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ABSTRACT 

In most of tropical regions of the world the major challenges in creating thermal friendly indoor 

space is heat. Heat is among one of the major determinant of thermal comfort that passes and 

leaves through the building facades; which the focal interface is between indoors and outdoors. 

This research aims to find the reaction of South and West facing façade of condominium building 

to the external environment as well as identify if the facades do fit for handling the warm climate 

of Adama city. Ambient temperature(indoor &outdoor) , surface  temperature( exterior &  

interior) and humidity of the room within 2hrs interval (5 times a day)  for four consecutive days 

in three months(March, April & May) were measured  and used alongside the thermal 

conductivity values of the facade layers derived from literatures. MS Excel and formulas retrieved 

from literatures were used to analyze the data. Comparatively high thermal transmittance 

(1.2w/m2k) ,low thermal insulance (0.83m2k/w)  &   low absolute thermal resistance (10.406k/w , 

9.756k/w is  due to air gap) were among the results from the analysis , which indicate low 

performance of the facades. Relative humidity and room temperature results also do not 

completely fall inside the thermal comfort zone of Adama city: which depicts the existing facades 

are incapable of fulfilling  thermal comfort throughout the daytime period.  Heat transfer rate as 

low as -34.4J/sec (in April) & -45.29J/sec (in April) and as high as 73.3J/sec (in March) & 

96.4J/sec (in March) were recorded for South and West facades respectively. Both facades do 

start gaining heat after midday, though the West facade receives quite more rapidly than South 

façade. Overall the existing facades do need optimization to enable them cope up with warm 

climate of Adama city. The research suggested optional facades by changing the existing air gap 

(16cm) of the facades to 20(+4cm) & 24(+8cm) in order to increase thermal performance of the 

facades with minor intervention. The results found were ,23.44%  & 46.8% increase in absolute 

thermal resistance ,19.17% & 15.8% decrease in thermal transmittance for an extra 4 & 8cm air 

gap respectively.. This modification will enable the facades to have slower heat gain and faster 

heat loss, which is basic for maintaining thermal comfort in warm climates of Adama city. 

Keywords: air gap, heat flow, south & west façade, surface temperature, thermal comfort
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CHAPTER ONE  

INTRODUCTION  

The building facade is the focal interface between indoors and outdoors. and has an important role 

in controlling differences in the outdoor climate conditions, providing thermal comfort for 

residents and therefore determining the heating/cooling loads of the building (Albatayneh, 

2018).Building facades or also referred as envelopes are the major components of the building 

that decide the thermal comfort level of the indoor space by interacting with the outdoor 

environment. 

Heat is among one of the major determinant of thermal comfort that passes and leaves through 

the building facades. So selecting the proper thermal properties of a building envelope play a 

major role in determining the energy consumption pattern and comfort conditions in enclosed 

spaces. Therefore, understanding the heat transfer rate of the building facades helps to determine 

the ongoing thermal situation inside and outside the building. This, in turn, paves the way for 

selecting the appropriate building facades material and composition that get along with the climate 

of the specific area. 

Due to the fact that building facades are the first responders of incoming heat to the building, 

studying what takes place inside the facades leads to a solution to tackle heat and thermal 

discomfort in warm and humid climates like Adama. 

This study analyzes the heat transfer rate and related elements of the south and west building 

facades by measuring  room and surface temperature as well as humidity of a common dwelling 

unit located in Adama city, to help builders, dwellers, municipalities, architects and other 

pertinent bodies make wise decisions in selecting the right building facade & façade material in 

future projects. 

1.1 Background  

Now a days terms like global warming, climate change, and other related with the case of handling 

natural and manmade environment are becoming top environmental issues. Such kind of 

environmental issues are expressed in many forms and their intensity is easily noticed in urban 

areas, where there is a dense existence of built structures. 
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Climate and buildings have a strong correlation in terms of creating a sustainable and thermal 

worthy indoor as well as outdoor living space for humans. These two elements shape each other 

in both positive and negative ways. These daysô buildings are exerting pressure on the climate 

and it has lead humans to experience unconventional harsh climate. Large contribution to climate 

change comes from building sector. Energy consumption of buildings covers about 40% of the 

total energy  (Albatayneh, 2018). Among the building sectors, the residential sector takes the lion 

share in energy consumption. In developing countries the residential building sector accounts for 

more than half of the electricity consumption (Amos Haruna et al , 2018) .Most of the energy 

consumption occurs during the so-called ñoperational phaseò of the building for cooling, heating 

and lighting purposes (Daniel Marin, 2017). In Ethiopia ,even though there are not much available 

data related with the amount of energy consumed by residential sector , existing situation do 

resemble the above statement due to the fact that residence covers the largest percent coverage in 

land use. Building sector and climate characteristics by themselves are not solely responsible for 

exerting influence on energy use but building design and materials too. 

In most of tropical regions of the world the major challenges in creating thermal friendly indoor 

space is heat. According to the State of the Tropics survey, about 50% of the worldôs inhabitants 

would live in the tropical regions before 2050 and consequently the demand for indoor thermal 

comfort in this region is increasing dramatically. Currently, most of the tropical developing 

countries are facing difficulties in achieving indoor thermal comfort in the absence of mechanical 

control because of inappropriate building design (Nusrat Jannat et al , 2020).  

Skin acts as thermo regulator of human body, so is the building façade for buildings. Building 

facades now a days with the availability of advanced building materials has enabled buildings 

look aesthetically good. But this shouldnôt be the primary goal of building facades. Especially in 

tropical areas where there is intense heat the building facades should have a capacity to moderate 

and limit the heat entering to and leaving from enclosed space of the building. 

The building facades/external walls which form the major part of the building envelope thermally 

interact with the changing surrounding environment throughout the day influencing the indoor 

thermal comfort of the space (Nusrat Jannat et al , 2020). As part of the building envelope, walls 

account for a significant proportion of heat loss and gain.  Almujahid et al,(2013) reported that 
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about 1/3 of heat loss occurs through walls in case of un-insulated brick veneer dwelling ( Ahmed 

, 2015). 

The above statement justifies that building facades are the main gates of heat import and export 

to and from the building. It also amplifies the importance of facade orientations towards creating 

thermal comfort and indoor environment quality (IEQ). So Architects and other building industry 

professionals have to ensure that the design of the built form suits the intended use of the building 

and the specific needs of the client within the framework of the prevailing climatic conditions ( 

Bano & Mohammad Kamal, 2016). 

1.2 Statement of the problem  

Above all the main purpose of buildings or dwelling units is to provide thermally comfortable 

indoor space for humans. Indeed buildings are also built for the sake of space maximization,   

aesthetics, cultural and historical essence, fantasy, economic motives and others. Nevertheless 

buildings should get along with the existing climate and surrounding. 

In Adama and in most cities in Ethiopia, condominiums are perceived to be the problem solver of 

housing shortage by general public and government. These condominium buildings are built 

irrespective of the climate considerations. These dwelling units are found in the warmest and 

coldest regions of Ethiopia with same basic building material and space arrangement. Such lack 

of contextually inappropriateness has made condominium buildings less wanted and abandoned, 

which deviates from the intention of design and sustainability. Finding solution for thermal 

comfort problems in condominiums is simultaneously finding solutions to majority of buildings 

in Ethiopia which are basically made from HCB (Hollow Concrete block) as a main building 

material too. 

Interviews made with condominium residents in Adama city indicate that, due to the hot and 

humid indoor space inside, they are forced to paint the window glass and use curtains almost all 

day to decrease the incoming solar heat. They also mentioned that they mostly use electric fans 

to get cooler air indoors in most time of the year. A research recently conducted by Haven Hailu 

(2020) , also indicates the contextual inappropriateness of the condominiums. According to the 

findings, the condominiums in Afar, Semera are not functioning well, they stand almost vacant 

and the thermal quality of the condominiums can be described as óhot the whole day and the whole 
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nightô. This depicts that condominiums lack thermal comfort and heat is the main challenger of 

thermal comfort in tropical regions. Though the study conducted by Haven Hailu, (2020) is an 

eye opening towards understanding that there exists a problem of thermal comfort in 

condominiums located in hot areas, it lacks in deeply analyzing the material and arrangement of 

the condominium facades with respect to heat in a quantitative approach. 

Adama city with the existing warm environment and increasing immigration, there will be a 

higher need in thermally comfortable condominiums and other residential buildings. However, 

the buildings with usual construction & use of the same wall material have detrimental effect in 

creating thermal comfort. With this in mind, this research looks into studying heat and its 

passageway to buildings  ,which is primarily through building facades and determine whether the 

existing condominium façade(which is basically made from HCB ,Hollow Concrete Block), is 

capable of   handling the warm climate of Adama city. 

1.3 Objective of the study  

General objective  

The general objective of the study is to analysis the heat flow through the condominium facades 

located in Adama city, Ethiopia. 

Specific objectives: 

1, To evaluate the performance of the existing facade of the condominium with respect to  

             i, Comfort zone of Adama city   

             ii,  South & West wall surface temperature  

2, To compute  

 i, (a) Absolute thermal resistance (C0/w) & (b) thermal conductance of the wall (w/ C0) 

 ii, (a) Thermal transmittance of the wall (U-value: w/ m2k) & (b) Thermal insulance of 

the wall (R-value: m2k/w)  

iii, Heat transfer rate of the wall (Qwall : J/se   &  

iv, Heat flux of the wall (qwall : w/m2) 

3, To suggest optimization of the existing façade/HCB wall  



5 

 

1.4 Research questions 
Main question  

How does heat flows through condominium facades located in Adama city, Ethiopia. 

Specific Questions:  

1, How is the existing facade of the condominium performs with respect to  

              i, Comfort zone of Adama city    

             ii,  South & West wall surface temperature? 

2, How much is  

  i, (a) Absolute thermal resistance (C0/w) & (b) thermal conductance of the wall (w/ C0) 

 ii, (a) Thermal transmittance of the wall (U-value: w/ m2k) & (b) Thermal insulance of 

the wall (R-value: m2k/w)  

iii, Heat transfer rate of the wall (Qwall : J/sec)  &  

iv, Heat flux of the wall (qwall : w/m2) 

3, Is the optimized HCB wall will have more potential than Existing HCB wall in regulating heat  

1.5 Scope of the research 

Spatial scope  

The research has taken place in Adama city focusing on a condominium building located in 

Adama 01 kebele.The research was conducted in the warmest months of the year in Adama, which 

are March, April and May.  

Thematic scope  

West and south facades of a room located in a condominium building are where the research 

mainly focuses to point out how capable are the existing facades in moderating the hot climate of 

Adama. 

1.6 The Significance of the research  

Housing is and will be the basic need of human survival. The global climate with its current trend 

will also eventually worsen and make it very challenging for architects, construction 

professionals, government and other stakeholders to deliver a thermally suitable dwelling units 

? 
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and other buildings. So a better understanding of the heat in relation with the climate is 

fundamental. An optional building façade material is also another way of decreasing the problem. 

The findings from this research will enable to understand the passage of heat from exterior to 

interior space of the dwelling units throughout the daytime. This in turn helps to adjust the 

selection, composition and arrangement of the exterior façade material of condominium buildings 

as well as other residences in Adama city and other cities in Ethiopia that have warm climate. It 

also helps to decide the optimal orientation of the building in site by taking a lesson from the 

thermal performance analysis of the south and west facades. Optional building facade materials 

will help to alleviate energy usage of residents for cooling which will save electricity bill for 

individuals and the government too. Production of optional facade material will also create a new 

door for job creation and economic up rise. Based on the initiation taken from this study, 

researchers could also work on other type of building facades and climates in Ethiopia for wider 

public, academic and countryôs benefit. 

1.7 Limitation  

The measurements/data taken from the condominiums were using a single instrument for several 

times of a day in different period of months. This has made the research to be confined in a single 

condominium and HCB façade material in type. It was also limited to the warm seasons of Adama 

city, which didnôt consider its reaction to cold seasons. Except these, it has been done diligently 

to show the effect of consistent HCB wall usage in condominium buildings. 

1.8 Description of the study area  

Adama City is one of fast growing cities in the country with an estimated total population of 

343,212 (CSA, 2009). Adama is also the second most populous city in Ethiopia.(cities alliance - 

cities without slums, 2019-2021).It is situated in Rift valley within Awash River Basin in Oromia 

Regional State of Ethiopia. It was established in 1916 on flat terrain characteristics and surrounded 

by plateaus, mountainous and ridged topography along Addis Ababa to Harar road at distance of 

about 96 km. It is located between8026ô15òï8037ô00òN,39012ô15ò-39019ô45òE. Altitude of the 

area ranges from1489 -1976 m a.s.l. Average annual rainfall of Adama City is about 866.25 mm. 

Most of the rain occurs in rainy season (June to September). The minimum wind speed occurs 

during September (1.65m/s), while the wind with high velocity occurs during December, January 
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and February (3.05-3.2m/s). The mean temperature in the city varies from 11.5 oC to 31 oC (Bulti 

et al , 2017).   
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Figure 01: Study area 
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CHAPTER TWO  

2 LITRATURE REVIW  

2.1 Theoretical review  

2.1.1 Thermal comfort and temperature 

Wise architecture maximizes energy savings by placing spaces in the most advantageous position 

for day lighting, thermal comfort and solar integration (Los Alamos NLSD guide, 2017). Inorder 

to create such a space studying the temprature and thermal comfort is important.  

Temperature is a very critical and widely measured variable (Cottrell, 2014).it is used in many 

aspects of proffesional fields to understand the thermal situation.  The sensitivity of temperature 

can be seen in body temperature. For instance a temperature of more than 45 °C can cause 

irreversible brain damage and less than 18 °C can also lead to serious cardiac arrhythmia and 

death (Sayed & Fikry, 2019).Therefore the presence of optimal temperature indirectly implies the 

presence of thermal comfort. 

Everyone agrees that light is a fundamental ingredient of good design, but agreement on the 

amount and quality of light, both natural and artificial, that makes good design is less easy to find 

(Napier, 2015). Rise in temperature is mostly related with the incoming source of heat/solar 

radiation and the transfer rate of it to the inner spaces of buildings 

 Reflectance of interior elements of a room do determine the level of heat created inside the 

space. Studies suggest the room surface reflectance for  ceilings (greater than 90%) , floors (20-

40%) , walls (50-70% ) and furnishings (25-45%) (Los Alamos NLSD guide, 2017).The optimal 

temperature /temperature of the comfort is mainly dependent on the indoor ambient and surface 

temperature (Khadraoui M. et al, 2018).         

Thermal comfort can be defined as the physiological interval where human can operate or tolerate 

the environment. It is the condition which human body expresses satisfaction with the thermal 

environment (ASHRAE Standard 55P, 2003). There are a number of standards used to evaluate 

 



9 

 

comfort conditions, such as ISO7730 based on Fanger's predicted mean vote (PMV) equation and 

ASHRAE Std 55 (Nicol and Humphreys, 2002). Day lighting and passive design techniques are 

most recommended ways of improving thermal comfort as explained in most of the studies done 

previously. 

Indoor environment quality is one of the major health concerns in the world as people spend about 

80ï90% of their time at home or other public indoor environments. Thermal comfort is a key 

variable of indoor environment quality which is influenced by the design techniques and materials 

used in building (Nusrat Jannat et al, 2020).Thermal comfort is determined by the roomôs 

temperature, humidity and air speed.  

Day lighting generally improves occupant satisfaction and comfort. Recent studies show 

improvements in productivity and health in day lit schools and offices. Windows also provide 

visual relies, contact with nature, time orientation, the possibility of ventilation and emergency 

egress/exit (Los Alamos NLSD guide, 2017).  Passive design techniques act in early stage of 

design on basic design parameters like  shape factor, transparency ratio, orientation, thermal-

physical properties of building materials and distance between buildings (Daniel Marin, 2017).  

2.1.2 Room/indoor ambient temperature 

Ambient temperature refers to the current air temperature; the overall temperature of the outdoor 

air that surrounds us.  Indoor ambient temperature is sometimes called room temperature (Zhou 

and Gong, 2013). Room temperature is one of the fundamental characteristics of the indoor 

environment. It can be controlled with a degree of accuracy depending on the building and its 

HVAC system. The indoor temperature affects several human responses, including thermal 

comfort, perceived air quality, sick building syndrome symptoms and performance at work (O. 

Seppanen et al , 2006).  

Increased evidence also shows that indoor environmental conditions substantially influence health 

and productivity. Room temperature could influence productivity indirectly through its impact on 

the prevalence of sick building syndrome (SBS) symptoms or satisfaction with air quality. 

In a study made by (O. Seppanen et al., 2006) ,   it showed a decrease in performance by 2% per 

°C increase of the temperature in the range of 25-32 °C, and no effect on performance in 

temperature range of 21-25 °C..   
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The building envelope possesses the major responsibility in the determination of the indoor 

temperature of any type of building (M.Ponni, 2014). A building material with high thermal mass 

and adequate thickness delays the effect of temperature changes from the outside wall on the 

wallôs interior. High thermal mass materials are considered very effective against rapid heat 

transfer, which is mainly due to their properties to absorb heat from solar radiation at a much 

slower rate than lightweight materials with a low thermal mass (M.Ponni, 2014). 

2.1.3 Surface temperature 

As the name tells surface temperature is the temperature of the outermost surface of any natural 

or manmade material. It is classified as interior and exterior surface temperature depending on the 

position and alignment of the material/organic body. For instance temperature of the surface of 

the wall that is facing towards the outdoor is exterior surface temperature.  

The surface temperature of the wall/building facades is mainly dependent on the existing climate 

and the properties of the material, which the wall is made up of. The surface properties of building 

facades have implications for thermal performance of buildings (indoor temperatures, heating and 

cooling loads).The facade surface temperatures might also influence outdoor thermal comfort 

conditions for pedestrians too.  

The color of the building facade even exerts influence on the surface temperature of the 

wall/building facades. According to Bansal et al. (1992), exposing a black light-weight 

construction building model to high solar radiation results in a higher day-time indoor temperature 

(up to 7K) than a white model (Azarnejad & Mahdavi, 2018). 

2.1.4 Building facade and building orientation 

Building orientation represents the relation between its elevations and the original geographical 

direction. In design process, it is important to consider the actual quantity of solar radiation on 

the facades of a building as a whole, as it affects the thermal load of the building and controls the 

thermal behavior and the amount of thermal comfort of the space . In addition, it affects the 

quantity of ventilation crossing inside the building, which in turn affects the quantity of energy 

consumed in it to achieve the thermal and life requirements (Rania  Ashmawy et al , 2017).  

Building orientation affects the air-conditioning or heating energy requirements by its regulation 

of then influence of two distinct climatic factors.  
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i. Solar radiation and its heating effects on walls and rooms facing different directions  

ii.  Ventilation effects associated with the relation between the direction of the prevailing 

winds and the orientation of the building. From the above two, solar influence on energy 

is the most significant in the tropics and is extensively covered by many others (Al Bakri 

Abdullah et al , 2016) 

The orientation of a building should take in to consideration of the solar radiation difference 

throughout the day as well as throughout the year. Solar radiation intensity and sun ray are 

different for different time of a day as well as in seasons. The climate in which the building exists 

should also be take into account when designing for the best orientation of the building. There are 

two ways to ensure optimal orientation: Analyze various design parameters and certify optimal 

design and orientation for each building but this approach consume more designing time and cost. 

The second way is develop óadaptableô designs which perform well across a range of orientations, 

which is used in the volume build industry (Morrissey, 2011), but this approach does not give the 

optimum building orientation (Albatayneh, 2018). 

The best/optimal orientation of a building is objective to the program, geometry, form, climate, 

building material and other design parameters linked with the building design. The optimal 

orientation for a building in tropical climate zone differs from that of temperate. Rooms that face 

east have morning sun. South facing rooms have sun during the day and in the late afternoon and 

evening, rooms that face west will have direct sunlight. Best orientation, correct location on a site, 

and landscaping changes may decrease the energy consumption of a typical building by 20% and 

provide the building designers with the economical tools to reduce energy consumptions 

(Albatayneh, 2018). 

Building facade is a face of a building in simple terms. It is sometimes referred to building 

envelope and building skin. The building envelope is the physical interface between the indoor 

and outdoor environments of a building, and it is responsible for much of the energy balance that 

occurs in the building. As a result, the type of construction used in the facade is a key factor in 

determining the energy performance of a building and therefore its level of sustainability. (Planas 

et al , 2018).Building façade has a closer meaning to building envelope but it is limited to specific 

face/side of a building. That is why itôs common to say south facing façade not south facing 

envelope.  
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These days the evolution of facades towards creating comfortable indoor environment has reached 

to development of facades that are adaptable, dynamic, and responsive to the climate where the 

building is found. A substantial trend in both research and practice is the use of double skins in 

façade assemblies. A double skin provides a buffer zone for management of thermal extremes and 

an acoustic and wind protected zone which can support opening window panels (Napier, 

2015).Apart from the type of facades, size and layout of openings/windows or commonly referred 

as WWR (window to wall ratio) also affect the management of thermal extremes indoors. 

 

The location and orientation of a window or skylight, therefore, can be more important than its 

size in determining the quality of daylight room receives. Direct sunlight provides a high degree 

of illumination, especially during mid-day. Designers should take benefit on this situation in 

minimizing energy consumption for example by developing solar system for water heating and 

also electricity to generate the electrical instruments (Al Bakri Abdullah et al., 2016) 

Overall ,the building envelope should be designed according to the climate to achieve the energy 

efficiency in the building ( Bano & Kamal, 2016).Because building façade acts as a thermal barrier 

between the enclosed conditioned space and outside environment through which the thermal 

energy is transferred.  

2.1.5 Measuring surface and room temperature  

As expressed in earlier topics temperature is very critical and widely measured variable. This 

necessity of temperature has made temperature measurement to be advanced. Generally 

temperature measurement from earlier times till now could be categorized in three:  

Thermometers, Probes and Non-contact. 

Thermometers are the oldest of the group. The need to measure and quantify the temperature of 

something started around 150 A.D. when Galen determined the ócomplexionô of someone based 

on four observable quantities. The actual science of óthermometryô did not evolve until the growth 

of the sciences in the 1500ôs. The first actual thermometer was an air-thermo scope described in 

Natural Magic (1558, 1589), (Cottrell, 2014).  Among the non contact category of temprature 

measurement ,infrared thermometr/thermography/IR  is mainly used for measuring surface 

temprature in  varies aspects of life and profession. 






















































































