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Unprecedented growth of hybrid settlements causes deterioration to the indoor
environmental quality. Due to their narrow street-networks and fully packed
urban fabric, lower floors are subjected to severe overshadow condition, which
has adverse effects on the health of the inhabitants. This paper aims to
investigate techniques to mitigate the under-lit indoor environment for a group of
buildings with variable heights and orientations, with regard to the urban façades
parameters. It reflects an intervention in an existing hybrid settlements, within
hot-desert climate, to alter façades configurations for daylight optimization, and
ultimately recover the lost indoor quality of users in such contexts.
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INTRODUCTION
Informal settlements are unplanned urban areas
where buildings and housing units do not comply
with local planning regulations. They are common
phenomena in Middle East and North Africa regions,
especially in large cities such as Cairo and Alexandria
in Egypt. This unauthorized housing development
causes undesired impacts on both local inhabitants
and the whole society. Unlike residential units in informal areas, the ‘Hybrid’ or ‘Ex-Formal’ settlements
(Figure 1) are housing units in formal areas, which
have already been built illegally, or have acquired
degrees of informality overtime, such as increasing
ﬂoors and buildings heights illegally (Soliman 2007).
The Egyptian Uniﬁed Code for Construction, Law 119
of year 2008, term 15 states that the minimum street

width for urbanized areas is 10 m, and the height of
the buildings should not exceed 1.5 times the street
width. However, it is clear that illegitimate physical
features are evident through illegal heights exceeding two to three times the street width, which led to
a catastrophic high-density situation for inhabitants.
One of the biggest problems that characterizes hybrid settlements is the fully packed urban fabric. Due
to attached buildings and narrow street-networks,
lower ﬂoors are subjected to severe overshadowing
condition. The absence of natural daylight led to the
deterioration of indoor environmental quality, which
has adverse eﬀects on the physical and psychological health of the inhabitants. This demands the use of
non-traditional solutions to allow adequate daylight
to enter lower ﬂoors of such contexts.
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Actually, using a daylight controller technique can increase indoor daylight quality and decreases lighting
energy consumption signiﬁcantly (Gadelhak 2013;
Moazzeni and Ghiabaklou 2016). Applying light
shelfs is ones of the most eﬀective passive techniques
for controlling indoor daylight. Light shelves are horizontal plates that reﬂect daylight into the internal
spaces, and are placed above human eye level in the
upper half of the window. They can increase the light
penetration by distributes daylight more appropri-

ately in internal spaces, and reduce direct sunlight by
reﬂecting it to the ceiling and reﬂecting it into the
space (Hegazy et al. 2013; Wagdy and Fathy 2015).
On the other hand, one of the ideas to enhance the
natural daylighting is to repaint the exterior surfaces
of the buildings in those areas. Newly applied reﬂective paints can increase the daylighting signiﬁcantly by reﬂecting more daylight to reach the internal spaces (Aly and Nassar 2013). Many researchers
have considered the impact of urban fabric conﬁguration on natural daylighting, while others have studied the implementation of diﬀerent techniques to enhance the daylight autonomy (Table 1). However,
those previous studies have almost been done for
predetermined experimental models rather than existing real-life situations. Furthermore, only very limited numerical researches on these techniques actually have been conducted for Alexandria, Egypt. This
paper hypothesizes that implementing a combination of light shelves and reﬂective paints on the exterior surfaces of the buildings can enhance the natural
daylight that enters the internal spaces in Alexandria
hybrid contexts.

Figure 1
An Example of
Hybrid Context in Al
Mandarah Qebli,
Qism Thani
El-Montaza,
Alexandria, Egypt
(from Google Maps)

Table 1
Sample of
Reviewed Studies
on the Urban Fabric
Conﬁgurations and
the Implementation
of Diﬀerent
Techniques to
Enhance the
Daylight Autonomy
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METHODOLOGICAL PROCEDURE

Table 2
Radiance
Simulation
Parameters

This paper seeks to mitigate the under-lit indoor
environment for a group of buildings with variable
heights and orientations within a common hybrid
context in Alexandria, Egypt, which represents hotdesert climate. It aims to maximize the amount of
daylight that reaches indoor spaces at the ﬁrst ﬂoor
levels by studying and optimizing the conﬁgurations
of urban façades, with regard to façades orientations,
building heights, and narrow-street widths. Herein,
the problem of optimizing urban façades can be explored regarding a number of primary parameters:
(1) Window-Wall-Ratio (WWR), (2) Street Width to
Building Height Ratio (Urban Scale), and (3) Façades
Orientation. This research also investigates other secondary parameters that can optimize suitable daylighting: addition of (4) Light Shelves (LS) and (5)
Reﬂective External Facades (REF). This study is realized through two main phases. The ﬁrst phase of the
investigations aimed at exploring and assessing the
quantitative eﬀects of variable WWR on daylighting
performance over variable streets widths and opposing buildings heights (Urban Scales), and with diﬀerent orientations. This will conclude the near optimal façade conﬁgurations that can achieve adequate
daylight autonomy in an obstructed context. The
second phase seeks to investigate the eﬀects of coupling LS with REF to urban façades in order to optimize the daylight of the selected hybrid context in
Alexandria, with regard to the WWR optimal parameters taken from the ﬁrst phase. A set of computational investigations is performed on a selected existing hybrid context in Alexandria, Egypt.
Sustainable building rating systems, such as the
Green Building Council Leadership in Energy and
Environmental Design (LEED), require some level of
quantifying daylighting designs (USGBC 2013). The
Daylight Dynamic Performance Metrics (DDPMs) are
used for simulations and evaluations throughout this
research, which are in compliance with the LEED
v4 Dynamic Daylight Performance Metrics of Spatial
Daylight Autonomy (sDA300/50%) and Annual Sunlight Exposure (ASE1000/250h). These metrics are

based on the IES (LM) 83-12 approved method for
daylight metrics (IESNA 2013). The desirable daylighting conditions set by IES Committee are as follows: the thresholds for the Spatial Daylight Autonomy (sDA) are set as 55-74%, and Annual Sunlight Exposure (ASE) should be less than 3%, which are considered as ‘nominally acceptable’ ones. These conditions will help assessing iterations for the computational investigations of ﬁrst and second phases. The
suggested Radiance daylight annual simulation parameters are listed in (Table 2). These values are calibrated so that the simulations will be accurately conducted throughout this research.

The investigations in this research utilize Grasshopper, which is an algorithm editor of Rhinoceros, for
urban façades parameterization by modeling and designing with geometrical sets of geometries that hold
ﬁxed and variable attributes (Ayoub, M., 2012, p. 86).
The annual simulations are conducted using Divafor-Rhino, a plug-in for Rhinoceros that interfaces Radiance and Daysim engines for environmental performance evaluations (Jakubiec and Reinhart 2011; Lagios et al. 2010). The DIVA-for-Rhino simulations are
conducted in compliance with the LEED v4 DDPMs.

The First Phase: Computational Investigations
The ﬁrst phase encompasses developing a variationsoriented algorithm in Grasshopper by the authors
to generate a parametric Reference Residential Unit
(RRU), which represents a domestic residential space
created to reﬂect diﬀerent orientations, with the regard to the Urban Scale as external obstructions (Figure 2). The RRU layout is daylight-illuminated from
one side, located on the ﬁrst ﬂoor (common residential level at +3.20 m above the ground level to
represent a zone with the least amount of daylight),
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with internal room dimensions of 3.60 m x 8.20 m x
2.80 m. The RRU parameters, conﬁgurations, and internal materials reﬂectivity percentages (Table 3) are
meant to act as a baseline for the ﬁrst phase computational investigations, and assumed to coincide with
the Egyptian Code for Energy Eﬃciency in Residential Buildings, ECP 306-2005, First Section (306/1), and
the guidelines set by Reinhart el al. (2013).
This phase utilizes a parametric approach to investigate and conclude the quantitative eﬀects of the
urban façades to identify their most acceptable conﬁgurations, in relatively narrow street widths, based
on the amount of light reaches the ﬁrst ﬂoor levels that can achieve adequate daylight autonomy.
Through this phase, investigations are performed for
the eﬀects of WWRs conﬁgurations with regard to
variable surrounding factors by the previously mentioned variations-oriented algorithm. This algorithm
is used to link Grasshopper with Diva-for-Rhino that
interfaces Radiance engine for simulating daylighting performance. A set of computational investigations is carried out on the above mentioned RRU.
They are realized by identifying the geographical lo-

cation of Alexandria (31.21 °N, 29.92 °E), and the
conditions of the chosen site’s climate. Location,
Area, Volume, RRU Function (residential space), Glazing Properties, and Materials are all constraints that
hold ﬁxed attributes. While WWR, Urban Scale, and
Façades Orientation are all variables (Table 3) so that
the eﬀect of selecting a certain WWR over urban
façades can be quantiﬁed. To promote the architectural reasonableness, various RRU façades are explored through (N, S, E, and W) orientations, considering variable Urban Scale heights from 9 to 30 m,
which corresponds to levels from third to tenth ﬂoor,
and narrow-street widths of 4, 6 and 8 m against
their corresponding variable WWR conﬁgurations of
0%, 10%, 20%, 27%, 34%, 41%, 45%, 54%, and 64%.
Wherever possible, window dimensions are multiples of 0.50 m. WWRs are expressed with respect to
the outside gross façade area (Reinhart et al. 2013).
The annual simulations are based on a variationsoriented algorithm inside Grasshopper, where the
combinations for all variables contain 864 iterations,
which are divided into 4 sets each having 216 simulations based on the of the RRU N, S, E, and W orien-

Figure 2
Phase (1): The
Developed
Variations-Oriented
Algorithm in
Grasshopper to
Generate a
Parametric RRU and
Simulate Daylight
Autonomy
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tations.
Table 3
Phase (1): RRU
Conﬁgurations and
Computational
Investigations
Parameters

The Second Phase: Daylight Optimization
The second phase establishes a mediation for the existing indoor daylight quality for a group of buildings with variable heights and orientations. It starts
with surveying and modeling a small housing area
of 18 buildings in Al Mandarah Qebli, Qism Thani ElMontaza with street average width of 5.90 m, and
total area of 2376 m2 as a case study, which is associated with common hybrid context in the city of
Alexandria (Figure 3). The physical and spatial conﬁgurations of the selected case study, windows parameters, and other collective data are illustrated in (Table
4), which correspond with the existing conditions extracted from a ﬁeld survey carried out by the authors.
However, it was hard to acquire the internal materials
reﬂectivity percentages, and therefore, they were selected to correspond with the Egyptian Code for Energy Eﬃciency in Residential Buildings, and the ﬁrst
phase parameters (Table 3).
The second phase encompasses the addition of
LS on the Southern façades openings only, as applying LS on Northern Orientations can decrease the inner spaces daylight. This occurs because LS obstructs
indirect sunlight entry. The windows condition is assumed without any operable blinds or shading systems. The LS is located at +2.40 m above the residential second ﬂoor level (+5.70 m above ground level),
and the material reﬂectance is set to 90%. While there
are limitations in designing LS because of their high
dimensionality variations, this phase used only one

size for the case study. The selected LS is 1.20 m wide,
where it is centered exactly at the window plane, in
(0) angle degree (horizontal LS) (Moazzeni and Ghiabaklou 2016). A slight variation in the size and rotation of the LS can result in a change in the daylight amount, however, this research will not address
that issue, due to its scope limitations. On the other
hand, the second phase also involves applying REF
on opposing buildings façades. Actually, there are
usually three types of paint ﬁnishes that most manufacturers oﬀer in exterior products: Matte, Satin and
Gloss/Semi-Gloss paint. The Matte paint ﬁnish is the
most porous of the three and doesn’t reﬂect light too
much, as its reﬂectance percentage is only 1-10%.
The Satin paint ﬁnish is more popular because it is
neither dull nor shiny and has a subtle shine that is
ideal for painting exterior walls, as it reﬂects a minor
amount of daylight from 10-40%. The Gloss/SemiGloss paint ﬁnish has a reﬂectance ranges from 4070% of total light (Ji et al. 2006; Li et al. 2011). For
the simulation purposes, a Gloss paint will be applied
to upper ﬂoors (5th ﬂoor and above) only to collect
and reﬂect the natural daylight and reﬂect it to inner spaces, and a Satin paint will be applied on exterior walls of lower ﬂoors (from ground to 4th ﬂoor)
to avoid any visual discomfort.
A set of computational investigations is carried
out on the above mentioned 18 buildings. As was the
case in phase one, they are realized by identifying the
chosen site’s geographical location and climate conditions, in addition to other variables and constraints
(Table 4). A dedicated generative algorithm is developed by the authors for the parameterization of urban facades that allows running calculations rapidly
for large number of iterations. Given the predeﬁned
parameters, the second phase involves four-step annual simulations and optimizations: First, a preliminary annual simulation of the existing situation without any optimization is conducted, to acquire urban
façades DDPMs of sDA and ASE as a base case for
comparison. The location of the existing openings
overlooking the street and WWR are taken from collective data extracted from earlier ﬁeld survey (Fig-
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ure 3). Second, another simulation is conducted, only
this time by altering the existing WWR values with the
enhanced ones, considering the WWR optimal parameters taken from the ﬁrst phase. It is worth mentioning that, due to compact urban fabric and narrow
street-widths, the WWRs cannot be maximized to the
ultimate extent, as this as this increase jeopardizes
the privacy aspect, which is subjected to common acceptable habits of the Egyptian society. Third, optimized urban façades are introduced by adding LS to
the existing Southern façades windows only. Fourth
and last, even more optimized urban façades are
introduced by maintain adding LS to the Southern
façades windows only, and applying REF to all Opposing Buildings façades. The simulation will investigate the eﬀects of these optimization techniques on
the selected housing area.

RESULTS AND DISCUSSION
Simulation Results of the First Phase
Northern Orientation. According to the results
graphs (Figure 4), signiﬁcant increase in sDA can be
detected with the increase of both WWR and Street
Widths, while a decrease can be observed by increasing Buildings Heights. Through the entire Northern Orientation simulations, sDA obtained the highest values of 42.40%, 47.20%, and 51.40% per higher
WWR 64%, and lower Opposing Building Height of
9 m, with Street Widths of 4 m, 6 m, and 8 m respectively. Over the same higher WWR 64%, sDA acquired signiﬁcantly lower values of 4.20%, 20.80%,
and 27.10% with higher Opposing Building Height
of 30 m, with the same respective Street Widths. It
is clear that sDA obtained the highest values with
higher WWRs and widest Streets, and vice versa.

Figure 3
Phase (2): Case
Study of 18
Buildings in Al
Mandarah Qebli,
Qism Thani
El-Montaza That
Represents a
Common Hybrid
Settlement in the
City of Alexandria,
Egypt
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However, there are no detected ASE values over this
orientation, as WWR and Urban Scale do not inﬂuence on the annual results due to the lack of direct
sunlight entering the inner spaces from the North.
Table 4
Phase (2): The
Selected Common
Hybrid Settlement
Conﬁgurations and
Daylight
Optimization
Parameters

Table 5
Phase (2): The
Selected Common
Hybrid Settlement
Existing and
Optimized WWRs
(showing here the
Southern Façades)
to Achieve a
Trade-Oﬀ in Terms
of Daylight and
Sunlight Allowed
into Indoor Spaces

trast, there is a notiﬁable increase ASE values over
the Southern Orientation (Figure 4), due to larger
amounts of direct sunlight. However, this eﬀect is
only evident over the higher WWR, combined with
Street Widths of 6 m and 8 m, and Opposing Buildings Heights of 9 m and 12 m.
Eastern and Western Orientations. Since the sun
path is symmetrical for East and West in this climate
zone, results are approximately the same. Higher
sDA is associated with larger WWR and Street Widths,
while it decreases by increasing Buildings Heights
(Figure 4), as the buildings heights prevent indirect
sunlight entrance. The Western Orientation results
show a slight increase in the ASE values over the Eastern one, especially with Opposing Buildings Heights
of 9 m and 12 m. Like the Southern Orientation,
this only occurs with higher WWR, combined with
Street Widths of 6 m and 8 m, and Opposing Buildings
Heights of 9 m and 12 m. Whereas ASE of 4 m street
remained at lower values for these orientations.

Simulation Results of the Second Phase

Southern Orientation. Same as the Northern Orientation, an increase in sDA can be detected with the
increase of both WWR and Street Widths, while a noticeable decrease occurred by increasing Buildings
Heights. It can be observed that that sDA obtained
the highest values of 31.90%, 34.00%, and 38.90%
with higher WWR 64%, and same lower Opposing
Building Height of 9 m, with Street Widths of 4 m,
6 m, and 8 m respectively, which are lower than the
corresponding Northern Orientation parameters by
24.76%, 27.97%, and 24.32%. Over the same higher
WWR 64%, sDA acquired signiﬁcantly lower values
of 2.80%, 16.70%, and 22.90% per higher Opposing
Building Height of 30 m, with all Street Widths. Generally, sDA obtained the highest values with widest
Streets, Same as the Northern Orientation. In con-

First: Preliminary Annual Simulation of the Existing Situation (Base Case). The results of daylight
performance for 18 buildings overlooking a 6 m narrow street, without any optimization technique, are
shown below (Figure 5). With higher WWR 30-36%,
sDA results reached higher values of 21.40-24.10%
only with buildings Northern Orientation cases facing lower Opposing Buildings Heights of 12-15 m.
This happened because more daylight is allowed
to reach the indoor spaces without obstacles. The
ASE values increased over buildings facing Southern
Orientation as expected, especially for cases facing
lower Opposing Buildings Heights. In general, higher
Opposing Buildings in narrow streets block daylight
and sunlight from entering indoor spaces. This situation changed for lower Opposing Buildings of 4-5
levels that face Northern Orientation allowing more
daylight. However, for lower Opposing Buildings that
face Southern Orientation, uncomfortable amount of
sunlight is perceived.
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Second: Optimized WWR Annual Simulation. With
regard to the existing condition, another simulation
was conducted, only this time the existing Northern
façades WWRs were substituted with optimized ones
of 64%, while the Southern façades WWRs were altered with variable optimized ones (Table 5), considering the parameters taken from the ﬁrst phase to
achieve a daylight/sunlight trade-oﬀ, as any increase
in sDA was accompanied by a rise in ASE. All the
cases obtained a much better sDA values from 9.1039.60%, which improved the results compared to the
base case by 16.00-165.25%.

In general, sDA showed larger values with lower
Opposing Buildings Heights, allowing more daylight
to reach the indoor spaces (Figure 5). On the contrary, the ASE values increased slightly over buildings
facing the Northern Orientation, but did not exceed
the desirable ASE conditions of less than 3% except
for Building 08 by 3.30%. However, ASE values increased over buildings facing the Southern Orientation by the value of 7.30-14.50%, which are 52.0890.79% more than the base case.
Third: Optimized Urban Façades Annual Simulation (LS Only). The optimized urban façades were inFigure 4
Phase (1): RRU
Annual Simulation
Results Showing
DDPMs of sDA and
ASE for Diﬀerent
864 Iterations

200 | eCAADe 35 - GENERATIVE DESIGN 1 - Volume 2

troduced in this step. They dealt with the issue of increased ASE values over the Southern façades, which
was caused by optimizing WWRs earlier in the second step. This increase in ASE could be mitigated
by introducing LS to windows of these façades only
with regard to the speciﬁc parameters shown in (Table 4). The results (Figure 5) show a minor decrease in
sDA of values 6.00-15.20%, which are lower than the
corresponding second step cases by 9.89-31.03%. In
contrast, the results of ASE decreased substantially to
the values of 2.40-7.70%, which are lower than the
corresponding second step cases by 44.44-69.23%.
The addition of LS eﬀects on ASE are best noticed
with cases having lower Northern Opposing Buildings Heights of 12-15 m, which already gained higher
ASE values earlier. This happens because LS blocks
a major amount of direct sunlight, while allows daylight to enter the inner spaces.
Figure 5
Phase (2): Four-Step
Annual Simulation
Results Showing
DDPMs of sDA and
ASE for the Selected
Case Study of the
18 Buildings in Al
Mandarah Qebli,
Qism Thani
El-Montaza

Fourth: Optimized Urban Façades Annual Simulation (LS+REF). This ﬁnal step maintained the LS
to the existing Southern façades, and applied REF to
all buildings façades, with regard to the speciﬁc REF
Reﬂectivity percentages shown in (Table 4). All the
cases obtained a much better sDA values of 11.1051.60%, which promoted the results compared to the

third-step by 15.95-85.00%. Although the Southern
façades obtained a lower sDA values of 11.10-27.50%,
they are 43.29-85.00% higher than the corresponding third-step results. The application of REF indicated a proper upgrade to the results of sDA, generally for the Southern façades, especially for cases with
higher Opposing Buildings, which allowed more daylight for internal spaces. On the other hand, Applying
REF showed no inﬂuence on ASE results, neither on
Northern nor Southern façades.

CONCLUSION
While, the city of Alexandria beneﬁts from a substantial amount of daylight throughout the year, the lack
of natural daylight entering internal spaces within
its hybrid settlements is considered a serious problem in residential buildings. This paper represents
an attempt to explore the eﬀects of applying costeﬀective optimization techniques to urban façades
that can maximize the amount of daylight for indoor
spaces. The parametric approach was utilized for
the two-phased experimental study to mitigate the
under-lit indoor environment for a group of buildings
with variable heights and orientations, and narrowstreet widths, which reﬂects an intervention in an existing situation for optimizing urban façades. One
of the most signiﬁcant ﬁndings of this study is that
the daylight simulation results of the ﬁrst phase do
not comply with the corresponding existing situation results of the second phase, as hybrid contexts
are associated with highly inconsistent variables that
alter the uniformity of natural light-rays. Actually,
utilizing ‘shoebox’ experimental models for studying
each parameter on its own apart from the variable
surrounding conditions cannot produce realistic results for existing situations. Taking all parameters interactions into consideration, it was found that major increase in daylight occurred by increasing both
WWR and Street Widths, while a noticeable decrease
could be observed by increasing Buildings Heights,
regardless of façade orientation. Despite an acceptable sDA threshold is a far-sighted target to reach
for this degree of contextual informality, applying LS
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and REF was found to have a remarkable inﬂuence
on daylight optimization. However, the simulations
covered only a selected range of optimization techniques, and a future investigation of their interactive
eﬀects is needed. Future research should also consider the thermal eﬀect of diﬀerent external and internal materials, which leads to a necessity to conduct a prospective study for coupling daylight autonomy with energy consumption, especially in hotdesert climates.
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