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Abstract— Due to the increase in debates on climate change and sustainability in different regions, sustainable and green building 
constructions have been on the rise. It is important to note that building design processes must not ignore climate considerations, or else 
risk the interference of human activities within the building space. This paper aims at assessing bioclimatic approaches in relation to energy 
performance towards a sustainable environment and green buildings. Bioclimatic design approaches help to increase the comfort 
experienced within a building in all seasons without automated or mechanical means. These approaches also help to curtail the use of 
non-renewable energy for cooling, heating, ventilation and lighting. This leads to reduced energy costs. The application of this principle 
does not imply an increase in the cost of construction or installation of some automated systems. Building designs which are based on 
bioclimatic approaches are highly sustainable; more ventilated with better indoor air quality, and allow for better visual comfort. The energy 
efficiency of an existing building and a proposed building will be compared using simulation tools contained in a software – Revit 
Architecture. This paper suggests design methods using sustainable approaches, which will assist designers and the construction industry 
as a whole in the application of the concept of bioclimatic design. The advantages of this approach are carefully analyzed. 

Index Terms— Bioclimatic design, operational energy, thermal performance, thermal comfort, durability, sustainability, comfort. 

——————————      —————————— 

1 INTRODUCTION                                                                     
Bioclimatic design is a concept that is closely associated with 
sustainability and puts into consideration climate and human 
relations in reviewing the feasibility of a building design 
(Larasati and Mochtar, 2012). Bio-climate can simply be de-
fined as climate as it is being influenced, as well as its influ-
ence on biological organisms (Horia Tundrea, and Mihai 
Budescu 2013). Therefore, the bioclimatic design approach 
entails designing for the future in ensuring that biological spe-
cies are not negatively affected in the building design process. 
At this particular point in time, quite an impressive number of 
architects and designers seemingly have a keen interest in de-
signing with sustainable approaches. However, no significant 
difference has been noticed in actual project executions rela-
tive to the discussions pertaining to sustainability, very little is 
being done. 

In the humid tropics where the average humidity is about 86% 
(Climatology and Geophysics BMKG2012), the outdoor tem-
perature is lower than the indoor temperature within build-
ings (Energy Commission of Nigeria (2008).  This can as a re-
sult, have a negative effect on the health of building occu-
pants, as well as their level of productivity within the building 
confines. This means that in order for indoor thermal comfort 
to be achieved, one has to employ artificial cooling systems 
ranging from air conditioners, fans, humidifiers and room 
coolants.  All these ultimately result in high energy consump-
tion during the building operations.  

To modify the running headings, select View | Header and 
Footer. Click inside the text box to type the name of the journal 
the article is being submitted to and the manuscript identifica-

tion number. Click the forward arrow in the pop-up tool bar to 
modify the header or footer on subsequent pages. 
 
2.0 Literature Review  
2.1 Bioclimatic design   
There are three interconnected considerations that strike the 
balance between the climate of a region and the buildings in-
cluding biological needs, climate considerations, architectural 
applications and technological solutions (Olgyay, 1963). Two 
justifications were therefore introduced by Yeang (1996) on the 
concept of bioclimatic designs. The first is the achievement of 
the maximum level of comfort of users during a building’s 
usage. The second is the minimum energy consumption and 
cost involved in a building’s usage. However, these two ap-
proaches can be contradictory to each other; therefore, specific 
strategies must be utilized to ensure that they are implement-
ed successfully. There is a relationship between the climate, 
environment and humans in the bioclimatic perspective.  
This is illustrated in figure 1 below. 
 
 
 

 
 
 
 
 
 
 

 
Fig. 1.Relationship in bioclimatic design perspective 
Sources;https://www.google.com.tr/imgres?imgurl=http%3
A%2F%2Fblog.croftandassociates.com 
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Case studies have shown that when buildings respond to cli-
mate conditions, they exhibit high levels of energy efficiency. 
Therefore, climate is one of the major peculiarities that require 
attention in a building design process. In humid regions, de-
signs will have to vary from those in sub-tropical climate re-
gions. The level of heat and sunlight in humid regions should 
be paid specific attention to in design and as such map the 
bioclimatic components of the building design (Mc Lennan, 
Jason F. 2004). In the case that any bioclimatic components 
have been mapped out, then an understanding is required of 
the implementation of these components in the application of 
sustainable design principles in humid regions, the number of 
components applicable and the necessary conditions for the 
optimal functioning of these components.  
Based on the aforementioned, this research identifies the bio-
climatic components of sustainable designs and the develop-
mental procedures of bioclimatic designs that can be used in 
humid regions such as Nigeria. 
 
2.2 Cost of Bioclimatic designs 

Bioclimatic designs are not designs that require the pur-
chase or installation of complicated mechanisms as they use 
regular design principles to improve the energy performance 
of a building and provide thermal comfort. Low operational 
energy costs begin with designing buildings in order to max-
imize the available asset(s) of the site. This method of design 
imposes principles of guidelines, while still having the free-
dom to design in accordance to personal taste. These guide-
lines include the orientation of a building, the sun’s rays, and 
collection of rain water among many others. The objective is to 
have a building that is energy-efficient in relation with respect 
to its natural environment. 

2.3 Set Back of Bioclimatic designs 
Generally, cosmeticism have become more valuable to us and 
taken over thermal comfort. As a result, the functionality of 
buildings and quality of living in most cities have been lost. 
The word ‘building’ means more than just a habitable place, 
for many it is a show-off of prestige and consumerism. Bear-
ing that symbol, it must adapt to the established standards of 
status like convenience and leisure, while sometimes ignoring 
basic functionalities like the environment (i.e. Mc Mansions). 
In a society where consumption is used to promote growth in 
the economy, the principle of conservation of energy is viewed 
as a discomfort and a thing of low status. It sees waste as easy 
and prestigious living. As a result, many scientists regard 
global warming as having no immediate consequence, allow-
ing energy to be wasted continuously and neglect the fact that 
there are ways to reduce these operational energies and waste 
in relationship to their life styles. Consumerism encourages 
people to use artificial sources of energy in order to keep their 
businesses going. Therefore, this begs the question of whether 
societal success can still be attained through techniques for 
refinement as opposed to expansion.    
Most times, professionals in the building industry fail to look 
beyond the profit in their businesses to provide other alterna-
tives. Often times, they don’t strive to introduce new alterna-
tives to their customers. In economics, this is known as the 

Rational Man Model’, which is defined as “maximizing and 
promoting true self interest”. 

2.4 Operational Energy Principles 
Mechanical means of ventilation such as air – conditioners 
require a lot of energy (Hegger, 2008). Optimization of opera-
tional energy used can be minimized to the barest minimum 
by applying the following strategies (Sarte, 2010).  
2.4.1. Cross – ventilation 
Cross – ventilation can be achieved by the right placement of 
building windows.  A minimum of two windows positioned 
at different sides of the room can be used to ease the inflow 
and outflow of air. Inadequate airflow into and out of the 
room could be a cause for artificial medium; this could also 
cause poor indoor air quality. 
 
2.4.2 Natural lighting 
Visual comfort can be achieved by ensuring that there is ade-
quate daylight coming into the building. Correct positioning 
of windows and the use of adequate sizes of windows con-
tribute to visual comfort. The right proportion of light into a 
building does not only contribute to the reduction of opera-
tional energy costs but also to energy efficiency. Insufficient 
daylight into a building requires a high demand for artificial 
light during the day (Bauer2007). 
 
2.4.3 Building orientation    
The impact of a building’s orientation on energy consumption 
cannot be over-emphasized. A building’s optimum orientation 
is often overlooked due to other design considerations such as 
the orientation of the land, topography or gradient of the site, 
views etc. In the tropics, rectangular buildings with long ele-
vations facing north and south are preferred so as to minimize 
solar heat gain. 
 
2.4.4 Planting of trees and shrubs 
The planting of trees and shrubs at a building’s perimeters is 
an effective way to achieve a healthy environment. This pro-
vides good shading effects to a house. Planting of trees and 
shrubs also helps reduce carbon dioxide and release oxygen 
into the atmosphere (photosynthesis), thereby purifying the 
atmosphere. 
 
 
2.4.5 Configuration of building  
The configuration of a building entails the form and such 
building’s envelope (Sharma, 2002). The selection of eco-
friendly materials, shading devices and green roofs makes a 
big difference in a sustainable building.  
 
3.0 Methodology   
The figure below shows the design of a typical institutional 
building, which was positioned at the university of Abuja 
permit site located in the state capital of Nigeria. The building 
on the left is plain and finished with concrete while the one on 
the right is built of eco-friendly and sustainable materials such 
as red bricks as against the conventional cement bricks. PV 
panels were installed on the roof and larger windows were 
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employed. Both buildings were simulated and the results were 
compared in the following sections.  
 
3.0 Methodology   
Comparison of two typical design finishing with different ma-
terials and then simulated, which was positioned at the uni-
versity of Abuja permit site located in the state capital of Nige-
ria. The building on the left is plain and finished with concrete 
while the one on the right is built of eco-friendly and sustaina-
ble materials such as red bricks as against the conventional 
cement bricks. PV panels were installed on the roof and larger 
windows were employed. Both buildings were simulated and 
the results were compared in the following sections. 3Sections 
As demonstrated in this document, the numbering for sections 
upper case Arabic numerals, then upper case Arabic numerals, 
separated by periods. Initial paragraphs after the section title 
are not indented. Only the initial, introductory paragraph has 
a drop cap. 
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Figure 2. Annual carbon emissions from the proposed institu-

tional building in Nigeria 
Source autodesk revit 2017 

 
 
3.0 Findings and Discussions  
Figure 3 below shows that the proposed institutional building 
exhibits the same energy-use level but from the diagram on 
the right-hand side, there are photovoltaic panels which ena-
ble the building to reduce its carbon emissions. Having PV 
panels installed on the roof helped to reduce electricity con-
sumption thereby reducing CO2 emissions from the building. 
 
 

                                                       (metric tons/yr)
Electricity Consumption                                    0
Fuel Consumption                                            4  
Roof PV Potential (High Efficiency)                  0
Single 15’ Wind Turbine Potential                     0
Net CO                                                             42

metric tons/yr

                                                      (metric tons/yr)
Electricity Consumption                                    0
Fuel Consumption                                             4  
Roof PV Potential (High Efficiency)                  1
Single 15’ Wind Turbine Potential                     0
Net CO                                                             32

metric tons/yr

  
Figure 3. Annual carbon emissions from the proposed institu-

tional building in Nigeria  
Source autodesk revit 2017 

 
Figure 4 below shows that the building made of concrete and 
without PV panels displayed a high level of energy use/cost 
per year compared to the institutional building with walls 
made of bricks and roof with an installation of PV panels.  

                                                       
Electricity                    66%    
Fuel                             34%             

                                                       
Electricity                    58%    
Fuel                             42%   
                                                     

                    58%  
                    42%

                    34%  
                    66%

Figure 4. Annual energy use/cost of the proposed institutional 
building in Nigeria 

Source autodesk revit 2017 
 

The results from Figure 5 below show that the amount of 
money saved from the use of bioclimatic approaches on the 
institutional building was considerably higher than the build-
ing to which no bioclimatic approach was taken. 
 
 

                                                 
HVAC                          66%         
Domestic Hot Water    34%       
                                              

                                                 
HVAC                          55%         
Domestic Hot Water    45%            
                                              

 55%              
 45%        

Figure 5. Energy use (Fuel consumption) of the proposed insti-
tutional building in Nigeria 

Source autodesk revit 2017 
 
 
 
 
Figure 6 shows the different monthly cooling loads such as 
light fixtures and infiltration for the proposed institutional 
building. The monthly cooling load for the proposed building 
with no bioclimatic approaches such as the use of PV panels 
was higher than that of the proposed building with PV panels 
and brick walls.  
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Figure 6. Monthly cooling loads of the proposed institutional 
building in Nigeria 

Source autodesk revit 2017 
 
5. Conclusion.  
Sustainability, in general, is being practiced in several coun-
tries of the world using various approaches. The installation of 
PV panels is becoming a common practice in the construction 
industry in Nigeria and this has helped to boost the sustaina-
bility of buildings in Nigeria. The usage of large span win-
dows, green roofs are also bioclimatic approaches that are tak-
en towards ensuring sustainability in buildings in Nigeria.  
Power supply which is a major source of concern in Nigeria 
can be tackled through the use of photovoltaic panels. Another 
benefit of using PV panels can be explained in terms of CO2 
emissions. Fuel generators which emit large quantities of CO2 
in producing electricity will not be needed when there is solar 
energy being used in a building. 
Lastly, water-harvesting is another bioclimatic approach 
which fits well into the Nigerian context if applied efficiently. 
The country as a whole experiences high levels of rainfall at 
most times of the year. Hence, the need to develop this natural 
resource towards achieving bioclimatic designs in Nigeria. 
Nowadays, there are water-harvesting systems used in Nige-
ria but they can be better modified in terms of their functional-
ity. This can serve as a possible extension for this project. As 
the concept of sustainability continues to gain recognition 
worldwide, bioclimatic designs in Nigeria have come to stay. 

 

4 CONCLUSION 
Although a conclusion may review the main points of the pa-
per, do not replicate the abstract as the conclusion. A conclu-
sion might elaborate on the importance of the work or suggest 
applications and extensions. Authors are strongly encouraged 
not to call out multiple figures or tables in the conclusion—
these should be referenced in the body of the paper. 
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