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Abstract: This paper presents a comparison between field measurements and simulated indoor dry bulb
temperatures of a case study of residential building stock in October 6th city in Greater Cairo, Egypt. The
measurements were conducted in the winter season of 2013 over one week in January. At the beginning of the study
a visual survey was conducted for the case study in order to analyze the construction materials and façade
formal configurations. Indoor measurements were conducted to specify the indoor air temperature while outdoor
measurements for the ambient temperature were provided by the meteorological Authority for the same period. The
Indoor measured air temperature was used to validate the indoor simulated air temperature generated from the
building performance simulation commercial code IES<VE> (Integrated Environmental Solutions - Virtual
Environment) under the Egyptian climate conditions.

Keywords: Indoor thermal comfort, Building simulation, Field measurements, Air temperature, Hot-arid climate

1. Introduction
This paper aims to validate a synthetic
simulation weather profile of indoor air
temperature in the Integrated Environmental
Solutions Virtual Environment (IES<VE>)
software program version 6.5 by comparing
the indoor dry bulb temperature between
both field measurements and simulation
predictions the winter conditions of the hot
arid climate of Cairo-Egypt during one week
in January.
This study is a part of a PhD project that
investigates the indoor thermal comfort of
the residential building stocks in October 6th
city in Greater Cairo. The project aims to
figure out a framework for improving the
indoor thermal comfort for the existing
buildings and study its relationship with the
hot arid climate. Analysis of the building
materials, field measurements and personal
observations show that there is significant
thermal discomfort inside the apartments as
a result of the poorly adapted design and

construction materials to the climate
conditions.
Egypt is a rapidly growing country in Africa
and encounters massive challenges in the
expansions in its urban centres due to rural
urban migration leading to a rising demand
on the housing sector (The real estate
Academy forum of affordable housing,
2011).With a population of 20 million, Cairo
is considered one of the world's 16 largest
cities in urbanizing and population growth
(Demographia 2013) [9].
In the previous two decades, a considerable
number of state funded residential projects
were undertaken under the affordable social
housing scheme in different regions of
Egypt and concentrated in the Greater Cairo
region. The apartment blocks are designed
as a prototype of façade design, height,
footprint configuration and finishing
materials. They were built irrespective of the
bioclimatic conditions in different regions of
Egypt.
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This paper studies one of the social housing
projects that were built in 6th of October
City which is a satellite development on the
western side of Greater Cairo. This city is
one of the oldest and largest developments
among twenty-two developments that were
constructed around Greater Cairo in three
phases from 1977 to 2000. Forty cities are
planned to be built in the future in order to
solve the housing problem and to reduce the
pressure on services in Cairo city (New
Urban Communities Authority (NUCA),
2013) [18].
The chosen site is a small part of the city
and has been constructed in 2005 as a part of
a large scale urban development project
launched by the Egyptian government for

Housing

residential units for low income distributed
throughout Egypt within 7 different
ownership or rental schemes; ownership of

scheme, build your own house scheme,
smaller dwellings (36 m2) for rent scheme,
63 m2 dwelling for rent scheme, family
house for rent scheme and ownership for
rural house scheme. The present study is
focusing on one of the districts was built
under the scheme of 63 m2 apartments for
rent.

Thermal comfort is defined by Hensen
(1991) [13] as a state in which there are no
driving impulses to correct the environment
by behavior. Thermal comfort is also
defined by ASHRAE standard 55 (2003) [1]
as that condition of mind which expresses
satisfaction with the thermal environment
and is assessed by subjective evaluation.
According to Szokolay (2008) [24] the
variables that affect heat dissipation from
the body and consequently thermal comfort
can be grouped into three sets;
Environmental (Air temperature, Air
movement, Humidity, Radiation), Personal
(Metabolic rate, Clothing, State of health,

Acclimatization) and Contributing factors
(Food and drink, Body shape, Subcutaneous
fat, Age and Gender). This study focuses on
Air temperature as it is a dominant
environmental factor, as it determines
convective heat dissipation (Szokolay, 2008;
Auliciems, 2007; Carr et al., 2003) [24], [4],
[6].

2. Research on thermal comfort in hot
arid climates

Although numerous studies have been
undertaken worldwide on thermal comfort,
research is still limited on thermal comfort
in hot arid climates (Cena & de Dear 2001)
[1]. The international standards for thermal
comfort such as ASHRAE and ISO are
almost exclusively based on theoretical
analyses of human heat exchange performed
in mid-latitude climatic regions in North
America and Northern Europe (Djongyang
et al. 2010; ASHRAE standard 55, 2003)
[10], [1]. Although ASHRAE and ISO7730

comfort yet it ignored the adaptive approach
which is considered equally important as the
heat balance approach (Nicol 2004) [19].
Interest in researching adaptive thermal

reaction to the oil shock and recently to
decrease reliance on energy intensive
building systems and to reduce the human
impact on the global climatic environment.
Controlling the indoor environment can
have significant impacts on both improving
comfort and reducing energy consumption
(Brager and de Dear 1998) [5].
Nicol (1974) [20] conducted an important
study on hot arid climates. The principal
result of his study highlighted that people
who habitually live in hot arid climates were
adapted to and mostly comfortable at a
globe temperature of 32 degrees. He
indicated that his results contrast with a
study conducted by Hamphreys and Nicol
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(1970) about the English office workers who
were comfortable at globe temperature of
20- More recently, Cena and de Dear
(2001) [7] carried out a large field study in
Kalgoorlie-Boulder located in a hot-arid
region of Western Australia. The purpose of
their study was to highlight the effects of
indoor climates on thermal perception and
adaptive behavior of office workers in air
conditioned office buildings. The main
result of the study was that thermal
neutrality in accordance with the ASHRAE

.
Indraganti (2010) [14] conducted a thermal
comfort field survey in summer 2008 on the
use of adaptive environmental building
controls like windows, doors, curtains and
comfort responses in apartment buildings in
Hyderabad in India. The study investigated
five small to medium sized apartment
buildings, having three to six floors. A
mixed males and females Sample of 113
subjects in forty-five flats in the five
apartment buildings has been investigated.
Results indicate that about 60% of the
occupants were uncomfortable in summer,
furthermore, neutral temperature of

was specified by regression analysis while
the outdoor maximum and minimum air
temperature
respectively. In addition, occupants
adaptively used the physical environmental
controls like windows, balcony, doors,
external doors and curtains to achieve better
comfort in the indoor environment.
On the local level, in Egypt, there were also
limited published studies on residential
buildings in this hot-arid climate. Gado T.
and Osman M. (2009) [11] evaluated the
effectiveness of natural ventilation strategies
used in state funded dwellings in New Al-
Minya city in Egypt. The work was
undertaken in two stages. Stage one was a

pilot study that investigated the using
physical building transformations that could
affect natural ventilation performance such
as installing external horizontal and vertical
solar shading devices and, changing the
window design. Stage two was a simulation
study using Autodesk-Ecotect to evaluate
the natural ventilation performance during
the hottest period of the year and the
computational fluid dynamics software
FloVent to investigate the internal air
movement patterns. The results of the work
showed that cross ventilation and night
purge ventilation for the case study could
only achieve 4.9% reduction in temperature,
so that passive cooling was not effective for
this case study. Sheta W. (2011) [23] used
building si
B
performance of an existing residential
building and its relationship with building
materials at one of the new communities
around Cairo is called El
Khames. This study aimed mainly to
validate design builder simulation software
by comparing the indoor and outdoor
temperature between the field measurements
and simulation work. The main result was
that the design of New Cairo buildings

take in consideration the prevailed
climate condition. Attia and De Herde
(2009) [3] have investigated different active
and passive design strategies such as thermal
insulation, efficient glazing systems and
solar applications to achieve low Energy

residential compound in Cairo. The
simulation results indicated that the
combination of active and passive strategies
not only achieved up to 83% total reduction
in electric energy demand but also improved
the comfort and quality of living. Michelle
S. and Elsayed H. (2006) [17] conducted a
field survey and simulation analysis in Cairo
and Alexandria to investigate the energy
performance of the residential buildings and
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urban planning and its relationship with
climate conditions in both cities. The study
aimed at reducing the energy consumption,
increasing the building energy efficiency
and improving the indoor and outdoor
comfort level. The study showed how the
passive solutions in design have a significant
impact among the other different design
elements.

3. Methodology
The methodology is divided in three parts.
The first part is a visual survey to identify
and analyze the building materials and
construction techniques used in the
reference case, the second part explains the
field measurements which were carried out
mainly in order to validate the simulation
results and finally the third part explains the
simulation package and modeling analysis
for the reference case to compare the
simulation results with the field
measurements.

1. Visual Survey
The buildings are designed as one prototype
and distributed on the site (Fig. 1, Fig. 2).
Each building consists of six floors divided
into six apartments with an equal area of 63
m2 for each apartment. The buildings are
oriented and designed irrespective of the
bioclimatic conditions in different regions of
Egypt. The visual survey and desktop study
of architectural drawings were conducted to
analyze the building materials and
construction techniques. As shown in the
fig. 1, the skeleton structure for the
buildings is made entirely of reinforced
concrete both for slabs and columns.
Analysis of the building materials, field
measurements and personal observations
show that there is significant thermal
discomfort inside the apartments as a result
of the poorly adapted design and

construction materials to the climate
conditions.
Clay bricks with holes (dimensions 250 x
120 x 60 mm) and cement mortar and
plastering are commonly used for the
external and internal walls with a thickness
of 120 mm for both external and internal
walls. The infill wall and the concrete

Fig. 1. The prototypical dwellings in the chosen
site

Fig. 2. 63 m2 dwellings in the chosen site its
design plan highlighting the apartment where

measurements were done
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structure are exposed to outdoors ambient
fluctuations and it is argued that the exposed
thermal mass
thermal storage.
The living room in one of the apartments is
shown in (Fig. 2) and was selected to be
examined as it is the most attractive space
for the inhabitants inside the apartment. The
air temperature measurements has been
taken inside the living room space to be
compared with the one generated by the
simulation work of IES<VE> for the same
space.

2. Measurements
The field measurements were conducted in
the winter season of 2013 over one week in
the first half of January. According to the
climatologically reports over thirty years
from 1976 to 2005, January is the coldest
month of the year in Cairo. Davis weather
station (fig. 3) was used to record the indoor

air temperature in three hour intervals. Davis
device can provide temperature readings
from --40 C to 65 C with sensor accuracy of

1 F ( 0.5 C). it also measures relative
humidity from 0 to 100% with accuracy of

3% (0 to 90% RH), 4% (90 to 100% RH).

As the focus of the study is to validate a
commercial simulation software program;
the building performance simulation
commercial code IES<VE> (Integrated
Environmental Solutions - Virtual
Environment) was chosen to simulate the
thermal performance of one of the chosen

residential buildings. The study aims to
validate this simulation software by
comparing the air temperature between field
measurements and simulated ones.
The 63 m2 dwelling for rent in October 6th

city are chosen to carry out the field
measurements. Air temperature was
measured
living rooms. The chosen living room is
north oriented. The external air temperature
was provided by the meteorological
authority in Cairo. The apartment was
naturally ventilated without any cooling or
heating systems.

3. Building Performance Simulation
tools

According to the U.S. Department of Energy
(DOE) there are 393 software tools available
for assessing the performance of buildings
regarding energy efficiency, renewable
energy use and sustainability credentials in
buildings. IES<VE> uses the calculation
engine of Apache thermal analysis module,
which provides either steady-state or
dynamic analysis of energy consumption
and indoor thermal conditions (University of
Cambridge 2013) [25].

of the weather profile in the simulation
package IES<VE> version 6.5 in the hot-
arid climate by comparing the indoor air
temperature measured in the field with its
counterpart generated by IES<VE>
simulation software for the same living
room in the same apartment in three hour
intervals.
Fig. 4 shows the model built by IES<VE>
for the reference case in order to be
simulated. According to the US Energy
Department, IES <VE> is considered one of
the 20 major building energy simulation
programs. It includes ApacheSim, a
dynamic thermal simulation tool based on
first-principles mathematical modeling of

Fig. 3. Davis weather station
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building heat transfer processes. It is a
validated tool using the ASHRAE Standard
140 and authorized as a Dynamic Model in
the CIBSE system of model classification
(Crawley et al. 2005) [8].

4. Results and Discussions
According to K ppen climate
classification, Egypt is located in the hot
arid climate region. According to the
Egyptian Meteorological Authority report
(1976 2005) obtained from Cairo airport
station number 366, the annual average

maxi

in the peak summer month (July) and a

the peak winter month (January). The annual
average relative humidity is 55% with a
maximum monthly average of 61.7% in
December and minimum monthly average of
45.5% in May.
The indoor air temperature and humidity
was monitored in three hours intervals
during one week from 4th of Jan. 2013 until
10th of Jan. 2013. Measurements were
carried out inside a living room space of one
of the apartments in the first floor level.
In addition, all construction details and
materials used in the buildings for external
envelope, interior partitions, doors and

windows were applied to IES<VE>
simulation program. Cairo weather data file
which was obtained from the meteorological
authority was used for the simulation work.

profile, windows profiles and doors profiles
were obtained from a questionnaire filled by
the occupants of the reference case. This
questionnaire was distributed to thirty
occupants who live in thirty different
apartments and it included specific questions
about the required data.
Fig. 5 and table 1 show a comparison
between the measured and simulated indoor
air temperature inside the living room of one
of the apartments in the first floor and the
difference between them and the outdoor air
temperature. The comparison aims mainly to
ensure the accuracy of IES<VE> software
program in terms of the weather data profile
and to discuss the thermal comfort of the
inhabitants. The comparison shows that
indoor maximum measured air temperature;
minimum measured temperature and average

week
period specified previously. The simulated
indoor air temperature in the same living
space during the same period of
measurements shows that maximum
simulated temperature, minimum simulated
temperature and average simulated

respectively.
Table 1. Measured and simulated indoor and
outdoor Temp.

Max.
Temp.
( C)

Min.
Temp.
( C)

Av.
Temp.
( C)

Outdoors 18.2 7.8 12.8
Measured

Indoor temp.
18 15 16.8

Simulated
indoor temp.

19.9 14.5 17.8

Fig. 4. Reference case model in IES<VE>
simulation software
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Accordingly, the differences between
simulation and measurements in the max.,
min., and av. air temperature are 1.9 C, 1.5
C, 1 C. So that, the differences between

the measured temperature and the simulated
in general. This result

shows that there is no significant difference
between the field measurements and the
simulation work which gives credibility for
the IES<VE> software for simulating the
thermal performance of this kind of
buildings.
Moreover, by comparing the outdoor
measured air temperature and the indoor
measured air temperature the one week
specified, Table 1 is showing that the max.,
min. and av. Outdoor air temperature are
18.2 C, 7.8 C and 12.8 C respectively.
Consequently, the differences between the
measured outside and inside air temperature
in max., min., and av. are 0.2 C, 7.2 C, 4
C respectively. This shows that the

difference between outside and inside air
temperature during the peak hours is quite
very small while the difference between
outside and inside air temperature during the
night-time is quite high indoors than
outdoors. This is observed also in fig. 5 that
during the day time from 9:00 to 18:00 the
measured temperature inside follows the

outside ambient temperature profile
especially in the peak hours but during
night-time from 18:00 to 9:00 recorded
inside temperature are higher than ambient
temperature. There are many explanations
for that, for example, the building envelop
has large heat storage which conserve solar
heating at the day but radiates it at night in
the indoor environment. Accordingly, this
could be appreciated in winter as the people
generally feel cold at night according to the
questionnaire but it may make the building
overheated at summer season at night. There
are also other explanations such as the
occupancy of the apartment at night-time is
higher than the daytime and this was proved
also by the questionnaire which distributed
to inhabitants. The use of lighting and living
equipment inside the apartment such as
televisions and kitchen equipment increases
in the evening than in daytime. These factors
combined lead to a significant increase in
indoor temperatures.
In addition, it is observed in fig. 5 that both
indoors measured and simulated air
temperature mostly dipped twice per day at
9:00 and 18:00; the reason behind this

habits as they prefer to open the windows

Fig. 5. Comparison between Air temperature measured and simulated one
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once at 9:00 in the morning before leaving
and again at 18:00 both for one hour.
However, most of the inhabitants as
questionnaire analysis indicates stated that

feel thermally comfortable in
their apartments as they felt slightly cold
during daytime and general discomfort
being colder at night-time. Observations
showed that people use adaptive behavior
such as wearing heavy clothes at night to
acclimatize with the indoor cold
environment.
The root mean square error (RMSE) was
calculated to ensure the accuracy of IES<VE>
simulation software program. (RMSE) is
commonly used to calculate the differences
between values predicted by a model or an
estimator and the values actually observed
(Rob J. 2006) [22].
The RMSE of an estimator with respect to
an estimated parameter could be
calculated by the following equation:

RMSE ( ) = =

In this context, the RMSE between Tin
measured and Tin simulated during the one
week specified was calculated and the result
that it is equal to 0.08. As Maamari et al.
(2006) [16] suggested the acceptable
percentage difference between the building
performance simulation result and the field
measurement result should be between 10 -
20%, so that the difference of 8% is
acceptable.
Furthermore, the fact that the simulated
values of the indoor air temperature are
quite closer to the measured indoor air
temperature at the day time than the night
time (fig. 5) means that the accuracy of the
simulation software is higher at daytime.

5. Conclusion
Investigating the IES<VE> accuracy for the
indoor air temperature in hot-arid climates is
important for future research applications in
these regions and assessing possible design
interventions to building fabric and services
to improve indoor thermal comfort. The
present study aims at investigating the
Integrated Environmental Solutions
Virtual Environment (IES<VE>) accuracy
for indoor air temperature. In this context,
the field measurements for air temperature
of the reference case were compared with
the simulation outputs during one week in
the first half of January. The comparison of
the results proved the credibility of IES<VE>
version 6.2 for estimating the indoor air
temperature - during the week specified
previously - as a dominant factor in the
indoor thermal comfort and sustainability
analysis for buildings in hot arid climate
regions. The above findings might change
when the measurement for a longer period
of time or other thermal comfort variables
are considered. In addition, the study
confirms that during the one week
measurement, the prototypical design for the
projects of national housing in October 6th

city have been built irrespective of
bioclimatic conditions. A second part of this
study will be conducted in the summer
season of 2013 in order to investigate the
thermal comfort level in the reference case.
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Abstract: Indoor environment has a potential impact on health by influencing behaviors, actions, and
interactions of patients and their families as well as the health providers. The motto of health professionals since
Hippocrates First, do no harm seems to be not widely followed in recent times. Unhealthy buildings can cause
a lot of illnesses to occupants. Sick building syndrome (SBS) is a poorly understood phenomenon where people
have a range of symptoms related to a certain building and there is no specific identifiable cause. The effect of
poor indoor environmental quality (IEQ) is not only on physical health of the building occupants, but also on
their psychological health. Through extensive review, the paper addresses different factors, which affect both
physical and psychological health of occupants in healing environments.
These factors are divided into two main categories; (a) spatial factors, which include the architecture design of
the space, views of nature and nature images, indoor plants and landscaping, wayfinding and orientation of the
space, pleasant color scheme, the presence of coordinated art objects, furniture layout, and video and virtual
reality environments; and (b) environmental factors include air quality and freshness, availability of daylight,
thermal comfort, and acoustic quality.
Since hospitals are profoundly different from other types of buildings, the study focused on integrating the
aforementioned factors toward an optimal healing environment for children in a state pediatric hospital in Assiut
city, which has potential impacts on occupant satisfaction and wellbeing. Based on a comprehensive literature
review, the paper also summarizes both negative and positive factors, which provide a point of departure for
further investigation and exploration within the field of IEQ in healing environments.

Keywords: Occupant Satisfaction, Healing Environments, IEQ Factors

1. Introduction
There are multiple stressful components
leads to discomfort while being in healing
environments such as (i) psychological
fears: worries about illness, isolation from
family and friends, fear of medical
procedures, lack of familiarity with medical
personnel, hospital equipment, and the
sterile hospital environment [1], and (ii)
physical complaints: eye, nose and throat
irritation, headache, fatigue, nausea,
dizziness and skin irritation accompanied
by symptoms of lack of fresh air, stuffiness,
poor temperature control and unpleasant
odors [2].
The purpose of this paper is to provide a
succinct and systematic review of the
existing research in indoor environmental
quality (IEQ) in healing environments, in
order to achieve the occupant satisfaction
and to improve the patients physical and
psychological health during hospitalization

by non pharmacological approaches, which
depend on dealing with IEQ factors; both
spatial and environmental ones.
The paper begins with the concept of
healing environments, which is introduced
in Section 2; the paper discusses in the
following Section 2.1 the illnesses caused
by poor IEQ. Then, In Sections 3.1 and 3.2
the study elaborates both spatial factors and
environmental factors respectively, which
affects the patients health. Section 4
describes the possibility of integration of
these factors in a state pediatric hospital in
Assiut city as a case study, which aimed to
reach occupant satisfaction based on the
literature review, while Section 5 concludes
the paper.

2. Healing environments
The word healing comes from the Anglo-
Saxon word haelen, which means to make
whole. One way to understand the term is
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as harmony of mind, body, and spirit.
Healing is not the same as curing, which is
about fixing problems, eradicating disease,
and decreasing symptoms. People can be
healed even if they are not cured. For
example, those with a chronic disease can
learn to be at peace despite their condition.
Conversely, people may be cured but not
healed [3]. Thus, healing environments are
designed to promote harmony of mind,
body, and spirit.
Huelat posited whether caregivers, good
medicine, beautiful surroundings, and
astute diagnoses may make the healing
journey a pleasant transition from illness to
health, or the journey might be filled with
fear, trepidation, confusion, discomfort, and
anxiety from being separated from loved
ones and familiarity [4].
Zborowsky et al argued that such
environments can reduce stress and anxiety,
which positively affects our health in a
number of ways. Neuroscience is showing
that our brain and nervous, endocrine, and
immune systems are constantly interacting
[3].
Thus, a noisy, confusing hospital room
might leave a patient not only feeling
worried, sad, or helpless but also might
raise his or her blood pressure and heart
rate and increase muscle tension. In
addition, hormones released in response to
stress could suppress the patient s immune
system, causing wounds to heal more
slowly.

2.1. Sick building syndrome (SBS) and
building related illness (BRI)

A variety of expressions have been
associated with illnesses caused by poor
IEQ, such as sick building syndrome (SBS),
building related illness (BRI) and
environmental sensitivity. Sick building
syndrome varies in a number of ways from
building related illness. The symptoms of
sick building syndrome are predominantly
non-specific, that is they are not readily
identifiable to one illness, or one
contaminant source [5].

Unhealthy buildings cause a lot of illnesses
to the occupants. BRI has been defined as
illness that the causal factor can be
identified clinically [6]. The illnesses are
usually characterized by a unique set of
symptoms which may be accompanied by
clinical signs, laboratory findings, and
identifiable pollutants such as
hypersensitivity pneumonitis, humidifier
fever, asthma, and allergic rhinitis. A
variety of symptoms are reported by
occupants suffering from BRI; these are
listed in Table 1.

Table 1. Symptoms typical of BRI [7]
Affected organs Symptoms
General irritability, fatigue, chills
Skin evanescent rashes,

dermatitis
Neurologic drowsiness, inability to

concentrate, headache,
forgetfulness

Eye watering eyes, burning
and redness,
conjunctivitis

Nose & Throat runny nose, rhinitis, sore
throat, sneezing, dry
mucous membranes,
nasal congestion

Airway wheezing, chest
tightness, cough, chest
pain, shortness of breath

Musculoskeletal aches and pains
Gastrointestinal stomach pain, nausea

3. Factors affecting indoor
environmental quality (IEQ)

Many studies indicate that there are various
factors which have profound effects on
occupant satisfaction in indoor
environments. These factors should be
considered integrated components; the
qualities of one factor significantly affect
those of another. The caveat is that every
IEQ decision should be regarded as having
potential positive or negative consequences
in each of these factors.
The effect of poor IEQ is not only on
physical health of the building occupants,
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but also on their psychological health. The
study investigates the different factors,
which affect both physical and
psychological health of occupants in
healing environments. These factors are
classified into two categories: spatial
factors and environmental factors.

3.1. Spatial factors
To promote the speed of postoperative
recovery and to achieve satisfaction during
hospitalizations, it is important to provide
patients with not only the best treatment
possible, but also to remove such sources of
stress and to counter them with positive
distractions, which can affect the perceived
waiting time positively [1], [8].
Positive distractions refer to a small set of
environmental features or conditions that
effectively reduce stress. Distractions can
include certain types of music, furniture
layout, Indoor plants and landscaping,
wayfinding and orientation, color scheme,
art objects, views of nature and virtual
reality (VR) intervention [9] as explained
below.

3.1.1. Architecture design of the space
Design cannot eliminate disease, but it can
alter the experience the hospital guests have
through their own healing journey. [4].
Architecture design of a space influences
users sensory perceptions and affect staff
recruitment and retention, as well as
efficiency and productivity [10]. It also
influences behaviors, actions and
interactions of patients, families, and staff
members [11].
Sufficient space in patient rooms and
waiting areas provides more opportunities
for social contact. Designing patient room
with carpets instead of hard surface flooring
contributes to expand the length of stay for
families and friends. Decentralized nursing
stations provide opportunities for
patient/staff interactions [11]. The
relationship among staff (physicians,
nurses) is also affected by design; gardens
and lounges encourage positive interactions
which can promote greater job satisfaction.

Architecture design of a space can also aid
to decrease patient falls; for instance
widening bathroom doors gives the
opportunity to accommodate a staff person
ambulating with the patient.

3.1.2. Views of nature and nature images
Nature images have a remarkable impact on
satisfaction of patients in healing
environments. In an experimental study to
test the effects of specific nature images, on
participants experiencing pain, Vincent et al
founded that participants with no image
experienced greater pain levels in the
affective pain ratings than participants who
viewed image categories for refuge, hazard,
and mixed prospect and refuge [12]. The
mixed prospect and refuge image category
resulted in significantly less perceived
sensory pain sensation, while the hazard
image received the highest mood
disturbance scores of all groups, despite its
highly effectiveness in distracting
participants from pain.

3.1.3. Indoor plants and landscaping
The viewing of plants has been considered
an effective positive distraction, which may
increase positive feelings, block or reduce
worrisome thoughts, and promote
restoration from stress. Researchers who
have assessed the impact of plants on
human health have suggested that nature
and plant experiences are positively
associated with human physical,
psychological, emotional, and cognitive
health. In addition, viewing plants is linked
to pain reduction, less need for analgesics,
and fast recovery from surgery [1].
Interior hospital spaces can be made
healthier and more comfortable with the
presence of living plants. Previous research
has indicated that indoor plants reduce sick-
building syndrome by removing pollutants,
increase relative humidity up to human
comfort level, and improve indoor air
quality by reducing the quantity of mold
spores and airborne microorganisms. Park
et al suggested that plant selection should
be based on space consideration, sunlight
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accessibility, requirements of temperature
and humidity, low maintenance, and visual
appeal with various colors, sizes, patterns,
and shapes [1].

3.1.4. Wayfinding and orientation of the
space

Wayfinding problems in hospitals are costly
and stressful and have particular impacts on
outpatients and visitors, who are often
unfamiliar with the hospital and are
otherwise stressed and disoriented.
Informational handouts, information desks,
you-are here maps, directories and signages
along the way are critical wayfinding aids.
Previous studies found that people who
used signs found their destination faster
than those who only used maps [9].
Much of the cost of the wayfinding system
in a study conducted at a major regional
hospital in the US was the hidden costs of
direction giving by people other than
information staff, which occupied more
than 4,500 staff hours, the equivalent of
more than two full-time positions [13].
Directional signs should be placed at or
before every major intersection, at major
destinations, and where a single
environmental cue or a series of such cues
(e.g. change in flooring material) convey
the message that the individual is moving
from one area into another.

3.1.5. Pleasant color scheme
Color is definitely a perceptive
characteristic of primary importance when
it involves in designing an environment s
visual appearance. There are multiple ways
that color can be introduced within an
environment: from the color of the
architectural surfaces (walls, floors,
ceilings) to the color of elements of
furniture, from fabrics to linens, through the
use of colored lighting.
Choosing chromatic solutions for the
healing environments depends on different
variables starting from patient s age,
moving through patient s pathology, and
type of activity that is performed in the

environment, ending with the user whether
he/she is family or staff.
On the one hand, it is necessary to create a
varied color panorama within confined
environments in order to reach conditions
of wellbeing. It is also important to use
chromatic solutions that support an
emotional state that is coherent with the
type of activity that is performed there [14].
Further, colors can influence the perception
of time; in rooms where monotonous
activities are performed, the use of a
chromatic palette having cold shades gives
the impression that time passes more
quickly. Color can also be effectively used
to assist people with orientation and
wayfinding. There are many possible uses
of this visual attribute in such context.
On the other hand, the color of the patient s
skin tone is an important chromatic piece of
information. It is therefore necessary to
guarantee proper vision for diagnostic
purposes. Yellow, green and purple distort
skin tone. These colors must therefore be
avoided in those environments where it is
important for the staff to be able to dearly
see the patient s skin (for example the
nursing station and the patient s room).
Blue must also be avoided in cardiology
wards because it makes diagnosis difficult
[14].

3.1.6. Presence of coordinated art objects
Although the exact amount of time patients
and families wait in hospitals and clinics
varies, there is general agreement that the
waiting periods are perceived as long,
uneventful, and stressful. However; the
adverse effects of waiting can be soothed
more effectively by improving the
attractiveness of the waiting environment
than by shortening the objective waiting
time [8].
The assumption that all types of paintings
and other visual art are positive distractions
for patients is not commonly accepted.
Ulrich et al found that art work should be
chosen carefully as interviews with patients
indicated strongly negative reactions to
artworks that were ambiguous, surreal, or
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could be interpreted in multiple ways [9].
The same patients, however, reported
having positive feelings and associations
with respect to nature paintings and prints.

3.1.7. Furniture layout
Furniture and equipment in the patients
residential environments often support their
comfort and function, while in a hospital
environment it could be a source of danger
because of the patient's unfamiliarity with
them. Therefore, concerns have to be
brought to furniture layout as it has been
identified to be the primary cause of patient
falls in the healthcare settings [15].
Furniture arrangements have also shown a
significant effect on social interactions at
waiting areas, rooms, and lounges in health
care settings [11].
Furthermore, ergonomic characteristics of
furniture and equipment can cause long-
term muscular or nerve injury due to poor
bodily positioning or muscle use [10]. As a
way to support patients functions,
designing furniture should be based on
achieving ease in handling, flexibility, and
modularity, in addition to safety, hygiene,
and lack of toxicity [14].

3.1.8. Video and VR environments
Video and VR methods expose persons to
interesting and distracting environments.
Several studies examined the effects of
video and VR methods in controlling pain,
pulse rate, and anxiety, showing significant
evidence in decreasing pain intensity, pain
unpleasantness, and time spent thinking
about pain [16]. VR presentations should be
personalized to patient characteristics such
as age, gender, and ethnicity.

3.2. Environmental factors
There has recently been heightened
recognition that environmental factors can
influence health, which in turn affect the
satisfaction of patients [16]. Air quality and
freshness, availability of daylight, thermal
comfort and acoustical quality are the
important factors of IEQ in healing
environments, which affect occupant

satisfaction. Below are short explanations
of the four elements.

3.2.1. Air quality and freshness
There is increasing concern within the
scientific community about the effects of
the indoor air quality (IAQ) on health.
There is also a growing public
awareness of the risks associated with
poor indoor air quality in the different
environments. The accumulation of
chemical pollutants, such as volatile
organic compound (VOCs), poses a
significant hazard [17]. A century ago,
the off gassing of pollutants from
synthetic building materials was not a
problem. Rather, the overriding concern
was to prevent the spread of infectious
diseases. The LEED (Leadership In
Energy And Environmental Design)
certification program for sustainable new
and renovated buildings has been
criticized on these grounds. The recent
report The Green Building Debate:
LEED Certification: Where Energy
Efficiency Collides With Human Health
notes that many of the building
materials in use today contain chemicals
considered to be hazardous by the
World Health Organization (WHO). WHO
mentioned that poor air quality increases
the risk of nosocomial infection [18].

3.2.2. Availability of daylight
The quality and quantity of daylight
exposure and artificial lighting is associated
with several patient and staff outcomes in
healthcare settings. Access to daylight is
important for both staff and patients. For
patients, it has been found to improve
health outcomes such as depression,
agitation, sleep, circadian rhythms, as well
as reducing intake of pain medication and
for certain types of patients, it also may
reduce length of stay. For staff, access to
daylight contributes to higher satisfaction
due to its impacts on visual performance
and psychological state of a person by
regulating the circadian rhythm [10], [19].
Therefore, site planning and the orientation
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of healthcare facilities should be carefully
considered to ensure sufficient daylight and
avoid situations where some buildings
block light for others.

3.2.3. Thermal comfort
Thermal comfort in hospitals is one of the
most important factors in the designing
phase for architects and engineers. A
hospital is a 24 hour and 7 day operation
space with a strict indoor air requirement.
Creating a thermal comfortable
environment can be helpful in stabilizing
moods of patients and can also assist in the
healing process. In addition, the
comfortable environment can reduce the
length of patient stay in hospitals. A
thermal comfortable environment has a
great influence on the satisfaction of indoor
building occupants [20].
Thermal comfort can be defined as the
condition of mind which expresses
satisfaction with the thermal environment
(ASHRAE Handbook 2005). The predicted
mean vote (PMV) is a seven point thermal
sensation scale for assessing thermal
comfort in a special zone. There are six
variables which affect the PMV. They can
be divided in two main parts: personal
factors (clothing value and activity value)
and environmental factors (air temperature,
mean radiant temperature, air velocity and
relative humidity). PMV value according to
the ASHRAE thermal sensation scale
ranges from -3 to +3 as follows 3: hot, 2:
warm, 1: slightly warm, 0: neutral, -1:
slightly cool, -2: cool, -3: cold. For
estimating thermal comfort satisfaction of
people, predicted percentage dissatisfied
(PPD) is used. It is considered if 80% of
occupants are satisfied it would be good;
that is, PPD less than 20% is acceptable
[20]. Comfort range is between 25C and
27.7C and the acceptable range would be
23.8C to 29C.

3.2.4. Acoustic quality
Hospitals are noisy places with numerous
sources of noise, and historically they have
been designed with sound-reflecting

surfaces that worsen acoustic conditions
and enable noises to echo and propagate
over large areas. Healthcare providers
perceive higher noise levels as stressful and
sufficiently high to interfere with their work
[21].
Certain environmental interventions have
been found effective for reducing noise in
hospital settings, including installing high
performance sound-absorbing ceiling tiles,
eliminating or reducing noise sources (e.g.,
adopting a noiseless paging system), and
providing single-bed rather than multi-bed
rooms [19].

4. Assiut university pediatric hospital as
a case study

Significant correlations between the
enhancement of several spatial factors and
the occupant satisfaction had been indicated
in two clinic waiting areas in Weill Cornell
Medical Center, New York city [8]. At the
same city, Becker et al also pointed out
positive correlations between more
attractive environments and occupant
satisfaction in Presbyterian Hospital [22].
With the regard to environmental factors,
Kotzer et al found out that design and
operational changes to light, noise,
temperature, aesthetics, and amenities in
Children's Hospital Colorado, Anschutz
Medical Campus had a remarkable
influence on post-occupancy evaluation of
the built environment [23].
The research adopted different approaches
based on the previous field studies in order
to enhance the facility of Assiut University
pediatric hospital in Egypt. This hospital
faces various significant challenges despite
of being slightly new. The study focuses on
the department of diagnostic imaging as
being one of the crucial departments that
create much apprehension, fear of the
unknown, and expectancy of pain and
discomfort.
Based on the literature review in Section 3,
the department has been redesigned to
integrate the aforementioned factors in
order to achieve the patient satisfaction and
wellbeing.
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It s usually tough getting kids to go
willingly to hospitals; they always have
fears and worries about such environments.
That s exactly the perception that the new
design for the diagnostic imaging
department tries to counteract.
The functional distribution of the
department areas were designed according
to the actual sequence of activities
performed within them as illustrated in
Figure 1. The intention was to create an
optimal healing environment for children,
that has a welcoming and friendly
atmosphere with a home like surroundings.

Fig. 1. The actual sequence of activities in the
department of diagnostic imaging.

To avoid high spatial density, the waiting
area is divided into two areas to promote
moderate social interaction. These areas are
designed to be a livable space with the
presence of a playing area observed directly
by the patient s family to emphasize relax
mode for the child by reassuring him/her. In
order to encourage children to serve
themselves, shelving and furniture that
contains toys designed to be opened and
directly reveal their contents like what
shown in Figure 2.
The centerpiece of the diagnostic imaging
area is the corridor that funnels patients to
the respective area for diagnosis. Moving to
this corridor is a sign to the child that the
operation will start shortly, that s why a
strategy of positive distraction was used to
lead the patient s thoughts far from the
contingent negative situation.
Along the path, a colorful natural scene
with environmental graphics is designed to

accompany the child from the beginning of
the corridor through abstracting leaves in a
shape of small scattered circles that
continue to grow along the path to create
the main scene in the middle of the corridor
which is surrounded by a short time waiting
chairs.

Fig. 2. Shelving toys in the waiting area [14].

As the variation of colors is a fundamental
characteristic of the natural environment, a
varied color panorama is created within the
corridor environment in order to reach
conditions of satisfaction, whereas intense
colors were used in handrails and
doorframes to create accents and conditions
of chromatic contrast which aids in the
visual organization of the environment.
Regarding the orientation of the space, the
path is designed to be perceived by
wayfindings and signs on the flooring. The
placement of images and figures with a
strong orientation towards the directions
guide kids to their destination without the
need to ask as displayed in Figure 3.
The medical equipments offered in the
diagnostic imaging department are the ultra
sound, endoscopy, traditional x-rays,
magnetic resonance (NMR), and
computerized axial tomography (CAT
scans).
The variety of the procedures performed
results in the use of large and highly
sophisticated equipments which have a
strong emotional impact on patients,
therefore techniques to screen this
equipments are embedded in the design.
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(a) Section A-A in the corridor.

(b) Section B-B in the corridor.

(c) Plan of the corridor.

Fig. 3. The architectural drawings of the centerpiece corridor in the diagnostic imaging department.

Following on that the interesting studies
conducted by Philips Ambient
experience , which is indicated in Figure 4
to create environments that can be
personalized by means of the control of
light, color, music, and images that can be
projected in the procedure room.

(a) G. Salesi pediatric
hospital, Ancona,
Italy.

(b) Laughlin memorial
hospital, Greeneville,
Tennessee, USA.

Fig. 4. Screening the equipments to alleviate the
sensation of strong emotional impact [16].

The new department's interior finishes are
proposed to be selected with the intent to
minimize harmful impacts on the indoor
environment and to protect the health of
patients. Radiation protection products are
suggested to be used in doors, windows and
walls. Furthermore, low VOC paints are
preferred to be used on the walls and in the
adhesives for flooring which contributes to
raise the quality of indoor air. Slippery
floors (Granite or Ceramic) also should be
avoided; which can add significantly to
patient falls [24]. The study suggests other
flooring materials, such as synthetic rubber,
polyethylene, and polypropylene to reduce
immediate health impacts on patients and
staff.
Figure 5 shows three dimensional simulated
shots for the interior design of the main
corridor, which connects patients from the
public waiting area to the procedure rooms
in the department of diagnostic imaging.
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Fig. 5 (a) Shot 1

Fig. 5 (b) Shot 2

Fig. 5 (c) Shot 3

Fig. 5 (d) Shot 4
Fig. 5. Simulated shots of the case study.

5. Conclusion
Health in the built environment especially
in hospitals is a complex issue that must be
balanced with numerous others issues
during the design and construction of a
building. Architects are well positioned to
advance the quality of indoor environments
through their selection of building
materials, finishes, furnishings, views and
orientations, as well as through the design
of the building systems. The study
addresses both spatial and environmental
IEQ factors which affect the occupant
satisfaction in healing environments. Both
negative and positive influential factors of
wellbeing and satisfaction in indoor
environments are summarized in Figure 6.
The case study of Assiut university
pediatric hospital serves as an example of
how slightly interventions can make a
potential difference in the quality of indoor
environment, which in turn has a great
influence on occupant satisfaction.
The positive results of actual field studies
conducted in similar environments act as
indicators of success. However; the need to
take onsite measures and occupant feedback
should be taken into consideration in the
future work.
It is also hoped that this study will
illuminate the topic of IEQ and provide a
point of departure for further investigation
and exploration within the field of IEQ in
healing environments.
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Fig. 6. Factors affecting occupant satisfaction in healing environments.
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Abstract: There are a large variety of structures that can be projected over the window. These projected
structures have been used in both traditional and modern buildings to provide needed shade and for other
functional or social reasons. Today, it can be noticed the use of such structures in most of the modern buildings,
but unfortunately, sometimes the design of such structures might not achieve their optimized function by
blocking the sun rays during the overheated period and permitting them during the underheated period. Many
studies have been done on building energy efficiency of such structures using computer simulations, while others
concentrated on the design of shading devices with their different configurations. However, this paper shows a
simple quick tool for architects represented by a design chart that determines the depth of a projected structure
over an equator-facing window as a function of the latitude and the height of that structure, resulting in an
automatic seasonal adjustment. This design chart is simple, flexible, generic and can also facilitate the proposal
of enhanced projected structures.
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Nomenclature
HSA horizontal shadow angle......................... o

VSA vertical shadow angle............................. o

LAT latitude .................................................... o

h shading height ....................................... m
d projected structure depth....................... m

1. Introduction
There are a large variety of projected
structures over the window that might be
dissimilar or similar in their appearance,
way of construction, used materials,
functions and meanings such as: overhangs,
porches, arcades and loggias (see Fig. 1,
Fig. 2, Fig. 3 and Fig. 4).
Projected structures have been used in both
traditional and modern buildings to provide
needed shade and for other functional or
social reasons. From an environmental
point of view, they are considered as
external shading devices which are more
effective than the internal ones because
they dispose the convected and reradiated
portion of the radiant energy striking them
to the outdoor air [1]. Their optimized
function is to block the sun rays during the
overheated period, i.e., summer and
permitting them during the underheated
period, i.e., winter.

Today, it can be noticed the use of such
structures in most of the modern buildings,
but unfortunately, sometimes the design of
such structures might not achieve their
mentioned optimized function because the
designers of those buildings are either
concerned only with achieving the building
regulations without wasting any of the
internal space or not possessing a simpler
tool that could be used by architects without
employing professionals.

Casa Isolani, Bologna, Italyroof beyond a story immediately below
Fig. 1: Overhang is the projection of an upper story or

, [2]
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Fig. 2: Porch is an exterior structure that shelters a
building entrance, extending along the outside of a building

Hacienda, Venezuela
Source: [3]

Fig. 3: Arcade is a line of counterthrusting arches raised on
columns or piers.

Town Square of Garrovillas, Western Spain
Source: [3]

Fig. 4. Loggia is an arcaded or colonnaded porch or
gallery attached to or contained within a larger structure

Square of Chinchon, near Madrid, Spain
Source: [2]

1.1. Background and Previous Studies
Many studies have been done on building
energy efficiency of such structures using

computer simulations , while others as [4].
concentrated on the design of shading
devices with their different configurations.
Some studies as [5] proposed simple tools
represented in tables showing a range of
factors for a number of latitudes that could
be used to find the length of overhang
projection required for shading a window
opening. Others as [6] proposed similar
charts but for a single latitude, i.e., a
specific city, that finds out the depth of a
single overhang or the spacing between
multiple louvers as a function of the
shading height. The differences between
such tools and the proposed design chart
will be discussed later in the Discussion
and Conclusions section.

1.2. Main Objectives and Hypothesis
The main objective of this paper is to
introduce a simple quick tool for architects
represented by a design chart that
determines the depth of a projected
structure over an equator-facing window as
a function of the latitude and the height of
that structure, resulting in an automatic
seasonal adjustment, i.e., full shading in
summer but allowing solar heat gain in
winter. This design chart can also facilitate
the proposal of an enhanced projected
structure that could integrate both HSA as
well as VSA within its design.

2. Methodology
To carry out the aimed deign chart, a
number of measuring techniques were used
associated with some hypothetical
parameters as follows.

2.1. Used Measuring Techniques
Shading design for the exclusion of solar
input is a geometrical task, so, the depth of
the projected structure could be determined
when the other parameters are given
represented in the height of the shaded part
and the vertical shadow angle (VSA).
According to [7], a window facing the
equator (due south in the northern
hemisphere and due north in the southern
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hemisphere) is the easiest to handle, it can
give an automatic seasonal adjustment: full
shading in summer but allowing solar heat
gain in winter. For complete summer 6
months sun exclusion (for an equinox cut-
off) the VSA will have to be VSA = 90 -
LAT; e.g. for LAT = 30 it will be VSA =
90 - 30 = 60 . Therefore, the ratio
between the depth of the projected structure
(d) and the height of the shaded part (h)
could be calculated (d/h), i.e., the depth of
the projected structure (d) could be
determined as a function of the latitude
(LAT) and the shading height (h).

2.2. Simplifications and Assumptions of
the Design Chart:

Some experimentation parameters,
simplifications and assumptions were
considered in the design chart concerning
its applicability, orientation of façade, way
of handling as a shading device, effect of
the thickness of the different cross sections
and the specifications of the used base
cases.
Applicability of the design chart: the design
chart is suitable for locations found at lower
latitudes with temperate, hot-dry or warm-
humid climates where shading is a need.
And it is not suitable for locations found at
higher latitudes with cold climates where
the main problem is the lack of heat. So the
range of considered latitudes in the design
chart from 0 (equator) to 60 N and S, i.e.
low and middle latitudes.
Orientation: the window wall is facing the
equator (due south in the northern
hemisphere and due north in the southern
hemisphere).
Way of handling as a shading device: the
projected structure is handled as a
horizontal shading device that is
characterized by a vertical shadow angle
(VSA) and neglecting the effect of the
horizontal shadow angle (HSA) assuming
the uniform broadening of that projected
structure along the façade.
Effect of the thickness of the projected
structure: the shaded part increases as a
function of that thickness, so to avoid that

effect, the shading height (h) is measured
vertically from the underside of the
projected structure till the window sill or
the ground (as in case of curtain walls).
Effect of the thickness of the external wall:
the penetration of direct sunlight inside the
space decreases as a function of that
thickness, so to avoid that effect, the
shading height (h) is measured on the
external surface of the wall which implies
the shading of the window sill itself, i.e.,
the thickness of the wall is negligible.
Specifications of the used base case:

- Internal height = 3.00 m
- Lintel height = 2.10 m
- Sill height = 0.90 m
- Wall thickness = 0.25 m
- Slab thickness = 0.15 m

3. Results
A variety of different configurations of
projected structures are introduced (see Fig.
5, Fig. 6, Fig. 7, Fig. 8, Fig. 9 and Fig. 10).
The depths of these projected structures (d)
resulting from different assumed shading
heights (h) are identified for different
latitudes (LAT). The base case is the case
with no projected structure, permitting
direct sunlight to hit the vertical window
wall and allowing a certain amount of the
sun rays to penetrate into the interior of the
space and this amount of penetration is
dependent on (VSA). The position of the
projected structure varies from the lintel
level till the roof level while the shading
height (h) is either measured down to the
sill level (base case 1) or to the ground level
(base case 2).
To design the aimed chart, a formula to find
(d/h) is going to be derived and then
verified mathematically by comparing the
values from the formula with the measured
ones for the different proposed
configurations.
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Fig. 5. Different configurations of projected structures with
different shading heights (h) for Latitude 10o

Fig. 6. Different configurations of projected structures with
different shading heights (h) for Latitude 20o
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Fig. 7. Different configurations of projected structures with
different shading heights (h) for Latitude 30o

Fig. 8. Different configurations of projected structures with
different shading heights (h) for Latitude 40o
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Fig. 9. Different configurations of projected structures with
different shading heights (h) for Latitude 50o

Fig. 10. Different configurations of projected structures
with different shading heights (h) for Latitude 60o
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3.1. Derivation of the formula used in
finding (d/h)

Derivation of the ratio between the depth of
the projected structure (d) and the shading
height (h) as a function of the latitude
(LAT).

For an equinox cut-off:

By substitution from Eq. (1) in Eq. (2):

3.2. Verification of the formula used in
finding (d/h)

Table 1 shows the mathematical
verification of the formula used in finding
(d/h) by comparing the values of tan (LAT)
with those of the ratio (d/h), where (h) is
the assumed shading height and (d) is the
corresponding measured depth for the
different proposed cases with different
configurations. These values are found to
be equal and completely match which in
turn verifies that:

Table 1: Mathematical verification of the formula used in
finding (d/h)

# LAT h d d/h tan
(LAT)

Case 1

10

1.20 0.21

0.176 0.176
Case 2 1.65 0.29
Case 3 2.10 0.37
Case 4 2.10 0.37
Case 5 2.55 0.45
Case 6 3.00 0.53
Case 7

20

1.20 0.44

0.364 0.364
Case 8 1.65 0.60
Case 9 2.10 0.76
Case 10 2.10 0.76
Case 11 2.55 0.93
Case 12 3.00 1.09
Case 13

30

1.20 0.69

0.577 0.577

Case 14 1.65 0.95
Case 15 2.10 1.21
Case 16 2.10 1.21
Case 17 2.55 1.47
Case 18 3.00 1.73
Case 19

40

1.20 1.01

0.839 0.839

Case 20 1.65 1.38
Case 21 2.10 1.76
Case 22 2.10 1.76
Case 23 2.55 2.14
Case 24 3.00 2.52
Case 25

50

1.20 1.43

1.192 1.192

Case 26 1.65 1.97
Case 27 2.10 2.50
Case 28 2.10 2.50
Case 29 2.55 3.04
Case 30 3.00 3.58
Case 31

60

1.20 2.08

1.732 1.732
Case 32 1.65 2.86
Case 33 2.10 3.64
Case 34 2.10 3.64
Case 35 2.55 4.42
Case 36 3.00 5.20
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3.3. The design chart to determine the
depth of a projected structure (d)

The design chart shown in Fig. 11
determines the depth of a projected

structure as a function of the latitude (LAT)
and the shading height (h). This chart is
drawn using the formula:

Fig. 11. The design chart determines the depth of a projected structure as a function of the latitude and the shading height

3.3.1. Description of the design chart
The design chart consists of two axes; the
horizontal axis represents the range of
latitudes from 0 (Equator) to 60 N and S
that signifies the location of the city, while
the vertical axis represents the ratio (d/h)
between the required depth (d) of the
projected structure and the shading height
(h).
Example: using the design chart, it is
required to find the depth of the arcade at
the southern façade of a building in the city

of Cairo, Egypt (LAT = 30 ) given that the
height needed to be shaded is equal to 3.00
m.
Solution: Draw a vertical construction line
from the marked latitude (of the given city)
on the horizontal axis till it intersects the
chart. Draw a horizontal construction line
from this intersection till the ratio (d/h) is
found on the vertical axis. To get the exact
depth of the arcade, multiply the obtained
ratio (d/h) = 0.58 by the needed shading
height = 3.00 m;
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Table 2 shows examples for using the
design chart (refer to Fig. 11) to find the
depth (d) of the projected structure
corresponding to a shading height (h) of
3.00 meters for different cities all over the
world [8], i.e., different latitudes (LAT).

Table 2. Examples for using the design chart to find the
depth of a projected structure

City Name LAT d/h d
1. Monrovia, Liberia 6 N 11 % 0.33 m2. Jakarta, Indonesia 6  S 
3. San a , Yemen 15 N 27 % 0.81 m4. Lusaka, Zambia 15  S 
5. Abu Dhabi, UAE 24 N 45 % 1.35 m6. Gaborone, Botswana 24 S
7. Nicosia, Cyprus 35 N 70 % 2.10 m8. Canberra, Australia 35 S
9. Istanbul, Turkey 41 N 87 % 2.61 m10. Wellington, New Zealand 41 S

3.3.2. Notes on the design chart
The position of the shading height in
relation to the façade doesn t not affect the
depth of the projected structure because
shading design is a pure geometrical task.
If the projected structure has a beam at its
external end, the shading height would be
measured vertically from the underside of
that beam.
It is usually better to consider that the
required shading height (h) is measured
vertically from the underside of the
projected structure till the ground, i.e.,
considering that the window sill = 0.00 m to
ensure the decrease of the load impact even
on the opaque surfaces (walls) during
summer and in turn they are going to gain a
considerable amount of solar irradiance
during winter.
According to [5], fixed overhangs is better
to be designed so there is a separation
between the top of the window and the
underside of the projected surface.
Since the problem of shading is blocking
the sun at certain angles, many small

devices can have the same effect as a few
large ones, as shown in Fig. 12. However, a
single large overhang is usually preferred
for the best view. In the case of using a
number (n) of louvers, the depth of each
louver is equal to the obtained depth (d)
from the design chart divided by their
number (n), considering that their thickness
is negligible.

Fig. 12. Many small elements can create the same shading
effect as one large device.

Source: [9]

3.4. A proposal for an enhanced
projected structure using the design
chart

The design chart could enable the idea of
proposing an enhanced projected structure
(as shown in Fig. 13). This could be done
by taking the same planar shape of the
shading mask for a certain latitude, such
that the inner edge of that shape is the solar
path for the month of June and the outer
edge is the solar path for the equinoxes, i.e.,
March and September. Then, scaling that
shape such that its maximum depth would
be equivalent to the determined depth (d)
using the design chart. And consequently
the configuration of the southern wall
would have the same curvature of the inner
edge of the projected structure. That would
result in a planar projected structure that is
characterized by a vertical shadow angle
(VSA) and fine-tuned by a horizontal
shadow angle (HSA).
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Fig. 13. The proposed enhanced projected structure using
the design chart

Likewise, a three-dimensional projected
structure could be developed by possessing
the inverse form of the solar path using the
calculated depth (d) obtained from the
design chart. That would result in a shell-
like form where the projected structure that
causes shading is integrated with the rest of
the building parts within a whole
configuration or mass (see Fig. 14).

Fig. 14. Schematic drawing for the proposed three-
dimensional projected structure

That form is similar to sand dunes or caves
that were inhabited as primitive dwellings
(see Fig. 15).

Fig. 15. Anasazi Indians commonly built into cliff openings
facing south, allowing winter sun to enter ,but not in summer.

Source: [10]

4. Discussion and Conclusions
This design chart can be used as a rule of
thumb to find the depth of the projected
structure as a function of the latitude and the
shading height, i.e., a quick tool for basic
design decisions. That obtained depth would
cause shading during the six months of
summer and permits solar heating during the
six months of winter.
The proposed design chart is more generic
than other similar methods or techniques
because it is applicable for the different
configurations of the projected structures, as
well as the flexibility of varying the position
of the projected structure in relation to the
window opening. The fact that it is a chart,
makes it applicable for any location (city)
within the low or middle latitudes, where
shading is a need during the overheated
period, i.e., summer. The simple approach
followed in designing this chart, enabled the
proposal of an enhanced projected structure
that acquires its shape from the needed
shading patterns, which in turn could alter
the configuration of the conventional
vertical façade facing the equator.
This study should be complemented by
other more detailed means as it is not based
on complete bioclimatic diagnosis that
would have involved much more knowledge
and analysis of the exact hours needed to be
shaded throughout the whole year and
integrating that with the human comfort
needs and energy efficiency. Anyways, this
design chart could be developed in future
researches by studying and including such
aspects that could assure better indoor
environmental quality.
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Abstract: The paper discusses internal building envelope retrofitting of multi-storey, multi-owner residential 

buildings. The main question is how does the additional insulation placed on the inner side of the building 

envelope affect its thermal inertia. Among other reasons, thermal inertia is important in increasing human 

comfort in the space, avoiding overheating in summer, and managing solar gains. Inside insulation can alter this 

behaviour, and the aim is to understand the positive and negative consequences of such an intervention.  

The work assesses insulating materials and components integrated in the internal side of the retrofitted buildings. 

The scope of work addresses hot arid climates, abbreviated as ÔBWhÕ according to Koppen climate classification, 

and which is represented in the city of Cairo, Egypt. The building envelope alternatives assessed consider light 

as well as massive building envelopes. To that aim, simulations are carried out in order to understand the 

variance in the thermal behavior of the envelope, corresponding to the change in insulation position on the 

existing one (inside, outside or without). Analytical assessment is performed in order to include air and surface 

temperatures and building cooling loads. 

The results show that, under the conditions of this study, both internal and external insulation are beneficial in 

terms of surface and indoor air temperatures in summertime. With insulation placed outside, the higher thermal 

capacity on the inner surface increases the comfort conditions, measured in discomfort degree hours (DDH). 
 

Keywords: Energy Efficient Retrofit, Internal Wall Insulation, Thermal Comfort, Thermal Inertia, Residential 

Building in Cairo. 

Nomenclature (Optional) 

TAIR Room Temperature ................................. C 

TSI Internal Surface Temperature ................ C 

DDH   Discomfort Degree Hours .......................  

q Heat flux per Square Meter ................ W/m2 

 Thermal conductivity ........................ W/mK 

 Density .............................................. kg m
-3

 
1. Introduction 

Globally, statistics show that about 50% of 
todayÕs building stock will remain in use 

beyond 2050. In most industrialized 

countries, new buildings will only 

contribute to 10% - 20% additional energy 

consumption by 2050 whereas more than 

80% will be influenced by the existing 

building stock [1]. If building renovation 

continues at the current rate and with the 

present common policy, between one to 

over four centuries will be necessary to 

improve the building stock to the energy 

level of current new construction [2]. 

 

1.1. Internal Insulation of the Building 

Envelope 

Internal Insulation Solutions (IIS) comprise 
an insulation layer fixed to the inside of the 

external walls of buildings, using either 
single or multi-layer solutions. While 

external insulation seems the most efficient 
in terms of energy performance, internal 

insulation is sometimes the only solution; 

i.e. in heritage buildings with listed facades, 

in cases where distance between buildings 

does not allow increasing the external walls 

thickness, or if its adoption depends on 

single owners thus it is subjected to 

different decision criteria. 

Solid building walls, particularly thick 

ones, have high thermal capacities, which 

allows them to absorb heat over time and 
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release it relatively slow as the 

surroundings cool down. Thermal inertia is 

important in increasing human comfort in 

the space, avoiding overheating in summer, 

and managing solar gains [3]. 

 
1.2. Objectives 

This paper demonstrates the impact of 

internal insulation on the effective thermal 

capacity of existing building walls, which 

in turn affects the indoor comfort 

conditions. The study forms a comparative 

analysis matrix that studies a number of 

building envelopes with different thermal 

inertia values, and with a variation in the 

insulation position. The work aims to: 

- Understand the impact of internal 

insulation on the thermal performance 

of the existing building envelope; this 

will be demonstrated through 

comparing the indoor air and surface 

temperatures of the simulated space. 

An important question is how internal 
insulation will affect its thermal 

capacity of the existing building 
envelope, and whether it is imperative 

to sustain this characteristic or not. 
- Evaluate the impact of this intervention 

on the thermal comfort of the users. 

- Assess the influence of this 

intervention on the cooling loads of the 

existing building.  

 

2. Analysis Methodology and Evaluation 

2.1. Strategy 

The study involves analytical simulations 

divided in the following phases:  

- Dynamic simulations of one room in 

the building model (master bedroom), 

using TRNSYS simulation software; 
- Parametric analysis of the virtual 

model, in order to assess the results 
when using different envelope layers 

i.e. types of walls, with different 

position of insulation, internal loads, 

window size and ventilation rate. 
The study is concerned with the BWh 

climate, according to Koppen climate 
classification system [4], which is 

represented in the city of Cairo, Egypt. The 
main focus of the analysis is on the summer 

period, however, simulations are also 
conducted on a three-days-interval analysis 

in the summer and winter solstices, as well 
as the autumn and spring equinoxes. An 

overall scheme of the analysis matrix is 
presented in Fig. 1.  

Fig. 1. Building simulation matrix. 
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2.2. Building Description 

The study is carried out on a hypothetical 

residential building in Cairo, Egypt. The 

buildingÕs overall height is 12m. It is 

composed of 4 floors, each floor hosting 6 

rooms. The building has no basement and 

no surrounding masses that casts shadows 

on it. The only shading elements are outside 

window louvers, which function during 

daytime in the summer period. The 

windows are placed equally on the longer 

sides of the building. The larger area rooms 

contain two windows each, while each of 

the small rooms contains one window. The 

windows area is fixed. Each window 

occupies 15% of the room external wall 

surface area. The rooms vary in dimensions 

(four rooms with an area of 4x4m
2
, and two 

of 4x8m
2
) and in position, as shown in Fig. 

2. The zone of focus in this paper is Room 

No. 01, located on the second floor, which 

represents the master bedroom function. 

 

 
Fig. 2 Second floor rooms' configuration. 

2.3. Variables 

2.3.1. Envelope Configurations 

Three wall configurations, with three 

different insulation positions, are studied 

and presented in Fig. 3. 

- C: Hollow Brick Cavity Wall; 

- M: Massive Solid Brick envelope; 

- L: Light Hollow Brick envelope. 

These three envelopes have very similar U-

values, but differ in the dimension, material 

density and thermal conductivity. In other 

words, the bricks used in the massive 

solution are solid with high density and 

thermal conductivity, while the other two 

solutions exhibit hollow clay bricks with 

lower density and conductivity. Each of the 

envelopes is studied in three different 

situations: 

- X-NO: Without insulation; 

- X-INT: Internal insulation; 

- X-EXT: External insulation. 

Where X represents any of the three main 

envelope configurations (C/M/L). The 

insulation layer used for the comparison is a 

fixed 10cm Expanded Polystyrene with 

plasterboard finishing of 1.25cm. The wall 

layers are described in Table 1. 

 
Fig. 3 Walls configurations and insulation 

position alternatives. 

 
Table 1. Building envelope configurations. 

Envelope 

Code 
Description 

M-NO Render (2cm) Ð Solid 

Brick (36cm) Ð 
Plaster (1.5cm) 

C-NO Render (2cm) Ð 

Hollow Brick (8cm) Ð 

Air Cavity (10cm) Ð 
Hollow Brick (10cm) 

Ð Plaster (1.5cm) 

R-NO Render (2.0cm) Ð 

Hollow Brick 

(12.0cm) Ð Plaster 

(1.5cm) 

C/M/R-

INT 

ÒWall LayersÓ Ð 

Expanded Polystyrene 

(10cm) Ð Plasterboard 

(1.25cm) 

C/M/R-

EXT 

Plasterboard (1.25cm) 

Ð Expanded 

Polystyrene (10cm) Ð 

ÒWall LayersÓ 

 

Finally, the study will deal with these nine 

cases in a number of scenarios with 
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different variables, which are described in 

the following sections. 

 
2.3.2. Internal Gains 

Two modes of internal gains have been 

specified through the simulation software 

according to a scenario of the occupantsÕ 

activity, the equipment power, lighting, as 

well as their schedules of use. 

Four occupants are placed in each 

apartment. Two of them are in the master 

bedroom. The people activity type and 

occupancy depends on the schedule defined 

in Table 2. 

 
Table 2. OccupantsÕ activity and schedule 

scenarios. 

OCCUPANCY - HIGH 

WD Value 

00.00 - 08.00 1 

08.00 - 19.00 0.2 

19.00 - 24.00 0.6 

WE Value 

00.00 - 24.00 0.6 

Activity 

Seated, Very Light Writing 

OCCUPANCY - LOW 

WD Value 

00.00 - 08.00 1 

08.00 - 19.00 0 

19.00 - 24.00 0.3 

WE Value 

00.00 - 24.00 0.3 

Activity 

Seated at rest 

 

PC and equipment were used only in the 

high internal gains alternative, which is 

shown in Table 3. 

 

Table 3. PC type and schedule in the high 

internal gain scenario. 

PC - HIGH 

WD Value 

00 - 19 0 

19 - 24 0.3 

WE Value 

00 - 09 0 

09 - 24 0.2 

No. of PCs Type 

1 in 32m^2 140 W Monitor 

1 in 16m^2 50 W Printer 

 

2.3.3. Ventilation Rate 

Two ventilation rate alternatives are 
applied. One uses a constant 0.5 Ach/h, and 

the other a 0.3 Ach/h in daytime, and a 1.5 
Ach/h at night. This allows understanding 

the impact of night flush ventilation in 

reducing overheating. The schedule of the 

two scenarios can be seen in Table 4. 
 
Table 4. Ventilation rate alternatives. 

VENTILATION RATE 

0.5Ach/h | Constant 

Summer 

All Days Ach/h 

00.00 - 08.00 0.7 

08.00 - 20.00 0.5 

20.00 -24.00 0.7 

Winter 

All Days Ach/h 

00.00 - 24.00 0.5 

VENTILATION RATE 

1.5Ach/h | Night Ventilation 

Summer 

All Days Ach/h 

00.00 - 08.00 1.5 

08.00 - 20.00 0.3 

20.00 -24.00 1.5 

Winter 

All Days Ach/h 

00.00 - 24.00 0.5 
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2.4. Evaluation Parameters 

In this paper, interest is focused on 

parameters used to evaluate the 

performance of envelope wall in free-

floating summer condition in buildings, i.e. 

naturally ventilated. Barrios et al. [5] 

presented an extensive literature review 

about the parameters used in assessing the 

building envelope performance in various 

conditions; i.e. in steady-state conditions, 

and in periodic outdoor conditions in the 

case of air-conditioned (A/C) or non-air-

conditioned (nA/C) buildings. According to 

their work on the parameters proposed to 

assess envelope thermal performance in 

periodic outdoor conditions in nA/C 

buildings; Zhou et al. [6] proposed the use 

of Surface Decrement Factor (DFs) and the 

Surface Lag Time (LTs) values as a way for 

estimating the role of internal thermal mass 

in nA/C buildings. According to Barrios et 

al. [5], fewer parameters have been used to 

assess the thermal performance of walls and 
roofs of non-air conditioned buildings. The 

smaller the DF and larger the LT, the better 
the thermal performance, except for hot 

humid climates, where small LT is 
recommended [7]. Stazi et al. [8] used the 

number of hours above the comfort range, 
defined in EN UNI 15251 [9]. Other 

parameters are the maximum (or minimum) 

indoor temperature [10], and the discomfort 

degree hours, DDH [11]. 
From this background, four groups of 

parameters will be examined to evaluate the 
impact of the insulation layers on the inner 

side of the building envelope on its thermal 
inertia, and compare the results with outer 

and no insulation cases: 
- Internal Air Temperature (TAIR). 

- Internal Surface Temperatures (TSI). 
- Discomfort Degree Hours in 

summer (DDH) 

- Cooling Loads reduction in the 

summer period. 

 

3. Results and Discussion 

Dynamic simulations were carried out in 

order to assess the impact of the internal 

insulation on the dynamic energy 

performance of the building envelope in 

summertime, considering a number of 

variables. The analysis is mainly focused on 

the summer period, but also considered the 

summer and winter solstices, as well as the 

autumn and spring equinoxes. Following is 

an analysis of the TAIR, TSI and DDH for the 

nine cases in relation to the variation in the 

ventilation rate and internal heat gains. 

 

3.1. Impact of Variation in Ventilation 

Rate and Internal Heat Gains on 

TAIR and TSI 

3.1.1. In terms of internal air temperature 
(TAIR): 

In the non-insulated solutions, the indoor 

room temperature fluctuations during the 
summer and autumn (between 5¡C and 7¡C 

with constant ventilation, and up to 8¡C in 
the variable ventilation scenario) are more 

intense than the winter and spring periods. 

(about 3¡C and 4¡C), as in Fig. 4 and Fig. 5. 

This result is the same in the case of having 
high internal gains or low internal gains. 

 

 
Fig. 4. TAIR comparison between non-insulated 

solutions in the summer solstice. 

 

 
Fig. 5. TAIR comparison between non-insulated 

solutions in the winter solstice. 
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On the other hand, the solutions with no 

insulation fluctuate more than the insulated 

ones. The range of this fluctuation is in 

inverse relation with the thermal storage 

capacity of the envelope. When comparing 

TAIR in the insulated cases, the difference 
between the internally or externally 

insulated configurations is a bit more than 
1¡C in the worst-case scenario (high 

internal gains with constant ventilation 

rate). This is in the case of the massive wall 

envelope, while in the other two cases, 
thereÕs less than 0.3¡C between the 

different cases in the summer period. The 
spring equinox results are quite similar, the 

autumn period shows less difference in the 
air temperature, and in the winter period, 

there is almost no difference between any 
of the insulated cases, as seen in Fig. 6 and 

Fig. 7. 

 

 
Fig. 7. TAIR comparison between insulated 

solutions in the winter solstice. 

When comparing the peak TAIR, the non-

insulated solutions shows a difference of 

about 1¡C between the massive and the 

cavity wall solutions, and about 3¡C 

between the massive and the light one, 

regardless the ventilation or internal gains 
scenarios. The difference between the 

internally or externally insulated cases goes 
up to 1.7¡C when comparing the least and 

highest temperature peak during the month 

of July. As in Fig. 8, the maximum 

difference occurs with the rising waves of 
temperatures, as in any of the two occurring 

in the month of July. In the minimum peak 
temperatures around the day, the internal 

insulation case exhibits lower temperature 
than the external insulation case, but with 

negligible difference. 

 

 
Fig. 8. Peak TAIR comparison between the 

various insulated scenarios during July. 

 

Fig. 6. TAIR comparison between insulated solutions in the summer solstice. 
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3.1.2. In terms of the internal surface 
temperatures (TSI): 

The results are quite similar to TAIR 

variation, with a noticeable difference 

between internal and external insulation. 

This is noticed especially in the case with 

the massive envelope, where TSI is around 

1 C higher than the external insulation in 

the summer period when the external 

temperature is rising. The same goes for the 

case of cavity and light envelope but with a 

difference of less than 0.5 C, as shown in 

Fig. 9. 

 

 
Fig. 9. TSI comparison between insulated 

solutions in the summer solstice. 

 

In terms of the peak TSI, similar notices are 

deduced, with a higher degree of difference. 

This difference increases in the high 

temperature waves, such as the ones 

occurring in July, as in Fig. 10. 

 

 

3.2. Impact of Variation in Ventilation 

Rate and Internal Heat Gains on 

DDH 

3.2.1. In the case of having a constant 
Ventilation Rate (0.5 Ach/h) 

- High internal gains 

The Internally insulated Light Envelope (L-

INT) is 1368 DDH less than the non-

insulated one (L-NO). In the case of the 

cavity wall C-INT is 292 DDH more than 

C-NO and in the massive envelope case, M-

INT is 1498 DDH more than M-NO.  

When comparing externally insulated and 

internally insulated solutions, in the cases 

of Light and Cavity Wall envelopes, 
external insulation (L-EXT & C-EXT) is 

262 and 192 DDH less than with internal 
insulation (L-INT & C-INT), accordingly; 

and goes up to 411 DDH in the Massive 
envelope case, see Fig. 11. 

This highlights an important point in the 

case of insulating the building envelope in 

hot climates, which is overheating due to 
insulation. This case reflects on an 

important problem of trapped heat inside 
residential spaces in poorly ventilated areas. 

 

Fig. 10. Peak TSI comparison between the various insulated scenarios during July. 
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Fig. 11. DDH comparison between the nine 

scenarios, in the case of constant ventilation 

and high internal gains. 

 
- Low internal gains 

The difference between L-INT and L-NO 

envelopes is 3053 DDH less, while it 

decreases to 942 DDH in the Cavity wall 

case, and 64 DDH in the Massive one. 

When comparing EXT and INT insulated 

solutions, in the cases of Light and Cavity 

Walls, C-EXT and L-EXT are 190 and 263 

DDH less than C-INT and L-INT, 

respectively, while the difference rises up to 

408 DDH in the Massive envelope case.  

 

3.2.2. In the case of having a variable 

Ventilation Rate (0.3 Ach/h during 

daytime and 1.5 Ach/h during the 
night) 

When night ventilation is introduced, the 

difference between internal and external 

insulation, it remains constant regardless 

the internal gain scenario. It shows high 
similarity in the cases of Lightweight 

envelope and the Cavity envelope, and with 

a bigger difference when comparing them 

to the Massive envelope case. In all the 

cases, the DDH of the externally insulated 

envelope are less than the DDH of the 

internally insulated one, and they exhibit a 

wider difference range. As for the insulated 

solutions, they perform better than the non-

insulated ones, except for the massive 

solution where it still shows higher DDH in 

the internally insulated solution, as 

discussed in the following points: 

 

- High internal gains 

The Internally insulated Light Envelope (L-

INT) is 2924 DDH less than the non-

insulated one (L-NO). In the Cavity wall 

case, C-INT is 730 DDH less than C-NO, 

and is 232 DDH more than the non-

insulated Massive Envelope (M-NO), see 

Fig. 12. 

 

 
Fig. 12. DDH comparison between the nine 

scenarios, in the case of night ventilation and 

high internal gains. 

 

- Low internal gains 

This set of cases show the importance of 

reducing the internal gains and night 

ventilation in reducing cooling loads and 

overheating, which in turn reflects on the 

thermal comfort inside the living space. 

The difference between L-INT and L-NO 

envelops reaches up to 4411 DDH less, 
which is a huge drop. This difference 

decreases to 1692 DDH in the Cavity wall 
case, and 1218 DDH in the Massive one, 

which still is a very big difference 
compared to the other before mentioned 

cases. 
 

3.3. Cooling loads reduction during the 

summer period.

The cooling system works for half a day 

during the weekdays due to the occupantsÕ 

availability in the space, while it works 

continuously in the weekends. When 

comparing the non-insulated solutions, 

generally, when using night ventilation, 

cooling loads reduce with about 5.3 

kWh/m2 in the massive wall cases and 4.3 

kWh/m
2
 in the other two cases; compared 

to the constant ventilation scenario. This is 

in the high-internal-gain simulation set. 
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Same result but with lower difference, i.e. 

4.9 and 3.8 kWh/m2, in the low-internal-

gains scenarios. 

Having similar U-values mean having the 

same demand for cooling loads. However, 

it seems that in the cases with constant 0.5 

Ach/h ventilation rate, the massive wall 

demands a bit higher cooling load than the 

other two types, i.e. about 1.5 kWh/m
2
 in 

the high internal gains case, and 1.2 

kWh/m
2
 in the low internal gains case. This 

is probably due to the heat storing capacity 

of the wall and the fact that it releases the 

heat stored in it during the night. Same 
notice in the 1.5 Ach/h night ventilation 

case, but the difference went down to 0.5 
kWh/m2 in the high internal gains case, and 

0.1 kWh/m
2
 in the low internal gains case; 

which can be related to the night purge 

effect. Fig. 4 shows an example of the 
cooling demands and the contributions to 

heat gain and loss in one of the cases, i.e. 
high internal gains and constant ventilation, 

using a non-insulated massive building 

envelope. 

On the other hand, differences in the 
cooling loads demand between internal and 

external insulation are very small and can 
be neglected. However, the insulating the 

building envelope in any of the cases results 

in about 50% reduction in the cooling 

demand. Additionally, cooling loads 

reduction is related to the window size; the 

loads increase with the increase of the 

window size, regardless of the internal 

gains level. 

 

4. Conclusion 

A parametric study was conducted on a 

residential building, with the aim of 
understanding the impact of internal 

thermal insulation on its thermal behavior 
and on occupantsÕ comfort. The study 

focused on the hot arid climate of Cairo. 
The results of the study show that, in this 

specific climate and for a residential 
building, under most conditions both 

external and internal insulation improve 
significantly the thermal performance in 

summer, provided that the solar gains are 
properly controlled. The availability of 

thermal capacity in the external wall 
(insulation on the outside) reduces indoor 

temperature peaks (air and surface) 

especially in the case of hot spells, while 

the behavior tends to be pretty similar to 
indoor insulated solutions when the ambient 

cools down. While they have a limited 

impact on cooling loads, this different 
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Fig. 13. Example of the cooling demands as part of the heat gains and losses. This is in the case of a 

massive building envelope, with constant ventilation and high internal gains. 
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behavior can have a significant influence on 

comfort conditions. 

Avoiding overheating is a key point in 

envelope retrofitting in this climate and 

similar ones. A careful understanding and 

assessment of the intervention and its 

consequences is imperative. Night purge 

ventilation is an important factor in 

reducing the cooling loads and regulating 

the internal air temperature in hot climates.  

Massive Envelope solutions with External 

Insulation (M-EXT) provide, in general, 

better results than the other variants, but 

under the conditions of this study it can be 

inferred that Internal Insulation Solutions 

(IIS) are beneficial in summer as well as in 

winter, with a limited impact on the inertial 

behavior of the building. 
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Abstract:

, recognizing its absolutely unquestionable historical, archaeological and urbanistic importance, on the
recommendation of the International Council for Monuments and Sites (ICOMOS). Historical Cairo proved over
time to be one of the distinctive cities that contains a group of spatial relations, environmental and climatic
solutions, which made its urban fabric and architectural compositions able to interact efficiently with climate and
local environment. The aim of this paper is to evaluate the day lighting design strategies that made

a distinctive sustainable environmental city, one day lighting strategy evaluated simultaneously in terms
of indoor environmental quality; to reach the design criteria used by architects at that era. The performance of a
historical building evaluated using computer simulation. This research process led to deriving a mathematical
relation that link permitted day lighting with its accompanied thermal impact. The research findings led also to
performative design guidelines, introducing a contemporary interpretation for using historical elements.

Keywords: Historical Building, Day Lighting, Energy Efficiency, Islamic Cairo.

1. Introduction
It appeared lately in the construction of
modern buildings, the excessive use of
advanced technologies to achieve
acceptable indoor environmental quality,
neglecting the nature of the surrounding
climate, and the economic situation,
resulting in a high consumption in electrical
energy. [1]

The electrical energy consumed in
residential buildings reached 45% of the
total energy consumed in the domestic
sector. One significant means of saving
energy is the reliance on Day Lighting in
residential buildings as a major source of
lighting, especially in the countries that
have clear skies, so the artificial lighting is
used to integrate with the Day Lighting
when needed to achieve required light
intensity. [2], [3]

Historical Cairo proved to be one of the
distinctive cities that contain a group of
environmental and climatic solutions,
which made its urban fabric and
architectural compositions able to interact

efficiently with climate and local
environment. This leads us to an important
question: did the architect at this time made
use of the day lighting in spaces without
conflicting with the thermal performance?

The case study in this paper is an attempt to
understand the effect of day light on the
performance of thermal comfort taking into
consideration previous experiments on
Historical Cairo while introducing the use
of digital technology in Simulation software
through an analytical study of a historical
building.

2. Preliminaries
2.1 Brief history of the house
The house of Zaynab Khatun is located
Middle little south of Al-Azhar Mosque, the
house is located near the two house: Set
Wasila, and Abdul Rahman Hrawi, as
shown in fig. 2, and located in an alley
kind, off Atfet Azhari
And the first two phases of the house were

built in the fifteenth century AD 1468 AD
in the Mamluki period and then the second
stage in the eighteenth century. [4]
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Fig. 2.0. Location of Zaynab Khatun House [4].

2.2 Environmental Design Criteria
Day lighting is a basic element in achieving
energy efficiency, on the other hand
confirmed scientific studies and research on
the importance of natural light in the lives
of human biological and physiological
impact both in terms of the sense of
emptiness and external view. [5]

Table 2. Lighting intensity of level
recommended (lux) [2]

Space Minimum
(lux)

Maximum
(lux)

Living room 100 500

2.3. Architecture of Zaynab Khatun.
The house consists of ground floor, first
floor, second floor and roof. The second
floor contains the main hall (case study) as
shown in the figures from 2.2, which
consist of (Darqah and Ewan), and fig. 2.3.
shows section in the main hall, illustrating
its levels. Fig. 2.4 shows the external
elevation which has a small opening, as
most of the openings of the house are from
inside the court. [4]

Fig. 2.2. First floor Plan of Zaynab Khatun
house[6].

Fig. 2.3. Section in the main hall [7]
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Fig. 2.4. Main Entrance at the South Elevation.
[7]

Fig. 2.5. North Elevation of the Internal
Courtyard.

Fig. 2.6. South Elevation of the Internal
Courtyard.

Fig. 2.7. West Elevation of the Internal
Courtyard.

2.3.1 Courtyard:

It is an open area surrounded by walls or
buildings as shown in figures from 2.5 to
2.8. As it is used in regions which have high
diurnal temperature, it radiates at night all
the energy that stored during the day inside
its walls and ground back to the air, at the
same time it stores cool air in order to use it
for cooling the backyard next day. [4], [5]
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Fig. 2.8. Zaynab Khatun Courtyard. [6]

2.3.2 The main Hall:

Fig. 2.9. Zaynab Khatun - Main hall.

The Hall in Zaynab Khatun building
consists of two main elements the Ewan
and Al Durqah as shown in fig. 2.9.

Al Ewan is a space that is surrounded by 3
sides toward Al Duraha.

a) The ground is made of stone and covered
with carpets

b) The walls are covered in most of the
halls with wood or marble and colored
Mosaics from 2 to 3 m high.

c) The ceiling of the Ewan is covered
horizontally by dark brown cantilevers,
called "Kredi" which is embellished with
colored and golden decorations. [8]

Above the Durqah there is an open-sided
skylight; "Shokhshekha", with wooden
windows, as shown in fig. 2.10. Al Ewan
and Al Durqah are different in their ceiling
levels (The Durqah ceiling is lower), and
they are also different in their ground levels
(The Durqah ground is lower) [8], which
affects the day-light distribution. Also the
finishing materials that were used on the
ceiling of the hall did influence the
luminance level, according to reflective
features of all of these finishes. [8] [5]

Fig. 2.10. Main Hall's Shokhshekha . 
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2.3.3 Al-Mashrabeya.

Fig. 2.11. Main Hall Mashrabeya  External
view

Al-Mashrabeya is a parapet made of wood,
it consists of small units, as shown in fig.
2.11 and fig. 2.12, it is used in covering the
windows and the balconies in the Islamic
architecture, at the same time it is an artistic
architectural element. It is a decorative
piece of art that needs a lot of skills and
accuracy in cutting the wood, on the other
side; it is an architectural element that
allows air and light inside a place which
offers continuous ventilation inside a house.
Al-Mashrabeya was used in palaces and
houses in Islamic architecture, and it is one
of the chive architectural elements; as the
longer it remains, the harder and more rigid
the parquetry gets. [9]

Fig. 2.12. Main Hall Mashrabeya Internal
View

3. Methodology
3.1. Choosing the Software Package
In historical buildings, there has been no
mechanical cooling or heating systems, and
in order to evaluate the historical elements
using modern environmental criteria, the
project team had to assume cooling
equipment, to be able to assess two
variables, with a standardized unit (KW);
First, the lighting load, and Second, the
cooling load.

The main objective of this paper is to study
the impact of day-lighting strategies on the
thermal performance of interior spaces,
hence; the research team decided to
perform the simulation using DIVA 2.0
plugin for Rhinoceros 4.0 software
package, based on the following criteria:

To be able to perform climate-based day-
lighting simulation.
To calculate Lighting Energy (KW), that
compensate for the lack of day-lighting,
based on the climate based day-lighting
simulation.

To have a reliable energy simulation
engine.

3.2. Simulation Procedures
The simulation process was concerned with
the Main hall of the house of Zaynab
Khatun, while the rest of the zones were
modeled as adiabatic zones that transfer
heat to the main zone in an indirect way,
See Figure 3.0.

Fig . 3.0. Rhino3D model for the house of
Zaynab Khatun
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The research team did choose the
Mashrabeya inside the main hall of the
house of Zaynab Khatun, which is a west
oriented Mashrabeya, having the most
effect on both, day-lighting and thermal
performance. Since that the energy
modeling tool doesn't work with a 3D
shading device, we had to simplify the 3D
Mashrabeya, to a perforated screen, with
double the percent of perforations, see Fig.
3.1.

Fig . 3.1. Main Hall's Mashrabeya

Six simulation runs; for five screens with
different perforation percentages, and one
run without a screen, were developed, to
predict the screen with the optimum
perforation percent regarding both; lighting
loads, and cooling loads, see table 3.0.

Table 3.0. Simulation Screens
Screen % Perforation

No Screen 100.0%
Screen 4 71.5%
Screen 3 48.0%
Screen 2 28.0%
Screen 1 8.0%
Opaque 0.0%

4. Results and Findings
The following figures (Fig. 4.1 to Fig. 4.6)
shows the variation in daylight intensity, in
terms of changing the percent of
perforation, by applying screens (from no
screen, to an opaque screen).

Fig. 4.1. No Screen Fig. 4.2. Screen 4

Fig. 4.3. Screen 3 Fig. 4.4. Screen 2

Fig. 4.5. Screen 1 Fig. 4.6. Opaque Screen

In an attempt to derive a mathematical
relation between the perforation rate and
the energy consumption, the following
graphs were created, based on the DIVA
Energy Plus analysis results. Fig. 4.7 and
Fig. 4.8 show the relation between the
perforation rate, and the electric power
consumption:
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Fig. 4.7. Electric Lighting power consumption

Fig. 4.8. Cooling power consumption

The optimum perforation Rate was
predicted by summing up both, the electric
lighting load, and the cooling load (Fig.
4.9), the optimum percent of perforation
was found to be at a range of 44%
perforation, while the actual Mashrabeya, -
with 4% perforation is found to have more
energy consumption.

Fig. 4.9. Total of Lighting and Cooling Power
Consumption

5. Conclusion
The percent of perforation in the main hall
of the house of Zaynab Khatun, had proven
not to be much effective on the electric
power consumption, since that the hall's

rectangularity is perpendicular to the
direction of the Mashrabeya, therefore the
Mashrabeya tends to affect only one third
of the hall's total area.

Using the Mashrabeya element is important
in contemporary architecture, since that it
accounts for the Egyptian cultural needs of
privacy, and maintaining the architectural
identity; but for achieving the optimum
environmental performance out of a
Mashrabeya, computational analysis must
be performed using software simulation.

A software simulation tool, like DIVA, that
evaluates lighting and thermal loads
integrative is insufficient for evaluating the
indoor environment in Islamic Cairo
buildings, since that the architectural
elements did also integrate natural
ventilation, throughout their aerodynamics,
for achieving the noticeable indoor
environmental quality.

6. Further Recommendations
Historically inspired designs/elements
should not directly imitate historical
elements; Analytic numerical studies
should be performed for achieving the
optimum performance out of these
designs/elements.

It's recommended to apply a corresponding
methodology in new developments, while
applying similar shading techniques.

For modeling complex geometry of the
historical elements, such as the
Mashrabeya, it's recommended to use
Grasshopper plugin with Rhino.

For performative design optimization, it's
recommended to use Diva plugin for
Grasshopper.

It' recommended to develop simplified
Computational Fluid Dynamics (CFD)
plugin, that works integratively with DIVA,
under the Rhinoceros platform.
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