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Atriums are central glass-roofed spaces that are usually considered closed and controlled 
spaces in multi-story buildings. This research aims to compare the effectiveness of 
adding an intelligent canopy and natural ventilation in the efficiency of atriums. For 
this purpose, an atrium has been selected in the educational space in Tehran. In this 
regard, Design Builder software has been simulated and EnergyPlus engine has been 
used for calculations. The results showed that the energy consumption in the building 
with the atrium in the form of a circular plan and a flat cap is equal to 207.1 (MWh). Also, 
with the integration of the smart canopy in the atrium, the energy consumption of the 
building was 201.33 (MWh), which decreased by 5.77 (MWh). This means that with the 
integration of the smart canopy in the atrium, the energy consumption of the building 
has been reduced by about 3%. In the conditions of using natural ventilation, the energy 
consumption of the building was 173.39 (MWh), compared to the integration of the 
canopy without natural ventilation, the energy consumption of the building decreased 
to a significant amount of 27.94 (MWh), which seems to be a proper option considering 
the low cost of using natural ventilation.
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INTRODUCTION
The development process of human life after 
the industrial revolution has led to an increase 
in the use of various types of energy, most of 
which are non-renewable. Optimum use of en-
ergy resources, according to architectural design 
guidelines, is a priority to contribute to the sus-
tainability of contemporary cities (Verma, 2017; 
Danesh Pajouh et al., 2020; Keshtkar Ghalati & 
Amiri, 2022). In general, the energy demand for 
building lighting is about 30-40% (Chow et al., 
2013; Eiraji & Elmkhah, 2021). In dense urban 
areas, buildings with wide plans have high en-
ergy costs to provide permanent lighting (Rezaei 
et al., 2019; Esquivias et al., 2011). In addition, 
lighting spaces have a transitional role in the or-
ganization of spaces, and at the same time, they 
improve the quality of the interior space (Pitts & 
Bin Saleh, 2007; Keshtkar Ghalati & Ahmadian, 
2023; Keshtkar Ghalati & Taromsari, 2023). As 
a bioclimatic strategy, atriums can reduce the 
cost of artificial lighting and improve the energy 
efficiency of the building by receiving natural 
light and controlling the internal temperature 
(Danielski et al., 2016; Mahlabani et al., 2019). 
With the proper design of the atrium ventilation 
system, the energy consumption of the building 
can be reduced. On the other hand, an atrium 
with a poor design causes a loss of thermal 
comfort and increases the energy consumption 
for cooling the building. In these cases, an ener-
gy-modulating technology may be considered a 
passive cooling system (Hussain & Oosthuizen, 
2011; Karamouzian et al., 2021). A ventilation 
system can be used as a mechanical and Natural 
cooling system or a combination of both at dif-
ferent conditions (Hussain & Oosthuizen, 2012; 
Hessari & Seyf shojaee, 2021). Today, automatic 
and intelligent systems are considered effective 
tools for saving energy and building. The intelli-
gent atrium sunshade systems include manual 
and automatic control types.

This research aims to compare the effective-
ness of adding an intelligent canopy and natural 
ventilation in the efficiency of atriums. For this 
purpose, an atrium has been selected in the 

educational space in Tehran. To calculate the 
energy consumption, the amount of energy con-
sumed for cooling, heating, and general lighting 
of an educational building in Tehran has been 
used. Light spaces include open or closed spaces 
in the building, which are mainly used to solve 
the problem of light in large-plan buildings. 
Atriums are central glass-roofed spaces that 
are usually considered closed and controlled 
spaces in multi-story buildings. For the proper 
design of the atrium in such a way that natural 
light spreads in the space without energy loss, 
it is necessary to identify the variables affecting 
the thermal performance, the most important 
of which include the geometry of the atrium, 
the angle of the sun, the type of covering, the 
form of the roof, and the percentage of the 
window-to-wall ratio (Littlefair, 2002; Sharples 
& Lash, 2006). Various studies have evaluated 
these variables using scale models, analytical 
equations, field measurements, and software 
simulation (Omrany et al., 2020). Atriums, as the 
passive light-absorbing solution, may cause the 
space to overheat in hot seasons and increase 
the cost of cooling if there is no ventilation and 
shading (Cheshmehnour et al., 2018). Therefore, 
atriums should be measured with standards and 
patterns of energy consumption reduction, oth-
erwise, they will impose a significant thermal 
load on the building. (Tab. 1).

The main characteristics of atriums can be 
categorized into three parts:
(1) Skylight system (skylight height, shape, 

scale).
(2) Form of the atrium (well height, shape, 

scale).
(3) Surrounding interface (corridors, windows, 

etc.).
Many studies have investigated the daylight-

ing of atriums and have shown that the lighting 
performance of an atrium largely depends on its 
geometrical characteristics (Tab. 2).

As shown in Table 2, most of the research 
carried out is in the field of administrative, com-
mercial, and educational users, which is due to 
the amount of energy consumption and the load 
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Table 1: Types of light-emitting spaces

Reference Base Types

(Farahkhiz, 
& Kashtkar 

Ghalati, 2021)
Section

    

Open Area Atrium Light Wells

(Eqbali et al., 
2016)

Form

Central Linear

connection
  

Enclosed Unenclosed

Expanse

         

Continuous and Individual Central Form A Linear Form Connecting Buildings

(Bajracharya, 
1997)

Function
 

Close Open

(Yoshino et al., 
1995)

Dimensions

Adjunct Short and Wide High Tower

(Bendar, 1986) Form
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Table 2: Review of the atrium daylight studies

Number Author(s) Function Indicators and objectives

1
(Du & Sharples, 2012) -

Atrium scale (dimension ratio in section 2 and dimension ratio in 
plan), height; Direction of surface reflection

2 (Kazemzadeh et al., 2014) Official Atrium roof form and skylight height

3 (Mohsenin & Hu, 2015) - Atrium scale (well index), skylight roof form

4
(Ghasemi et al., 2016) Official

Atrium scale (dimension ratio in section and dimension ratio in 
plan); Skylight ceiling height, number of floors

5 (Nasrollahi et al., 2016) Official Peripheral effects of the atrium

6
(Tourani et al., 2016) Educational

The inclination angles of the atrium based on the orientation 
towards the solar diagram

7 (Sudan et al., 2017) - Atrium scale (well index and well depth index), surface reflection

8 (Cheshmehnour et al., 2018) Official Spatial positioning

8
(Li et al., 2019) Commercial

Atrium form (dimension scale in the plan), building height, 
skylight roof size

9
(Taghipour Mizani et al., 2019) Educational

Changes in the shape of the roof, the dimensions of the atrium 
plan and the surface of the roof glass

10 (Zeinolabdinzadeh et al., 2020) Commercial Type of atrium skylight glass

11 (Rastegari et al., 2021) Official Atrium scale (width to height ratio)

12
(Wu et al., 2021) Library

Atrium scale (dimension ratio in section and dimension ratio in 
plan), height of atrium

113 (Zeinolabdinzadeh et al., 2021) Commercial The shape and height of the skylight ceiling

14
(Dong et al., 2022) Commercial

The shape and number of atriums, the angle and deviation 6, the 
ratio of the skylight height of the ceiling

15 (Xue & Liu, 2022) Commercial Form and height of the atrium

16 (Ibrahim et al., 2022) Educational Atrium form

17
(Piraei et al., 2022)

Cultural 
Heritage

Form and number of atria

of their use during the day. The research about 
the form of the atrium has mainly focused on 
the dimensions of the plan and height. In ad-
dition, most of this research is related to the 
scale of the atrium (ratio of the dimensions in 
the section and the ratio of the dimensions in 
the plan), the height of the skylight ceiling, the 
form of the atrium (the scale of the dimensions 
in the plan) and the size of the skylight ceiling. 
A natural ventilation system may not support 
the building’s thermal comfort range as well as 
a mechanical ventilation system (De Dear & Gail, 
2002). However, natural ventilation can improve 
a building’s energy efficiency by up to 60% (Chan 
et al., 2010).

There are four types of the atrium as shown 
in Figure 1 below. Each shape of the vestibule 
has its advantage according to the environ-
mental conditions, ventilation, and daylight 
performance. In cold conditions, the efficiency 
of atriums is obvious as they act as solar space 
(Hawkes & Baker, 1983; Nelson, 1984). Although, 
in hot seasons, they increase the temperature of 
the building and destroy the thermal comfort 
conditions (Douvlou & Pitts, 2001; Edmonds & 
Greenup, 2002). Providing comfortable condi-
tions in glass buildings without considering a 
complex system becomes very uncomfortable 
(ASHRAE, 2009). However, the high heat of the 
atrium can be removed by natural ventilation. 
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The ambient air flows into the floors through 
the windows, and after being heated, it goes into 
the atrium and exits through the vent above. 

Figure 1: Schematic of a naturally ventilated atrium  
(Hunt & Acred, 2013)

In addition to aesthetic benefits, atriums 
provide daylight in adjacent indoor spaces and 
increase social interactions (Pfafferott et al., 
2004). In addition, atriums provide fresh air in 
the entire building by creating air circulation 
between different floors (Laouadi et al., 2002). 
This architectural element can be considered an 
environmental technology, especially in mod-
ern buildings with glass walls, where environ-
mental potentials are ignored (Encinas, 2004). 
Despite the excessive solar heat gain from the 
large glass walls (Göçer et al., 2006), the ener-
gy consumption of this type of building with 
optimal design is estimated to be less than 150 
kWh/m2 (Voeltzel et al., 2001). Natural ventila-
tion in such buildings provides thermal comfort 
without using mechanical systems such as heat-

ing, ventilation, and air conditioning (HVAC) 
(Thirugnanasambandam et al., 2010). Therefore, 
more than 60% of the total energy consumption 
of the building is saved (Chan et al., 2010).

Atriums and courtyards improve the quality 
of adjacent indoor spaces (Olsen & Chen, 2003) 
by providing natural ventilation and sunlight 
(Khan et al., 2008). In terms of energy efficien-
cy, although in tall buildings, atriums are more 
efficient (Aldawoud & Clark, 2008), in low-rise 
houses, courtyards, like atriums, help to balance 
the building’s energy consumption (Taleghani et 
al., 2014). Figure 3 shows a list of variables, ven-
tilation techniques and other design parameters 
of atriums.

Natural ventilation in the building creates 
acceptable environmental comfort conditions. 
Ventilation in the building occurs due to the 
pressure difference in the internal and external 
environments, and as a result, it causes the air 
to move throughout the building. Increasing 
the temperature difference inside the building 
and the outside environment can increase the 
passive ventilation of the building. Because the 
stack effect relies on internal heat, it is more 
controllable and predictable than wind flow 
(Lomas, 2007). While wind power is more effec-
tive, but less predictable and less controllable. In 
areas where the difference between outside and 
inside temperatures is small, the flow is consid-
ered the main factor of ventilation (Gan, 2010).

When the ambient air temperature is high-
er than 35 degrees Celsius, natural ventilation 
should not be used and the penetration of hot 
air inside should be prevented (Wang et al., 

Figure 2: Natural ventilation flow through the atrium (Moosavi et al., 2014)
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2009). Thermal layering in atriums mainly oc-
curs by solar radiation on skylights (Pan et al., 
2010). Preventing the reception of solar radia-
tion can reduce up to 75% of the heat absorbed 
by the building (Rojas, 2013). The use of internal 
curtains and external canopies can be effective 
in this regard (Abdullah et al., 2009).

Although the force of the wind flow can help 
the ventilation, but in some cases, it may inter-
fere with the ventilation of the atriums. When 
the wind enters in the direction opposite to the 
vertical force of ventilation, it causes the reverse 
downward flow of air in the atrium (Ray et al., 
2014). Today, automatic and intelligent systems 
are considered effective tools for saving energy 
and building. The intelligent atrium sunshade 
systems include manual and automatic control 
types.

Intelligent or automatic control systems 
allow each sunshade panel to be moved individ-
ually. The temperature curve created in the De-
sign-Builder software is the most important al-
gorithm of the intelligent control system, which 
enables the system to control the temperature 
of the atrium by determining the opening value 
of the solar panels.

MATERIALS AND METHODS 
The aim of this study is to compare the effect of 
intelligent canopy and natural ventilation on the 
energy performance of the atrium in education-
al spaces. For this purpose, the modeling meth-
od has been used using Design Builder software 
to simulate and analyze the data, as well as the 
Energy Plus engine for calculations. According to 
the type and method of research, the indepen-
dent variables include the change in the use of 
ventilation technology and intelligent canopy, 
and the dependent variables include the amount 
of thermal absorption and annual energy con-
sumption (MWh) as well as the amount of ther-
mal comfort. The materials of components are 
considered fixed in calculations. In the process 
of simulation, all the specifications: including 
the number of people and equipment, schedule, 
performance, and properties of materials and 
materials are modeled according to ASHREA 
standards and national building regulations.

The study sample is located in District 7, Re-
gion 2 of Tehran. To the north of the site is Iran 
Zamin Street, to the west is Khovardin Boulevard, 
and to the southwest is San’at Square (Figure 6).
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Figure 2: Natural ventilation flow through the atrium (Moosavi et al., 2014) 

Although the force of the wind flow can help the ventilation, but in some cases, it may interfere with 
the ventilation of the atriums. When the wind enters in the direction opposite to the vertical force of 
ventilation, it causes the reverse downward flow of air in the atrium (Ray et al., 2014). Today, automatic 
and intelligent systems are considered effective tools for saving energy and building. The intelligent 
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Figure 3. Intelligent sunshade control system process (Ni et al., 2017) 

Intelligent or automatic control systems allow each sunshade panel to be moved individually. The 
temperature curve created in the Design-Builder software is the most important algorithm of the 
intelligent control system, which enables the system to control the temperature of the atrium by 
determining the opening value of the solar panels. 
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Figure 3: Intelligent sunshade control system process (Ni et al., 2017)

Figure 4: Tech. Details of the typical sunshade panel (Ni et al., 2017)
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This location was chosen due to its distinc-
tive urban features. The variety in the size and 
orientation of these atriums provides a compre-
hensive understanding of the thermal perfor-
mance of smart canopies and natural ventilation 
systems under diverse conditions, making it an 
ideal setting for this study.

A case example is a one-story educational 
building in Tehran, where educational spaces 
are arranged around it and the dimensions of 
the plans are considered to have the same area 
(Figure 7).

The input data of the software includes in-
formation related to the location and climatic 

 

Figure 5: Research framework

Figure 6: The basic plan
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conditions of Tehran city in terms of latitude 
and longitude. These data also include dry bulb 
temperature, humidity, dew point temperature, 
wind speed and direction, air pressure and the 
amount of solar radiation energy (W/m2). All 
thermal zones and their characteristics such as 
usage schedule, number of occupants, lighting 
system, and equipment are determined based 
on ASHREA standards. The input data of the 
software includes the number of people in 
each class, operating hours, students’ coverage 
level, students’ activity level, heating regulation 
temperature, cooling regulation temperature, 
lighting level, coefficient of performance of the 
cooling and heating system, coefficient Heat 
transfer of external wall, roof, and window, the 
amount of air penetration, and natural ventila-
tion rate. (Tab. 3).

DISCUSSION AND FINDINGS 
In the first step of the research, the circular plan 
of the atrium including the cylindrical skylight 
is simulated and the energy consumption of the 
building is calculated. (Tab. 4).

Table 4: Building with a circular plan  
and cylindrical skylight

Energy Amount

Fuel total
Gas MWh 40.70

Electricity MWh 174.80

Fuel break down
Heating MWh 40.70

Cooling MWh 125.85

Internal gains + solar Exterior MWh 213.78

Co2 production kg 113.56

Figure 7: The basic plan

Table 3: Input Data (ASHRAE, 2009)

Data Number/ 
amount Data Number/ 

amount

The number of people in each class 35 people Cooling Coefficient of Performance (COP) 0.5

Operating hours 8:00-13:00 Heating Coefficient of Performance (COP) 0.6

Students’ coverage level 0.75 CLO Heat Transfer Coefficient of the External Wall 1.9 W/m2K

The level of students’ activity 0.9 met Heat Transfer Coefficient of the Roof 0.43 W/m2K

Heating regulation temperature 22 °C Heat Transfer Coefficient of the Window 2,7 W/m2K

The temperature of the cooling system 27°C Air Penetration Rate 1,8 ACH

Light level 300 Lux Natural ventilation rate 3 ACH
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The amount of heat absorbed by the build-
ing includes different parts: The first part is the 
amount of heat that is created through artificial 
lighting. The second part is the energy consumed 
by equipment such as computers, etc. The sec-
ond part is the energy consumed by equipment 
such as computers, etc. Receiving energy from 
external windows is the amount of heating that 
is absorbed in the building through the sun’s 
radiation on the windows. The next two parts 
are the amount of heating requirement and the 
amount of cooling requirement, and the last 
component is related to latent heat. The ener-
gy received from the exterior windows is the 
amount of heating absorbed into the building 
through radiation to the windows. Energy con-
sumption is evaluated separately. This energy is 
consumed by equipment, lighting, heating, cool-
ing, and hot water of the building. In the atrium 
in the form of a circle and a cylindrical cap, the 
amount of heating that is absorbed through the 
sunlight on the windows in the building is equal 
to 213.78 megawatt hours. In a circular atrium 
with a cylindrical Skylight cap, the amount of 

heating absorbed through the sunlight on the 
windows in the building is 213.78 (MWh).

To check the validity of simulation software, 
different methods have been introduced, which 
are classified into three categories: analytical, 
comparative, and experimental (Zomorrodian & 
Tahsildoust, 2014). Among the reliability studies 
of energy software, experimental methods and 
comparisons are the most common reliability 
studies. In this research for validation, the re-
sults of two building energy modeling software, 
Design Builder and Energy Plus, have been com-
pared. (Tab. 5).

According to the obtained results, the results 
obtained from the two software are not much 
different and the total annual energy consump-
tion is about 7%, which is an acceptable number. 
Also, regardless of the building use type, the 
software results’ generalizability can be general-
ized to compare the types of plans and the form 
of skylight caps. In addition, in order to validate 
the results of this research, the findings of simi-
lar studies are mentioned. (Tab. 6).

Table 5: Energy-Plus Output: The total energy of the building, separated by annual and monthly energy, in the atrium with 
a cylindrical skylight canopy

Energy Plus Output Fuel Totals- Tehran Building

Fu
el

 (M
W

h)

180
160
140
120
100
80
60
40

Electricity (MWh)  180.33

Gas (MWh)  42.50

Energy Plus Output Fuel Breakdown- Tehran Building

Fu
el

 (M
W

h)

120
100
80
60
40
20

Room Electricity (MWh)  15.74

Lighting (MWh)  33.37

Heating (Gas) (MWh)  42.50

Cooling (Electricity) (MWh)  131.22
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Table 7 shows the Thermal absorption of the 
building annually and monthly in the atrium 
with a cylindrical skylight cap and an intelli-
gent canopy. The data in the table is based on 
the output of Energy Plus. In this table, energy 
consumption is shown by general lighting 
(MWh), computer equipment (MWh), occupan-
cy (MWh), solar gains interior windows (MWh), 
solar gains exterior windows (MWh), zone 
sensible heating (MWh), zone sensible cooling 

Energy Plus Output Comfort- Tehran Building

Te
m

pe
ra

tu
re

 
(°

C)

22
21
20
19
18
17

Air Temperature (°C)  21.37

Radiant Temperature (°C)  22.68

Operative Temperature (°C)  22.03

Outside Dry-Bulb Temperature(°C)  17.27

Energy Plus Output Internal Gains +Solar

H
ea

t B
al

an
ce

 (M
W

h)
La

te
nt

 L
oa

d 
(K

W
h)

General Lighting (MWh)  33.26

Computer + Equip (MWh)  15.68

Occupancy (MWh)  48.83

Solar Gains Interior Windows (MWh)  26.42

Solar Gains Exterior Windows (MWh)  213.78

Zone Sensible Heating (MWh  26.74

Zone Sensible Cooling (MWh  -223.83

Total Latent Load (KWh)  23680.85

(MWh), and total latent load (KWh) in different 
months of the year. (Tab. 7).

The total amount of energy consumption 
using the smart canopy is 210.33 (MWh). Then, 
by integrating the intelligent canopy into the 
atrium, energy consumption has been reduced 
by two percent. The energy efficiency impact of 
integrating the intelligent canopy into circular 
Atrium, can be seen in Table 8. (Tab. 8).
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Table 6: Energy-Plus Output: The total energy of the building, separated by annual and monthly energy, in the atrium with 
a cylindrical skylight cap, and an intelligent canopy

Fuel Totals- Tehran Building

Fu
el

 (M
W

h)

Electricity (MWh)         161.10

Gas (MWh)                    40.23

Fuel Breakdown- Tehran Building

Fu
el

 (M
W

h)

Room Electricity (MWh)              15.67

Lighting (MWh)                            33.23

Heating (Gas) (MWh)                   40.23

Cooling (Electricity) (MWh)        112.20

In the next step, the natural ventilation pro-
cess is calculated. The amount of fresh air en-
tering the building includes two options: (1) Air 
enters unintentionally through window gaps, 
thermal bridge openings, and doors. (2) Natural 
ventilation: Air enters as desired, thereby reduc-
ing energy consumption.

In the next step, the role of natural ventila-
tion in the efficiency of the studied atrium is 
investigated. Natural air enters through the side 
wall openings of the stairs. If the temperature of 
the incoming air is lower than the temperature 
inside and exits from the flue above the atrium; 
this natural ventilation process cools the space 
by several degrees. The amount of opening in 
the roof is 100% and the amount of opening in 

the windows is 50%. Natural ventilation is done 
in spring and summer. Natural ventilation in-
cludes effective air flow to reduce the cooling 
load of the building in the hot seasons of the 
year. (Tab. 9).

Fresh air entering the building includes two 
options: The first is that air enters unintention-
ally through window gaps, openings in thermal 
bridges, and doors. The second option is natural 
ventilation, that is, the air entering as desired, 
which reduces the energy consumption of the 
building. 

Table 10 shows the fuel consumption of the 
building, separated by annual and monthly 
energy, in the atrium with a cylindrical skylight 
cap, and natural ventilation. (Tab. 10).
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Table 7: Energy-Plus Output: Thermal absorption of the building annually and monthly in the atrium with a cylindrical 
skylight cap and an intelligent canopy

H
ea

t B
al

an
ce

 
(M

W
h)

La
te

nt
 L

oa
d 

(K
W

h)

General Lighting (MWh)                                         33.23
Computer + Equip (MWh)                                      15.67
Occupancy (MWh)                                                   48.78
Solar Gains Interior Windows (MWh)                  29.19

Solar Gains Exterior Windows (MWh)                 180.70
Zone Sensible Heating (MWh)                               26.17

Zone Sensible Cooling (MWh                                -199.11
Total Latent Load (KWh)                                       23009.32

Table 8: Comparison of total energy consumption in the optimal form of atrium with and without intelligent canopy

Fuel total Fuel break down Internal gains + solar Co2 production

Gas 
MWh

Electricity 
MWh

Healing 
MWh

Cooling 
MWh Exterior MWh kg

Normal Atrium without Intelli-
gent Canopy Integration

40.23 166.87 40.23 117.98 196.45 108.67

Integration of Intelligent 
Canopy into the Atrium

40.23 161.10 40.23 112.20 180.70 105.17

Table 9: Fabric and Ventilation: The amount of fresh air entering the building

Fabric and Ventilation - Tehran Building

H
ea

t B
al

an
ce

 
(K

W
h)

To
ta

l F
re

sh
 A

ir
 

(a
c/

h)

Internal Natural Ventilation  (KWh)   � -10974.99
External Air Ventilation  (KWh)  � -65060.75
Mechanical Vent +Natural Vent + Infiltration (ac/h)� 1.82
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Table 11 shows the total energy of the build-
ing, separated by annual and monthly energy, 
in the atrium with a cylindrical skylight cap, 
and with natural ventilation. In this table, en-
ergy consumption is shown by room Electricity 
(MWh), lighting (MWh), heating (Gas) (MWh), 
and cooling (Electricity) (MWh) in different 
months of the year. (Tab. 11).

As can be seen, the total energy consump-
tion of the building in the case of using natural 
ventilation is 189.06 (MWh). So it can be seen 
that natural ventilation in the building has re-

duced energy consumption. As can be seen in 
the figures, the increase of fresh air entering the 
building and the flow of internal natural venti-
lation causes an increase of 1.5 times, and a 7% 
reduction in energy consumption. Then A 6% re-
duction in energy consumption can be observed 
when natural ventilation is used in the atrium 
compared to the previous state. Table 12 shows 
the thermal absorption of the building annually 
and monthly in the atrium with a cylindrical sky-
light cap, and with natural ventilation. (Tab. 12).

Table 10: Energy-Plus Output: The total fuel consumption of the building, separated by annual and monthly energy, in the 
atrium with a cylindrical skylight cap, and natural ventilation

Fuel Totals- Tehran Building

Fu
el

 (M
W

h)

Electricity (MWh)         152.21

Gas (MWh)                    36.85

Table 11:  Energy-Plus Output: The total energy of the building, separated by annual and monthly energy, in the atrium with 
a cylindrical skylight cap, and with natural ventilation

Fuel Breakdown- Tehran Building

Fu
el

 (M
W

h)

Room Electricity (MWh)              15.67

Lighting (MWh)                            33.23

Heating (Gas) (MWh)                   36.85

Cooling (Electricity) (MWh)        103.31



61

Keshtkar Ghalati and Farahkhiz2

Table 12: Thermal absorption of the building annually and monthly in the atrium with a cylindrical skylight cap, and with 
natural ventilation

Energy Plus Output                                                                                               Internal Gains +Solar

H
ea

t 
Ba

la
nc

e 
(M

W
h)

La
te

nt
 L

oa
d 

(K
W

h)

General Lighting (MWh)                                     
Computer + Equip (MWh)                                  
Occupancy (MWh)                                              
Solar Gains Interior Windows (MWh)                
Solar Gains Exterior Windows (MWh)              
Zone Sensible Heating (MWh)                           
Zone Sensible Cooling (MWh)                           
Total Latent Load (KWh)                                    

33.23
15.67
49.41
29.19
180.70
25.17
-169.48
23034.13

In table 12, energy consumption is shown by 
general lighting (MWh), computer equipment 
(MWh), occupancy (MWh), solar gains interior 
windows (MWh), solar gains exterior windows 
(MWh), zone sensible heating (MWh), zone 
sensible cooling (MWh), and total latent load 
(KWh) in different months of the year. Table 
13 shows the thermal comfort of the building, 
separated by annual and monthly energy, in the 
atrium with a cylindrical skylight cap, and with 
natural ventilation. (Tab. 13).

In table 14, Thermal comfort of the building 
is shown by Air Temperature (°C), Radiant Tem-
perature (°C), Operative Temperature (°C), and 
Outside Dry-Bulb Temperature (°C). (Tab. 14).

The total energy consumption in the state of 
receiving natural ventilation was 189.06 MWh. 
According to the results, a reduction in energy 
consumption is observed using ventilation.

RESULT AND CONCLUSION 
This study aimed to evaluate the thermal perfor-
mance of smart canopies and natural ventilation 
in atriums within Tehran. By investigating the 
energy consumption in buildings with different 
atrium designs, we sought to determine the 
effectiveness of these passive cooling strategies.

Our research found that integrating a smart 
canopy into an atrium with a circular plan and a 
flat cap reduced energy consumption from 207.1 
MWh to 201.33 MWh, achieving a 3% reduc-
tion. Furthermore, utilizing natural ventilation 
decreased energy consumption significantly 
to 173.39 MWh, compared to the canopy inte-
gration without ventilation, which resulted in a 
reduction of 27.94 MWh. These results highlight 
the potential of natural ventilation as a cost-ef-
fective solution to enhance thermal efficiency in 
buildings. Comparing our findings with existing 
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studies, we note that similar research has also 
demonstrated the benefits of natural ventilation 
in reducing energy consumption

Future studies could explore the long-term 
impact of smart canopies and natural ventila-
tion on occupant comfort and building energy 
performance. Additionally, investigating the 
integration of these systems in different climat-
ic zones and building types would provide a 
broader understanding of their applicability and 
effectiveness.
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