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ABSTRACT: In the light of global concerns for sustainable environment, careful attention should 
be given to increased energy use in office buildings, especially energy use to achieve thermal comfort. 
In Nigeria, energy demand for thermal comfort in office buildings is very high and there is also high 
dependence on mechanical cooling devices that are powered by fossil fuels during office hours. It is 
important to maintain good thermal performance of office building to achieve sustainable 
environment. This study evaluates thermal performance of an existing office building in order to 
reveal the building’s design response to microclimatic variables that affect thermal comfort. Visual 
inspection of the building design was conducted to check for passive design features that could affect 
thermal performance in the case building. Moreover, an experimental investigation was scheduled 
during rainy and dry season to assess air temperature and relative humidity variations within the 
building. The case study office building is located in Akure, a city within the warm-humid climate 
region of Nigeria. Tiny Tag Ultra 2 Dual Channel Temperature/Relative Humidity (TGU-4500) Data 
loggers were employed for the building microclimate monitoring. Temperature-Humidity Index 
(THI) was evaluated from the data gathered using mathematical model. Results showed that average 
values of comfort index THI are within hot category throughout the period of the investigation. 
Although thermal distress during rainy season was milder than that of dry season. Building design 
affect thermal performance and indoor comfort conditions of office building, consequently, office 
buildings’ design should be such that enhance energy savings and improved indoor thermal comfort 
conditions. This study recommends evaluation of thermal performance of existing office buildings, 
in order to determine their effects and contribution to environmental sustainability  
 
Keywords: Thermal Performance, Built Environment, Office Building, Nigeria, Warm-Humid    
Region  
 

               JoST. 2021. 11(1): 50-59  
              Accepted for Publication, April 30, 2021 

 
INTRODUCTION 

Evaluation of thermal performance of buildings 
to improve on design strategies and practices of 
energy efficiency play a major role to deliver a 
sustainable built environment. Thermal 
performance is a very important consideration 
in building design as it affects heat gain or heat 
loss in buildings, energy consumption and 
carbon emission which could affect global 
warming and causes climate change. Where 
buildings’ envelopes are poorly designed, large 
amount of energy may be required for 

conditioning indoor thermal environment. The 
built environment is affected by various 
activities from building; the direct and indirect 
burning of fossil fuel through buildings’ 
HVAC&R (Heating, Ventilating, Air 
Conditioning & Refrigerating) systems increase 
emissions of greenhouse gases (ASHRAE 
2020). The HVAC&R systems are utilised for 
conditioning the indoor environment of 
buildings, this allows building users to be 
thermally comfortable.  
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 The over dependence on HVAC&R systems in 
buildings, especially in Nigeria, where larger 
percentage of energy is from fossil fuels, poses 
risk to sustainable environment. Moreover, the 
warm-humid climatic region of Nigeria is faced 
with high temperature and high humidity almost 
throughout the year, this affects the amount of 
energy consumption to achieve thermal 
comfort. International Energy Agency, (IEA, 
2018) states that the use of air conditioners and 
electric fans to achieve thermal comfort 
accounts for nearly 20% of the overall amount 
of electricity used in buildings from across the 
world. There is an urgent call for action by all 
developed and developing countries of the 
world in a global partnership to ensure 
sustainable environment. 
The significance of evaluation of building’s 
thermal performance cannot be 
overemphasised, since thermal performance has 
a direct link with the indoor thermal comfort, 
energy consumption and best practices in 
design of sustainable buildings. It would be in 
the interest of achieving sustainable built 
environment to determine how new and existing 
buildings performs thermally. Thermal 
performance of building helps to understand 
factors that contribute to the poor indoor 
thermal condition, the energy performance and 
consumption. This is a case of Stefanoiu, 
(2017), where energy performance of 
residential buildings was evaluated through 
onsite monitoring and comparing with 
simulated results.  
Korniyenko, (2015) evaluates thermal 
performance of residential building envelope 
using instrumental and visual inspection and 
developing suggestion aimed at enhancing 
thermal performance of building envelope 
elements. A similar study on evaluating thermal 
performance of building is Balogun et al. 
(2014), where effect of outdoor tree shade on 
thermal performance and energy demand of two 
similar urban buildings were investigated using 
I-Button Temperature Sensor to monitor air 
temperature both inside and outside the case 
buildings and Laser Thermometer to measure 
wall surface temperature. The focus is to 
present the effect of outdoor environment on the 
indoor comfort conditions through the thermal 

performance of the building envelope. 
Moreover, Lina and Valdas (2008) evaluated 
indoor comfort conditions in offices located in 
buildings with high glassed area through 
objective evaluation of microclimatic 
parameters.  
In Nigeria, research on thermal performance of 
office buildings is very limited. Achieving 
thermal comfort is directly related to thermal 
performance of buildings and this could exert 
significant negative effect on the built 
environment. Some studies confirmed that 
cooling of building interiors to achieve thermal 
comfort is one of the biggest problems faced in 
buildings within the warm-humid climate 
region of Nigeria (Batagarawa, 2013). It is 
therefore important to determine how buildings 
performs thermally so as to reduce energy 
demand and hence sustain the built 
environment. This study would therefore 
evaluate the thermal performance of the 
selected case office building within the warm-
humid climatic region of Nigeria evidenced in 
the indoor thermal comfort conditions. The 
study would find out what design features 
present that could enhance thermal performance 
of the selected office building, how does the 
building’s design respond to microclimatic 
variables of air temperature and relative 
humidity and what level of thermal comfort 
exist within the office building’s indoor 
environment.      
 
Thermal Performance of Buildings  
Thermal performance of buildings is critical to 
achieving sustainable built environment. It is an 
inherent process of representing the energy 
transfer between the building and the 
surrounding microclimate. The building 
envelope which consists of roofs, walls, 
window and doors are the elements that affect 
the heat transfer into the building interiors. 
According to Worawan et al. (2016), carrying 
out building thermal performance assessment 
would help to analyse heat energy performance 
and comfort levels in the buildings. It would 
also help to understand performance 
shortcomings and suggest improvement 
strategies.  
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Thermal performance of buildings depends on a 
number of factors, these are; design variables 
which is also referred to as geometrical 
dimensions of building elements including 
walls, roofs and windows; material properties 
including density, specific heat and thermal 
conductivity; weather data such as solar 
radiation, ambient temperature, wind speed, 
humidity; building usage data (internal gains 
due to occupants, lighting and exchanges). 
When design variables are passively 
incorporated in building, this could enhance 
good thermal performance and reduce energy 
loads (Zahiri & Altan, 2016). Passive design 
features or strategies that improves buildings’ 
thermal performance are proper building 
orientation (North-South orientation for 
buildings in warm/hot climate), reflective 
insulation in walls and roofs, use of shading 
devices (in form of overhangs, fins, verandah, 
double skin facades), use of thermal mass in 
walls, natural ventilation strategy, outdoor 
environment solar control strategies (using 
trees, shrubs and grasses) and use of reflective 
surfaces (in roofs and external walls). A 
considerable impact on conditioning outdoor 
and indoor thermal environment is achieved and 
a significant effect on energy reduction is 
recorded (Balogun et al., (2014); Zahiri & 
Altan, 2016).               
Kaymaz and Sezer, (2015) highlight benefits of 
evaluating thermal performance of buildings to 
include evaluating energy consumption of 
existing buildings and identifying building 
envelope renovation regime that would further 
enhance performance and help buildings 
comply with the latest energy standards. 
Benefits also include improving upon existing 
strategies in new building design. All these 
benefits improve the environment and enhance 
the quality of life of people.  
 
Methods of Evaluation of Thermal 
Performance  
Several methods of evaluation of thermal 
performance of buildings avails in literatures. 
Building monitoring through physical 
measurement of the indoor and outdoor 
microclimate parameters is a process of 
evaluating the performance of buildings, where 

problems affecting thermal and energy issues in 
buildings are detected (Hyde, 2008). 
Monitoring buildings serves to understand 
certain phenomena of building elements, 
materials for construction and providing data to 
test and validate theories regarding those 
phenomena. There are a number of monitoring 
types that can be conducted to assess the 
performance of a building. These are 
monitoring of the indoor environment 
(temperature, humidity and light levels), the 
outdoor environment (temperature, humidity, 
solar radiation, wind speed and direction), the 
total energy use and the breakdown of 
electricity use. The monitoring can be done at 
various time intervals employing monitoring 
equipment for a period of time. 
Calculation of U-values of building 
components is another method of evaluating 
thermal performance of building. It is referred 
to as heat transfer coefficients or thermal 
transmittance of a building elements. It is a 
measure of how effective buildings elements or 
components are in preventing heat from 
transmitting between the inside and outside of a 
building. Kaymaz and Sezer (2015) defined it 
as the capacity of building assembly to resist 
heat transfer by conduction, convection and 
radiation between inside and outside of 
buildings. U-value describes the pattern of heat 
gain and heat loss in building envelopes 
(Kaymaz & Sezer, 2015). Thermal behaviour of 
various components in buildings such as walls, 
roofs, windows and floors could be determined 
and predicted through the basic data of U-
values. U-value is given as the reciprocal of 
resistance of building elements i.e U=1/R, 
where R is the resistance of various components 
of building.  
Visual inspection could also be used to detect 
shortcomings in the design of building elements  
which does not comply to strategies  that 
enhance thermal performance such as  proper 
building orientation, shading devices, use of 
reflective insulation, use of low-emissivity 
glassing window, use of vegetation around 
buildings, use of courtyards, cross ventilation, 
single banking layout and use of reflective 
surfaces. The integration of visual inspection 
with other method of evaluation of thermal 
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performance helps to determine the 
thermotechnical state of buildings (Korniyenko, 
2015).     
Thermal imaging is a method of diagnosing the 
thermal condition of buildings, detecting the 
actual area of heat sources and measuring heat 
emissivity by transforming hidden 
characteristics to visible images (Worawan et 
al., 2016). The different temperatures ranges of 
building surfaces are shown by the colour 
pattern in thermal images. Thermal imaging 
provides data to support thermal comfort 
analysis and helps identifying potential areas 
that need to be improved. Thermal imaging is 
obtained with the use of thermal camera which 
detects surface temperature of buildings.  
Another method of evaluating thermal 
performance of buildings is the use of comfort 
indices.  This group of indices could be based 
on direct measurement of physical parameters 
characterising a thermal environment. The 
human physiological effects are not taken into 
account (Carlucci, 2013).  Indices related to this 
category are Equivalent temperature, the Globe 
thermometer temperature, Operative 
temperature, Temperature-Humidity Index 
(Thermo-Hygrometric Index), amongst others. 
Temperature-Humidity Index (THI) also 
referred to as Thermo-Hygrometric Index or 
Discomfort index is one of the widely used 
indices for the calculation of thermal comfort 
condition in an environment. It is an index used 
to determine effect of heat stress condition on 
human comfort combining temperature and 
humidity (AMS Glossary, 2014). The decisive 
role of human physiology, activity and clothing 
are ignored while calculating THI.    

Temperature Humidity Index (THI) was 
developed for humans, although its application 
has been extended to other areas such as farm 
buildings. This index has the capability of 
giving direct rather than predictive result of 
thermal comfort conditions, relying on 
measured values of temperature and relative 
humidity, (Irmak et al., 2013). THI uses the 
relative effects of air temperature and relative 
humidity for the calculation of human comfort 
conditions. It employs simple linear equation; 
THI = t – (0.55 - 0.055f )( t – 14.5) where t 
represents air temperature (Ta) and f relative 
humidity (RH) (Irmak, et al’, 2013); (Balogun 
et al., 2014).   The calculated thermal comfort 
results are evaluated considering the 
predetermined categories as shown in Table 1, 
which classifies the comfort conditions 
according to human sensation of air 
temperature.  
 
Table 1: Temperature-Humidity Index 
(THI) Thermal Categories                

THI (co) Thermal Category 
Below 40 Hypergalcier 
-39.9 to -20 Glacier 
-19.9 to -10 Extremely Cold 
-9.9 to – 1.8 Very Cold 
-1.7 to +12.9 Cold 
+13 to +14.9 Cool 
+15 to +19.9 Comfortable 
+20 to +26.4 Hot 
+26.5 to +29.9 Very Hot 
Above +30 Torrid 

Source: Irmak et al., (2013); Balogun et al., 
(2014) 

 
METHODS AND MATERIALS 

Study Area 
This study was conducted in the Warm-Humid 
of the Tropical Climate of Akure, Nigeria. A 
case study office building (Senate Building 
Phase II) was selected from the Federal 
University of Technology, Akure. It is the 
administrative building of the university 
housing the offices of the Vice Chancellor and 
other key administrative officers. The building 
was constructed in the year 2013. It has one 
major floor and a basement toward the left side 

elevation (west view) of the building. The 
building has a vast area tarred for parking lots, 
but also have green area consisting of flowers, 
grasses and trees. Less than five trees are 
present close to the building, but the adjoining 
car parks are shaded with more trees (Figure 3). 
Figure 2 shows the google satellite image of the 
Senate Building Phase II. Its characteristics is 
as show in Table 2, while Figure 1 shows the 
front and back elevations.     
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Table 2: Characteristics of Senate Building Phase II 
Element Characteristics 

Roof Long span aluminium roof with parapet wall 
Window Type Sliding clear glass panel with aluminium frame 
Wall Material  225mm Sandcrete Block Wall 
Orientation North-West 
Envelope treatment Unshaded envelope with off-white coloured paint 
Building Form Rectangular with Atrium (Double Banking 

Layout). 
Building Elevation 389m Above Sea Level 

 

           
           Figure 1: Front and Back Elevations of Senate Building Phase II           
 

 
Figure 2: Google Satellite layout plan of Senate Building   Phase II, FUTA 

 

 
Figure 3: Images showing the outdoor environment around Senate Building Phase II 
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Visual Inspection and Experimental Field 
Measurement  
Visual inspection of the building design was 
carried out to note the passive design features 
adopted using a check list on passive design 
principles as specified by Building Energy 
Efficiency Guidelines for Nigeria (NESP, 2016) 
and Climate Specific Passive Building 
Standards of the US Department of Energy 
(Wright & Klingerberg, 2015). The passive 
design principles included in the check list for 
this study are: proper building orientation, 
shading devices, use of courtyard, use of 
reflective wall surfaces, single banking layout, 
tress and shrubs, use of reflective insulation, 
low-emissivity window glassing, and cross 
ventilation. The characteristics of the case study 
building was examined and recorded, these 
comprise, roof and window types, building 
orientation, wall and roof materials, building 
elevation and wall treatment (Table 2).  
Climatic data for this study was obtained 
through field measurement of indoor and 
outdoor microclimatic variables of air 
temperature and relative humidity. Field 
measurement of the microclimatic parameters 
of air temperature and relative humidity was 
carried out in a west oriented office space where 
air conditioner was not used throughout the 
periods of the investigation. The field 
measurement was conducted from September 
2017 to April 2018. The month of September is 
the second peak of rainy season in Nigeria, with 
the months of October, March and April are 
rainy season period for the investigation. 
November, December, January and February 
are the months during the dry season when the 
investigation was conducted. Tinytag Ultra 2 
Dual Channel Temperature/Relative Humidity 
(TGU-4500) Data loggers (Figure 4) with high 
reading accuracy and resolution, 32,000 reading 
capacity, large memory, a fast offload and a low 
battery monitor were used for the 
measurements. The coordinates of the case 
buildings and their elevations from the earth 
surface were taken with the aid of a hand held 
Global Positioning System (GPS) device, 
Garmin e-Trex 10.  
Some precautions were taken to ensure accurate 
readings of the indoor and outdoor 

microclimatic data. Indoor data loggers were 
mounted away from direct heat sources of 
office appliances such as computers and 
printers. It was also placed in office space where 
air conditioner was not used throughout the 
period of the investigation. Outdoor data logger 
was mounted in the open space, not shaded by 
any object as specified by Hyde, (2008), 
although the logger was placed inside open 
plastic shield like a Stevenson Screen to protect 
it from rain and direct sun shine. Both indoor 
and outdoor loggers were set to record air 
temperature and relative humidity at an interval 
of ten minutes continuously in the case study 
building. The recorded data is downloaded 
through the Tiny Tag Explorer Software into 
the computer at the end of every two weeks. The 
downloaded data was sorted and imported to 
Microsoft Excel Worksheet for further analysis. 

 
Figure 4: Tinytag Ultra 2 Dual Channel 
Temperature/Relative Humidity (TGU-

4500) Data loggers 
 
Method of Analysis 
The check list parameters for the visual 
inspection of the case building were tabulated 
and recorded. Indoor and outdoor air 
temperature and relative humidity data 
measured at ten minutes interval was sorted into 
hourly, daily and monthly data. The data is 
presented in tables and graphs, using Microsoft 
Excel Worksheet and R software showing the 
seasonal variations of air temperature and 
relative humidity in the investigated buildings. 
In order to predict the overall thermal 
performance of the case office building, thermal 
comfort index (Temperature-Humidity Index, 
THI) was evaluated to predict the acceptable 
comfort level achieved within the interiors of 
the case office building. THI was considered an 
appropriate comfort index in this study because 
it was developed to determine comfort state in a 
warm or summer environmental conditions, 
combining the effect of temperature and relative 



 

Journal of Sustainable Technology, Vol. 11, No. 1 (April 2021), ISSN: 2251-0680   Pp 56 

humidity only to give direct rather than 
predictive result of thermal comfort conditions. 
It ignores the human physiology, activity and 
clothing. This study objectively investigates the 
two major environmental stressors; which are 
air temperature and relative humidity.  
  
Temperature-Humidity Index (THI) was 
evaluated using:   
𝑇𝐻𝐼 = 𝑡 − (0.55 − 0.055𝑓)(𝑡 − 14.5) …. (1)  

Where  𝑡 = air temperature in degree Celsius (oC), 
f = relative humidity.  
The values obtained were then compared with 
the standard THI values as indicated by Irmak 
et al., (2013) to ascertain comfort condition in 
the office building. The result is to suggest the 
response of the studied office buildings to 
microclimatic parameters that affects thermal 
comfort and predict the indoor environmental 
condition of the studied office building. 
 

 
RESULTS AND DISCUSSION 

Visual Inspection of Passive Design Principle 
in the Case Building  
The visual inspection of the Senate Building 
Phase II reveals the deficiency of the building 
design in passive design principles as shown in 
Table 3. Many of the passive design principles 
that could enhance thermal performance are not 
present; the building has reflective wall surface 
being painted   with off-white paint, shrubs and 
grasses are also present around the buildings. 
The internal room arrangement is double 
banking, this ampere adequate provision for 
cross ventilation. There were no shading 
devices to reduce the direct transmission of 
solar radiation into the interior spaces and 
thereby increases heat gains that cause thermal 
discomfort.  
 
Table 3: Check-List of Passive Design 
Principles in Senate Building Phase II 

Passive Design Principle Senate 
Building 
Phase II 

(SENATE) 
Proper Building Orientation 
(N-S) 

× 

Shading Devices × 
Use of Courtyard × 
Use of Reflective Wall 
Surfaces 

√ 

Single Banking Layout × 
Trees and Shrubs √ 
Use of Reflective   Insulation × 
Low emissivity glassing 
Window 

× 

Cross Ventilation × 

 

Moreover, the glassing for the window is of 
single pane ordinary clear glass, which absorb 
large amount of heat and transmit it into indoor 
space. Use of energy-efficient glassing such as 
low-solar gain-low emissivity glassing for 
windows in office buildings within tropical 
climate reduce cooling energy demand, this 
improves thermal performance. Non-present of 
all the passive design principles result in low 
thermal performance of the case study building.  
 
Evaluation of Comfort Index (Temperature-
Humidity Index THI)   
Temperature Humidity Index (THI) was 
evaluated for the month of September; one of 
the peaks of rainy season in Nigeria, the month 
of October; a transition period from rainy 
season to dry season and the month of February 
one of the hottest month during dry season. The 
result of the analysis for the average values in 
September, October and February is presented 
in Table 4 and Figure 5. Senate Building Phase 
II has the THI values of 20.83 OC, 21.20 OC and 
21.79 OC respectively.  
Comparing the result of the case building with 
the thermal category of THI as specified by 
Irmak, Yilmaz, Yilmaz, Oser and Toy, (2013); 
+13 to +14.9 Cool; +15 to +19.9 Comfortable; 
+20 to +26.4 Hot;  +26.5 to +29.9 Very Hot; 
Above +30 Torrid; it was deduced that Senate 
Building Phase II has hot discomfort throughout 
the three months, although, the thermal distress 
was not extreme (Table 1). Comparison of the 
seasonal variations of the indoor and outdoor air 
temperature and relative humidity values 
(Figure 6 and 7) show the value of air 
temperature during the month of September 
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which is one of the peaks of rainy season to be 
the lowest, while the value of relative humidity 
is the highest. Month of February shows highest 
value of air temperature while the value of 
relative humidity is the lowest. Thermal 
discomfort is felt during rainy and dry seasons 
in the investigated office building.  
 
 
 

Table 4: Senate Building Temperature-
Humidity Index (THI) 

Month                              
Monthly THI (OC) 

September 20.83 
October 21.20 
February 21.79 

 
 

 
Figure 5: Senate Building Phase II Temperature-Humidity Index (THI) 

 

 
Figure 6: Seasonal Variation of Air Temperature of Senate Building Phase II 
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Figure 7: Seasonal Variation of Relative Humidity of Senate Building Phase II 

 
CONCLUSION

In this study, evaluation of thermal performance 
of the case office building reveals that very few 
passive design features are present. This affects 
the indoor comfort conditions by causing a rise 
in the indoor air temperature and relative 
humidity because passive design features 
present are not adequate to reduce heat gains 
into the interior space. The case study building 
shows hot thermal discomfort during rainy and 
dry seasons in Nigeria. This indicates 

dependence on mechanical cooling devices that 
uses fossil fuels as source of power, negative 
effect is exerted on the environment through 
this. Low thermal performance of the case 
office building would increase energy demand 
to achieve comfort. This study therefore 
recommends evaluation of thermal performance 
of existing office buildings, in order to 
determine their effects and contribution to 
environmental sustainability. 
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