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Abstract  There is a high level o f exposure to solar radiat ion in the tropical countries especially in Nigeria leading to the 
buildings being heated up. Consequently, buildings are used to provide the microclimate required for human existence. 
Therefore, building design should target min imizing heat gain indoors and maximizing evaporative cooling of the occupants 
of the spaces so as to achieve thermal comfort. Th is paper aims at assessing the appropriateness of the level of utilization of 
passive energy consumption of some selected build ings in Federal University of Technology, Akure with a v iew to 
developing an adaptive model for energy consumption in educational buildings. The study summarizes and interprets 
findings from empirical survey of some selected buildings through direct observations and facility survey to elicit relevant 
data relating to  build ing orientation and build ing shape, ventilation, wall placement, fins positions and landscape elements. 
Data obtained were collated and presented in the single factor descriptive analysis. The findings show that some of the 
buildings did not meet the minimum requirement of thermal comfort. The paper recommends that buildings should be 
oriented on East West axis to reduce exposure to sun. overhangs, verandas and balconies, courtyards and climate responsive 
design parameters should also be considered to aid natural ventilation. 
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1. Introduction 
Generally, man is an organism with great adaptive 

capability and can live under special conditions that 
determine his quality of life. Dobazhansky[1] observed that 
if man is to realize his full potentials to live, he must respond 
to changes in the environment through the thermoregulatory 
mechanis m. Man therefore requires an environment that is 
within the range of his adaptive capacity and if the 
environment fluctuate outside the normal, a  reaction  is 
required beyond its adaptive capacity which results to health 
challenges.  

Buildings are therefore used to provide the microclimate 
required for human existence. It defines spaces for all human 
activities. Olanipekun[2] asserted that buildings are essential 
modifiers of the microclimate; a space isolated from climat ic 
temperatu re and  humid ity  fluctuat ions  sheltered  from 
prevailing wind and precipitation and with enhancement of 
natural light. Luff[3] observed that the effect of ext reme  
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climate condition, which is discomfort could be reduced by 
provision of environmental services. Thermal comfort 
therefore is an important factor to consider in any climate 
region if man must continue to exist. 

Building design in tropical region especially in warm 
human climate should aim at minimizing heat gain indoors 
and maximizing evaporative cooling of the occupants of the 
space so as to achieve thermal comfort. In most cases, the 
passive technologies are not adequate in moderating indoor 
climate fo r human comfort thereby relying  on active energy 
technique to provide the needed comfort for the building 
users. Thus emphasising that most buildings in  our 
environment utilize more of active energy for both thermal 
and usual comfort showing that these buildings are not 
responsive to climate. It is on this note that this paper seek to 
assess the level of utilization of passive energy consumption 
of some selected build ings in Federal University of 
Technology, Akure. 

2. Literature Review 
2.1. Energy Consumption in Buildings 

Energy is required to cool to an acceptable human comfort  
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levels. These include residential, commercial, industrial and 
institutional buildings. International Energy Agency[4] 
report shows that public buildings consume 28% of total 
energy consume in the build ing section globally. Akinbanmi 
[5] revealed  that Nigerian electrically  consumption pattern in 
1995 showed that residential buildings, hotels, hospitals 
schools consumed 21% and industrial build ings consumed 
27% while the total energy consumption in the building 
sector were 39.1 (PJ). In 1998, the total energy consumption 
increased to 45.4% (PJ) with residential buildings 
consuming 53% (PJ), public build ings consuming 23% (PJ) 
and industrial build ings 24% (PJ). However, the energy 
consumption in buildings is being affected by the attitude 
and behaviour of the occupants, equipment installed, 
architectural design and materials used. John[6] maintained 
that efficient pricing of energy will affect  consumption 
pattern resulting in substantial gains in overall economic 
efficiency and competitiveness and substantive reduction in 
operating cost. According to Nyuk and Yu[7], air condition 
systems are the main consumer of energy in a tropical 
environment. Between 45 – 60% of the total energy required 
in buildings is used up for cooling. Stucker[8] concluded that 
an increase in  price would be regressive on household energy 
consumption budget. Dunkerley[9] indicated a significant 
response to prices of household’s energy – price elasticity of 
between – 0.60 and 0.80  

The energy used in buildings annually for cooling, 
ventilating, lighting, heating and servicing the buildings are 
responsible for 42% of all atmosphere emissions and 30% of 
all raw materials used. Excessive energy consumption leads 
to increased emission of carbon dioxides which is one if the 
major sources of green house gas emission. Increased 
emission of green house gases causes a drastic change in the 
climate system of the existence of the universe[10]. 

Energy conservation is the efficient utilization of energy 
resource through energy saving measure and technologies, to 
provide a unit o f economic and industrial activit ies using 
lesser quality of energy input[11]. Man’s activities have led 
to the consumption of high energy in build ing. BRE[12] and 
Fisk[13] stated that cooling, heating, lighting and power to 
operate all the equipment contained in build ing account for 
40-50% of all the primary energy consumed by the house 
hold in the United Kingdom. 

2.2. Energy Conservation in Building 

The standard of living in any economy, its development 
and growth depend upon the utilization  and development of 
its energy. In Nigeria, successive governments have 
allocated a proportion of national resources to the 
development of energy in the series of national development 
plans. Also various departments, agencies and parastatal 
have to some extent influenced energy decision in the area of 
articulate and efficient production management, energy for 
informat ion about the energy potential in the country to meet 
the anticipated demand. 

2.3. Passive Design Strategies 

Passive design strategies seek to reduce active energy 
budget of the building by close attention to passive energy. 
These are orientation, ventilation, illumination, location, size 
and orientation of windows vegetation and energy transfer 
properties of the building materials[14]. Dubin and Chalmers 
[15] referred to these building as zero energy building which 
employ the passive design strategies to function efficiently. 

The increase amount of energy required in the t ropical 
climate region to cool the building interior has necessitated 
the need for passive cooling in buildings. Solar radiation 
received in  the tropics is very high and the proportion of 
diffused radiat ion is also very high  due to high humidity 
region. This affects the thermal condition of build ing[7] 

The passive design energy strategies involve the use of 
natural energy in the environment which is available to the 
building through the use of microclimate, building form and 
fabric. According to Ogunsote and Ogunsote[16], the 
climatic variables that can be regulated include solar 
radiation (Sol-air) temperature, air temperature, relative 
humid ity, wind speed direction and glare. 

2.4. Orientation 

Buildings that are laid along the east-west direction with 
the blank walls facing the east-west direction and the 
window openings on the North-west direction will not only 
protect the building from heat and scotching effects 
produced by direct solar rad iation, it also enhances easy 
passage of south – west wind into the build ing[17]. Ogunsote, 
Ogunsote and Adegbie[10] asserted that in the hot and 
tropical climate region where there is a high level of 
radiation from the sun, proper building orientation ensures 
passive cooling in the building interior by reducing exposure 
of buildings to the sun. This can be achieved by allowing the 
longer axis of the building to face North South direction. 
This will minimize the hot rad iation from the sun received by 
building and also enhance cooling breeze penetration. 

2.5. Cross Ventilation 

Dunkerly[9] maintained that maximum air exchange 
between the interior and exterior must be ensured to provide 
an appropriate microclimate within a building in the tropics. 
Natural ventilat ion can be generated by wind pressure or 
thermal buoyancy i.e stack effect. These operate on building 
in varying proportions according to prevailing wind strength 
and temperature conditions[18]. A lso, the greater the area of 
fenestration provided to ensure cross ventilation, the g reater 
the amount of air exchanged. Louvre windows have been 
proven to allow for about 80% - 90% of air into space[19]. 

2.6. Courtyards 

Building in  the warm humid  climate should be constructed 
of thermally  light materials so that undesirable heat will not 
be stored in the courtyard walls which will radiate back into 
the courtyard space and disrupts the buoyancy cycle of the 



28 Aluko Olaniyi Olanipekun et al.:  Assessment of Educational Building Designs for Passive   
Energy in Nigeria: A Case Study of Federal University of Technology, Akure 

 

air movement. Trees, shrubs and other shading devices aid in 
allev iating the heat loss in the courtyard. On the other hand, 
the use of thermal mass and ventilation of cooler n ight air 
permit the storage of cold air within the courtyard space that 
will be released during the day[19]. 

2.7. Building Vegetation 

Lesiuk[20] stressed that vegetation has always played a 
vital ro le in the design of buildings. Designers are utilizing 
vegetation to moderate the immediate micro-climate 
environment by blocking the sun radiation from reaching the 
ground or the building. Shading is the first line of defence to 
reduce the ingress of solar gain and can also reduce the 
effective temperature as experienced by an  occupant by up to 
80C as reported by Nick and Koen[21] 

2.8. Building Openings 

Warren[22] stressed that a building with well located 
openings would be more effective in conserving active 
energy than one with almost no opening at all especially 
when air movement is used to create human comfort within 
the indoor space. Air movement within build ing is affected 
by the orientation, size, placement, rat io and type of opening 
which alter the inert ia pressure difference and buoyancy 
characteristics of air flow[17]. 

2.9. Natural Visual Comfort 

Natural visual comfort is associated with the amount of 
light needed for seeing and d iscernment. Day light is an 
integral part of the architectural design of the modern 
buildings for it determines the utilitarian as well as aesthetic 
environment provided by the designer. Plant, Longmore and 
Hopkinson[23] opined that the design factors to take into 
account include 
• Variations in  the amount and direction of the incident 

daylight 
• Luminance and luminance contribution of colour, 

cloudy and overcast skies 
• Variat ion in sunlight intensity and direction 
In addition, Longmore[24] stressed that quality of natural 

light inside a room is governed by 
• The nature and brightness of the sky 
• The size, shape and position of the windows and 
• Reflect ions from surfaces inside the room 
The quality o f light on a certain  surface is usually the 

primary consideration in the design of a lighting system and 
is specified  by the density of the luminous flux or 
illuminance and measured in lux. The luminance level 
changes with t ime and varies across the working p lane, 
Paix[25] asserted that the luminance needed for a particular 
task depends on the visual difficulty of the task, the average 
standard of eyesight involved and the type of performance 
expected.  

The natural light that provides illumination inside a room 
is usually a small factor of the total light available from a 
complete sky. The level of illuminance provided by the sky 

varies as the brightness of the sky varies, so, it is not possible 
to specify daylight by a fixed luminance level. Macmillan[26] 
asserted that the amount of daylight inside a room can be 
measured by comparing it  with the total daylight availab le 
outside the room. This rat io or daylight factor remains 
constant for a part icular situation because the two parts of the 
ratio vary in the same manner as the sky changes. Table 1 
shows some of the standard service luminance levels that are 
recommended by Mcmullan[26] for a variety of interior 
tasks. 

Table 1.  Standard service illuminances 

Location Illuminances 
(Lux) Position 

Entrance Halls 150 1.2m 
Stairs 150 Thread 

passageways 100 1.2m 
Outdoor Entrance 30 Ground 
General Clerical 500 Desk 
Typing Rooms 750 Copy 

Drawing Offices 750 Boards 
Filing Rooms 300 Labels 

Counters 500 Horizontal 
Supermarkets 500 Vertical 
Chalkboard 500 Vertical 
Classrooms 300 Desk 
Laboratories 500 Bench 

Bars 150 Tables 
Restaurants 100 Tables 

Kitchen 500 Workplace 

Source: Macmillan, R (2002) 

3. Findings and Discussions 
The physical characteristics of the buildings 
Analysis of the buildings based on mahoney analysis 

recommendation on the orientation of the buildings surveyed 
showed that 6 (33.33%) were oriented along East-west, a 
total of 12 (66.67%) were in  direct ions other than east to west 
axis ensuring that long sides did not face the north - south 
(Table 2). Also, 9 (50%) were rectangular in  shape, 2 (%) 
were V shaped, 1(%) had X shape, others. (Table 3). The 
orientation and placement of some of the buildings did not 
agree with orthner[17] and Ogunsote, Ogunsote & 
Adegbie[10] that buildings that are laid along the east-west 
direction with the blank walls facing the east-west direction 
and the window openings on the North-west direct ion will 
not only protect the building from heat and scotching effects 
produced by direct solar rad iation, it also enhances easy 
passage of south – west wind into the building. 

Out of the buildings surveyed, 9 (50%) had courtyards 
while a total no  of 9 (50%) of the build ings had no courtyards. 
However, all the build ings had 100% open spaces for breeze 
penetration and had adequate setbacks in-between and 
around the buildings and to the main roads taking advantage 
of natural wind currents and convention to cool spaces which 
are very effective ways of reducing the cooling load (Table 
4). (Plates 1 – 3) show some of the buildings with open 
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courtyards. School of Environmental Technology for 
example has two different courtyards exhibit ing both hard 
and soft landscaping. 

 
Source: Author’s field work (2012) 

Plate  1.  School of Environmental Technology, Federal University of 
Technology, Akure. Open courtyard with hard landscape 

 
Source: Author’s field work (2012) 

Plate  2.  Postgraduate Research Laboratory, Federal University of 
Technology, Akure. Open courtyard with soft landscape 

 
Source: Author’s field work (2012) 

Plate  3.  School of Environmental Technology, Federal University of 
Technology, Akure. Open courtyard with soft landscape 

Out of the build ings surveyed, 12 (66.66%) had openings 
of (40-80 %) on the north – south walls. A total of 6 (33.34%) 
of the build ings did not satisfy the mahoney analysis 
recommendation of 40 – 80% opening of north – south walls 
for effective natural thermal comfort in the warm humid 
climate (Table 5) 

Out of the buildings surveyed, 1 (5.56%) had large 
overhang of 900mm as shading device while 14(77.78%) 
had medium overhang of 600mm and 3(16.68%) of the 
buildings did not have any overhang. 15(83.34%) had 
overhang while 16.68% d id not have any overhang The use 
of overhang is only effective in the south facing windows 
because of its shading property which will b lock the sun 
from penetrating (Table 6). Ogunsote, Ogunsote & 
Adegbie[10] opined that overhangs are not effective on East 
or west facing windows because sun is too low in the 
morn ing and afternoon for an overhang to provide any 
effective shade  

Out of the build ings surveyed, 18(100%) had 225mm 
heavy external and 18(100%) had 150mm internal walls 
while majority had rooms single backed with permanent 
provision for air movement except where there were 
partitions which did not allow rooms single backed with 
permanent provisions for air movement (Table 7) 

 
Source: Author’s field work (2012) 

Plate 4.  Central Research Laboratory, Federal University of Technology, 
Akure. Use of vertical fins as shading device  

 
Source: Author’s field work (2012) 

Plate  5.  School of Management Technology, Federal University of 
Technology, Akure. Use of vertical fins as shading devices  
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Source: Author’s field work (2012) 

Plate  6.  School of Earth and Mineral Sciences, Federal University of 
Technology, Akure. Use of vertical fins as shading devices  

On the analysis of the fins, 8(44%) used vertical fins while 
7(38.89%) had  no fins. 3(16.67%) used eggcrate i.e  the 
combination of both vertical and horizontal fins as shading 
devices. In all, there were no horizontal fins in a single 
building (Tab le 8). Nick and Koen[21], Ogunsote, Ogunsote 
and Adegbie[10] asserted that shading is the first line of 
defense to reduce the effective temperature and that south 
facing windows can be shaded with overhangs which the sun 
from penetrating. (Plates 4 – 6) show how vert ical fins are 
used as shading device for the build ings. 

Analysis of landscape revealed that all the build ings made 
use of soft landscape elements, however, 2(11.11%) had 
grasses planted only around the buildings while 9(50%) had 
grasses and shrubs planted around the buildings and 
7(38.89%) had grasses, shrubs, ground covers, flowers and 
trees planted around the buildings (Table 9). Nyuk and Yu[7] 
opined that plant prevents most solar radiation from striking 
the surface such as concrete, bricks and asphalt and had been 
shown that about 25 – 80% savings on air conditioning can 
be achieved with plants strategically placed around buildings. 
Modification of the surrounding climate and irradiance 
reduction achieved by plants is an efficient lower energy 
usage for space cooling. (Plates 7 – 10) Analysis of 
landscape show the buildings with landscape elements with   
grasses, shrubs, ground covers, flowers and trees planted 
around the buildings, 

 
Source: Author’s field work (2012) 

Plate  7.  A set of buildings, Federal University of Technology, Akure. Use 
of landscape in surrounding environment 

  
Source: Author’s field work (2012) 

Plate  8.  A set of buildings, Federal University of Technology, Akure. Use 
of landscape in surrounding environment  

 
Source: Author’s field work (2012) 

Plate  9.  School of Science, Federal University of Technology, Akure. Use 
of landscape in surrounding environment  

 
Source: Author’s field work (2012) 

Plate  10.  School of Agriculture and Agricultural Technology, Federal 
University of Technology, Akure. Use of landscape in surrounding 
environment 
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4. Summary and Conclusions 
Having analysed the various parameters relevant to the 

determination of passive energy consumption level, the 
variables that had the most significant correlation with it 
were natural thermal comfort level and natural visual 
comfort level, even though the latter was not considered in 
this paper. The assessment of the level of utilization and 
effectiveness of passive energy educational building design 
for energy conservation in Federal University of Technology, 
Akure showed that some of the buildings studied did not 

conform to the climate responsive design parameters and the 
results indicated that adequate natural cross ventilation is 
essential for adequate thermal comfort in the warm humid 
climate. 

Based on the optimal passive energy approach, naturally 
ventilated educational buildings are recommended for the 
attainment of maximum natural indoor thermal comfort and 
minimal active energy consumption. To further improve on 
the natural thermal and visual comfort conditions within the 
school, it is suggested that design recommendations based on 
Mahoney table should be adopted for design purpose 

Appendices 
Building Analysis based on Mahoney Analysis Recommendation 

Table 2.  Orientation of buildings 

BUILDINGS E-W N-S NW-SE NE-SW TOTAL 
SEET   -   
SET   - ●  

SEMS   - ●  
SMAT   - ●  
CRL   - ●  

PGDRL 2   - ●  
SPGS  ● -   
SAAT ●  -   
ETF ●  -   
BLT  ● -   
SLT  ● -   
SOS ●  -   
EWS ●  -   
GTL  ● -   
EEL  ● -   

PGDL 1  ● -   
AB ●  -   

CCEA  ● -   
TOTAL 6 7 0 5 18 

PERCENTAGE 33.3 38.89 0.00 27.78 100 
Source: Author (2012) 

Table 3.  Shape of buildings surveyed 

BUILDINGS RECTANGLE SQUARE L- SHAPE U- SHAPE X – SHAPE OTHERS TOTAL 
SEET ●       
SET      ●  

SEMS ●       
SMAT ●       
CRL ●       

PGDRL 2   ●     
SPGS      ●  
SAAT ●       
ETF ●       
BLT ●       
SLT ●       
SOS     ●   
EWS      ●  
GLT ●       
EEL    ●    

PGDL 1    ●    
AB ●       

CCEA ●       
TOTAL 11  1 2 1 3 18 

PERCENTAGE 61.11  5.56 11.11 5.56 16.66 100 
Source: Author (2012) 
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Table 4.  Open space for breeze penetration in the buildings (Courtyard) 

BUILDINGS Open space No open space TOTAL 

SEET ●   

SET ●   

SEMS ●   

SMvAT  ●  

CRL  ●  

PGDRL 2  ●  

SPGS ●   

SAAT ●   

ETF  ●  

BLT  ●  

SLT  ●  

SOS ●   

EWS ●   

GTL  ●  

EEL  ●  

PGDL 1  ●  

AB ●   

CCEA ●   

TOTAL 9 9 18 

PERCENTAGE 50 50 100 

Source: Author (2012) 

Table 5.  Large openings (40-80%) on North- South walls of buildings 

BUILDINGS 10-19 20-39 40-80 TOTAL 
SEET   ●  
SET   ●  

SEMS   ●  
SMAT   ●  
CRL   ●  

PGDRL 2   ●  
SPGS   ●  
SAAT   ●  
ETF   ●  
BLT ●    
SLT  ●   
SOS  ●   
EWS ●    
GTL ●    
EEL   ●  

PGDL 1   ●  
AB   ●  

CCEA  ●   
TOTAL 3 3 12 18 

PERCENTAGE 16.67 16.67 66.66 100 

Source: Author (2012) 
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Table 6.  Large overhangs on East - West direction of the buildings 

Buildings Large Overhangs(900mm) Mediun 
Overhangs(600mm) No Overhang Total 

Seet   ●  
Set  ●   

Sems  ●   
Smat ●    
Crl  ●   

Pgdrl 2  ●   
Spgs  ●   
Saat   ●  
Etf   ●  
Blt  ●   
Slt   ●   
Sos  ●   
Ews  ●   
Gtl  ●   
Eel  ●   

Pgdl 1  ●   
Ab  ●   

Ccea  ●   
Total 1 14 3 18 

Percentage 5.56 77.78 16.66 100 

Source: Author (2012) 

Table 7.  External and Internal wall of the buildings 

BUILDINGS EXTERNAL WALL (225MM) INTERNAL WALL (150MM) TOTAL 
SEET ● ●  
SET ● ●  

SEMS ● ●  
SMAT ● ●  
CRL ● ●  

PGDRL 2 ● ●  
SPGS ● ●  
SAAT ● ●  
ETF ● ●  
BLT ● ●  
SLT ● ●  
SOS ● ●  
EWS ● ●  
GTL ● ●  
EEL ● ●  

PGDL 1 ● ●  
AB ● ●v  

CCEA ● ●  
TOTAL 18 18  

PERCENTAGE 100 100  

Source: Author (2012) 
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Table 8.  Fins Analysis of the buildings 

BUILDINGS VERTICAL FI 
FINS HORIZONTAL EGGCRATE NO FINS TOTAL 

SEET ●     
SET   ●   

SEMS ●     
SMAT    ●  
CRL ●     

PGDRL 2 ●     
SPGS ●     
SAAT ●     
ETF    ●  
BLT ●     
SLT ●     
SOS    ●  
EWS   ●   
GTL    ●  
EEL    ●  

PGDL 1    ●  
AB   ●   

CCEA    ●  
TOTAL 8 0 3 7 18 

PERCENTAGE 44.44 0 16.67 38.89 100 
Source: Author (2012) 

Table 9.  Landscape Analysis of the buildings 

BUILDINGS GRASS GRASSES AND SHRUBS GRASSES, SHRUBS AND TREES TOTAL 
SEET  ●   
SET   ●  

SEMS   ●  
SMAT  ●   
CRL ●    

PGDRL 2  ●   
SPGS  ●   
SAAT   ●  
ETF   ●  
BLT   ●  
SLT   ●  
Lln5 

hyg31KLKSOS  ●   

EWS  ●   
GTL ●    
EEL  ●   

PGDL 1   ●  
AB  ●   

CCEA  ●   
TOTAL 2 9 7 18 

PERCENTAGE 11.11 50 38.89 100 
Source: Author (2012) 

LEGEND 
SEET – School of Engineering and Engineering 

Technology 
SET – School o f Environmental Technology 
SEMS – School of Earth and Mineral Sciences 
SMAT – School of Management Technology 
CRL - Central Research Laboratory 
PGDRL 2 – Post Graduate Research Laboratory 2 
SPGS – School of Post Graduate Studies 
SAAT – School of Agric and Agric Technology 
ETF – Education Task Force Build ing (750 Capacity 

Auditorium) 
BLT – Big Lecture Theatre 
SLT – Small Lecture Theatre 
SOS – School of Science 
EWS – Engineering Workshop 
GTL – Geo Technical Laboratory 
EEL – Electrical Electronic Laboratory  
PGDRL 1 – Post Graduate Research Laboratory 1 
AB – Academic Build ing 
CCEA –  Centre for Continuous Education (Admin  

Building) 
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