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Abstract
The passive system technique is dynamically used as an alternative to the active system, in order
to minimize the peak loads and the total EUI in kWh/ m2 for any building prototype. Sun breaker
or shading device is a basic traditional method and Mashrabiya previously used for privacy and
reduces the heat gained and emitted from sun`s rays, in addition to the fabricated wood material
and its specs of bad conductor. the study aims to investigate the effect of rotational shading
devices around the y-axis, will the rotation have a significant impact on the EUI or not? The
research methodology is built upon generative modeling tool of parametric design, Rhinoceros
Version 6.0, with the cooperation of Grasshopper, Ladybug& Honeybee, and Toolbox. Five
hundred running simulations are carried out to determine the optimal angle of rotation with
maximum reduction in cooling loads, and the interpretation is 30°. Two linear regression
equations are derived out of this valuable study to deduce the correlation between independent
and dependent variables when the sun breaker material is matt or reflective, and how the total
EUI kWh/m2 can be minimized?
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1.1 Introduction
Coronavirus or COVID-19 is one of the pandemics, which is widely spread all over the
world and daily increases number of infected people. Unfortunately, COVID-19 has had several
bad side-effects on the economic market, health industry, etc., However, it has one positive
effect, which is attributed to environmental considerations: the climatic conditions, the reduction
of carbon dioxide pollution, the healing of the zone hole, the restoration of biodiversity to nature
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and the equilibrium of habitats. (Deutsche Welle 2020; The British Broadcasting 2020; Carbon
Brief 2020)
Energy crisis is one of the main challenges facing the world today (Booth et al. 2015). A
direct correlation is established between energy efficiency and occupant satisfaction to ensure
good thermal comfort and better outdoor vision (Lagois et al. 2014). Physiological effects may
have an impact on human occupants due to the amount and quality of daylight that can reach
indoor spaces. (USGBC 2014), that it is not all, but the more exposed to ample sunshine, the
more healing time in hospitals, the greater the student's success and mood during the school
days, the higher the efficiency of office work, and the greater the battle against depression and
lethargy. (Li and Tsang 2008).
Sun breaker is an external shading device, typically used to reduce the heat emitted from
sun`s rays or to reduce the cooling loads of the building usage by 23-89 % as deduced by Dubois
(Dubois 1997), but the reduction depends on, shading fabricated material, climatic conditions,
building orientation, etc.
The architect is the maestro of the building engineers’ plateau; he is responsible for
building design and plan prototypes of every particular building. Shading devices may usually be
constructed using the conventional approach widely used by the solar path (Marsh 2003) or the
shading mask (Olgyay 1957), but often they easily lose adequate precision, and the desired
results are not satisfactory when compared objectively with software calculations.

2.1 Research background and objective:
Stylish, contemporary housing, typically architects ignoring the role of shading devices,
which are the most essential elements of the façade, but used to be like plaster cornice, which has
no purpose whatsoever. shading devices have many functions, either they can block and mitigate
the energy emitted by the sun's rays, otherwise, they can incorporate esthetic and identification to
the façade using horizontal or vertical louvers or combined.
The main objective of this study is to improve the local national energy usage code for
residential buildings in Egypt. In which the climatic condition is known, there is a high tropical
and subtropical zone, and special environmental solutions and aspects were required to overcome
undesirable sun`s rays and reduce the cooling load. The study comes with two distinct equations,
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which can aid the architects during the early design phases. The two equations are mainly
depending upon independent variables which are the WWR %, angle of rotation around y-axis,
shading depth, and finally the light intensity, while the dependent variable is the total EUI in
kWh/m2. In the Grasshopper script`s, batteries input data for the R-values; walls, roof, floor and
windows glass Solar Heat Gain Coefficient (SHGC) are constant throughout the 500 running
simulations. In addition to the room dimensions and orientation are also constant of 2.75-meter
wall height, 6.75 x 6.75-meter floor and roof area, while the room orientation is West direction at
a typical summer day.

3.1 Methodology
The research focuses to detect the best angle of rotation around Y-axis for the sun
breaker, in order to be used for any residential buildings have a western façade direction within
range 4:00 pm in Cairo-Egypt, which is functionally to decrease the cooling loads and total
energy consumption. As known, the climatic conditions in this zone are dominated all over the
year through tropical and subtropical high as clarified by köppen classification. Cairo is located
at 30.08° N, 031.24° E and lies at a mean elevation of 74 meters from the sea level (Weatherbase
2020).
The research methodology is built upon generative design tool of parametric design,
Rhinoceros Version 6.0, educational license valid for three months, adding to that Grasshopper
plugin with the cooperation of Ladybug & Honeybee, and toolbox which are those free plugins.
Several researchers in different fields have scientifically used this software to measure various
environmental aspects for indoor spaces as daylight studies, thermal comfort, etc. (Lagois et al.
2014; Kamel 2020; Soflaei et al. 2020)
Ladybug and Honeybee plugin is used for conducting a parametric study of running 500
simulations. These simulations are coming up with solutions for one of residential spaces of a
standard proportion. The ladybug is used to import and analysis the climatic conditions for a
certain zone at any coordination’s of azimuth and latitude angles by importing Energy Plus
Weather (EPW). Whereas Honeybee recommend alternatives in design phases using a vitality
Energy Plus engine to address any environmental concerns. This engine is used by
multidisciplinary engineers in different fields as to model both the energy consumption and
water used in building. (Energy Plus 2020)
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The below figures show the space dimensions of 6,875 × 6,875 × 2,75 meters, while this
ratio is 1: 2,75 to the ceiling height (State of Victoria, 2016). The Window Wall Ratio (WWR)
variation ranging between 10%, 15 %, 20%, 25%, and 30%. In addition, the sun breaker range is
specifically associated with the window width of 0 %, 10%, 20%, 30%, 40% and 50%.

Figure (1): The Definition of parametric space varying in WWR, shading depth, and angle of
rotation
The main output of the research is to deduce and identify parametric equations for the
best angle of rotation for the shading devices around the y-axis when the residential building
Energy Unit Intensity (EUI) kWh/m2 is compatible with or more stringent with local regulations
or ASHRAE 90.1 code. Based on the local energy consumption code for residential buildings,
building materials and their thermal properties must be in range or not less than the table below,
as stated by the exact values that are used as a constant value during the iterations of each
running simulation.
Table (1): Material construction properties and WWR
Point of Comparison
R-Value (m-K/W)
SHGC
Western Wall
0,27 to 0,67
Roof and ceiling
1,9 to 2,3
Windows glass
0,27 to 0,55
Area of windows

WWR %
10 to 30%

When comparing the specified building materials of the roof, flooring, wall layers, and
type of windows glass in the defined value of the Egyptian national code, the threshold values
are respectively exceeded. The room usage is scheduled as residential building program as
dominated by ASHRAE 90.1 — a mid-rise apartment, while using a fan coil air conditioning
unit. The tables below are stated exactly the input values of the roof, flooring, walls layers, and
the windows type:
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Table (2): construction materials thermal
properties
Roughness
Medium Medium
Thickness (m)
0.12414 0.12086
21
Conductivity (W/m-K) 0.049
0.049
Density (kg/m3)

265

265

Specific Heat (J/kg-K)

836.800

836.800

Thermal Absorptance

0.9

0.9

Solar Absorptance

0.7

0.7

visible absorptance

0.7

0.7

R-Value

2.53

2.46

Table (3): Windows glass specs
Thickness (m)
Solar Transmittance at Normal
Incidence
Front Side Solar Reflectance at
Normal Incidence
Back Side Solar Reflectance at
Normal Incidence
Visible Transmittance at
Normal Incidence
Front Side Visible Reflectance
at Normal Incidence
Back Side Visible Reflectance
at Normal Incidence
Infrared Transmittance at
Normal Incidence
Front Side Infrared
Hemispherical Emissivity
Back Side Infrared
Hemispherical Emissivity
Conductivity (W/m-K)
SHGC

0.00051
0.656
0.249
0.227
0.868
0.064
0.060
0.0
0.136
0.720
0.14
0.39

The grasshopper script is divided into five successive stages, as shown in the figure
below. First, and second stages, are the space definition of room dimensions in X, Y, Z, space
usage type, the thermal properties of each construction material. While stage three, is calculating
the space, energy consumption in cooling loads and total EUI, using engine, Energy Plus.
Radiance, and Daysim, two calibrated engines are used to measure the light intensity in Lux
during the fourth stage. The most critical part, is the fifth stage, during this phase Colibri is used,
which creating the parametric definition for various inputs of WWR percentage, shading depth,
the angle of rotation and testing each variable when the others are constant.
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Figure (2): The Comprehensive Parametric Definition in Grasshopper for calculating the Energy
Consumption of Cooling Loads and Total EUI.

4.1 Results and discussion
4.2 Parameter study scheme
Design Explorer lite; is an open-source website, which is used to compare the Ladybug
and HoneyBee output simulations. It can also show how the parameters can affect the EUI
resulting from their WWR percentage changes, rotation angle around the Y-axis and shading
depth. Five hundred iterations are generated from different scenarios, with each scenario, having
a different platform data to compare and deduce the result. The figure below is a print screen of
the output results using Design Explorer Lite website.

Figure (3): Design Explorer lite web page print screen.
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4.3 Effect of WWR, Shading Depth, and Angle of rotation on Peak cooling load:
One of the main inputs for the Grasshopper plugin is the type of air conditioning, the one
used is the fan coil unit, as it is the most common indoor air-cooling device in the residential
building in Egypt. The Energy Plus zone threshold for cooling and heating set back are 24 °C,
and 21 °C, respectively. The measurements and calculations of the fan coil unit take into
consideration how much energy the sun's rays heat up the room space either through the
windows or walls or roofs or the surrounding spaces. The space is modeled as the local code
requirements for the U & R-Values of any building construction material in order to minimize
the energy gain from the sun`s rays, and the below figures are sampling of the running
simulations.

Figure (4): several output simulations with various data input
The charts below are depending up on the cooling load output, at the same time, this
peaking cooling load is considered to be a dependent variable while the WWR percentage,
Shading Depth, and angle of rotation are considered the independent variables, so each
parameter can affect the cooling load results either by increasing or decreasing the value in
kWh/m2. The charts are addressing the correlation between Eight angles of rotation around the
Y-axis and increasing in WWR % with the increase of sun breaker depth, consequently, in which
the WWR is 10 %, 15%, 20%, 25%, and 30%, while sun breaker is 10%, 20%, 30%, 40%, and
50% of the window`s width. Also, discussing the impact of changing each parameter on their
cooling load results, and demonstrating the impact of increasing the angle rotation of sun
breakers around Y-axis varying degrees of 0°, 10°, 20°, 30°, 40°, 50°, 60°, 70°, when the WWR
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% is constant for each group separately, and sun breaker itself increases gradually from 10 % to
50 % of the window`s width. It is concluded the more increase in angle rotation the loss in
cooling load output value and this is logic because the space is more shaded and less heat gain
from the sun`s rays, but on the other side it is less in exposing to outdoor space views. However,
the cooling load is increasing in repetitive increment value 250 kWh/m2, when the WWR is
increasing by 5% in each group of running simulation.
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Graph (2): A correlation between
WWR of 15% with gradually
increment of 10° angle rotation and
shading depth of 10 % of windows`
width
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Graph (5): A correlation between
WWR of 30% with gradually
increment of 10° angle rotation and
shading depth of 10 % of windows`
width

This is not all, the sun breaker rotation angle base case of zero degree is compared as prescribed
by the Egyptian local code for residential buildings, the greater the rotation angle the greater the
effect to minimize the heat emitted and gained by the sun's rays. Furthermore, as the rotation
angles are comparatively to each other, as shown in the charts below, the peak reduction in
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cooling load reaches at the 30° of angle rotation around y-axis for all WWR percentages, despite
that, the interest is slowly increasing.
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Graph (6): the difference in cooling
loads as the sun breaker rotates 10°,
repetitively, when the WWR is 10%
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Graph (7): the difference in cooling
loads as the sun breaker rotates 10°,
repetitively, when the WWR is 15%
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rotates 10°, repetitively, when the
WWR is 30%

5.1 Design Rules
Energy Use Intensity (EUI) is determined by measuring the overall energy consumption
of a given area for one year to be divided by the total gross floor area in kWh/m2 (Energy Star
2020). EUI requires multiple sources to deduce and calculate the indoor energy consumption,
which including air conditioning, heaters, Television, etc. The scheduled usage for each
appliance shall be calculated and presumed by ASHRAE 90.1 of about 147.098 kWh/ m2.
Two linear regression equations are derived out of this valuable study through running
500 simulations with the help of Grasshopper plugin. The equations primarily depend mainly
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upon the EUI value, and this value is affected by several independent variables of light intensity,
sun breaker depth and Window Wall Ratio. The two equations express the weight of each
parameter and their values in increasing or decreasing the percentage value of the EUI.
All of these studies and strategies can help architects or any discipline to check and test
the EUI percentage value prior to on-site implementation. As stated in the earlier paragraphs and
analysis, the most acceptable rotation angle around the Y-axis is approximately 30°, as the
lowest value of the heat generated and emitted from sun`s rays was reported. Thus equation (1)
and (2) describe the effect of using a high reflective material than a matte one, eq (1) is a matte
and eq (2) is a standard non-reflective material.
Equation (1): RAD 0= 83.93+50.25 WWR%- 3.47 Shading Depth %- 0.02 Angle of Rotation in
degree- 1.94 light intensity in Lux
Equation (2): RAD 1= 83.93+49.59 WWR% - 3.48 Shading Depth % - 0.02 Angle of Rotation in
degree- 1.54 light intensity in Lux
As a consequence, a new input was added to these equations, which is the light intensity
in Lux, it seems that after measurements the difference and variation between the two materials
will increase in the range between 4 to 10 lux. The R2 in both equations is 0.99, which is almost
1, while the P-values are less than 0.05, all these values can prove that the correlation between
the parameters has a good and strong relationship, each variable is totally depends on other and
the alter in one parameter could affect the output result.

6.1 Conclusion
Energy crisis and sustainable development, both obstacles are trying to find a way,
having enormous wealth of existing non-renewable energy resources, virgin materials, and
economic growth for the upcoming generations. After COVID 19, the earth and its atmosphere
layers took a deep pure breath without any impurities and solid particles. Most of environmental
issues were over, the ozone hole was healed, ecosystems back to nature, etc.
The housing sector is usually the highest energy consumption of non-renewable resources
like coal, benzene, etc. and this is due to a longer period of 24-hour occupation of indoor
residential buildings. Air conditioning is sharing the greatest power consuming than other
appliances, as usual fan coil unit is used regardless the type of housing either middle or low
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income. The only controllable feature is the setback degree of both cooling and heating, this
element can help in reducing the fan spin and electricity usage.
Sun breaker or shading device is a simple passive system technique, used to permit or
reduce the sun`s ray emission of heat for the indoor spaces. Egyptian Heritage buildings were
usually used the wooden Mashrabiya of a perforated surface of various sizes in areas. Such holes
become narrower and smaller openings as we step to the window ledge, and adding the bad
conductor material of wood, can aid in preventing the transmission of the heat gained from the
sun to be in touch with indoor air layers.
The research hypothesis seems right, the dynamic louvers are more effective and
powerful than the static in cooling loads reduction, but the rotation angle around y-axis had a
peak of rotational degree, by testing and simulation, it is deduced the most appropriate angle is
30°, in which the more angle rotation the less effect in energy reduction. Two linear regression
equations are used to match the threshold or less for the EUI kWh/ m2 as it is prescribed in or
more stringent either in ASHRAE 90.1 or local Egyptian code. That is not all, the fabricated
material for the sun breaker had a great impact on light intensity for the indoor spaces, the more
reflective material the lighter intensity and vice versa.
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