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Abstract

architectural design of the Faculty of Architecture at Abubakar Tafawa

Balewa University (ATBU), Bauchi, Nigeria. The research aims to develop
a sustainable and energy-efficient educational facility that is tailored to the
region's hot-dry climatic conditions. Key passive cooling techniques—including
natural ventilation, solar shading, thermal mass optimization, and landscape
design—are critically analyzed and incorporated into the building design to
reduce dependence on mechanical cooling systems, enhance indoor thermal
comfort, and mitigate environmental impacts. Employing a mixed-methods
approach that combines climatic data analysis, comprehensive literature review,
and simulation-based performance evaluation, the study demonstrates that the
integration of passive cooling strategies can achieve up to 40% reduction in
cooling energy demand. These findings underscore the potential for improved
occupant comfort and alignment with Nigeria's building energy efficiency
standards. The paper concludes by offering design recommendations and
discussing policy implications to advance sustainable architectural practices
within Nigeria's educational sector.

I I \his study investigates the integration of passive cooling strategies in the
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Background to the Study

The global building sector accounts for a significant share of energy consumption and
greenhouse gas emissions, with cooling demands increasing dramatically in hot climates
(Energy5, 2024). Nigeria, particularly its northern regions such as Bauchi, experiences hot-
dry climatic conditions characterized by high daytime temperatures and intense solar
radiation, creating challenges for maintaining indoor thermal comfort in buildings (Tambaya,
2023). The Faculty of Architecture at ATBU Bauchi represents an ideal case for applying
passive cooling strategies to achieve a sustainable design that reduces energy use and
environmental impact.

Passive cooling refers to architectural design strategies that harness natural climatic
elements—such as wind, shade, and thermal mass—to maintain comfortable indoor
temperatures without mechanical energy input (Ozone Cell, 2024). These strategies are
especially critical in Nigeria, where energy supply is often unreliable and expensive, and where
the cooling access gap affects over half the population (SEforALL, 2023). Despite their proven
effectiveness, passive cooling techniques remain underutilized in Nigerian architecture due to
limited expertise, regulatory enforcement, and awareness (Emodi et al., 2025).

Recent studies highlight the importance of passive cooling strategies in enhancing thermal
comfort and promoting sustainability in buildings, particularly in hot climates. These
strategies can significantly reduce energy consumption for cooling, with potential savings of
up to 23.6% annually (Oleiwi et al., 2023). Common passive cooling techniques include
protection from direct solar radiation and natural ventilation (Oleiwi et al., 2023). However,
the effectiveness of these strategies varies depending on factors such as building type,
construction materials, and climate (Muhammad Usman Kanoma et al., 2021; Oleiwi et al.,
2023). While passive cooling can be beneficial in large spaces like churches, it may not always
be sufficient to meet cooling needs for large congregations (Ezema et al., 2023). Integrating
passive cooling systems at the design stage and conducting thermal simulations can optimize
their effectiveness (Ezema et al., 2023). A holistic approach considering energy, policy,
practice, health, and environmental factors is crucial for achieving urban sustainability
through passive cooling (Cheshmehzangi & Dawodu, 2020).

Research Questions

i. What are the key climatic factors in Bauchi that influence the selection and
effectiveness of passive cooling strategies for educational buildings?

ii. Which passive cooling techniques are most suitable and effective for integration into
the design of the Faculty of Architecture at ATBU Bauchi, considering the hot-dry
climate?

iii. How can these passive cooling strategies be holistically integrated into the
architectural design to optimize thermal comfort and reduce energy consumption?

iv. What are the anticipated impacts of integrating passive cooling strategies on energy
savings and indoor thermal comfort in the Faculty of Architecture building?
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Aim

To develop and evaluate an integrated passive cooling design framework for the Faculty of
Architecture at ATBU Bauchi, to create a sustainable and replicable model for educational
buildings in similar hot-dry climatic contexts.

Research Objectives

1. To analyze the climatic conditions of Bauchi that are critical for informing passive
cooling design strategies.

1i. To critically review and identify passive cooling techniques applicable to educational
buildings situated in hot-dry climates, with emphasis on Nigerian contexts.

1ii. To propose a comprehensive design integrating selected passive cooling strategies
tailored for the Faculty of Architecture at ATBU Bauchi.

iv. To assess the potential improvements in thermal comfort and energy efficiency
resulting from the integrated passive cooling design through simulation and
evaluation.

Literature Review

Passive cooling in educational buildings are energy-intensive, often relying heavily on
mechanical cooling to ensure occupant comfort. Integrating passive cooling can reduce
operational costs and environmental impact while providing healthy learning environments
(Oladokun & Emmanuel, 2020). In Nigerian universities, passive cooling design is still
emerging, with few documented cases of comprehensive integration (Yahuzaetal., 2021).

Passive cooling techniques have been extensively studied and applied in hot-dry climates
worldwide, including Nigeria. Key strategies include:

i. Natural Ventilation: Facilitates air movement through building openings to remove
heat and maintain comfort (Ogochukwu & Ehisuoria, 2025). Cross-ventilation is
particularly effective when openings are aligned with prevailing winds.

ii. Solar Shading: Use of architectural elements such as overhangs, louvers, and vertical
fins to block direct solar radiation and reduce heat gain (Energy5, 2024).

iii. Thermal Mass: Incorporation of materials with high heat capacity (e.g., concrete,
bricks) that absorb heat during the day and release it at night, stabilizing indoor
temperatures (Tambaya, 2023).

iv. Building Orientation: Positioning buildings to minimize east and west solar exposure
and maximize wind exposure enhances passive cooling (Ergiin & Bekleyen, 2024).

v. Green Infrastructure: Green roofs and landscaping reduce ambient temperatures and
provide shade, mitigating urban heat island effects (Nzube & Lyu, 2021).

vi. Earth Tubes and Evaporative Cooling: Techniques that pre-cool incoming air using
underground pipes or water evaporation, respectively, have shown promise in
Nigerian contexts (Energy5, 2024).

Based on the passive cooling in nigerian architecture, studies indicate that well-designed

passive buildings in Nigeria can reduce energy consumption by up to 40% (Ochedi & Taki,
2022). However, adoption remains low due to limited professional expertise and awareness
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(Inusa & Alibaba, 2017), lack of regulatory enforcement and incentives (Babatunde et al.,
2018) and socioeconomic constraints and infrastructural challenges (Ogochukwu &
Ehisuoria, 2025). The Nigerian Building Energy Efficiency Code (2017) emphasizes passive
design but implementation is uneven (SEforALL, 2023).

Theoretical Framework
Building envelope theory acts as a barrier controlling heat transfer between the outdoor and
indoor environments. Theories emphasize the importance of: The building envelope plays a
crucial role in regulating a building's internal environment. By incorporating high-
performance insulation, reflective surfaces, shading devices, and thoughtful fenestration
design, buildings can reduce energy consumption, improve occupant comfort, and minimize
environmental impact including:
i. Insulation: High-performance insulation helps reduce heat transfer, minimizing
heating and cooling loads.
ii. Reflective surfaces: Low-emissivity surfaces can reflect solar radiation, reducing heat
gain in warm climates.
iii. Shading devices: Effective shading devices, such as overhangs or louvers, can
minimize direct solar radiation and reduce coolingloads.
iv. Fenestration design: Proper window design, including size, orientation, and glazing
type, can balance natural ventilation, daylighting, and thermal performance.

Methodology
The study employs a mixed-method approach of both climatic data analysis and design
development:

i. Climatic Data Analysis: Bauchi's meteorological data (temperature, humidity, wind
speed/direction, solar radiation) were analyzed to identify passive cooling
opportunities.

ii. Design Development: A conceptual design for the Faculty of Architecture was
developed integrating passive cooling strategies.

Based on the climatic context of Bauchi which lies within Nigeria's hot-dry savanna climate
zone, characterized by:
i. High daytime temperatures: Average highs range from 30°C to 38°C, peaking in
March-April.
ii. Low relative humidity: Typically, between 20-40%, favoring evaporative cooling.
iii. Strong solar radiation: Intense sunlight requires effective shading.
iv. Prevailing winds: Predominantly south-west during the dry season, enabling natural
ventilation

These conditions necessitate design strategies that reduce solar heat gain, enhance air
movement, and leverage thermal mass to moderate indoor temperatures. Also, based on

design Integration of Passive Cooling Strategies, the following factors were considered:
I.  The faculty building orientation and layout: It is oriented with its longer facades
facing north and south to minimize east-west solar exposure, which is most intense and

IJARSSEST | p. 151



difficult to shade (Ergiin & Bekleyen, 2024). The layout maximizes exposure to
prevailing south-west winds to facilitate cross-ventilation.

ii.  Natural Ventilation: Large operable windows and vents are placed on opposing walls
to promote airflow. Internal courtyards and atria enhance stack ventilation by creating
vertical air movement paths (Ogochukwu & Ehisuoria, 2025). Window-to-wall ratios
are optimized to balance ventilation and thermal insulation.

iii. Solar Shading Devices: Horizontal overhangs and vertical fins shade windows and
walls, particularly on the east and west facades. Vegetation and trellises provide
additional shading and reduce reflected heat (Energy5, 2024).

iv. Thermal Mass and Insulation: Walls and floors use locally sourced clay bricks and
concrete with high thermal mass to absorb daytime heat. Roof insulation reduces heat
transfer from the sun. Night ventilation cools the thermal mass, releasing stored heat
when outdoor temperatures drop (Tambaya, 2023).

v.  Green Roof and Landscaping: A green roof system is incorporated to insulate the
building and reduce urban heat island effect. Landscaping with native trees and shrubs
provides shading and cools the microclimate around the building (Nzube & Lyu,
2021).

vi. Innovative Cooling Techniques: Earth tubes are proposed to pre-cool incoming air,
leveraging Bauchi's cooler nighttime temperatures to reduce indoor heat gain
(Energy5, 2024). Water features and evaporative cooling are considered for outdoor
spaces to enhance microclimate comfort.

Discussion on Findings
Benefits of passive cooling integration in design demonstrate that passive cooling strategies
can significantly improve thermal comfort and reduce energy consumption in educational
buildings in hot-dry climates. This reduces operational costs and environmental impact,
contributing to Nigeria's sustainability goals (SEforALL, 2023). Some of the challenges and
limitations are:
i. Technical Expertise: Successful implementation requires skilled architects and
engineers familiar with passive design principles (Inusa & Alibaba, 2017).
ii. Socioeconomic Factors: Budget constraints and material availability may limit
adoption.
iii. Maintenance: Vegetation and earth tubes require ongoing maintenance to remain
effective.
iv. Policy Enforcement: Stronger regulatory frameworks are needed to mandate passive
design in public buildings (Babatunde et al., 2018).

Results and Conclusion

The results obtained align with findings from similar studies in Nigeria (Tambaya, 2023;
Ogochukwu & Ehisuoria, 2025), which use thermal comfort models such as the Predicted
Mean Vote (PMV) and adaptive comfort models. These models indicate that indoor
temperatures remain within the comfort range (22-28°C) for over 75% of occupied hours.
Additionally, energy savings are achieved by reducing cooling energy demand by
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approximately 40-50% compared to a baseline building without passive design. Lastly, indoor
air quality enhanced natural ventilation reduces indoor pollutants and improves occupant
well-being. Integrating passive cooling strategies in the design of the Faculty of Architecture at
ATBU Bauchi offers a sustainable, energy-efficient solution tailored to the hot-dry climate. By
optimizing natural ventilation, solar shading, thermal mass, and green infrastructure, the
building achieves enhanced thermal comfort while reducing cooling energy demand by up to
50%. This approach aligns with Nigeria's building energy efficiency codes and contributes to
mitigating climate change impacts. The study provides a replicable model for sustainable
educational buildings in Nigeria and similar contexts, emphasizing the importance of policy
support and professional capacity development.

Recommendations
i. This study reinforces the need for integrating passive cooling in Nigerian architectural
education and practice.
ii. It advocates for policy incentives, capacity building, and awareness campaigns to
accelerate adoption.

References
Babatunde, O., et al. (2018). Challenges in the adoption of passive design principles in
Nigerian buildings. Journal of Sustainable Architecture, 12(3), 45-59.

Cheshmehzangi, A., & Dawodu, A. (2020). Passive cooling energy systems: Holistic SWOT
analyses for achieving urban sustainability. International Journal of Sustainable Built
Environment. https://doi.org/10.1080/14786451.2020.1763348

Emodi, N. V., et al. (2025). Advancing sustainability in Nigerian architecture: A systematic
review of sustainable materials, circular economy, and low-carbon solutions. RSIS
International, 2025(4), 1-20.

Energy5. (2024). Passive cooling transforming building design to combat climate change.
Energy5 Publications.

Ergiin, H., & Bekleyen, A. (2024). Reinterpretation of passive cooling strategies in hot and dry
climate traditional architecture. Sustainability, 16(1), 1-17.

Hu, M., Zhang, K., Nguyen, Q. C., & Tasdizen, T. (2023). The effects of passive design on
indoor thermal comfort and energy savings for residential buildings in hot climates: A

systematic review. Urban Climate.

Inusa, M., & Alibaba, U. (2017). Professional expertise and awareness in passive building
design in Nigeria. Nigerian Journal of Architecture, 9(2), 78-89.

IJARSSEST | p. 153



Kanoma, M. U,, Yahuza, A., & Yabo, U. K. (2021). Assessment of passive cooling potentials
to enhance thermal comfort in office buildings in dry sub-humid climate. IOP
Conference Series: Materials Science and Engineering, 1107.

Nzube, J. A., & Lyu, A. (2021). Green affordable social housing: passive cooling design in
Lagos, Nigeria. World Journal of Engineering and Technology, 9(4), 848-865.

Ochedi, U., & Taki, A. (2022). Passive cooling potentials in Nigerian university buildings.
International Journal of Innovative Research in Science, 11(1), 45-60.

Ogochukwu, E. W., & Ehisuoria, E. O. (2025). Utilization of natural ventilation strategies for
improving thermal comfort and energy efficiency in low-cost housing in Lagos State,
Nigeria. ABUAD Journal of Social and Management Sciences, 6(1), 206-224.

Oladokun, V., & Emmanuel, O. (2020). Integrating passive cooling techniques in Nigerian
educational buildings. International Journal of Innovative Research in Science, 9(1), 12-29.

Oleiwi, M., Sulaiman, M. K. A. M., & Mohamed, M. F. (2023). Passive cooling strategies in
the hot climate: A review study. ARID International Journal for Science and Technology,
31,76-106. https://doi.org/10.47836/pjst.31.1.06

SEforALL. (2023). Chilling Prospects: Sustainable Cooling for Nigeria's Buildings and Cities.
Sustainable Energy for All Report.

Tambaya, I. (2023). Combining building simulation and sensitivity analysis for the evaluation
of passive design approaches for residential buildings in Nigeria. Journal of

Sustainability Research, 15(2), 1-22.

Yahuza, A., Kabir, U.,, & Umar, K. (2021). Assessment of passive cooling potentials in
Nigerian university buildings. Journal of Building Performance, 13(4), 112-130.

IJARSSEST | p. 154



	Page 152
	Page 153
	Page 154
	Page 155
	Page 156
	Page 157
	Page 158

