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Abstract. Buildings use more than 40% of the energy
consumed worldwide. This has prompted the
development of numerous strategies to guarantee that
buildings can still function maximally with reduced
energy use. The concept of passive design strategies
has been widely employed in architectural
professional practice to ensure the reduction of
building energy usage is kept to a minimum and
enhance building performance. In architectural
design training, however, despite the study of
building climatology, several students are still seen
designing buildings in tropical climates with little
adoption of passive design strategies. To this end,
this study aims at assessing the knowledge level of
graduate architecture students at Lead City
University, Ibadan, Oyo State of passive design
strategies in academic buildings. The case study
research approach was used, and respondents were
chosen through random sampling. A total of 84
students were given structured questions to answer in
order to collect primary data. Data were analysed
using frequencies and percentages in SPSS, and the
results were presented using tables. Respondents’
level of awareness and importance of the various
concepts associated with passive design in academic
buildings were considered. The study revealed that
respondents have good knowledge about passive
design strategies. Building materials, day lighting,
and natural ventilation were identified as the most
crucial among the passive design strategies used for
academic buildings in achieving users' comfort and
reducing energy conservation. Also, building mass
was observed to be considered the least important
among the passive design strategies.

Keywords:  Academic  building,  Architecture
students, Design strategies, Passive design, Thermal
comfort.
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1. Introduction

Buildings are designed with the intent of providing a
comfortable internal atmosphere that meets
occupants' satisfaction and wellbeing with minimal
energy use [1]. Buildings account for 40% of total
global energy use and one-third of global greenhouse
gas (GHG) emissions [1,2]. Academic buildings are
not left out of these building types as they serve as
the physical learning environment. In response to
ensuring the thermal comfort of building users, the
adoption of heating, ventilation, and air conditioning
installations has proliferated in the built environment,
accounting for a sizeable amount of energy
consumption. In tropical regions such as Nigeria,
there is an expansion of higher education institutions
as a result of population growth, and consequently,
the energy usage in the building sector is enormous
and is predicted to increase [2]. In addition, the
impact of climate change and urbanization has
brought about an increase in reliance on active
energy sources or mechanical technologies.

The need to attain good thermal comfort in the
tropics through the use of natural means has
prompted the development of numerous strategies to
guarantee that buildings can still function maximally
with lower energy consumption. Passive design
strategies have been widely employed in architectural
professional practice to ensure the reduction of
building energy consumption and enhance building
performance. Several studies have been carried out
globally on the use of passive design approaches [3,
4]. Examples of passive design concepts and
principles, according to Ibem et al. [2], influencing
users thermal comfort are: building orientation,
building material, building mass, day lighting, indoor
space quality, indoor air quality, landscaping, natural
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ventilation, and sun shading devices. Similarly,
James, Fulani, and Azoji [5]. considered passive
cooling principles in hotels such as building
orientation, building form, natural ventilation,
shading devices, landscaping, materials and finishes,
and thermal insulation.

In architectural education, building climatology is
taught under the environmental control systems
course modules. It is observed that despite the study
of building climatology, among others, several
students are still seen designing buildings in tropical
climates with little adoption of passive design
strategies. Designs are done more by students
adopting the temperate approach, with a high reliance
on active energy and more emphasis placed on
building aesthetics. To this end, this study aims at
assessing the knowledge level of graduate
architecture students at Lead City University, Ibadan,
Oyo State, about passive design strategies in
academic buildings. The key objectives in achieving
this study are to: i) assess the respondents’ level of
awareness of the passive design concept; and ii)
assess the respondents’ level of importance of passive
design strategies in the thermal comfort of academic
buildings.

2. Literature Review
2.1 Academic Buildings

Coulson et al.[6]. classified university campus design
as a civic art form. For effective campus planning for
student satisfaction and academic performance,
planning concepts in urban and regional planning that
can be adopted include the close-kint concept, the
segregated concept, the loose-tie concept, and the
ring concept [7]. Irrespective of the planning concept
type adopted, the four classifications of building
types on a university campus are academic buildings,
administrative  buildings, sports facilities, and
students' hostels. The Faculty of Architecture
building considered in this study can be classified as
an academic building.

Higher education institutions can only function
effectively when all the required resources—
financial, physical, and human—are made available
[8]. Among other physical resources, academic
buildings are crucial physical resources for the
efficient operation and productivity of the teaching
and learning process [9].

One of the requirements of a world-class university is
the presence of high-quality structures and facilities
on its campus, which are contained in the provision
of a high-quality and supportive research and
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educational environment for both staff and students
[10, 11].

2.2 Passive Design Strategies

The utilization of energy in buildings has been the
subject of extensive global investigation. Buildings
have seen a rapid increase in energy usage in recent
years as a result of population growth, industry
development, city growth, and improved living
standards [12]. The aforementioned causes are
anticipated to lead to an increase in thermal comfort
and indoor air quality demand. According to Sun,
Gou, and Lau [13] and Soflaei et al. [14], the energy
utilized in the building sector accounts for between
20.1% to 40% of all energy delivered globally and
30% of all greenhouse gas emissions. Due to better
knowledge of how many resources buildings use and
their environmental impact, the building sector has
been the focus of energy efficiency regulation and
climate change. Making existing structures more
energy efficient is one of the best strategies to reduce
energy usage in the construction  sector.
Consequently,  several nations and global
organizations have invested greatly in improving the
energy efficiency of current buildings [13].

Numerous studies have shown that the HVAC
(heating, ventilation, and air conditioning) system
accounts for the majority of the energy used in
buildings. As a result, a sizeable portion of building
energy-related studies have concentrated on methods
to boost the effectiveness and performance of HVAC
systems while using less energy. Retrofits to the
lighting systems of older buildings have a substantial
potential to reduce energy consumption in addition to
HVAC. For retrofitting older buildings, it is
important to consider lighting controls, lighting
system upgrades, and daylighting optimization [15].
Many studies have been conducted on glazing
upgrades that aim to reduce heat gain during the
summer or loss during the winter.

In general, passive and active options for energy
efficiency retrofitting can be distinguished. While
active solutions focus on improving heating,
ventilation, HVAC systems, lighting, and any other
building services applications, passive solutions seek
to create more energy-efficient architectural
components to lessen dependency on them.
According to a study [16], compared to the potential
benefit of energy savings, passive solutions
frequently have a modest additional capital
investment cost. As a result, passive design is
encouraged by a number of green and sustainable
design principles [17].
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Academic buildings are not exempt from the
importance of passive design in maintaining a
sustainable built environment. The phrase "passive
design" describes a type of architecture that relies
less on mechanical heating, cooling, and lighting
systems and instead makes use of the environment
and natural forces to maintain a comfortable
temperature inside a building [18]. For passive design
to be favorable and successful, two crucial
considerations must be made: climate and comfort.
Passive design makes use of natural energy flows by
using particular techniques and strategies to preserve
thermal comfort [18, 19, 4].

These passive design principles can also be
supplemented by a number of features, like the use of
technology and specialized controls, to improve
health and welfare in the built environment.
According to Huo et al. [17], the primary objective of
passive design is to seamlessly incorporate structures
into the cycles of nature. In order to maximize human
comfort, the building envelope acts as a partition
between the actual and virtual climates throughout
the design. Some of the main elements that affect
human comfort include visual, thermal, and auditory
comforts. Building envelopes are essential for
providing the proper level of comfort, along with the
technology utilized.

These technologies, which make our conveniences
possible, can be active, passive, or hybrid in nature—
a combination of the two. Passive technologies are
systems that rely on renewable resources and enable
us to maintain comfort levels without using artificial
energy.

Some key passive design concepts according to Ibem
et al.'s [2] are: building orientation, building material,
building mass [21], day lighting [15], and indoor
space quality. Others are indoor air quality [22],
landscaping, natural ventilation, and sun shading
devices.

3. Research Methodology

The case study research design was adopted as the
study focused only on the graduate students of the
department of architecture at Lead City University,
Ibadan, Oyo State, Nigeria. This category of students
was selected based on the fact that they have
undergone all necessary undergraduate courses in
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architectural training, interacted with academic
buildings, and experienced the mandatory student
industrial training, which affords students of
architecture the requisite industry exposure.

The study adopted Ibem et al.'s (2019) conceptual
framework used in a similar study on terminal
buildings, and the passive design concepts were
assessed. The study population is a total of 84
students, and the same is adopted as the sample size
for the study considering their limited number.
Consequently, primary data were obtained through
structured questions administered to a total of 84 in a
random sampling approach by the researchers in the
first week of June 2023. A total of 56 valid responses
were achieved. This is approximately 67% of the
total administered questionnaire through electronic
distribution. Data were analysed using descriptive
statistics in SPSS, and the results were presented
using tables.

4. Results and Discussion
4.1 Demographics of respondents

Table 1 presents the demographics of respondents in
frequencies and percentages.

Table 1 show that 69.6% of the respondents were
male, while 30.4% were female. This is not
surprising given the predominance of men in the
architectural profession. The age group of
respondents shows that none were below 20 years
old; the majority (44.7%) are between the ages of 21-
30years. Also, 32.2% were between the ages of 31-
40years, while 14.2% belong to the age category 41-
50 years, and 8.9% were 51 and above. The
respondents' age distribution shows that the
majorities is above 20 years of age, as expected for
graduate students, and have the capacity for
independent assessment. Their highest academic
qualification shows that 78.6% of the students have
the B.Sc. qualification; while 21.4% have their
master's. This suggests that the masters are either in
related discipline or students are doctoral candidates
in the department. Their level of qualification in
architecture shows that the students have been taught
basic building climatology requirements as
undergraduates as well as industrial experience for
the practical application of passive design concepts.
Table 1 presents the demographics of respondents in
frequencies and percentages.
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Table 1: Demographics of respondents

Frequency (56) Percentage (%)

Gender Male 39 69.6

Female 17 304
Age Group 20 years and below 0 0

21 -30 years 25 44.7

31 -40 years 18 32.2

41 - 50 years 8 142

51 and above 5 8.9
Highest Academic Qualification B.Sc. 44 78.6

M.Sc. 12 214

Respondents’ assessment of level of awareness of the passive design concepts

The participants’ responses on their level of awareness of the passive design concepts are grouped under three
possible answers of “Not Aware”, “Not Sure” and “Aware”. The result is presented in Table 2.

The result in Table 2 shows that most (78.57%) of the respondents are aware of building orientation as a passive
design strategy, while some (21.43%) are not aware. None was found to be not sure of their opinion.

Table 2. Respondents’ assessment of level of awareness of the passive design concepts

Passive Design Concepts RESPONDENTS' ASSESSMENT
Group frequency Percentage (%)
1. Building Orientation Not Aware 12 21.43
Not sure 0 0
Aware 44 78.57
Total 56 100
2. Building Material Not Aware 12 21.43
Not sure 2 3.57
Aware 42 75.00
Total 56 100
3. Building Mass Not Aware 11 19.64
Not sure 19 33.93
Aware 26 46.43
Total 56 100
4. Day lighting Not Aware 9 16.07
Not sure 2 3.57
Aware 45 80.36
Total 56 100
5. Indoor Space Quality Not Aware 14 25.00
Not sure 0 0
Aware 42 75.00
Total 56 100
6. Indoor Air Quality Not Aware 12 21.43
Not sure 7 12.50
Aware 37 66.07
Total 56 100
7. Landscaping Not Aware 9 16.07
Not sure 5 8.93
Aware 42 75.00
Total 56 100
8. Natural Ventilation Not Aware 12 21.43
Not sure 0 0
Aware 44 78.57
Total 56 100
9. Sun Shading Device Not Aware 10 17.86
Not sure 2 3.57
Aware 44 78.57
Total 56 100

On respondents’ awareness of choice of building material as a passive design strategy, again majority (75.00%) are
aware, while some (21.43%) are not aware. Just a few (3.57%) are not sure if they are aware or not. Similarly, most
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(80.36%) of the respondents are aware of day lighting as a passive design strategy, while some (16.07%) are not
aware. A few (3.57%) are not sure of this strategy.

The data in Table 2 also reveals that majority (75.00%) of the respondents are aware of indoor space quality as a
passive design strategy, while the remaining (25.00%) are not aware. In the assessment of indoor air quality, a larger
fraction (66.07%) of the respondents is aware, some (21.43%) are not aware, while a few (12.50%) are not sure. On
landscaping as a passive design strategy, most (75.00%) of the respondents are aware, while some (16.07%) are not
aware, and a few (8.93%) are not sure. Similarly, on natural ventilation and sun shading device as a passive design
strategy, most (78.57%) are aware, while some (21.43% and 17.86% respectively) are not aware. Just a few (3.57%)
are not sure of sun shading device as a passive design strategy.

Contrary to the results of other passive design strategies, about half (46.43%) of the respondents are aware building
mass as a passive design strategy, while some (19.68%) are not aware. The remaining (33.93%) of the respondents
are not sure. This result suggests that more attention needs to be given to the teaching of building mass as a passive
design strategy in architectural education.

Respondents’ assessment of level of awareness of the passive design concepts
The participants’ responses on their level of importance of the passive design concepts are grouped under three

possible answers of “Not Understood”, “Not Sure” and “Understand”. The result is presented in Table 3.

Table 3. Respondents’ assessment of level of Importance of the passive design concepts to academic buildings

Passive Design Concepts RESPONDENTS' ASSESSMENT
Group frequency Percentage (%)
1. Building Orientation Not Important 8 14.29
Not sure 2 3.57
Important 46 82.14
Total 56 100
2. Building Material Not Important 7 12.50
Not sure 0 0
Important 49 87.50
Total 56 100
3. Building Mass Not Important 8 14.29
Not sure 19 33.93
Important 29 51.79
Total 56 100
4. Day lighting Not Important 7 12.50
Not sure 0 0
Important 49 87.50
Total 56 100
5. Indoor Space Quality Not Important 5 8.93
Not sure 7 12.5
Important 44 78.57
Total 56 100
6. Indoor Air Quality Not Important 6 10.71
Not sure 7 12.50
Important 43 76.79
Total 56 100
7. Landscaping Not Important 8 14.29
Not sure 2 3.57
Important 46 82.14
Total 56 100
8. Natural Ventilation Not Important 7 12.50
Not sure 0 0
Important 49 87.50
Total 56 100
9. Sun Shading Device Not Important 7 12.5
Not sure 0 0
Important 49 87.50
Total 56 100
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The result in Table 3 shows that most (82.14%) of the
respondents considers building orientation as a
passive design strategy to be important to academic
buildings, while some (14.29%) considers it as not
important. A few (3.57%) of the respondents was
found not sure of their opinion. On respondents’
importance of choice of building material as a
passive design strategy to academic buildings, again
majority (87.50%) considers it important, while the
remaining (12.50%) considers it not important.
Similarly, most (87.50%) of the respondents
considers Day lighting, Natural Ventilation, and Sun
Shading Device, respectively as important passive
design strategy in academic buildings, while the
remaining (12.50%) considers them as not important
respectively.

The data in Table 3 also reveals that majority
(78.57%) considers indoor space quality as an
important passive design strategy for academic
buildings, while some (8.93%) considers it as not
important, and others (12.5%) are not sure of its
importance. In the assessment of indoor air quality,
most (76.79%) of the respondents considered it an
important passive design strategy for an academic
building, some (10.71%) considered it not important,
while others (12.50%) are not sure.

Also on landscaping, most (82.14%) of the
respondents considers it an important passive design
strategy relevant to an academic building, while some
(14.29%) considers it as not important, and a few
(3.57 %) are not sure.

Contrary to the results of other passive design
strategies important to academic buildings, about half
(51.79%) of the respondents considers building mass
as important, while some (14.29%) considers them
not important. The remaining (33.93%) of the
respondents are not sure of its importance to
academic buildings. This result suggests that the
respondents have a good understanding of the
importance of passive design strategy in relation to
academic buildings.

5. Conclusion

In this study, passive design principles utilized in
academic buildings were assessed to determine the
amount of knowledge held by graduate students in
the architecture department at the leading city
university, Ibadan, Oyo State. The study's findings
showed that graduate students had an excellent
understanding of all of the strategies examined. The
right harnessing of daylighting, planning to
accommodate natural ventilation, and proper
landscaping of the setting were among the strategies

144

used for the passive design of academic buildings,
while proper building orientation was given more
weight. However, it has been noted that building
mass is not prioritized. This could be a result of a
lack of comprehension of this strategy. The results of
this study mostly align with lbem et al.'s (2019)
assertion regarding the value of passive design
techniques in terminal buildings. This demonstrates
that, regardless of the type of building, the use of
passive design is crucial for regulating the
microclimate and ensuring user comfort.
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