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Abstract—Cooling demands of commercial buildings present a relevant challenge for a sustainable
future. It is widely agreed that the application of passive design strategies should be the first step in
the design of energy efficient buildings and then the design of active systems shall be done to avoid
over sizing of the equipment installed. In this paper, a systematic review of previous studies along with
the implementation of passive design strategies to an existing commercial building in the State of
Qatar is performed to investigate the effectiveness of the implementation of these strategies on the
overall energy consumption of the building and its impact on the associated carbon emissions. In
total, 7 different strategies were identified and the effect of each of the strategies on energy
consumption was calculated using an Energy Simulation Tool. This paper explores the effectiveness of
the passive design strategies in commercial buildings in hot and arid climate and the percentage
change in the energy consumption and associated carbon emissions. The general findings showed that
implementing effective passive design strategies could lead to reduction of energy consumption and
reduction in carbon emissions by upto 34%.

Index Terms—Passive Strategies, energy efficiency, energy savings, Hot and Arid Climate,
Commercial Buildings in Gulf Cooperation Council (GCC)

I Introduction
1.1 Background

Cooling demands of commercial buildings in Arid Climate presents a relevant challenge for a sustainable
future and energy conservation. Energy demand for cooling these buildings can account for more than half
of the total energy consumption owing to the elevated temperatures and with the increase in temperatures
worldwide, this demand is deemed to increase further.

This dissertation aims to investigate the effect of passive design strategies on the energy consumption of
buildings. As the world grapples with the challenges of climate change and the need for sustainable
development, understanding the role of passive design in reducing energy consumption becomes crucial.
Implementing passive design strategies in buildings can greatly reduce energy consumption. This not only
helps in reducing operational costs but also contributes to environmental sustainability by minimizing
greenhouse gas emissions and reducing reliance on non-renewable energy sources.

The research will explore various passive design elements, such as orientation, insulation, ventilation, and
shading, and their collective impact on a building's overall energy performance.

Various databases such as ScienceDirect, Google Scholar and Elsevier were used to select the initial
publications with the following search terms and words:

e Passive strategies, passive cooling, Energy Efficiency, Energy Savings, Commercial buildings, Hot
and Humid temperatures

e Building: Commercial buildings

e Location: Gulf Cooperation Council (GCC)
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The publications included were selected based on the studies addressing the effect of passive design and
strategies on energy consumption for commercial buildings in hot and arid climate such as Qatar or Gulf
Cooperation Council (GCC) in general.

1.2 Climate Change and Energy Efficiency

Human-caused interventions have been identified as the highest contributor of greenhouse gases (GHG)
emissions, which are directly linked to the causes of global warming (IPCC, 2015; (Jentsch et al., 2008)).
This rise in temperature has also been the most critical reason for the change in climatic conditions clear
over the earlier few decades.

Considering that the buildings are one of the most energy consuming constructions, there is also an
extremely high potential for increasing the energy efficiency of the buildings and thereby reducing the
amount of GHG emissions and controlling the global warming.

As per an IEA report, residential and commercial buildings account for approximately 47% of the total
energy consumption of the world. Operational energy use in buildings represents about 30% of global final
energy consumption. This share jumps to 34% when including the final energy use associated with the
production of cement, steel, and aluminium for the construction of buildings.

In 2022, for the second year in a row, space cooling saw the largest increase in demand across all buildings
end uses, up by more than 3% compared to 2021. By contrast, space heating energy consumption decreased
by 4%, mainly driven by a mild winter in several regions, including Europe.

During the past decade, energy demand in buildings has seen an average annual growth of just over 1%. In
2022 energy demand in buildings increased by nearly 1% compared with 2021. Electricity accounted for
about 35% of buildings’ energy use in 2022, up from 30% in 2010. Despite a progressive shift from fossil
fuels to other energy sources and vectors — especially electricity and renewables — fossil fuel use in
buildings has increased at an average annual growth rate of 0.5% since 2010.

Therefore, it becomes clear that the primary concern of the building designer should be to design a building
in such a way that reduces the overall energy demand of the building. This lower energy demand will further
result in lower equipment capacity installation and thereby reducing the need for energy.

1. AIM AND OBJECTIVES
2.1 Aim
The primary aim of this research is to investigate the impact of passive design strategies on the overall

energy consumption of a commercial building and to create a new passive design on an existing building
that can be used as a model for future construction projects.

2.2 Objectives
The above aim shall be carried out by means of achieving the below objectives:

1. Investigate the effect of passive design on the energy consumption of buildings as documented in the
literature.

2. Examine the existing state of the selected building considering energy consumption.

Identify key passive design strategies that improve energy performance.

4. Assess the economic and environmental implications before and after adopting the newly developed
passive design.

(98]

lll. LITERATURE REVIEW
3.1 Passive Design Strategies

Passive design’ is design that works with the local climate to support a comfortable temperature in the
space. Good passive design should reduce or drop the need for additional heating or cooling depending on
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your location and often relies on an active occupant to work properly. A passively designed space can
ensure effective thermal comfort, lower energy consumption, and lower greenhouse gas emissions.

The passive design of the building makes use of the building features such as thermal mass, orientation,
insulation and glazing to ensure that the heat gain or loss is minimum, and the cooling or heating demand of
the building is optimised.

Passive cooling is commonly understood as a set of natural processes and techniques to reduce indoor
temperatures, in opposition to the use of ‘active’ mechanical equipment. Nonetheless, this binary distinction
present problems in practice, addressed by several authors when stating that the use of minor mechanical
equipment such as fans and pumps is allowed under the term ‘passive’ if their application might result in a
better performance (Givoni, 1994). Therefore, it is possible to find two distinct groups within passive
cooling concepts, based on the use of auxiliary equipment.

On the one hand, strategies such as solar control, building layout, orientation, and control of internal heat
sources, are presented in the literature as ‘bioclimatic design strategies’ (Givoni, 1994), ‘basic building
design’ (Lechner, 20189) , or simply ‘passive cooling’ (Santamouris and Santamouris, n.d.) . On the other
hand, concepts which benefit by the use of pumps or fans, such as geothermal, evaporative and radiative
cooling or night flush ventilation, are defined as ‘natural cooling’ (Santamouris and Santamouris, n.d.) or
most commonly ‘passive cooling systems’ (Lechner, 20189),(Givoni, 1994),(Hepbasli, 2012) . Nevertheless,
the common attribute of all mentioned strategies is that they are driven by low valued energy, in the form of
environmental heat sources and sinks (low-exergy in- stead of high-exergy sources such as electricity)
(Hepbasli, 2012),(Energy Conservation in Buildings and Community Systems Programme, 2004) . Thus, an
extra layer in the discussion was added by Kalz and Pfafferott by categorizing the discussed groups in
‘passive low-ex’ and ‘active low-ex’ cooling systems, in a declared effort to propose less ambiguous
terminology (Kalz and Pfafferott, n.d.) .

From a physics standpoint, cooling strategies are also categorized in the literature according to the way they
handle heat, basically distinguishing heat avoidance/protection, heat modulation, and heat dissipation
principles and according to strategies [(Santamouris and Santamouris, n.d.),(Geetha and Velraj, 2012)]. he
fact that heat modulation techniques do not reduce cooling loads by themselves has been discussed by some
authors, choosing to present them as a complement of heat dissipation/heat rejection cooling strategies
[(Lechner, 20189),(“Givoni, B. (1994) Passive and Low Energy Cooling of Buildings. John Wiley and Sons,
Inc., Toronto. - References - Scientific Research Publishing,” n.d.)], storing heat indoors to be released
outside at a more convenient time. Hence, basic passive cooling principles seek to primarily avoid unwanted
heat, while dissipating the surplus throughout environmental heat sinks.

3.2 Energy Efficiency Regulations and Framework

Due to the rapid growth of the cities, the environment aspect of this urbanisation is ignored for decades
which has led to severe weather phenomena’s such as floods, draughts, cyclones etc. This extreme change in
weather has led countries and other institutions to take notice and impose strict rules and regulations to
ensure that the rapid development does not hamper the environment and biodiversity.

Currently, a sustainable act has been witnessed in the Gulf Cooperation Council (CGG) countries: green
building councils are being formed, sustainable and energy-efficient structures are being built, and various
studies have started to emerge related to energy saving and the potential of sustainable practices in the area
(Akbari and Konopacki, 2005); (Awawdeh and Tweed, n.d.); (Hertog and Luciani, 2009); (Meltzer et al.,
2014); (Radhi and Barch, 2008); (Willis, 2015)).

However, most of the studies proclaimed energy savings based on a theoretical basis and parametric studies.
For the purpose of this paper, only the passive design strategies were focused on as these are the first step
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towards the energy efficiency of the building as it decides the thermal energy demand of the building based
on which the active systems such as equipment size are determined.

This stage is also beneficial since any changes that need to be made are not financially impactful as changes
made during the construction stage of the project.

IV. IMPLEMENTATION OF PASSIVE DESIGN STRATEGIES
4.1 Strategy and Methods

The evaluation was conducted in two sequential steps. First, a review of performance results from previous
research experiences was carried out, to determine the performance ranges for each cooling strategy
considering multiple scenarios.

Following this, an energy simulation software was used to analyse the effect of various passive design
parameters on the thermal energy demand of the building. The results of the outcome of the energy

simulation software were compared subsequently.

Passive strategies that affect the energy consumption of the building directly are shown in Figure 1.
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Figure 1: Passive Cooling Design Strategies based on the literature review.

The main focus is on direct passive design strategies as these represent the first step toward energy
efficiency. The comparison between the different scenarios is based on the energy utilization index, total
yearly energy consumption and the amount of greenhouse gases emitted by implementation of the identified
passive design strategies.

4.2 Building Introduction

The building considered in the assessment is a mixed-use commercial building (Figure 2) located in Marina
district of Lusail in the State of Qatar with a total plot area of 12, 541 square meters. The building consists
of 3 basements, Ground, Mezzanine and 27 floors along with a penthouse. The total built up area for the
building is 114, 566 square meters with a height of 100.80 meters. (“Burj Alfardan | AEB,” n.d.).

The overall design of the structure portrays a unity of geometric and organic shapes. Opening to the public
is a four-storey podium with curved, organic lines and a glazed fagade intended for an automobile show
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room which smoothly transitions into a soaring, symmetric, sharp edged 32-storey tower designed for retail
and commercial use.

The design strives to comply with planning requirements set forth by the Lusail Administration Complex
(LAC) to ensure that not only does it provide the required areas and services but also reflects the character
and identity of Lusail. Buildings at Lusail City reflect more than a facet of this dynamic city and bring
together modernity with a strong link to the rich cultural heritage of Qatar.

Figure 2: Marina Com-13 at Lusail, Qatar.

Ornamentation of surfaces has a long tradition in Islamic and local Gulf Design. The richly patterned
buildings of the Moorish palaces at Alhambra have a direct lineage to the Mosques and Palaces of the Gulf
region. These buildings have in common their strong and simple forms containing a surprising amount of
detail and ornamentation within their public spaces.

The building is a part of Qatar’s development of a sustainable city — Lusail which is around 20 kms north of
the Doha. The main source of energy is a District Cooling Plant providing chilled water to all the buildings
within the Marina district.

Commercially, the owner of the project must pay the associated fees for the supply of Chilled Water to the
District Cooling Services provider Marafeq Qatar.

4.3 Enhancing building performance through improved passive design parameters

As part of this research, the selected design parameters — external wall, window to wall ratio, glazing and
external & internal shading devices were enhanced to improve the building energy performance.

Table 1 shows the improvement of each of these parameters with respect to the base case.
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Design Base Case Proposed

Parameters Case

Only Average  — [ Average

Window to | 65% 30%

Wall Ratio

(WRR)

External 0.568 0.17

Wall U-value | Watts/m*K | Watts/m*/K

Glazing 2.1 1.3

U-value Watts/m*K [ Watts/m*/K

External NA Overhangs

Overhangs providing
shading to

Internal NA Daylight

Shading controlled
automatic
blinds

Table 1: Enhanced building passive design parameters.

V. RESULTS
5.1 Impact of the selected passive design strategies: sensitivity analysis of selected parameters

All the selected passive design strategies were simulated individually and then collectively to determine the
impact on the energy consumption. In total, seven combinations were identified and simulated — base case
being the current situation, or no strategy implemented and the best-case scenario being that all the
identified strategies are implemented in the design of the building.

Figure 3 indicates the energy consumption of the building in all the analysed scenarios.
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40
C o
o =2
T 30
—
L T
o <2
e
= 20
[} —
o 18
e
B
LL] 10
= 8
0 u
S &SP FSE
'-."-"",:;'“_Ft ST A .-:-.Q“\r:'.ﬁ* A5
e T N N . T e;éi
.\,:':' o e [rd} ] wh,
Sl & R S o
= O U N
- '
k. BTN, AR -
AR
L {{F_T

assive Design Strategies

Figure 3: Reduction in thermal energy demand by implementation of identified passive strategies.
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Figure 4 below shows the impact on the Energy Utilization Index (EUI) based on the implementation of
identified passive strategies. It can be concluded that the EUI reduces the most with the implementation of
all the strategies. However, this may not be feasible in certain cases, hence the project team needs to identify
the best scenario for the design building and proceed accordingly with the design strategy.
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Figure 4: Reduction in thermal energy demand by implementation of identified passive strategies.

5.2 Environmental impact of selected passive design strategies

The built environment plays a significant role in global energy consumption and its associated
environmental impacts. Buildings account for a substantial portion of the world's energy use, with estimates
suggesting that they contribute to nearly 40% of global energy consumption and over 30% of total
greenhouse gas emissions. This energy is primarily used for heating, cooling, lighting, and powering
appliances, with much of it generated from fossil fuel-based sources, leading to high carbon footprints. As
urbanization increases and the demand for more buildings grows, so does the urgency to address energy use
in this sector.

Reducing energy consumption in buildings has the potential to deliver major environmental benefits. By
implementing energy-efficient technologies, incorporating renewable energy sources, and adopting
sustainable building practices, the carbon emissions associated with the operation of buildings can be
drastically reduced. These measures not only mitigate climate change but also contribute to improved air
quality, resource conservation, and reduced strain on energy grids.

Moreover, energy reduction strategies in buildings align with broader sustainability goals, such as those
outlined in the Paris Agreement and other international climate commitments. As nations strive to meet their
emissions reduction targets, improving the energy efficiency of new and existing buildings is recognized as
one of the most cost-effective and impactful solutions.

This introduction provides the foundation for exploring how reducing energy consumption in buildings can
positively affect the environment, focusing on key strategies, technologies, and policies that can drive
significant reductions in energy use and emissions within the built environment.

Table 1 below indicates the total Carbon Emissions by implementing the passive design strategies. All the 7
scenarios are considered in this and as concluded from the table below, the amount of CO2 emissions by
implementing all the identified strategies is the maximum (around 34%).
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Passive Yearly Energy [ CO2
Cooling Consumption | Emissions
Strategy (kWh/yr) (kgCO2/kWh
)
No 7,892,622 3,969,989
Strategy
Only
WRR 6,572,612.25 3,306,024
Only
External 7,641,690.66 3,843,770
Wall
Only
Glazing 6,984,678.87 3,513,293
Type
External
6,909,349.50 3,475,403

Overhangs
Internal
Shading 6,300,229.23 3,169,016
All

. 5,166,297.72 2,598,648
Strategies

Table 1: Amount of CO2 emissions by implementation of identified passive design strategies.

VI. DISCUSSION

Climate change will impact the built environment in the Middle East countries as global warming

will increase the cooling energy requirements. Nevertheless, there is a potential for the built environment to
reduce its cooling demand by adopting passive design strategies and converting to more renewable energy
sources.
This paper sought to explore the effectiveness of selected passive cooling strategies in commercial buildings
from warm climates, defining performance ranges based on the assessment of multiple scenarios and
climate contexts. This task was conducted through the statistical analysis of results from documented
research experiences, to define overall ranges and boundary conditions; and through software simulation of
selected parameters to isolate their impact under a controlled experimental setup.

It was concluded both by the review of existing research and the simulation scenario for the selected
building that the energy savings due to effective passive design strategies have a greater impact than having
efficient active systems installed.

VIl. CONCLUSION

The energy savings by the implementation of all the suggested strategies were at 34% which is a
remarkable savings in terms of energy as well the associated carbon emissions. This would mean that the
carbon emissions required to produce the energy demand of the building will also reduce significantly
thereby improving the overall environment of the city. The implementation of individual strategy resulted in
the energy demand savings ranging from 3% - 20%.

Therefore, a combination of the strategies can be implemented in the passive design of the building
depending on the feasibility for project and move towards energy efficiency. Furthermore, the reduction in
the energy demand would make sure that the equipment and other active systems installed within the
building are of lower capacity and thereby further reducing the energy consumption.

The findings can be considered as a first step towards providing useful inputs to the designers and
developers of future buildings in hot and arid climate. A case specific analysis is important to determine the
best strategy or combination of strategies that can be implemented keeping in mind the local rules and
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regulations, design and concept of the builder and energy demand. The government regulations and
impositions also play a crucial role in incorporation of passive design strategies both in new as well as
existing building.

References

[1] 9 Innovation processes, 2006.

[2] Abdallah, A.S.H., 2015. The Influence of Urban Geometry on Thermal Comfort and Energy
Consumption in Residential Building of Hot Arid Climate, Assiut, Egypt. Procedia Eng 121,
158-166. https://doi.org/10.1016/J.PROENG.2015.08.1043

[3] Aboelata, A., 2020. Vegetation in different street orientations of aspect ratio (H/W 1:1) to mitigate
UHI and reduce buildings’ energy in arid climate. Build Environ 172.
https://doi.org/10.1016/J.BUILDENV.2020.106712

[4] Aboelata, A., Sodoudi, S., 2020. Evaluating the effect of trees on UHI mitigation and reduction of
energy usage in different built up areas in Cairo. Build Environ 168.
https://doi.org/10.1016/J. BUILDENV.2019.106490

[5] Afshari, A., Nikolopoulou, C., Martin, M., 2014. Life-cycle analysis of building retrofits at the urban
scale-a case study in United Arab Emirates. Sustainability (Switzerland) 6, 453-473.
https://doi.org/10.3390/SU6010453

[6] Akbari, H., Konopacki, S., 2005. Calculating energy-saving potentials of heat-island reduction
strategies. Energy Policy 33, 721-756. https://doi.org/10.1016/J. ENPOL.2003.10.001

[7] Aksoy, U.T., Inalli, M., 2006. Impacts of some building passive design parameters on heating demand
for a cold region. Build Environ 41, 1742—1754. https://doi.org/10.1016/J.BUILDENV.2005.07.011

[8] Al-Badi, A.H., Al-Saadi, S.N., 2020. Toward energy-efficient buildings in Oman. International
Journal of Sustainable Energy 39, 412—433. https://doi.org/10.1080/14786451.2019.1685521

[9] AlFaris, F., Juaidi, A., Manzano-Agugliaro, F., 2016. Energy retrofit strategies for housing sector in
the arid climate. Energy Build 131, 158—171. https://doi.org/10.1016/J.ENBUILD.2016.09.016

[10]  Algarni, S., 2019. Potential for cooling load reduction in residential buildings using cool roofs in
the harsh climate of Saudi Arabia. Energy and Environment 30, 235-253.
https://doi.org/10.1177/0958305X18787340

[11]  Aliakseyeu, D., Martens, J.B., Rauterberg, M., 2006. A computer support tool for the early stages
of architectural design. Interact Comput 18, 528-555. https://doi.org/10.1016/j.intcom.2005.11.010

[12]  Al-Masri, N., Abu-Hijleh, B., 2012. Courtyard housing in midrise buildings: An environmental
assessment in hot-arid climate. Renewable and Sustainable Energy Reviews 16, 1892-1898.
https://doi.org/10.1016/j.rser.2012.01.008

[13] Al-Saadi, S.N.J., Al-Hajri, J., Sayari, M.A., 2017. Energy-Efficient Retrofitting Strategies for
Residential Buildings in hot climate of Oman. Energy Procedia 142, 2009-2014.
https://doi.org/10.1016/J. EGYPRO.2017.12.403

[14] Al-Saadi, S.N.J., Al-Jabri, K.S., 2017a. Energy-efficient envelope design for residential buildings:
A case study in Oman. 2017 Smart Cities Symposium Prague, SCSP 2017 - IEEE Proceedings.
https://doi.org/10.1109/SCSP.2017.7973853

[15] Al-Saadi, S.N.J., Al-Jabri, K.S., 2017b. Energy-efficient envelope design for residential
buildings: A case study in Oman. 2017 Smart Cities Symposium Prague, SCSP 2017 - IEEE
Proceedings. https://doi.org/10.1109/SCSP.2017.7973853

[16] Alwetaishi, M., 2019. Impact of glazing to wall ratio in various climatic regions: A case study.
Journal of  King Saud University - Engineering Sciences 31, 6-18.
https://doi.org/10.1016/J. JKSUES.2017.03.001

[17] Andric, 1., Al-Ghamdi, S.G., 2020. Climate change implications for environmental performance
of residential building energy use: The case of Qatar. Energy Reports 6, 587-592.
https://doi.org/10.1016/J. EGYR.2019.09.030

121386 [ International Innovations & Scholarly Trends Journal (IISTJ) | www.iistj.org 114



https://doi.org/10.5281/zenodo.21868993

Year 2026 | Volume 02 - Issue 08 Aug 2026 https://doi.org/10.5281/zenodo.21868993 ISSN : 3139-1478

[18] Andric, I., Kamal, A., Al-Ghamdi, S.G., 2020. Efficiency of green roofs and green walls as
climate change mitigation measures in extremely hot and dry climate: Case study of Qatar. Energy
Reports 6, 2476-2489. https://doi.org/10.1016/J. EGYR.2020.09.006

[19] Andri¢, 1., Koc, M., Al-Ghamdi, S.G., 2019. A review of climate change implications for built
environment: Impacts, mitigation measures and associated challenges in developed and developing
countries. J Clean Prod 211, 83—102. https://doi.org/10.1016/J.JCLEPRO.2018.11.128

[20]  Ascione, F., 2017. Energy conservation and renewable technologies for buildings to face the
impact of the climate change and minimize the use of cooling. Solar Energy 154, 34-100.
https://doi.org/10.1016/J.SOLENER.2017.01.022

[21] Asfour, O.S., Alshawaf, E.S., 2015. Effect of housing density on energy efficiency of buildings
located in hot climates. Energy Build 91, 131-138. https://doi.org/10.1016/J.ENBUILD.2015.01.030

[22] Awawdeh, S., Tweed, C., n.d. Developing regulations to improve the energy efficiency of
buildings in Arabian Gulf countries.

[23] Bahaj, A.B.S., James, P.A.B., Jentsch, M.F., 2008. Potential of emerging glazing technologies for
highly glazed buildings in hot arid climates. Energy Build 40, 720-731.
https://doi.org/10.1016/J. ENBUILD.2007.05.006

[24] Bahgat, R., Reffat, R.M., Elkady, S.L., 2020. Analyzing the impact of design configurations of
urban features on reducing solar radiation. Journal of Building Engineering 32.
https://doi.org/10.1016/J.JOBE.2020.101664

[25] Bansal, A, n.d. Studies into the usage of passive design strategies to inform early design decision
making in an Indian context with hot-arid climate for residential buildings.
https://doi.org/10.13140/RG.2.2.14397.10722

[26] Ben-David, T., Waring, M.S., 2016. Impact of natural versus mechanical ventilation on simulated
indoor air quality and energy consumption in offices in fourteen U.S. cities. Build Environ 104,
320-336. https://doi.org/10.1016/J.BUILDENV.2016.05.007

[27] Bradshaw, V., 2010. The Building Environment: Active and Passive Control Systems. John Wiley
& Sons, Inc. 592.

[28] Budaiwi, .M., Abdou, A.A., Al-Homoud, M.S., 2013. Envelope retrofit and air-conditioning
operational strategies for reduced energy consumption in mosques in hot climates. Build Simul 6,
33-50. https://doi.org/10.1007/S12273-012-0092-5

[29] Burj Alfardan | AEB [WWW Document], n.d. URL https://aeb-qatar.com/project/burj-alfardan/
(accessed 9.15.24).

[30] Bustamante, W., Vera, S., Prieto, A., Vasquez, C., 2014. Solar and lighting transmission through
complex fenestration systems of office buildings in a warm and dry climate of Chile. Sustainability
(Switzerland) 6, 2786—2801. https://doi.org/10.3390/su6052786

[31] Chiesa, G., Grosso, M., 2015. Geo-climatic applicability of natural ventilative cooling in the
Mediterranean area. Energy Build 107, 376-391. https://doi.org/10.1016/J. ENBUILD.2015.08.043

[32] Dabaieh, M., Wanas, O., Hegazy, M.A., Johansson, E., 2015. Reducing cooling demands in a hot
dry climate: A simulation study for non-insulated passive cool roof thermal performance in
residential buildings. Energy Build 89, 142—152. https://doi.org/10.1016/J.ENBUILD.2014.12.034

[33] Dehwah, A.H.A., Asif, M., 2018. Sustainability assessment of enhanced glazing compositions of
commercial buildings in hot-humid climates. 2017 9th IEEE-GCC Conference and Exhibition,
GCCCE 2017. https://doi.org/10.1109/IEEEGCC.2017.8448123

[34] Design: Passive vs Active - Simplicable [WWW  Document], n.d. URL
https://simplicable.com/architecture/passive-design-vs-active-design (accessed 9.5.24).

[35] El-Darwish, 1., Gomaa, M., 2017. Retrofitting strategy for building envelopes to achieve energy
efficiency. Alexandria Engineering Journal 56, 579—589. https://doi.org/10.1016/J.AEJ.2017.05.011

[36] Elghamry, R., Hassan, H., 2020. Impact of window parameters on the building envelope on the
thermal comfort, energy consumption and cost and environment. International Journal of Ventilation
19, 233-259. https://doi.org/10.1080/14733315.2019.1665784

[37] Energy Conservation in Buildings and Community Systems Programme, 2004.

121386 [ International Innovations & Scholarly Trends Journal (IISTJ) | www.iistj.org 115



https://doi.org/10.5281/zenodo.21868993

Year 2026 | Volume 02 - Issue 08 Aug 2026 https://doi.org/10.5281/zenodo.21868993 ISSN : 3139-1478

[38] Ezzeldin, S., Rees, S.J., 2013. The potential for office buildings with mixed-mode ventilation and
low energy cooling systems in arid climates. Energy Build 65, 368-381.
https://doi.org/10.1016/J. ENBUILD.2013.06.004

[39] Facade-Construction-Manual-2h2g0dz, n.d.

[40] Fahmy, M., Ibrahim, Y., Mokhtar, H., 2017. Optimization of neighbourhood green rating for
existing urban forms through mitigation strategies: A case study in Cairo, Egypt. Proceedings of 33rd
PLEA International Conference: Design to Thrive, PLEA 2017 2, 1717-1724.

[41] Fahmy, M., Sharples, S., 2011. Urban form, thermal comfort and building CO2 emissions - A
numerical analysis in Cairo. Building Services Engineering Research and Technology 32, 73-84.
https://doi.org/10.1177/0143624410394536

[42] Fallahtafti, R., Mahdavinejad, M., 2015. Optimisation of building shape and orientation for better
energy efficient architecture. International Journal of Energy Sector Management 9, 593-618.
https://doi.org/10.1108/IJESM-09-2014-0001

[43] Fathoni, A.M., Chaiwiwatworakul, P., Mettanant, V., 2016. Energy analysis of the daylighting
from a double-pane glazed window with enclosed horizontal slats in the tropics. Energy Build 128,
413-430. https://doi.org/10.1016/J. ENBUILD.2016.06.034

[44] Favoino, F., Overend, M., Jin, Q., 2015. The optimal thermo-optical properties and energy saving
potential of adaptive glazing technologies. Appl Energy 156, 1-15.
https://doi.org/10.1016/J.APENERGY.2015.05.065

[45] Fernandes, M.S., Rodrigues, E., Gaspar, A.R., Costa, J.J., Gomes, A., 2020. The contribution of
ventilation on the energy performance of small residential buildings in the Mediterranean region.
Energy 191, 116577. https://doi.org/10.1016/J. ENERGY.2019.116577

[46] Fernandes, M.S., Rodrigues, E., Gaspar, A.R., Costa, J.J., Gomes, A., 2019. The impact of
thermal transmittance variation on building design in the Mediterranean region. Appl Energy 239,
581-597. https://doi.org/10.1016/J.APENERGY.2019.01.239

[47] Geetha, N.B., Velraj, R., 2012. Passive cooling methods for energy efficient buildings with and
without thermal energy storage - A review. Volume 29, Issue 2, Pages 913 - 946 29, 913-946.

[48] Givoni, B. (1994) Passive and Low Energy Cooling of Buildings. John Wiley and Sons, Inc.,
Toronto. - References - Scientific Research Publishing [WWW Document], n.d. URL
https://www.scirp.org/reference/referencespapers?referenceid=1663035 (accessed 9.15.24).

[49] Givoni, Baruch., 1994. Passive and low energy cooling of buildings 263.

[50] Goia, F., 2016. Search for the optimal window-to-wall ratio in office buildings in different
European climates and the implications on total energy saving potential. Solar Energy 132, 467—492.
https://doi.org/10.1016/J.SOLENER.2016.03.031

[51] Gou, S., Nik, V.M., Scartezzini, J.L., Zhao, Q., Li, Z., 2018. Passive design optimization of
newly-built residential buildings in Shanghai for improving indoor thermal comfort while reducing
building energy demand. Energy Build 169, 484-506.
https://doi.org/10.1016/J. ENBUILD.2017.09.095

[52] Goudarzi, H., Mostafaeipour, A., 2017. Energy saving evaluation of passive systems for
residential buildings in hot and dry regions. Renewable and Sustainable Energy Reviews 68,
432-446. https://doi.org/10.1016/J.RSER.2016.10.002

[53] Haggag, M., Hassan, A., Elmasry, S., 2014. Experimental study on reduced heat gain through
green facades in a high heat load climate. Energy Build 82, 668-674.
https://doi.org/10.1016/J. ENBUILD.2014.07.087

[54] Hamdan, D.M.A., de Oliveira, F.L., 2019. The impact of urban design elements on microclimate
in hot arid climatic conditions: Al Ain City, UAE. Energy Build 200, 86-103.
https://doi.org/10.1016/J. ENBUILD.2019.07.028

[55] Hammad, F., Abu-Hijleh, B., 2010. The energy savings potential of using dynamic external
louvers in an office building. Energy Build 42, 1888—-1895.
https://doi.org/10.1016/J. ENBUILD.2010.05.024

[56] Hasan, S.A., 2018. The impact of residential building’s design on the energy consumption in hot
desert climate (Baghdad city as an example). Journal of Urban and Environmental Engineering 12,
88-92. https://doi.org/10.4090/JUEE.2018.V12N1.088092

121386 [ International Innovations & Scholarly Trends Journal (IISTJ) | www.iistj.org 116



https://doi.org/10.5281/zenodo.21868993

Year 2026 | Volume 02 - Issue 08 Aug 2026 https://doi.org/10.5281/zenodo.21868993 ISSN : 3139-1478

[57] Hee, W.J., Alghoul, M.A., Bakhtyar, B., Elayeb, O., Shameri, M.A., Alrubaih, M.S., Sopian, K.,
2015. The role of window glazing on daylighting and energy saving in buildings. Renewable and
Sustainable Energy Reviews. https://doi.org/10.1016/j.rser.2014.09.020

[58] Hepbasli, A., 2012. Low exergy (LowEx) heating and cooling systems for sustainable buildings
and societies. Renewable and Sustainable Energy Reviews. https://doi.org/10.1016/j.rser.2011.07.138

[59] Hertog, S., Luciani, G., 2009. Kuwait Programme on Development, Governance and
Globalisation in the Gulf States Energy and sustainability policies in the GCC.

[60] Hosseini, S.M., Shirmohammadi, R., Aslani, A., 2020. Achieving to a low carbon-energy
commercial building in the hot-dry climate area. Energy Sources, Part A: Recovery, Utilization and
Environmental Effects. https://doi.org/10.1080/15567036.2020.1826013

[61] Huang, Y., Niu, J. lei, 2015. Application of super-insulating translucent silica aerogel glazing
system on commercial building envelope of humid subtropical climates — Impact on space cooling
load. Energy 83, 316-325. https://doi.org/10.1016/J.ENERGY.2015.02.027

[62] Javanroodi, K., Mahdavinejad, M., Nik, V.M., 2018. Impacts of urban morphology on reducing
cooling load and increasing ventilation potential in hot-arid climate. Appl Energy 231, 714-746.
https://doi.org/10.1016/J. APENERGY.2018.09.116

[63] Javanroodi, K., Nik, V.M., Mahdavinejad, M., 2019. A novel design-based optimization
framework for enhancing the energy efficiency of high-rise office buildings in urban areas. Sustain
Cities Soc 49. https://doi.org/10.1016/J.SCS.2019.101597

[64] Jentsch, M.F., Bahaj, A.S., James, P.A.B., 2008. Climate change future proofing of
buildings—Generation and assessment of building simulation weather files. Energy Build 40,
2148-2168. https://doi.org/10.1016/j.enbuild.2008.06.005

[65] Kalz, D.E., Pfafferott, J., nd. SPRINGER BRIEFS IN APPLIED SCIENCES AND
TECHNOLOGY Thermal Comfort and Energy-Efficient Cooling of Nonresidential Buildings.

[66] Khan, H.S., Asif, M., 2017. Impact of green roof and orientation on the energy performance of
buildings: A case study from Saudi Arabia. Sustainability = (Switzerland) 9.
https://doi.org/10.3390/SU9040640

[67] Kharseh, M., Al-Khawaja, M., 2016. Retrofitting measures for reducing buildings cooling
requirements in cooling-dominated environment: Residential house. Appl Therm Eng 98, 352-356.
https://doi.org/10.1016/J. APPLTHERMALENG.2015.12.063

[68] Konstantinou, T.;, Prieto Hoces, A., 2018. Environmental Design Principles for the Building
Envelope and More : Passive and Active Measures.

[69] Koppen climate classification | Definition, System, & Map | Britannica [WWW Document], n.d.
URL https://www.britannica.com/science/Koppen-climate-classification (accessed 9.8.24).

[70] Lau, A.K.K., Salleh, E., Lim, C.H., Sulaiman, M.Y., 2016. Potential of shading devices and
glazing configurations on cooling energy savings for high-rise office buildings in hot-humid climates:
The case of Malaysia. International Journal of Sustainable Built Environment 5, 387-399.
https://doi.org/10.1016/J.1JSBE.2016.04.004

[71] Lawson, B.R., 2006. How Designers Think-The Design Process Demystified.

[72] Lechner, N., 20189. Heating, Cooling, Lighting. News.Ge
https://news.ge/anakliis-porti-aris-qveynis-momava.

[73] Lee, J.W., Jung, H.J., Park, J.Y., Lee, J.B., Yoon, Y., 2013. Optimization of building window
system in Asian regions by analyzing solar heat gain and daylighting elements. Renew Energy 50,
522-531. https://doi.org/10.1016/J.RENENE.2012.07.029

[74] Liping, W., Hien, W.N., 2007. The impacts of ventilation strategies and facade on indoor thermal
environment for naturally ventilated residential buildings in Singapore. Build Environ 42,
4006—4015. https://doi.org/10.1016/J.BUILDENYV.2006.06.027

[75] Mahmoud, S., Ismaeel, W.S.E., 2019. Developing sustainable design guidelines for roof design in
a hot arid climate. Archit Sci Rev 62, 507-519. https://doi.org/10.1080/00038628.2019.1665984

[76] Manzan, M., 2014. Genetic optimization of external fixed shading devices. Energy Build 72,
431-440. https://doi.org/10.1016/J. ENBUILD.2014.01.007

[77] Meltzer, J., Hultman, N., Langley, C., 2014. LOW-CARBON ENERGY TRANSITIONS IN
QATAR AND THE GULF COOPERATION COUNCIL REGION.

121386 [ International Innovations & Scholarly Trends Journal (IISTJ) | www.iistj.org 117



https://doi.org/10.5281/zenodo.21868993

Year 2026 | Volume 02 - Issue 08 Aug 2026 https://doi.org/10.5281/zenodo.21868993 ISSN : 3139-1478

[78] Mirkovic, M., Alawadi, K., 2017. The effect of urban density on energy consumption and solar
gains: The study of Abu Dhabi’s neighborhood. Energy Procedia 143, 277-282.
https://doi.org/10.1016/J.EGYPRO.2017.12.684

[79] Mirrahimi, S., Mohamed, M.F., Haw, L.C., Ibrahim, N.L.N., Yusoff, W.F.M., Aflaki, A., 2016.
The effect of building envelope on the thermal comfort and energy saving for high-rise buildings in
hot-humid climate. Renewable and Sustainable Energy Reviews 53, 1508-1519.
https://doi.org/10.1016/J.RSER.2015.09.055

[80] Mohamed, H., Chang, J.D., Alshayeb, M., 2015. Effectiveness of High Reflective Roofs in
Minimizing Energy Consumption in Residential Buildings in Iraq. Procedia Eng 118, 879-885.
https://doi.org/10.1016/J.PROENG.2015.08.526

[81] Mohamed, H.I., Lee, J., Chang, J.D., 2016. The Effect of Exterior and Interior Roof Thermal
Radiation on Buildings Cooling Energy. Procedia Eng 145, 987-994.
https://doi.org/10.1016/J.PROENG.2016.04.128

[82] Moretti, E., Belloni, E., 2015. Evaluation of energy, thermal, and daylighting performance of
solar control films for a case study in moderate climate. Build Environ 94, 183-195.
https://doi.org/10.1016/J. BUILDENV.2015.07.031

[83] Moussavi Nik, V., n.d. Hygrothermal Simulations of Buildings Concerning Uncertainties of the
Future Climate.

[84] Nazi, W.IL.W., Wang, Y.D., Roskilly, T., 2015. Methodologies to Reduce Cooling Load using Heat
Balance Analysis: A Case Study in an Office Building in a Tropical Country. Energy Procedia 75,
1269—-1274. https://doi.org/10.1016/J.EGYPRO.2015.07.185

[85] Newman, P., 2020. Cool planning: How urban planning can mainstream responses to climate
change. Cities 103. https://doi.org/10.1016/J.CITIES.2020.102651

[86] Olgyay, V., Lyndon, D., Olgyay, V., Reynolds, J., Yeang, K., 2016a. Design with Climate.
Princeton University Press. https://doi.org/10.1515/9781400873685

[87] Olgyay, V., Lyndon, D., Olgyay, V., Reynolds, J., Yeang, K., 2016b. Design with Climate.
Princeton University Press. https://doi.org/10.1515/9781400873685

[88] Onyenokporo, N.C., Ochedi, E.T., 2019. Low-cost retrofit packages for residential buildings in
hot-humid Lagos, Nigeria. International Journal of Building Pathology and Adaptation 37, 250-272.
https://doi.org/10.1108/IJBPA-01-2018-0010/FULL/PDF

[89] Passive Cooling Systems For Sustainable Architecture: A Guide To The Best Options -
Arch20.com [WWW Document], n.d. URL https://www.arch2o0.com/passive-cooling-systems/
(accessed 9.8.24).

[90] Prieto, A., Knaack, U., Auer, T., Klein, T., 2018a. Passive cooling & climate responsive facade
design exploring the limits of passive cooling strategies to improve the performance of commercial
buildings in warm climates. Energy Build 175, 30—47. https://doi.org/10.1016/j.enbuild.2018.06.016

[91] Prieto, A., Knaack, U., Auer, T., Klein, T., 2018b. Passive cooling & climate responsive fagade
design exploring the limits of passive cooling strategies to improve the performance of commercial
buildings in warm climates. Energy Build 175, 30-47.
https://doi.org/10.1016/J. ENBUILD.2018.06.016

[92] Qatar General Electricity & water Corporation - slally ebeSU 4y kil dalall dausdl [WWW
Document], n.d. URL https://www.km.qa/Pages/default.aspx (accessed 9.8.24).

[93] Qi, C.,2006. OFFICE BUILDING ENERGY SAVING POTENTIAL IN SINGAPORE.

[94] Radhi, H., 2009a. Evaluating the potential impact of global warming on the UAE residential
buildings - A contribution to reduce the CO2 emissions. Build Environ 44, 2451-2462.
https://doi.org/10.1016/J. BUILDENV.2009.04.006

[95] Radhi, H., 2009b. Evaluating the potential impact of global warming on the UAE residential
buildings — A contribution to reduce the CO2 emissions. Build Environ 44, 2451-2462.
https://doi.org/10.1016/J. BUILDENV.2009.04.006

[96] Radhi, HM.A., Barch, M.A., 2008. A SYSTEMATIC APPROACH FOR LOW ENERGY
BUILDINGS IN BAHRAIN.

121386 [ International Innovations & Scholarly Trends Journal (IISTJ) | www.iistj.org 118



https://doi.org/10.5281/zenodo.21868993

Year 2026 | Volume 02 - Issue 08 Aug 2026 https://doi.org/10.5281/zenodo.21868993 ISSN : 3139-1478

[97] Ralegaonkar, R. V., Gupta, R., 2010. Review of intelligent building construction: A passive solar
architecture approach. Renewable and Sustainable Energy Reviews 14, 2238-2242.
https://doi.org/10.1016/J.RSER.2010.04.016

[98] Ratti, C., Raydan, D., Steemers, K., 2003. Building form and environmental performance:
Archetypes, analysis and an arid climate. Energy Build 35, 49-59.
https://doi.org/10.1016/S0378-7788(02)00079-8

[99] Refahi, A.H., Talkhabi, H., 2015. Investigating the effective factors on the reduction of energy
consumption in residential buildings with green roofs. Renew Energy 80, 595-603.
https://doi.org/10.1016/J.RENENE.2015.02.030

[100] Rehman, H.U., 2017. Experimental performance evaluation of solid concrete and dry insulation
materials for passive buildings in hot and humid climatic conditions. Appl Energy 185, 1585—-1594.
https://doi.org/10.1016/J. APENERGY.2016.01.026

[101] Ren, J., Hogskolan, K.T., 2013. High-Performance Building Design and Decision-Making
Support for Architects in the Early Design Phases Licentiate Thesis.

[102] Roach, P., Bruno, F., Belusko, M., 2013. Modelling the cooling energy of night ventilation and
economiser strategies on facade selection of commercial buildings. Energy Build 66, 562-570.
https://doi.org/10.1016/J. ENBUILD.2013.06.034

[103] Saber, H.H., Maref, W., Hajiah, A.E., 2019. Hygrothermal performance of cool roofs subjected to
Saudi climates. Front Energy Res 7. https://doi.org/10.3389/fenrg.2019.00039

[104] Samaan, M.M., Farag, O., Khalil, M., 2018. Using simulation tools for optimizing cooling loads
and daylighting levels in Egyptian campus buildings. HBRC Journal 14, 79-92.
https://doi.org/10.1016/J.HBRCJ.2016.01.001

[105] Samuel, D.G.L., Nagendra, S.M.S., Maiya, M.P., 2013. Passive alternatives to mechanical air
conditioning of building: A review. Build Environ 66, 54-64.
https://doi.org/10.1016/J. BUILDENV.2013.04.016

[106] Santamouris, Mat, Santamouris, Matheos, n.d. Passive cooling of buildings.

[107] Schulze, T., Eicker, U., 2013a. Controlled natural ventilation for energy efficient buildings.
Energy Build 56, 221-232. https://doi.org/10.1016/J. ENBUILD.2012.07.044

[108] Schulze, T., Eicker, U., 2013b. Controlled natural ventilation for energy efficient buildings.
Energy Build 56, 221-232. https://doi.org/10.1016/J. ENBUILD.2012.07.044

[109] Sedaghat, A., Sabati, M., Alkhatib, F., Amir Abbas Oloomi, S., Sabri, F., Salem, H., Jan Zafar,
W., Ashtian Malayer, M., 2021. Climate change and thermo-solar patterns of office buildings
with/without window films in extreme hot-arid climate of Kuwait. Solar Energy 217, 354-374.
https://doi.org/10.1016/J.SOLENER.2021.02.051

[110] Sherif, A., El-Zafarany, A., Arafa, R., 2012. External perforated window Solar Screens: The
effect of screen depth and perforation ratio on energy performance in extreme desert environments.
Energy Build 52, 1-10. https://doi.org/10.1016/J.ENBUILD.2012.05.025

[111] Sheweka, S.M., Mohamed, N.M., 2012. Green Facades as a New Sustainable Approach Towards
Climate Change. Energy Procedia 18, 507-520. https://doi.org/10.1016/J. EGYPRO.2012.05.062

[112] Shishegar, N., 2013. Street Design and Urban Microclimate: Analyzing the Effects of Street
Geometry and Orientation on Airflowand Solar Access in Urban Canyons. Journal of Clean Energy
Technologies 52—56. https://doi.org/10.7763/jocet.2013.v1.13

[113] Solgi, E., Fayaz, R., Kari, B.M., 2016. Cooling load reduction in office buildings of hot-arid
climate, combining phase change materials and night purge ventilation. Renew Energy 85, 725-731.
https://doi.org/10.1016/J.RENENE.2015.07.028

[114] Stazi, F., Marinelli, S., Di Perna, C., Munafo, P., 2014. Comparison on solar shadings: Monitoring
of the thermo-physical behaviour, assessment of the energy saving, thermal comfort, natural lighting
and environmental impact. Solar Energy 105, 512-528.
https://doi.org/10.1016/J.SOLENER.2014.04.005

[115] The Mechanical Design Process, 2008.

[116] Towards a New Model for Climate Responsive, n.d.

121386 [ International Innovations & Scholarly Trends Journal (IISTJ) | www.iistj.org 119



https://doi.org/10.5281/zenodo.21868993

Year 2026 | Volume 02 - Issue 08 Aug 2026 https://doi.org/10.5281/zenodo.21868993 ISSN : 3139-1478

[117] Wan Mohd Nazi, W.I., Royapoor, M., Wang, Y., Roskilly, A.P., 2017. Office building cooling load
reduction using thermal analysis method — A case study. Appl Energy 185, 1574-1584.
https://doi.org/10.1016/J. APENERGY.2015.12.053

[118] Wang, L., Greenberg, S., 2015. Window operation and impacts on building energy consumption.
Energy Build 92, 313-321. https://doi.org/10.1016/J. ENBUILD.2015.01.060

[119] Willis, J., 2015. Fast Forwards: 10 Years of Sustainable Initiatives in the Gulf Region.

121386 [ International Innovations & Scholarly Trends Journal (IISTJ) | www.iistj.org 120



https://doi.org/10.5281/zenodo.21868993

	I.​Introduction 
	II.​AIM AND OBJECTIVES 
	2.1 ​Aim 
	2.2 Objectives 

	III.​LITERATURE REVIEW 
	3.1    Passive Design Strategies 
	 
	3.2    Energy Efficiency Regulations and Framework 

	IV.​IMPLEMENTATION OF PASSIVE DESIGN STRATEGIES 
	4.1  Strategy and Methods 
	 
	4.2  Building Introduction 
	4.3   Enhancing building performance through improved passive design parameters 

	V.​RESULTS 
	5.1 Impact of the selected passive design strategies: sensitivity analysis of selected parameters 
	5.2 Environmental impact of selected passive design strategies 

	VI.​DISCUSSION 
	VII.​CONCLUSION 
	References 

