mohamed Gomaa investigated Egypt’s most important
public building retrofit strategies, they recorded a final

Page 2 of 19

energy savings of 33%. They found out that solar shading
contributes the most to total energy savings, followed by
double glazing. Also, wall insulation has been reported
to play a substantial influence in minimizing energy loss
and gain through the buildings envelope In Egypt’s arid
climate (El-Darwish and Gomaa 2017).

One of the important strategies for improving the
building’s envelope’s energy efficiency is to apply insu-
lation materials with high thermal resistance (Liu et al.
2020). In this respect, a study conducted under hot cli-
mate concluded that between 20 and 55% of energy sav-
ing can be realized with thermal insulation and proper
glazing type (Cabeza et al. 2010). Meral Ozel investigated
the effect of wall orientation on the optimal thickness of
wall insulation. He concludes that the appropriate thick-
ness for the extruded polystyrene for the south-facing
wall is 5.5 cm, and the optimal thickness for the north,
east, and west-oriented walls, was determined to be 6 cm
(Al-Hinti and Al-Sallami 2017). Based on the life cycle
cost concept, Jinghua Yu et al. established the most effec-
tive thickness of insulation for a residential building’s
roof in China. The optimal thickness ranged between
6.5 cm and 18.7 cm with a payback time ranging from 0.9
to 2.3 years (Yu et al. 2011).

Windows and shading devices design are important
factors that can result in significant thermal heat gain or
loss in buildings (Hee et al. 2015; He et al. 2019; Ragab
2021). It was determined that approximately 20-40%
of a building’s energy is lost through the windows (Hee
et al. 2015). According to Zinzi et al., double glazing with
a shading device in the gap increased total energy per-
formance by dramatically lowering cooling loads while
increasing the heating load (Zinzi et al. 2017). Allen
and Elias investigated the effect of shading devices and
glazing configurations on cooling energy demand for
high-rise office buildings in Malaysia. They found that
installing various shading systems on Low-E double-
glazed walls can result in annual cooling energy savings
from 1.0% to 3.4% (Lau et al. 2016).

The study’s novelty is that it recommends some impor-
tant factors to be considered to reduce the energy con-
sumption of typical multi-family buildings. Dynamic
simulation software is used to calculate the energy con-
sumption profiles for each of the proposed passive design
strategies. Accordingly, the main objective of this study is
to investigate the potential of using passive design strate-
gies to reduce the energy demand of typical multi-family
buildings in Amman, Jordan. To accomplish the research
objective, the study investigates the following key ques-
tions: (1) How much energy is consumed in the typical
multi-family buildings in Amman, which have hot dry
summers and wet cool winters? (2) How can the energy
performance of the multi-family buildings in Amman,
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Jordan be enhanced by improving the building envelope
and implementing passive strategies?

The study’s findings are likely to adopt an approach or
guideline for energy researchers, architects, and policy-
makers seeking to understand the present situation of
multifamily buildings and support designers in design-
ing energy-efficient multi-family buildings based on pas-
sive design strategies that may increase Jordan’s energy
efficiency.

Methodology

In this paper, the potential of reducing the energy
demand of the typical multi-family buildings in Amman,
Jordan using architecture and passive design strategies
are investigated through a parametric simulation study
using IDA ICE 4.8 simulation software. Figure 1 presents
the main steps adopted to reduce the building energy
demand.

IDA ICE simulation software selection

IDA ICE 4.8 simulation software has been used to per-
form the dynamic multi-zone simulation to study the
building energy demand. The software provides detailed
results on the energy use and the parameters affecting
the thermal behavior of the studied cases (EQUA 2018).
Multi-zone models can be created, defining each room
of the building with different conditions. Besides, it gives
the possibility to import all common 2D and 3D CAD
models used today in architecture. Geometry can be also
imported from SketchUp or other geometry tools. A ben-
efit of IDA ICE is the open-source code. This makes it
possible for the user to understand the governing equa-
tions used for the simulation. One of the major benefits
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of IDA ICE is the 3D visualization of the building (EQUA
2018). The 3D-view can be used for presenting simula-
tion results, which makes it easier for designers, engi-
neers, and clients to visualize the consequences of design
choices (Baranda and Sartori 2014; EQUA 2018).

IDA ICE is a well-proven building energy simulation
software (Ryan and Sanquist 2012; Cornaro et al. 2017;
Mili¢ et al. 2018), in compared to other simulation tools,
it can provide realistic estimations of buildings’ energy
consumption and interior climatic performance (Molin
et al. 2011; Baranda and Sartori 2014; Vadiee et al. 2018).
IDA ICE has been validated during development, and
comparisons with other software and measurements
have been conducted over the years by numerous studies,
examples can be found in (Karlsson et al. 2007; EQUA
Simulation AB 2010a, b; Molin et al. 2011; Hesaraki and
Holmberg 2013; Liu et al. 2014; Liu et al. 2015; Cornaro
et al. 2017; La Fleur et al. 2017).

Base case model setup

This section describes the input data to the IDA ICE
4.8 simulation software. The building body is created in
SketchUp and then imported into IDA ICE. Each room
is modeled as a separate space. All spaces have separate
internal loads (occupancy, light, and equipment) with dif-
ferent schedules, to achieve realistic and accurate vari-
able demands of the rooms according to the room type.
The annual energy consumption is computed on an
hourly basis (8760 h).

Input data for the modeled building, including building
site surroundings, floor plans, and specifications of walls,
roof, and windows are based on the typical apartment
building practice in Jordan. Other input data such as

Base case model setup (location, climate, building geometry, construction, etc.).

R

Energy performance of the base case using IDA ICE 4.8 simulation software.

<

Identify possible energy improvement strategies.

<

Perform parametric simulation for each strategy alone.

o

Combine different strategies to find the optimum design strategies to reduce the
building energy demand.

<

Identify the energy demand (heating, cooling, lighting, and equipment) for the
improved multi-family building.

Fig. 1 The main steps used in this study to reduce the energy demand of typical multi-family buildings in Amman, Jordan
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lighting, occupants, and equipment’s internal gains and
schedule are based on standardized values or assump-
tions. The fundamental input data of the building is pre-
sented below:

Location and climate

The model used in the simulation is located in the city
of Amman in Jordan. The latitude is 31°95’N and the
longitude is 35°93’E. The elevation considered is 788 m
above sea level. Regarding the climate conditions, the
“AMMAN JO” weather data file created by Meteonorm 7
software for Amman city is used in all simulation models.
Jordan’s climate is predominantly Mediterranean, with
hot dry summers and wet cool winters (Hassouneh et al.
2014).

Building site and orientation
The simulated building is supposed to be in the most
common residential urban areas, classified as C class
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urbanized context (Johansson et al. 2009; Awadallah
2015). All the surrounding buildings have a maximum
permitted height in this zone, which is 15 m. In IDA ICE
only the adjacent buildings to the simulated case are sim-
ulated, as the other building does not have a significant
shadowing effect on the energy demand of the simulated
building, and this takes less time in the simulation pro-
cess, see Fig. 2.

Geometry, area, and zones

The simulated multifamily building is based on a typi-
cal middle-class apartment that is found in most Jorda-
nian residential building blocks. The model consists of 6
floors, 5 identical floors with 2 apartments on each floor,
and the basement floor, the floor height is 3 m. Each
apartment is about 150 m? total area, consists of a living
room, a kitchen (including a dining area), 3 bathrooms,
and three bedrooms. The typical floor plan is presented
in Fig. 3.
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Fig. 2 (Left) Site plan and the assumed surrounding building modeled in IDA ICE 4.8. (Right) 3D view of the base case building and surrounding
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Fig. 3 Typical floor plan for the simulated multi-family building in Amman, Jordan. based on (Goussous, Siam and Alzoubi, 2014a)
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Table 1 Proprieties of construction used in the multi-family
buildings in Jordan. Source of data: (Johansson et al. 2009)

Building element  Materials Thickness  U-value
(mm) (W/m?K)
Outer wall Stone cladding 50 247
Plain concrete 100
Hollow Block 100
Plaster 25
Inner wall Plaster 25 2.88
Hollow concrete block 100
Plaster 25
Internal floor Cement tiles 20 1.85
Low weight concrete 30
Concrete 200
Render 25
Roof Tiling(cement) 20 0.84
Gravel 30
Waterproof Asphalt 5
Low weight concrete 100
Reinforced concrete 200
Render 25

Table 2 The glazing properties and specifications for a building
in Jordan. Source of Data: (Jaber and Ajib 2011)

Glazing properties Specification

Glass thickness 6 mm, single glazing

Solar transmittance 083

Visible transmittance 0.89
Window frame Aluminum
U-value 5.92 W/m’K
Solar heat gain coefficient 0.87
Integrated shading device No

Construction features

The commonest types of construction, layer thickness,
and U-values of the different building parts of the typi-
cal apartment building in Jordan have been presented
in Tables 1 and 2.

In contemporary residential buildings, most win-
dows in Amman build with single glazing and a simple
rectangular hollow aluminum profile. Furthermore,
this type of window offers a 50% maximum opening
(Jaber and Ajib 2011; Jdger et al. 2012). The specifica-
tions and characteristics of a single-glazed window are
illustrated in Table 2 below.

Parameters related to occupants
Occupant number and schedule Regarding the occupant
numbers and schedules, the below assumptions have been
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proposed according to the previous research (Attia and
Al-Khuraissat 2016; Bataineh and Alrabee 2018) and the
2016 Population Census Report (Department of Statistics
2016).

It is reasonable to assume that each apartment is
occupied by 6 persons, the parents and 4 kids, parents
aged between 45 and 65 years, two adults aged between
18 and 25 years, and two children aged under 18 years
(Department of Statistics 2016).

On weekdays, it is assumed that most of the occu-
pants are out of the apartment at work, school, or
university except for mothers, due to their roles as
housewives. After 14:00, young children come home
from school, while adults stay at work or university
until 18:00, after which all family members tend to stay
at home. Until 20:00, they are likely to stay in the liv-
ing room, and then after this, the school kids will go to
their bedrooms, and after 22:00 the other family mem-
ber will go to their bedrooms with two members per
room. However, at weekends, i.e., on Fridays and Satur-
days, all occupants are assumed to be at home and most
of the time in the living room and the dining area in the
kitchen from 08:00 until 12:00. The occupancy sched-
ules in a different zone in the apartment are illustrated
in Fig. 4.

Metabolic rate It has been considered that the main
activity level of each person is 1 MET, which corre-
sponds to 58.2 W/m? of the body surface, which is the
amount that an inactive person (one sitting person) is
assumed to emit. However, in the bedrooms, the activity
level is set 0.7 MET, which corresponds to a 72 W/m? of
heat loss from the sleeping occupant (ASHRAE 2004).

Clothing insulation A value of 0.57 +0.25 CLO is used
as the reference value in the performed simulations in
IDA ICE. The CLO-value of 0.57 corresponds to the
occupants wearing underpants, a shirt, and trousers
(ASHRAE 2004).

Equipment

Regarding the equipment, it is assumed that each apart-
ment has basic electrical appliances. The daily oper-
ating hours and schedules for each device have been
estimated by the author, as illustrated in Table 3 below
the specifications for the equipment are taken from
the academic literature and guides (Nadel 2002; CIBSE
2006; ASHRAE 2004).

Lighting
The installed power and the distribution of the light
units in the modeled apartment are presented in Table 4
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Fig. 4 Apartment occupancy schedules: a weekdays, b weekends
Table 3 The main appliances and their heat output in different zones in an apartment building in Jordan
Zone Appliance Heat output (W) Heat output (W) Operating (hour/day) time
(operating) (standby)
Living room Television 315 20 6 h/day
Receiver 140 5 11:00-12:00, 16:00-17:00, 20:00-22:00
Iron 1500 - 2 h/day
Saturday: 10:00-12:00
Vacuum cleaner 630 - 0.15 h/day
10:00-10:15
2 laptops 120 2 h/day
20:00-22:00
Kitchen Refrigerator 350 10 24 h/day
Washing machine 512 10 2 h/week
Saturday: 8:00-10:00
Kettle 1200 5 0.15 h/day
Microwave 800 5 6:00-6:05, 13:00:13:05
18:00:18:05
Bedroom (in each) Laptop 60 - 1 h/day
21:00-22:00
Hairdryer 250 - 1 h/day

6:00- 7:00
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Table 4 Electric power for the apartment lighting, source of
data:(Al-Salaymeh et al. 2010)

Room Number of lights unites Power (W)
Guest room 1 chandelier (6 lamps 60 W each) 360
Kitchen 2 light bulbs 60 W each and 1 fluores- 160
cent lamp
3 bathrooms 3 light bulbs 180
3 bedrooms 2 bulbs each 360
2 corridors 2 bulbs each 240
Living room 1 chandelier (6 lamps 60 W each) 360

Table 5 Lighting setpoints used in the simulated model based
on a recommended light level by (CIBSE 2013)
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below, based on the previous research conducted by AL-
Salaymeh (Al-Salaymeh et al. 2010).

The artificial lighting is controlled according to the
“setpoints and schedule” strategy. The setpoints are con-
sidered according to the recommended light values in
lux by CIBSE lighting code, see Table 5 (CIBSE 2013).
For example, in the living room when the indoor daylight
intensity is higher than 300 lx, artificial lighting is turned
off. On the contrary, artificial light is starting to work
when the natural light is lower than 100 Ix. Regarding
the schedule, in the living room, guest room, and kitchen
zones the lighting schedule follows the presence of the
occupants. However, in the bedrooms, it is assumed that
the occupant turns the light on (when the light level is
below the setpoints) 2 h in the early morning during the

Living Kitchen Bathroom Bedroom corridors  weekdays and two hours daily in the night, the lighting
room schedules in the bedrooms are presented in Fig. 5. For the
Lightlevel ~ 100-300  150-300 150-200  100-150  100-150 corridors, the light schedule is set on from 5:00-7:00 and
(lux) 20:00-23:00.
Value A Weekdays Value A Weekdays

1.0+ — — 1.0+ — —

0.9 0.9

0.8 0.8+

0.7 0.7

0.6 0.6

0.5+ 0.5+

0.4 0.4

0.3+ 0.3

0.2+ 0.2

0.1 0.1

0.0 \0'0............_.‘;
O 2 4 6 5 10 12 14 16 18 20 22 24 Time h 0 2 4 6 8 10 12 14 16 18 20 22 24 Time h

value A Weekends ‘alue A\ Weekends

1.0—+— _ 1.0+ I

0.9 0.9+

el 0.8+

0.7 0.7

0.6 0.6

0.5+ 0.5

0.4 0.4+

0.3 0.3+

0.2 0.2+

0.1 0.1+

0.0+ 0.0 -
T T T T T T T T T T T T )" T T T T T T T T T T T T T }"‘
0 2 4 B 8 10 12 14 16 18 20 22 24 Time h 1] 2 4 ] 8 10 12 14 16 18 20 22 24 Time h

(a) (b)
Fig. 5 Bedroom’s lighting schedules: a master bedroom, b children’s bedrooms
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Infiltration

The assumed infiltration rate is 0.5 ACH (air change per
hour) at a differential pressure of 50 Pa (Pascal), based on
ASHRAE Standard 62.2- 2016 (ASHRAE, 2016).

Ventilation

Regarding the ventilation, in winter, the occupants
revealed that opening windows is not desirable except
just for fresh air intake for a short time in the morning.
For simulation analysis reasons, this limited-time was
approximated to be one hour in the morning (from 8:00
to 9:00). On the other hand, in summer, the windows are
opened if cooling is needed, and the occupants are at
home.

As shown in Fig. 6, the opening and closing of the
windows are modeled using an on/off temperature con-
trol macro with a dead band of 4 °C. This means that the
windows would open when the room temperature raised
2 °C above the setpoint temperature, and close when it
is dropped 2 °C under the setpoint temperature. In this
case, the setpoint temperature is set 25 °C ensuring win-
dows open at 27 °C and closing at room temperature
under 23 °C. It is also connected to the outdoor tem-
perature, as the windows would open if the outdoor tem-
perature is only under the indoor temperature and it is
connected with the zoning occupancy. Then it is multi-
plied by a fresh air schedule from 8:00 to 9:00 in winter.

Regarding the ventilation in the bedrooms, the win-
dows are assumed to be open every day for fresh air, for
one hour from 08:00 to 09:00.
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Heating and cooling units

An “ideal heater” and “ideal cooler” are assumed as the
devices for heating and cooling the rooms in IDA-ICE.
Regarding the heating and cooling setpoints, according to
ASHRAE comfort standard 55, the recommended tem-
perature range of residential buildings, where the relative
humidity is 60%, is between 23 °C and 26 °C in summer
and 20 °C and 23 °C in winter (ASHRAE, 2004). But sum-
mer humidity in Amman, Jordan, is less than 50%, as the
country is mainly characterized by hot and dry weather.
Therefore, summer temperatures range from 23.5 °C to
27 °C, assuming that relative humidity is 30%.

In this research, the proposed setpoints are 20 °C for
heating and 27 °C for cooling. The advantages of a higher
upper limit (27 °C) during the summer and lower limit
during the winter season (20 °C) are less thermal shock
on entering or leaving a building, and less energy needed
for air-conditioning.

Energy performance of the base case model
In this section, the base case building energy demands,
and energy balance is estimated by IDA ICE simulation
software, based on the above-mentioned input condi-
tions, to evaluate the energy efficiency of the typical
apartment buildings in Amman, Jordan, and suggest
possible solutions to reduce it is energy demand. In the
discussion below, the apartment (Apt.1) refers to the
apartment on the east side and apartment 2 (Apt.2) refers
to the west side of the building.

The total annual energy demands for all the apart-
ments in the base case residential building are 27,545

Zone temperature is
higher than 27 °C

Multiplied by fresh
air schedule

A1

r
o
Schedule
=ignal

Outdoor is lower than
zone temperature

4@>

Opening
signal

below tcool —At/2. At is defined as dead band value

Fig. 6 Windows opening control macro in IDA-ICE used in simulations. The window are opened if the zone temperature exceeds the cooling
setpoint tcool 4+ At/2, and the outdoor temperature is lower than the room temperature. The window are closed when the zone temperature drops
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Fig. 7 Annual energy demand for different apartments of the base case model representing a typical multifamily building in Amman, Jordan

kWh/year for cooling, 59,247 kWh/year for heating,
34,552 kWh/year for equipment and 12,350 kWh/year
for lighting. Figure 7, illustrates the energy demand,
including heating, cooling, lighting, and equipment of
each apartment on different floors. According to the
simulation findings, both cooling and heating demands
are present, however, the heating demand is domi-
nant, this is consistent with the findings of Jaber et al.
2008., as they revealed that the majority of the energy

consumed in the typical residential stock is for space
heating (Jaber et al. 2008). It is also clear that the top-
floor apartments have the highest heating and cooling
energy demand among all other apartments.

For further analysis in terms of monthly energy demand
and energy balance, top floor Apt.1 is selected, assuming
it is the critical case.

Figure 8 illustrates the heat transmission losses and
gains through the building envelope elements and Fig. 9
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Fig. 8 Monthly envelop transmission results for the base case top floor apartment 1 in residential building in Amman, Jordan
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Fig. 9 Break-down of transmission losses in the heating period and transmission gains through the building envelope elements for the base case

shows the percentage of transmission losses in the heat-
ing period and transmission gains in the cooling period.
The highest transmission loss during the heating period
occurs through the walls, with over half of all losses, fol-
lowed by the windows with 26% and then the roof by
16%. Regarding the heat gain in the cooling period, the
main source of heat gain is from the roof and then from
the walls.

By analyzing the simulation results of the base case,
it could be concluded that the walls roof, and windows
account for a major part of the total heat loss and gains.

Energy demand optimization strategies

The most important passive strategies that have the
potential to reduce the energy demand of the typical
apartment building (base case) in Amman, Jordan are
defined based on the simulation results in the previous
section, also different scenarios of each strategy have
been proposed to determine the best solution to mini-
mize building energy demand. Although this research is
mainly about passive strategies, installing energy-efficient
lighting is also suggested to mainly reduce the build-
ing electricity demand. The proposed strategies are as
follows:

Strategy 1: walls insulation

Adding thermal insulation to the external walls with dif-
ferent thicknesses (from 1 to 10 cm) is investigated. The
heat conductivity of the insulation is 0.67 W/m?K.

Strategy 2: roof insulation

The effect of roof insulation is investigated, considering a
thickness range from 1 to 10 cm. The heat conductivity of
the insulation is 0.67 W/m?K.

Strategy 3: window type

The effect of replacing single-pane windows with
U-values of 5.92 W/m?K in the base case with two win-
dow types; double clear glazing windows with U-value
of 2.86 W/m?K, and low-emission double glazing win-
dow with U-values of 1.59 W/m?K, indifferent facade
orientations are investigated in term of energy-saving
potential.

Strategy 4: shading device

The current status of the apartment in the base case
model is without any shading devices for windows.
Horizontal overhang, vertical side-fins, and ventilated
blind are the three proposed cases of shading devices.
Overhang and side-fins are simulated with different
projections, ranging from 20 cm and 140 cm. While,
the ventilation blinds are simulated with different oper-
ating strategies, as mentioned below:

+ Case 1: “sun and schedule” In this case, during the
cooling period from May to October, the ventila-
tion blinds are down when the occupants are pre-
sent in the zone and the sun penetrates through the
windows.
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+ Case 2: “day cooling” In this case, during the cool-
ing period from May to October, the ventilation
blinds are down during the day from 06:00 to 18:00.

« Case 3: “all day cooling” In this case, the ventila-
tion blinds are down through all day in the cooling
period from May to October.

+ Case 4: “night heating” In this case, the ventilation
blinds are down in the heating period from Decem-
ber to March during the night from 18:00 to 06:00.

Strategy 5: natural ventilation

In the base case, the windows are already assumed to be
opened during the day when cooling is needed, and the
outdoor temperature is lower than the indoor tempera-
ture. In addition to the day ventilation which is assumed
in the base case, the natural ventilation strategy during
the night and evening is proposed to reduce the cooling
demand in cooling periods from May to October, differ-
ent cases are proposed as mentioned below:

+ Case 1: “bedrooms 2 h night ventilation’, in this case,
the windows are open during the cooling period from
May to October in the bedrooms at the evening two
hours before sleeping from 18:00 to 20:00, to avoid
the undesirable flow of air during sleeping time.

+ Case 2: “all night ventilation, windows are open
in the living room, guest room, kitchen during the
evening and night from 18:00 to 6:00.

+ Case 3: include both case 1 and case 2.
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Strategy 6: energy-efficient lighting

LED light bulbs are proposed to replace the lighting bulbs
in the base case. The used power of LED lighting bulbs is
12 W (ENERGY RATING 2018).

Results and discussion

In this section, the benefit of each strategy is assessed by
comparing the annual energy demand simulation results
before and after the implementation of each strategy
separately, and then in combination with other strate-
gies. Verifications of simulation models were carried
out. There is considerable agreement between the cur-
rent findings and those of some previous studies related
to energy consumption in a residential building under
a Mediterranean climate (Attia and Zawaydeh 2014;
Bataineh and Alrabee 2018; Bataineh and Al Rabee 2021).

Strategy 1: walls insulation

Figure 10 illustrates the effect of the wall insulation thick-
ness on the cooling and heating demands compared
to the base case (no insulation) for top floor apartment
1 in a residential building in Amman, Jordan. It is obvi-
ous that higher insulation thickness leads to lower heat-
ing demand. However, most of the energy savings are
achieved through the first 4 cm thickness, and after that,
increasing the insulation thickness has no important
impact on the heating demand, which proves that there
is no need for huge insulation thicknesses. The wall insu-
lation leads to lower cooling demand compared with
the uninsulated case, but the reduction is not high as in
the heating demands. Thus, it can be said that the use
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Fig. 10 The impact of thermal insulation thickness applied to the wall on heating and cooling energy demand for the top-floor apartment 1, and
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of insulation is more important for the reduction of the
heating demand than the cooling demand.

Accordingly, with 4 cm insulation thickness the annual
saved energy is about 46%

and 3% in terms of total heating and cooling demand
respectively, compared to the base case. This result is
almost similar to the result of the research conducted by
the researcher Attia and Zawaydeh (Attia and Zawaydeh
2014).

Strategy 2: roof insulation

Figure 11 demonstrates the effect of the roof insulation
thickness on the annual energy demand of the base case
apartment model. It can be stated that the roof insulation

leads to lower heating and cooling demands compared
with the base case (uninsulated case), the effect on the
heating demand is higher than on the cooling demand,
however, the roof insulation has a more significant
impact on the total cooling energy demand than the wall
insulation. Generally, insulation thickness over 4 cm has
a low impact on the results. Accordingly, with 4 cm roof
insulation thickness, the total saved energy is 13% and 8%
for heating and cooling respectively.

Strategy 3: window type

Figures 12 and 13 illustrate the impact of installing dou-
ble clear glazing windows and low-emission double glazing
windows, respectively, with different orientations compared
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Fig. 12 The effect of installing double clear glazing windows with U-values of 2.86 W/m?K, on different orientations models




Abu Qadourah et al. City, Territory and Architecture (2022) 9:6

Page 13 of 19

. Heating
= @= Percentage of cooling energy saving

8,000 20%
8 7,000
2 S
= 6,000 =X
= > g
£ 5,000 10% e
o) =
£ 4,000 g
= >
g 3,000 0% o
E,g 2,000 A s
2 1,000
[84)

0 -10%

Base case South North Fast All orientions
Orientation )
Lighting mmmmm Cooling

® — Percentage of lighting energy saving
== @= Pecrcentage of heating energy saving

Fig. 13 The effect of installing low-emission double glazing windows with U-values of 1.59 W/m?K double glazing windows on different
orientations on the heating, cooling, and lighting energy demands, and the energy-saving percentage in comparison with the base case model

to the base case model (single glazed windows) in terms of
annual energy demands. From the results, it can be noticed
that both window types on the east orientation results in a
higher heating and cooling demand saving than in the north
and south orientations. In the eastern orientation cooling
demand is reduced by 14.7% in the case of low-emission
double glazing windows, and 6.1% in the case of double clear
glazing windows, the heating is reduced by 2.1%. In contrast,
lighting demand is increased slightly, and it reaches its high-
est value in the east orientation by 3.2%.

Strategy 4: shading device
Figures 14 and 15 illustrate the annual energy demands of
the multi-family apartment with overhangs on the south
orientation and side-fines on the east orientation of dif-
ferent sizes and compared with the same building with-
out shading devices (base case). Generally, both overhang
shading devices on south-facing windows and side-fines
on the east-facing windows reduce the cooling energy
demand and increase the heating and lighting energy
demands. Increasing the size of the shading devices
increase this effect. However, the increase in heating
energy demand is more than reducing the cooling energy
demand of the building. Therefore, using the overhang
for south-facing windows and side-fins for east-facing
windows will increase the total energy demand.
Regarding the ventilation blinds, for south and east-fac-
ing windows, movable ventilation blinds have more effect
on the energy demands, when it is correctly controlled by
users, see Fig. 16 and Fig. 17. In case 1, case 2, and case
3 the ventilation blind is kept down during the heating
period; therefore, these cases do not affect the heating
demand, however, the cooling demand is decreased with

the highest saving in case 2 when the ventilated blind is
kept down during all day in the cooling period. In case 2,
the cooling energy decreased by 4.3%, 17% for south and
east-facing windows, respectively, compared to the base
case. In case 4, the ventilation blinds are down during the
night (from 18:00 to 6:00) during the heating period. In
this case, the heating demand is reduced by 1% and 4.3%
for south and east-facing windows respectively in com-
parison with not having any shading device. Regarding
the lighting energy demand, ventilation blinds on the
south elevation have a neglected effect, however, in the
east elevation the lighting energy demand reduced by
3.7% in case 2 and 4.3% in case 3.

Based on the findings of the shading device simula-
tion, “day cooling” and “night heating” operation strate-
gies are used in this paper for both south and east-facing
windows.

Strategy 5: natural ventilation

In the base case, natural ventilation is used during the
day when cooling is needed, and the outdoor tempera-
ture is lower than the indoor temperature. Figure 18
below, illustrates the effect of night ventilation with dif-
ferent schedules in comparison with the base case (day-
time ventilation) in the cooling period. In case 1, when
the windows are open in the bedrooms, two hours in
the evening, the cooling demand decrease by 1%. While
in case 2, when the windows are open during the night
in the living room, guest room, and kitchen, the cooling
demand decrease by 13.9% compared to the base case. If
these two ventilation schedules are applied together (case
3), the total saving of cooling energy reaches 14.6%.
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Strategy 6: energy-efficient lighting fixtures

When all the light bulbs in the base case are replaced
by LED bulbs the total annual lighting is reduced sig-
nificantly by 75%. Moreover, the use of LED bulbs gener-
ates less of an internal load from light-waste-heat, which
results in reducing the cooling demand by 3.2% and
increasing the heating demand by 4.7% compared to the
base case, as illustrated in Fig. 19. However, the increase
in heating demand is neglected in comparison with the
lighting energy-saving potential.

Combinations of all strategies

In this section, the best design of all the previously inves-
tigated strategies is selected and simulated in combina-
tion with each other to find out the best final proposed
design for the multi-family building in Amman Jordan.
The cases simulated in this section are:

+ Case 1: add 4 cm wall insulation to the base case
model.

+ Case 2: casel +adding 4 cm roof insulation.

+ Case 3: case 2+ double glazing windows on east and
north elevations.

+ Case 4: case 3+ ventilation blind on the south and
east elevations with “day cooling” and “night heating”
operation strategies.

« Case 5: case 4+ night ventilation (“bedrooms 2 h
night ventilation” and “all night ventilation” strate-
gies)

+ Case 6: case 5+ energy-efficient LED lighting bulbs.

The optimized case, as shown in Fig. 20, reaches a
lower annual energy demand than the base case by 55, 64
and 82% for cooling, heating, and lighting respectively.
The simulation results show that the wall insulation
alone achieves 46% out of 64% of heating energy saving,
while the other parameters impact energy reduction by
18%. The lowest impact rate is related to the energy-effi-
cient light bulbs, which increase the heating demand by
4%. However, the lighting demand is decreased signifi-
cantly by 82%. Regarding the cooling demand, the saved
energy is achieved by combining different parameters,
the most effective are double glazing windows, ventila-
tion blinds, and night ventilation strategies. There is con-
siderable agreement between the findings in this study
and the research conducted by Attia and Zawaydeh, as
they found that the energy used in the residential build-
ings under Jordan climate can be reduced up to 66% by
combining different passive designs strategies (Attia and
Zawaydeh 2014). Figure 21 illustrates the energy demand
for the multi-family building before and after implement-
ing the suggested passive strategies. The total annual
energy demands for all the apartments in the improved
residential building are 12,807 kWh/year for cooling,
17,160 kWh/year for heating, and 37,300 kWh/year elec-
tricity for equipment and lighting.

Conclusion

Detailed simulation analyses have been conducted to
investigate the effect of different passive design strate-
gies on the energy demand of the typical multi-family
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buildings in Amman, Jordan. Starting with the descrip-
tion of the base case model input data, then the energy
demand results for the base scenario were examined.
After that, several strategies have been applied to the
base case. These strategies include wall and roof insula-
tion, window type, shading, natural ventilation, and light-
ing system. The effect of each strategy on the building
energy demand is investigated and compared to the base
case alone and then in combination with the other strate-
gies, to find the optimum solution to reduce the energy
demand of the base case simulated building. The study’s
key findings showed that several passive design strategies

can be used to design energy-efficient multifamily build-
ings under a Mediterranean climate. One of the most
significant aspects of energy saving is the installation
of proper thickness wall and roof insulation, the results
show that around 45% savings of the heating demand
are achieved due to adding wall insulation. Regarding
the cooling demand about 17 and 14% are saved due to
applying a ventilated blind shading device and using a
nighttime ventilation strategy, respectively. Moreover, y
combining the best strategy, the building’s annual energy
demand could be significantly reduced. The potential
saving in energy is up to 53, 71, and 78% of the annual
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cooling, heating, lighting demands respectively, in com-
parison with the typical multifamily buildings.

The findings of this study will be useful to energy poli-
cymakers, architects, engineers, and academics interested
in residential energy demand. This study raises aware-
ness regarding the current status of multifamily buildings’
energy demand and allows architects and building design-
ers to inform their decision-making regarding passive design
strategy effectiveness. The study findings are helpful to cre-
ate a new guide for energy-efficient design in Jordan. In
the long term, the presented results can further lead to the
improvements of building codes considering passive design

measures. Furthermore, it is strongly advised to include
these investigations and outcomes into academic curricula
in Jordanian architectural design institutions to avoid future
architects making the same mistakes.

A similar methodology used in this study could be
applied to residential buildings in different climate zones
and different typologies to investigate their applicability.
Moreover, as this study is only limited to passive design
strategies, future research can be extended to include
active design strategies while considering other influenc-
ing factors in the selection of the optimal design solu-
tions such as life cycle cost and environmental effect.
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