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Office buildings commonly use fully glazed facades to reflect a luxurious appearance and
to maximize natural light of high solar exposure and high-energy consumption due to
cooling and heating. There is a great abundance in constructing shading screens as they
are part of the modern movement in field of Energy Conservation, renewable energies, and
architectural design. This paper studies the impact of various perforated Glass Reinforced
Concrete (GRC) shading screens for different orientation and the Life Cycle Cost
Assessment (LCCA) in a prototypical office space in Cairo. We have simulated a wide range
of perforated shading screens using Design Builder to identify optimal shading screens with
the highest energy savings for different facade orientation. In this paper, we suggest a
methodology to achieve better energy saving in office buildings, knowing the facade’s
orientation and perforation percentage of shading screen. Simulation results show that
shading screens with 10% perforation percentage commonly achieve the highest energy
savings for all facade orientations and reaches up to 53% energy savings for the southwest
facade. The LCCA of this shading screen in that southwest facade saves 52% in LCCA

compared to the base case.

1. Introduction

Contemporary buildings in the world require massive
amounts of energy for cooling and heating, while the cost of
electrical energy is ceaselessly increasing. The amount of energy
needed for providing comfortable living conditions within a
specific region depends on climate conditions [1]. Based on
Koppen’s climate classification system, Egypt’s climate is
classified as hot desert arid climate, characterized by high direct
solar radiation and clear skies [2]. These climate characteristics
demand special facade treatments to minimize heat gain, solar
exposure and energy consumption.

Shading screens, as a type of shading devices, help in reducing
glare and excessive solar heat gain through fenestration. When
properly designed, shading screens will improve not only indoor
visual and thermal comfort, but also will greatly cut back electrical
lighting, cooling, and heating energy [3].

Commercial buildings consume energy around 5,000 GWh,
which represents nearly 4% of all electricity consumed in Egypt.

Around 60% of energy consumption in commercial building
is due to HVAC and lighting. Facade configurations account for
up to 45% of the cooling loads of the building [4]. Heat gain is
transmitted through building facades either by radiation through
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transparent surfaces or by conduction through the whole building
envelope.

The Life Cycle Cost Assessment (LCCA) primary goal is to
provide a tool with the ability for appropriate financial appraisal of
buildings and to substitute existing approaches focused on the
actual costs of the construction project [5].

2. Research Objective

The objective of this research is to understand the value of
integrating perforated GRC shading screens for different
orientations of office building facades in Cairo using energy
simulation and LCCA. Previous related studies focused on either
predicting energy savings as a result of using shading screens for
different facades or LCCA of different facade components other
than shading screens. Therefore, the paper considers both energy
savings and LCCA for the assessment of shading screens. In
addition, we chose GRC as the material of the shading screen in
order to minimize the initial cost.

3. Literature review
3.1. Types of shading screen

In Egypt, shading screens have been widely used for centuries.
The Mashrabiya, an example of shading screen is used for
controlling the passage of light, regulating air flow, reducing the
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temperature of the air current, increasing air humidity and
guaranteeing a great amount of privacy [6]. Nowadays, designers
allowed addressing the design exploration at both the macro and
micro levels of resolution by the application of parametric
modeling to architectural design. Figure 1 shows a type of shading
screen that allows engineers or fabricators to immediately have
input into the modelling process, to ensure structural integrity,
while analyzing the resulting impact on the component form [7].
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Figure 1: Exploded view of individual elements [7]

In [8], The authors evaluated various types and models of
shading treatments based on used evidence review of systematic
method to identify patterns and trends through classification and
comparison. Three main categories of shading treatments were
identified based on the energy involvement and the design
approach: (i) passive systems with zero energy use, (ii) active
systems that use mechanical devices and (iii) hybrid systems
integrated with a biomimetic approach. Passive systems are fixed
shading devices, which are cost-effective and easy to implement.
Their performance presented limitations to address changeable
weather conditions throughout the year.

The most common materials for shading screens are wood,
aluminum and GRC [9]. The GRC is considered a durable,
flexible and a cost effective material for shading screens.

3.2. Shading screens varieties and orientations

In hot climates, building energy use for lighting, heating and
cooling, as well as the occupants’ visual and thermal comfort are
affected by external perforated shading screens [10]. Studies have
explored screen geometries, perforation percentages, and
orientations in hot climate zone. Examples of these perforated
screens are Mashrabeya, Jali, and Guss-Walls. The
implementation of these screen solutions was to mitigate
excessive solar radiation on window openings that result in
overheating and therefore reducing cooling loads. [11].

In [12], The authors assessed the effect of shading screens with
different rotation angles, aspect to depth ratio and perforation
percentages on the annual cooling, heating and lighting energy
loads using Energy Plus (Figure 2). The study proved that external
fixed deep perforated solar screens could effectively achieve
energy savings up to 30% of the total energy consumption in the
west and south orientations. The highest and most significant
savings were achieved in screens having a depth ratio of
1:1depth/opening width ratio.

This study shows that the highest energy consumption is on
the west and south in which energy saving could reach the highest

level by using a shading screen and the shape of the shading
screen use is the orthogonal grid screens with square fenestrations
with 1:1 depth ratio.
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Figure 2: Shadow patterns and resultant shading percentage of shading
screens with different depth ratio [12].

3.3. Shading screens and energy consumption in office buildings

In [13], The authors examined a wide range of perforation
percentages of shading screen in Kharga Oasis for different
orientations using Energy Plus simulation software to recommend
the range of shading screens perforation percentages that reduces
monthly and annual cooling loads. Simulation results showed that
shading screen with perforation rate of 90% reduces cooling
energy by 25% in average, while using more dense screens with
perforation decreasing from 90% to 10% saves about 16% more,
giving a total saving of 41% in average of the west, south and east
facade.

This study shows that as we decrease the opening perforation
we get high energy saving, and insure that the west and south
facades have the highest energy consumption.

3.4. LCCA estimation

LCCA is determined by initial manufacturing, repair and
replacement costs of the residual value of the commodity at the
end of the study period, the sum of all these costs except the
residual value determining LCC (1) defined by [14]

LCC= INTIAL COST + OPERATING COST + (1)
MAINTAINANCE COST - RESIDUAL VALUE

3.5. Previous studies of LCCA of building facade

In [15], The authors studied the value of kinetic aluminum
louvers installed for office building south fagades in a hot-dry
climate, such as that of Egypt. The study compared Kkinetic
aluminum louvers, fixed aluminum louvers to the non-shaded
cases in terms of energy consumption and building Life-Cycle
Cost. LCCA, using equation 1, finds out that fixed louvers are the
most cost effective than kinetic louvers (Figure 3).The study
shows the variation in both initial and operation cost but the
difference in the initial cost is larger than the difference in the
operation cost. The main challenge facing the application of
kinetic louvers in office buildings in Egypt is the high initial cost
due to importing the aluminum louvers and the additional
automation components. This makes the payback period of kinetic
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louvers in Egypt longer than 20 years. Alternative scenarios of
using local manufacturer of fixed louvers achieve net savings and
cost payback just before the end of the study period. This study
shows that the fixed shading screen are more affordable than the
kinetic louvers.

§ 1000 m Fixed Shading

= 800 (EGP/m2)

& 600 Kinetic

g 400 Shading(EGP/m2)
= 200

Shading Alternative

Figure 3: LCCA of kinetic and fixed louvers [15]

From the literature review, preferences using fixed shading
screen with orthogonal grid screens with square fenestrations
having high-density perforation in the west and south are the
optimum for simulation.

4. Methodology

Simulation was performed for using Design Builder version
4.5 as a graphical user interface for energy plus. The base case
model, the shading screen modeling and parameters are discussed
below.

4.1. Base Case Model

The base case is a typical cellular office space in the hot arid
desert environment of Cairo, International airport, Egypt, a closed
office having a floor area of 4 m by 4 m, with a height of 3 m
(Figure 4).  This room was isolated from the external
environmental thermal changes by assuming that all surfaces,
other than the external tested wall, were adiabatic. Thus, three
walls, floor and roof were assumed adiabatic. The fourth wall was
defined as a fully glazed curtain wall and defined as double clear
6mm glass and 13mm air gap.

perforated o, I
Shading screen Perforated
Shading screen

Office Room «

Full glazing «

Full glazing =

Room section ( Height :3 m)

Room Plan ( Dimensions :4*4m)

Figure 4: Office room plan and section show the relation
between curtain wall and shading screen

Typical occupancy schedule was set to start at 8 am and end
by 5 pm with a two-day weekend break. Mechanical cooling was
simulated using an A/C chilled water system. Cooling and heating
set points were 26°C and 20°C respectively, which achieve the
required thermal comfort, set by ASHRAE. Artificial lighting was
set to use LED bulbs (10 W/m?), which is considered as optimum
lighting efficiency for office spaces. The annual simulation runs
were conducted for west, southwest, south, southeast and east
facade orientations and testing the perforation of shading screens
from 5% to 90%.

4.2. Shading screen modeling approach

In order to find the screen configuration with highest energy
saving potential, a range of shading screen perforation was
simulated. The main focus of the simulation was to evaluate the
effect of alternative configurations on energy consumption due to
cooling, heating and lighting. The shading screen was externally
mounted at a distance of 20 cm from the curtain wall. The screen
dimensions cover the whole room’s fagade with extended 1min
each side.

Alternatives of different perforation percentages were studied
for Curtain walls facing west, southwest, south, southeast and east
orientations. We performed the study on screens with perforation
percentages ranging from 5% to 90%, and depth of shading screen
5 cm. The number of simulation runs reached 55 runs.

4.3. Shading screen parameters
e Material: GRC

e Dimensions: Width 4 m and height 3 m and extended to cover
the office facade.

e Position: At a distance 20 cm from the curtain wall.

e Shape: Orthogonal grid 90 degree of rectangular section bars.
e Perforation Ratio: Ranging from 5% to 90% (Figure 5).

e  Material Depth: 5 cm

e Fixed number of opening: 5 rows and 6 columns

e Orientation: west, southwest, south, southeast and east
facades.
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Figure 5: Shading screen used in simulation from 90% to 5% perforation

5. Annual energy consumption of alternative screen
configurations

The annual energy consumption of the base cases was
calculated first. It was a closed office having all the above defined
parameters, with daylighting controls and without any shading
screens. Simulation results of the base case revealed that the
highest energy consumption was in the southwest (255 kWh/m?),
west (231 kWh/m?), south (215 kWh/m?), southeast (214 kWh/m?)
and east (183 kWh/m?), as shown in (Figure 6).

300.00
250.00

200.00
150.00
100.00

50.00

West southwest south southeast East

Figure 6: Total energy consumption of the base case in all fagade orientations
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As expected for hot environments, cooling represented the
highest component from 185 kWh/m? to 136 kWh/m?, which was
almost 80% of the energy consumption. As shown in (Figure 7)
energy consumption due to lighting is kept to the minimum since
daylighting controls minimized the operation of artificial lighting.

Annual energy consumption has been presented in kWh/m? for
alternative shading screen perforation percentages and
orientations.

300.00

250.00

200.00
150.00
100.00

50.00

West southwest south southeast East

HR.Electricity mlighting mCooling mDHW (Electricity) Heating

Figure 7: Breakdown of energy consumption in the base case
5.1. West orientation:

West orientation in the base case considered as 10% less
energy consumption compared to southwest. Therefore, as shown
in (Figure 8) the energy saving reached 48% with 10% perforated
shading screen, which saved up to 111 kWh/m?

250.00
200.00
« 150.00
100.00
x
50.00

Base
case

West 23095  199.22 19194 176.11 | 16896 154.33  153.74 14024  127.07 11972 12748

90% 80% 70% 60% 50% 40% 30% 20% 10% 5%

Figure 8: Total Annual Energy Consumption of the case study without and
with shading screens (90% to 5% Perforations) for the west facade

The graph below in (Figure 9) shows the relation between the
perforation percentage and the energy consumption in the
southwest facade. The cooling is the main factor of saving energy
in which it decrease around 45% and saving 86 kwWh/m?from 90%
perforated shading screen to 5% perforation. The inverse of this
relation shown in lighting but with less impact on energy saving
in which 90% perforation is 5.6 kwh/m?2 and the 5 % perforation
is 19.8 kWh/m?. The difference is around 14 kWh/m2whichis
considered a little impact on energy saving compared to the
cooling saving.

250.00

200.00

150.00

S ERARRREN

50.00

W B EEEEEREN
70% 40% 30% 20%

Base Case 90% 80% 60% 50%

I
10% 5%

mRoom Electridty kWh/m2  mDHW (Electricity) kwh/m2 Heating (Electricity) kwh/m2

Lighting kWh/m2 B Cooling (Electricity) kWh/m2

Figure 9: Energy consumption breakdown for the 5% to 90% perforated
shading screens compared to the base case for the west facade

5.2. Southwest orientation:

As the southwest orientation was the highest energy
consumption in the base case, in order to save as much energy as

possible, we used perforation percentage from 90% - 5%. As
shown in (Figure 10) that the energy saving reach 136 kWh/m?
saving in the 10% perforation shading screen, which is almost 53%
saving of energy consumption.

300.00
250.00
200.00
150.00
100.00

50.00

Base
case

southwest 254.64 215.01 205.96 187.36 178.34 162.93 162.39 146.38 128.62 118.58 125.74

90%  80% 70% 60% 50% 40% @ 30% @ 20% @ 10% 5%

Figure 10: Total Annual Energy Consumption of the case study without and
with shading screens (90% to 5% Perforations) for the Southwest fagade

The graph below in (Figure 11) shows the relation between the
perforation percentage and the energy consumption break down
in the southwest facade. Heating and room electricity does not
change, or almost fixed. The cooling is the main factor of saving
energy in which it decrease around 40% of total cooling energy
which save 100 kwh/m? from 90% perforated shading screen to
5% perforation. The inverse of this relation shown in lighting but
with less impact on energy saving in which 90% perforation is 5.5
kWh/m? and the 5% perforation is 18 kwh/m?. The difference is
around 13 kWh/m? that considered as little impact on energy
saving in compared to the cooling saving. The most important
factor in the analysis is the cooling energy consumption that has
a great impact on the saving energy.

300.00
250.00

200.00

150.00
TITIT
50.00
A B BB R EEEEEN

Base 90% 80% 70% 60% 50% 40% 30% 20% 10% 5%
Case

H Room Eledridty kWh/m2 W DHW (Electricity) kWh/m2
Heating (Electricity) kWh/m2 m Lighting kWh/m2

B Cooling (Electricity) kWh/m2

Figure 11: Energy consumption breakdown for the 5% to 90% perforated
shading screens compared to the base case for the Southwest facade.

5.3. South orientation

South orientation in the base case considered as 19% less
energy consumption compared to southwest. As shown in (Figure
12) the energy saving reached 47% with 10% perforated shading
screen, which saved up to 100 kWh/m?

250.00
200.00
150.00
100.00

50.00

:: 90% | BO% | 70% | 60% | SO% | 40% | 30% | 20% | 10% | S%

south 214.64 | 18561 179.98 16787 16069 15141 | 15117 13867 12341 11452 12549

Figure 12: Total Annual Energy Consumption of the case study without and
with shading screens (90% to 5% Perforations) for the South fagade
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The graph below in (Figure 13) shows the relation between the
perforation percentage and the energy consumption in the south
facade. The cooling is the main factor of saving energy in which
it decrease around 47% saving 73 kWh/m? from 90% perforated
shading screen to 5% perforation. The inverse of this relation
shown in lighting but with less impact on energy saving in which
90% perforation is 5.5 kWh/m? and the 5% perforation is 18.8
kWh/m2, The difference is around 13 kWh/m? that considered as
little impact on energy saving in compared to the cooling saving.
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200.00
150.00
EEEREERE
50.00
- l EEEEEEN

Base 90% 80% 70% 60% 50% 40% 30% 20% 10% 5%
Case

m Room Electridty kWh/m2 m DHW (Electricity) kWh/m2 Heating (Electricity) kWh/m2

Lighting kWh/m2 m Cooling (Electricity) kWh/m2

Figure 13: Energy consumption breakdown for the 5% to 90% perforated
shading screens compared to the base case for the south facade

5.4. Southeast orientation

South East orientation in the base case considered as 19% less
energy consumption compared to south West. Therefore, as
shown in (Figure 14) the energy saving reached 47% with 10%
perforated shading screen, which saved up to 101 kWh/ m2,

250.00
200.00
150.00
100.00

50.00

Base
case

southeast 214.41 18334 176.59 162.66 15557 14463 14476 133.22 12073 112.84 12582

90% 80% 70% 60% 50% 40% 30% 20% 10% 5%

Figure 14: Total Annual Energy Consumption of the case study without and
with shading screens (90% to 5% Perforations) for the South facade

The graph below in (Figure 15) shows the relation between the
perforation percentage and the energy consumption in the
southeast facade. The cooling is the main factor of saving energy
in which it decrease around 48% saving 72 kWh/m? from 90%
perforated shading screen to 5% perforation. The inverse of this
relation shown in lighting but with less impact on energy saving
in which 90% perforation is 5.6 kwh/ m? and the 5% perforation
is 20 kWh/m?. The difference is around 15 kWh/m?that
considered as little impact on energy saving in compared to the
cooling saving.
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Figure 15: Energy consumption breakdown for the 5% to 90% perforated
shading screens compared to the base case for the Southeast facade

5.5. East orientation

East orientation in the base case considered as 39% less energy
consumption compared to southwest. Therefore, as shown in

(Figure 16) the energy saving reached 39% with 10% perforated
shading screen, which saved up to 72 kwh/ m2,

200.00
150.00
100.00

5000

Base
case

East 182.91 161.28 15643 | 146.74 14198 13392 13400 12546 117.68 11137 12667

90% B80% T0% 60% 50% 40% 30% 20% 10% 5%

Figure 16: Total Annual Energy Consumption of the case study without and
with shading screens (90% to 5% Perforations) for the East facade

The graph below in (Figure 17) shows the relation between the
perforation percentage and the energy consumption in the east
facade. The cooling is the main factor of saving energy in which
it decreases around 56% saving 50 kwWh/m2 from 90% perforated
shading screen to 5% perforation.
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150.00
100.00 I I
50.00
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Base Case  90% 80% 70% 60% 30% 20% 10% 5%

B Room Electridty kWh/m2
Lighting kWh/m2

B DHW (Electricity) kWh/m2 Heating (Electricity) kWh/m2

u Cooling (Electricity) kWh/m2

Figure 17: Energy consumption breakdown for the 5% to 90% perforated
shading screens compared to the base case for the east facade

5.6. Overall energy savings

The total annual energy savings resulting from using a shading
screen with 10% perforations compared to the base case. Shown
in (Figure 18) the orientations with highest and least energy
savings (53% and 39%) are the southwest and east respectively.

60%
50%

40%
30%
20%
10%

0%

West southwest south southeast

Figure 18: Percentage of saving energy for 10% perforation shading screen
compared to base case

6. Life Cycle Cost of GRC Shading Screen with 10%
perforations in southwest Facade.

6.1. Initial Cost

The Initial cost of GRC shading screen was based on
quotations obtained from a local supplier submitted on July 2021.
The initial cost of GRC is 450 EGP / m? and the total area need to
cover the curtain wall of the office room is 12m2, so the total price
for the room is 5,400 EGP (Egyptian Pounds), which is 338 EGP/
m2.

6.2. Operation Cost

As discussed earlier, operation costs are mainly the electrical
energy costs. Operation cost includes all energy costs required for
cooling, lighting, heating and office equipment for the test cases,
previously simulated. The cost of energy consumption was
calculated according to the Egyptian electrical cost (tariff) by the
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operation year for commercial buildings 2021which equals 1.6
EGP/kWh [16].

Annual _Annual Electric .
Operation Cost (Ao) = Consumption /m? E) x Tariff(m) (2)

In order to apply a present cost of 20 years of operation in
today’s value, the present value equation in Equation (3) need to
be considered where the present value is defined as: “the time
equivalent value of past, present or future cash flows as of the
beginning of the base year” [14]. The main inputs of the present
values are annual costs and the annual real discount rate (d) which
defines annual escalation in energy prices, which is set to be 4.3%
[17] resulting that present value of the GRC shading screen is
2,520 EGP/m?. GRC material does not have a maintenance cost
over the 20 years operation.

1+d)t-1

PRV G ) Mt 3
PV =tdox o+ ay @)

Where:

PV = present value

A= annual recurring costs (operation costs)
d = real discount/interest Rate

t = time (number of years)

6.3. Residual Value

Residual value is defined as the net cost of a building or
building component after at the end of the LCC study period [14].
The residual value will be equivalent to the resale price of the
metal studs as scrap. The current local price of metal scrap is equal
to 5 EGP/kg based on local market survey in 2021. The Weight of
the resale value of metal studs used in GRC fixation is 35 Kg/m?
that represent 176 EGP/ m? (Table 1).

6.4. LCCA Results

LCC has been calculated by applying Equation (1), adding the
initial cost per unit area, which is 338 EGP/m? and operation costs
per unit area, which is 2,519 EGP/m?, and then subtracting the
residual value 175 EGP/m2 (Table 2). Since, the base case has no
initial or residual value. The LCC of the base case is based on
operation costs only, which is 5,411 EGP/m?. The LCC of 10%
perforation shading screen is 2,682 EGP/ m?,

Table 1: Residual Value Breakdown for the GRC Shading Screen

volume of | cross sectional area studs L*w m?
metal frame [ 0015 16 0.024
Weight of | volume of metal metal density kg
single metal [0 024 2600 62.4
weight per | Weight of single | No. of Metals kg
room surface metal frame

62.4 9 561.6
weight/  unit | weight of metal in | Room Area kg/m?
room area Room

561.6 16 35.1
Price of kg 5)
Residual 175
value

Table 2: LCC of the Base case and 10% perforation of Southwest fagade

5 —

Base Case 10% perforation in
southwest

Initial Cost of

GRC shading screen 0 338

Operation Cost 5,411 2,519

Maintenance cost for 20yrs 0 0

Residual value 0 175

LCC 5,411 2,682

The main objective of calculating LCC was to calculate the
savings and the cost payback of shading screen with reference to
the base case. The results shows that the difference between LCC
in the base case and the 10% perforation shading screen in the
south west facade save 2,623 EGP/m2 during the study period,
which actually save up to 52%.

6.5. Cost Payback period

The payback period is the time you need to recover the cost of
your investment. As the total initial cost of GRC Shading Screen
is 338 EGP/ m2 and the LCC is 2,682 EGP/ m2. The payback
period will be in the second year of operation (Table 3)

Table 3: LCCA difference between the Base case
and 10% perforation of Southwest fagade
1st Year 2nd Year
LCCA-Base Case 391 766
LCCA-10% Southwest 182 357
Savings 209 409

7. Conclusion

In order to understand the value of integrating perforated GRC
shading screens for different orientations of office building
facades in Cairo, A range of GRC shading screen perforations was
assessed for office building fagades with different orientations
using Design Builder. The shading screen perforations follow an
orthogonal grid as advised by [12].

The utilization of perforated shading screens for protection of
curtain walls in the severe hot desert environments proved to
provide considerable energy savings. The simulation of a typical
office space in Cairo, Egypt illustrated this. The energy savings
resulting from the use of these screens reached 53% for the
southwestern orientations respectively in comparison a non-
shaded curtain wall, which match the findings of [13].

The LCCA compared the southwest oriented 10% perforation
GRC shading screen to the base case. LCC savings reached 52%
and the return of investment of the shading screen is on the second
year of operation. The research used the GRC as a local affordable
material for the static shading screen that provides minimum
initial cost and fast return of investment as advised by [15].

7.1. Research Recommendation

As the research shows, the most effective allocation of the
shading screen is in the southwest as it is the location with the
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highest energy consumption. Thus, by adding the shading screen
it will have the highest energy saving. As for the perforation
percentage, the narrow opening is more recommended for highest
energy and cost saving percentages especially for south-west and
west facade orientation.

7.2. Further Research

This paper reported on orthogonal grid screens with square
fenestrations. More shading screen shapes with different
dimensions could be examined with the effect of the lighting
quality.
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