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LOCAL TERMS

Bega- Also known as Ethiopia’s winter, represents the hottest and dry season. It begins on
December 22" and ends on June 21,

Belg- Also known as Ethiopia’s Autumn/Fall, represents the harvest season. It starts on
September 23" and runs through December 22",

Kiremt — Also known as Ethiopia’s summer, represents the rainy season. It begins on June 21°%
and ends on September 23", Generally, these periods are very wet in Adama and highland
areas.

Tsedey- Also known as Ethiopia’s spring, represents the slightly warmest season. It begins on
December 22" and ends on June 21%. In this season.

Atana tera (Solee) condominium site located in (kebele 01) - The case study condominium
site and its name is derived from around or adjacent name which is popular for local community.
Cherkacherk (Adodee) condominium site (located in kebele 04) -The case study
condominium site and its name is derived from around or adjacent name which is popular for
local community.

Duket (Jallisi) condominium site (located in kebele 09) - The case study condominium site and
its name is derived from around or adjacent name which is popular for local community.
Ganda gara (Lujoo) condominium site (located in kebele 01) - The case study condominium
site and its name is derived from around or adjacent name which is popular for local community.
Goro condominium site (located in kebele 01) - The case study condominium site and its name
is derived from around or adjacent name which is popular for local community.

Moenco (Diko) condominium site, (located in kebele 05) - The case study condominium site
and its name is derived from around or adjacent name which is popular for local community.
Silase condominium site (located in kebele 01) - The case study condominium site and its name
is derived from around or adjacent name which is popular for local community.

Sodober (Wenji road) condominium site (located in kebele 09) - The case study condominium
site and its name is derived from around or adjacent name which is popular for local community.

Kebele - The smallest administrative unit in Adama.
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ABSTRACT

The orientation of the building is one of the sustainable passive techniques for minimizing
energy consumption and maintaining a building's indoor thermal comfort in terms of indoor
temperature, solar radiation, aspect ratio, and window to wall ratio. The study focused on the
effect of poorly oriented buildings and did not consider the climate condition, sun's path of
location, wind direction, and window to wall ratio (WWR) to investigate the impact of
orientation as a design variable on indoor thermal comfort and daylight illumination.
Buildings are not designed to reduce solar gain and enhance indoor thermal comfort in
generally hot and dry places like Adama City, which receives intensive sunlight all
year. Duket condominium was chosen to investigate the thermal comfort of naturally
ventilated at a specific condominium location in Adama city in various orientations on a
distinct solar axis (i.e., S-N, E-W, NW-SE, and NE-SW) with window to wall ratios (i.e., South:
52.7%, East: 35.5%, West: 41.6%, North: 25.3%) and 57.2% aspect ratio using a field survey,
and data collected during the hottest months of the year, April and May 2022. First, a data
logger was used to take measurements of indoor air temperature, relative humidity, airspeed,
and daylight illuminance for different building orientations. In addition, using a standard
questionnaire, the residents were asked about their thermal perceptions in their households.
Secondly, the collected data was processed using Excel and Ecotect software was used for
simulation and sun paths of location. According to the data gathering and analysis, the result
demonstrates that more than half of those respondents (64.8%) on the E-W axis (south oriented)
are uncomfortable. The E-W axis was about 30C to 40C and 300lux to 500lux higher than that
of the building-oriented S-N axis. Finally, based on the adaptive model of ASHRAE-55 and
ISO-7730, the results showed that the east-west orientation affects indoor thermal comfort
when compared to the south-north orientation. In this regard, the study concludes that a south-

north orientation is the best optimum orientation and provides good thermal comfort.

Keywords: Building Orientation, Climate, Condominium building, Environmental variables,

Sun path, Thermal comfort, Window to wall ratio



CHAPTER ONE
INTRODUCTION

This paper is written for a study conducted in the administrative city of Adama, Ethiopia. In
partial fulfillment of a Degree of Masters in Environmental Architecture at Adama Science and
Technology University. The study aimed to analyzing the effect of building orientation on
indoor thermal comfort and daylighting in condominium buildings. Understanding that the
sun’s paths and wind’s directions are different for every location is critical for designing
building orientation that allows for passive solar gain while reducing solar radiation and
ventilating the indoors. The indoor thermal comfort and daylight illumination of buildings also
change depending on building orientation and climate conditions. Around 70% of
condominium buildings in the city are south-oriented, allowing solar radiation to reach all
exterior faces throughout the year. Therefore, building design should consider different
climatic conditions, sun paths, and wind directions of a location to provide the best indoor
thermal comfort. Because the first design requirement for a building design is orientation,
which reduces the impact of natural climatic elements including daylight illumination,
temperature, and airspeed. This chapter discusses the background of the study; the statement
of the problem; the objective; research questions; the significance of conducting the study; the

scope of the study; and limitations.

1.1 Background of the study

Climate plays a major role in the day-to-day and overall life of occupants in residential
buildings (Kisan et al., 2010). Orientation is a key design parameter in climate-responsive
design since it plays a major role in the achievement of indoor thermal comfort in the built
environment. Because the effect of orientation on indoor thermal comfort is also one of the
most critical design variables. The absence of thermal comfort in residential buildings is
primarily attributable to improper orientation and climate (Woods, 2021).

In Ethiopia, the sun’s path and wind directions are different from location to location.
Additionally, the climatic conditions also vary significantly. As a result, for each location
condominium design should consider climate condition. Orientation, sun path, and wind are all

essential variables that influence a building's indoor thermal performance (Hailu et al., 2021).



Creating a thermally comfortable environment for condominium houses is one of the most
important when designing residential buildings (Rilatupa, 2019). Because one of the most

essential considerations for designers is building orientation.

Passive building strategies like building orientation, window to wall ratio, and aspect ratio have
a significant impact on people’s daily life and indoor thermal comfort. Because building
orientation is one of the most sustainable passive strategies for reducing energy consumption
and maintaining a building's indoor thermal comfort (Rodrigues & Landin, 2019). When a
building's orientation is not aligned with its surroundings and climate conditions, it causes

intense overheating due to solar radiation in buildings in hot climates (Sedki et al., 2013).

In Adama, the majority of buildings poorly designed in terms of orientation, ventilation and
solar path. Because designs are duplicated and repetitive the same orientation and types of
design in different parts of the country for different climate conditions and sun paths. As a
result, the study focused on how orientated buildings are affect indoor thermal comfort and

daylight illumination.

1.2 Statement of the problem

Most condominium house designs are built repetitively, duplicating the same orientation and
types of design in different parts of the country for different climate conditions, without regard
to orientation, sun path, wind direction, window to wall ratio, and aspect ratio. The result of
designing a building without consideration of the sun's paths, wind directions, and the
orientation in different climate conditions has an impact on the occupants' indoor thermal
comfort. There is no use for any sun shading systems or any measures taken to solve the
problem of daylight illumination and to attain thermal comfort in Adama city, where the
climate is hot and receives sunlight all year. In Adama, approximately 70% of condominiums
were oriented south (east-west axis) so that solar radiation could reach all external facades of
buildings all year. The intention of designing condominium houses by the government for the
federal and different regions in mass is not consider the climate condition of the location.
Currently, the majority of condominium houses use the same orientation, material, and
fenestration. In Ethiopia, there are no regulations and monitoring systems regarding building
orientation to improve the thermal comfort of condominium houses by considering orientation,
sun path, and climatic conditions. As a result, most condominium houses in Adama City are
not optimally positioned, based on standard and stereotype diagram. And many buildings'

indoor thermal comfort is compromised, and the energy required to cool and ventilate.



In addition, there are no recommendations or principles for designing condominium houses in
various climates to address the issues of indoor thermal comfort and daylighting. The fact
demonstrates that the IHDP of the federal government is only concerned with duplicating
buildings and solving the housing problem for poor and middle-income individuals. These
modular condominiums are designed at the federal level before being dispersed to ten regions
and two federal cities without consideration for climate, sun path, and natural ventilation.
Furthermore, no research has been done in Adama on the effect of orientation on the internal
thermal comfort of residential buildings. Hence, this study is intended to fill up the gaps that

should be considered before duplicating and repeating condominium houses.

1.3 Objective

General Objective

To understand the effect of building orientation on the indoor thermal comfort and daylighting

on condominium building in Adama city, Ethiopia.

Specific Objectives

1) To measure indoor temperature, relative humidity, airspeed, and daylight illuminance of
selected orientation that affect thermal comfort.

2) To identify residents’ thermal perception in the selected building orientation

3) To compare and find the optimum orientation of the selected condominium site in Adama
based on sun paths, wind direction and WWR, for indoor thermal comfort.

1.4 Research Questions

Main question

How does the building orientation affect the indoor thermal comfort and daylighting?

Specific questions

1) What is the magnitude of the indoor temperature, relative humidity, airspeed, and daylight
illumination levels in a selected orientation?

2) What is the thermal perceptions of residents towards thermal comfort in the case of
selected orientation?

3) Which orientation is the best optimum orientation for Adama city?



1.5 Significance of the study

The study will be important for designers as it gives a chance to orientated buildings to the best
optimum orientation. This will be useful for IHDP to determining the importance of thermal
comfort in design decisions and to consider building orientation with climate conditions and
sun paths. It can also be used to guide climate-responsive building design, which evaluates the
local climatic condition and quantifies the building's passive performance in a way that is
sensitive and precise enough to represent the impact of building orientation on indoor thermal
comfort. It is hoped that the findings of this study, benefit and create more awareness among
condominium housing designers, government, Adama municipality, and other organizations
dealing with indoor thermal comfort of condominium houses by considering the climate,
orientation, and environments. And, ideally, it will encourage researchers to do additional

research in the field.

1.6 Scope of the study

The study is conducted with in the current boundary of Adama city lies in the geographical
location of 8°26 '15"N to 8°37 '00”N latitude and 39°12'15"E to 39°19'45"E longitude. It
focused on the building's orientation, climate, sun paths, aspect ratio, and window to wall ratio
in the site were studied to represent the other building typologies to compare and determine the
best orientation for the buildings on the chosen location.

1.7 Limitations of the study

The study has faced many problems. It was challenging to measure every environmental
variable hourly and minutely during the measurement time. The constraint of time and
resources, Covidel9 pandemic, and the political situation in Ethiopia was the big limitation to
collect detailed survey and the occupant’s response. Furthermore, throughout the data gathering

stage, certain informants' willingness was difficult.

1.8 Organization of the report

The paper consists of five chapters. Chapter one - Introducing the study. This chapter gives a
brief introduction to building orientation and indoor thermal comfort. Chapter two deals about
A literature review. This chapter describes the theoretical review of thermal comfort and

contextual review of the sun path, orientation, WWR, and Climate condition of the study area.



Chapter three - Methods and materials. The research methodologies and materials were
addressed in the chapter. The research design, size of the sample, data source and method, and
the material used are specified. Chapter four- Result and Discussion. It also includes the results
of field data collection, case study building orientation, analysis of WWR and aspect ratio. It
analyzes the data from results to determine the orientation's thermal comfort and comparisons
of both orientations. Chapter five- Conclusion and recommendation. Based on the result and
discussion study's recommendations and conclusions are presented in the last chapter. Finally,
Reference, thermal checklist, questionnaires, and comparative graph between south orientated

and north orientated rooms are given in the Appendixes I to VI.

1.9 Operational definition of the study

Aspect ratio: The length and width of a building's footprint (X:y) enables for surface area
comparison between different building designs. Increases in relation to the east-west or north-
south axis for orthogonal building designs (Tajuddeen & Ango, 2017).

Azimuth (AZI) - the sun’s position in the horizontal plane measured clockwise from north (so
east = 90°, south = 180°, and west = 270°, although north might be 0° or 360°) (Steven, 2007).
Building Orientation: The position of a building in respect to its exposure to sunlight is
referred to as its orientation. As previously stated, the structure can be oriented north, east,
south-north, west, and east-west (M. Al-Tamimi et al., 2011).

Building Site: a site where a building or residence is being built or situated.

Condominium Housing: "Condominium housing is a kind of housing tenure in which each
resident household owns their apartment but shares ownership and responsibility for the
building's shared facilities and amenities (UN-Habitat, 2011).

Housing: The number of dwelling units in existence (a noun) as well as the process of keeping
that number up to date (E-mail, 2006).

Thermal preference: Thermal preference is the desired body temperature in the absence of
biological limitations, and it's often used to figure out how climate change affects extinction
vulnerability and activity variations (ASHRAE 55, 2020).

Thermal sensation: is a standard parameter in most thermal experiments. It is uniformly
defined in 1SO 7730 and ASHRAE 55 standard with five or seven scale from -3 (cold) to +3
(hot). (ASHRAE 55, 2020) and (ISO 7730, 2005).

Window to wall ratio: WWR is the percentage of the above-grade wall area covered by
fenestration, computed as the ratio of the wall fenestration area to the above-grade wall area,
according to ASHRAE 90.1 (ASHRAE 90.1, 2004).



CHAPTER TWO

LITERATURE REVIEW
2.1 Theoretical Review

2.1.1 Thermal comfort

Thermal conditions play a critical role in influencing dwellers comfort and well-being. Thermal
comfort is a mental condition defined by contentment with one's thermal surroundings.
Thermal comfort is a subjective feeling that differs from one individual to the next. It is
maintained when the heat created by human metabolism is allowed to escape at a rate that keeps

the body at a constant temperature (Turner, 2011).

In the home, thermal comfort is a mental state that expresses happiness with the temperature
Council, 2019. Figure 2.1 depicts that indoor thermal comfort is essential for a comfortable
indoor atmosphere. These environmental factors, such as heat from daylight, insufficient
ventilation, excessive humidity, and solar radiation, can all contribute to inhabitants' poor
health and operating efficiency (Givoni, 1992).
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Figure 2.1: Comfort area on Psychometric chart (Source: Schiavon, 2014)



The amount of radiation received by the building is determined by its orientation, according to
(Givoni, 1992). According to figure 2.2, the cooling load is affected by direction. It's critical to
align the building with the prevailing winds in places where air circulation is the primary source
of comfort. In areas where the ambient temperature has a larger impact on comfort than
ventilation, sun orientation is critical. The major facades should be oriented north-south
because the summer sun only penetrates the facades and openings marginally in these
directions, however in the winter, when the sun's path is lower, there is the possibility of solar
access (Rosenlund, 2000).
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2.1.2 Factors Affecting Thermal Comfort
Regarding the factors affecting thermal comfort and room temperature regulation literatures
and studies classified into two that some of them takes the six parameters as a variables of
thermal comfort as well as the rest use these as a factor affecting thermal comfort. Even though
both may work we have to decide on general standards in which in this study ISO and ASHRAE
standards (Council, 2019).
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Figure 2.3: Factor affecting indoor thermal comfort (Source: Turner, 2011)



A. Environmental factors

(Body, 2021), Any further heat gain or loss produces severe pain, according to the American
Society of Heating, Refrigeration, and Air Conditioning Engineers (ASHRAE). The quantity
of heat created must equal the amount of heat lost to sustain thermal comfort. It has long been
recognized that elements other than air temperature impact the sense of hot or cold. Thermal
comfort is influenced by six primary components and variables (Mora, 2021).

1) air temperature (ambient temperature)

i)  Relative Humidity (water vapor measurement in an air-water mixture)

iii)  Radiant temperature (the temperature of the surfaces surrounding us)

iv)  Air motion/velocity (the rate at which air moves around and touches skin)

i. Air Temperature

Regarding to (Council, 2019), The temperature around the body, often known as room
temperature or air temperature, is measured in degrees Celsius or Fahrenheit. The most
expressive of all environmental elements is air temperature. Because people are particularly
temperature sensitive, this is the case. A thermometer is used to measure this. The comfortable
range for most people (80%) is 20°C to 23°C and 23°C to 26°C in winter and summer
respectively. The air temperature is one of the most important aspects of thermal comfort.

ii. Radiant Temperature

The heat radiated by a hot element in the medium is referred to as radiant temperature. In some
circumstances, this factor might have a greater impact than air temperature. The sun is perhaps
the most important radiating object to consider (Body, 2012). Heating the wall, on the other
hand, increases the quantity of heat produced into the structure by boosting direct solar
radiation. If the structure is designed from the outset to regulate solar radiation, the use of
radiation can be natural and pure. According to (Hui, 2009), the average radiant temperature
has an impact on external thermal comfort and energy flow through the walls of buildings, the

more internal thermal comfort is maintained.

iii. Relative Humidity

Humidity is defined as the percentage of absolute humidity in the air represented as water vapor
pressure, which influences a person's evaporative heat loss (Standard, 2005). When water is

heated and evaporates in the surrounding region, the percentage of humidity in the air rises.



However, when relative humidity levels are between 30% and 70%, there is little impact on
human comfort (Lai, 2019). There is no defined lower humidity threshold for thermal comfort,
according to ASHRAE 55 (Liaison, 2004). (Parsons, 2002) underlines the importance of
sweating as the body temperature rises; perspiration is the primary and most efficient technique
of cooling the skin when evaporation occurs. ISO 7730 has underlined the allowable humidity
range. High or even moderate humidity might make occupants uncomfortable at a moderate

temperature (26°C or greater) with moderate exercise (around 2 met) (Kisan, 1987).

iv. Air Velocity

Airspeed has a crucial influence since people are so sensitive to it. As a consequence, it may
cool or heat a room based on indoor factors such as temperature and relative humidity. These
two elements, together with airspeed, have the biggest impact on passengers' thermal comfort
(Schiavon, 2014). The most important aspect of airspeed is that it influences the convective
heat exchange between man and the environment, which impacts overall heat loss 1SO7730
(2005). This relationship is influenced by the ambient temperature and relative humidity.
Even when interior air temperatures are high and the requirement for environmental convection

skin is vital, having more than 0.2m/s indoors might cause turbulence (Turner, 2011).

B. Personal factors
I. Activity (metabolic rate)

One of the most important aspects impacting thermal comfort is activity. There are various
types of structures, each with its own function and activity level. As a result, people's activity
at school differs from that in-home settings, resulting in significant disparities in thermal
experience. It is described as "heat produced within our bodies as a result of physical exercise."
(Havenith, 2018). We emit more heat the more active we are. As a result, more heat must be
shed from our bodies in order to avoid pain. According to ISO-7730 (2005), a temperature
differential of 0.1 met can induce a thermal feeling equivalent to 1°C in ambient temperature.
Similarly, a difference of 0.4 met might result in an increase of 2.5 to 3°C in air temperature
(Standard, 2005). This demonstrates how having a range of activities indoors may prevent
overheating or cooling in different situations. Furthermore, when the air and mean radiant
temperatures are both 24°C, the air velocity is 0.41 m/s, the relative humidity is 43%, and the
body insulation is 0.7 clo, according to (Background, 2005) (Body, 2012).



ii. Clothing Insulation

Clothing and skin protect the body from the elements by providing insulation. (Oliveira, 2011)
pointed out that it is quite important to evaluate the insulation ability of clothing provided that
there is a study of human warmth. When it comes to insulation, clothing provides heat

resistance between the body and the environment (Timplalexis, 2018).

C. Design factors

The architectural design of the house is one of the variables that affects the thermal comfort of
a room. The orientation of a building is important in terms of climatic factors (such as
temperature, humidity, air speed, and day lighting) (Woods, 2014). The building's insulation
level, form and orientation, window to wall ratio, glazing type, and Aspect ratio all influence
solar radiation levels. Heating may be required in north-facing areas, while cooling may be
required in south-facing areas of the same structure. Rooms with a west-facing orientation may

need to be heated in the morning and cooled in the afternoon (Majewski, 2020).

2.1.3 Indoor Thermal Comfort Estimation Approaches

The Predicted Mean Vote (PMV) and the Predicted Percentage of Dissatisfied (PPD) are the
two most used approaches for determining human thermal comfort. According to Fanger's
study (Ekici, 2016)), these two techniques take into account environmental elements, human
features such as heat resistance and metabolic rate, air temperature, relative humidity, air
velocity, and mean radiant temperature are all factors to consider. When the amount of heat
produced by the body equals the amount of heat lost to the environment, thermal equilibrium
is reached (Standard, 2005). These are also useful for determining the thermal level, occupant
comfort level, and room temperature. Let we list them collectively and see each.

a) Predicted mean vote (PMV)

b) Predicted Percentage of dissatisfied (PPD)

c) Adaptive thermal comfort

a) Predicted Mean Vote (PMV)

"A model and an index that assesses the mean value of a large number of people's votes on a
7-point thermal feeling scale," according to the PMV (Ekici, 2016), with the following range
of the scale in a chart: +3 is too hot, +2 is warm, +1 slightly warm, 0 is neutral, -1 slightly cool,
-2 is cool, and -3 cold. According to ASHRAE-55, 2020, PMV employs heat balancing

methods to integrate the six parameters and assess the users' level of thermal comfort.
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According to table 2.1 and 2.2, conclusion the variation of PMV index can be approximated by
an analytic expression. The PMV index's variability may be approximated by an analytical
equation corresponding to a curve shaped like the inverse Gaussian distribution in the picture
below, according to Fanger's work (Standard, 2005). The Predicted Percentage Dissatisfied
People Index, or PPD index, can be calculated using the PMV index. These two index and
analyses is shown in figure 2:4.

Table 2.1: ASHRAE 55 thermal sensational scale (Humphreys, 2007)

PMV 3 2 1 0 -1 -2 -3

Value

Comfort | Hot Warm | Slight Neutral | Slight Cool | Cold

feeling Warm Cold

Bedford | Much too | Too | Comfortable | Neutral | Comfortable | Too Much too

level warm warm | warm cool cool cool
Table 2.2: ASHRAE 55 Thermal satisfaction scale (Series and Science, 2018)

Level of |3 2 1 0 -1 -2 -3

Scale

Satisfactiol Very Satisfied| Slightly | Neutral | Slightly Dissatisfied| Very

Scale satisfied satisfied dissatisfied dissatisfied

Bedford | Very Comfort | Slightly | Neutral | Slightly Dis Very

level Comfort | able Comfort Dis Comfort Discomfort

able able comfortable able able

b) Predicted Percentage of Dissatisfaction (PPD)
PPD is defined by (Ekici, 2016) 1SO7730 because it predicts the mean heat values of a large
population, it is associated with the PMV model. However, it is voiced by people who are
happy (+3 very satisfied to +1 slightly satisfied) and unhappy (-1 slightly dissatisfied to -3 very
dissatisfied). It was created to assess the percentage of persons who are both too hot and too
cold because of the heat.

c) Calculating PMV and PPD
According to figure 2.4, PMV is from the vote of the occupants toward the temperature (while
PPD is calculated from the PMV). The PPD index is a numerical assessment of a group's
reaction to a certain circumstance and is frequently used to determine thermal comfort in

thermal settings. The PPD index is a scale that ranges from 5% to 75%.
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The index should only be used for PMV values between +3 and -3, according to ISO 7730. The
5% of dissatisfaction always exists because of the different perceptions on the comfort.

Thus: PPD=100-95.¢ O3S AI0ADAIY Eayation 2:1 PPD Evaluation  (Standard, 2005)
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Figure 2.4: Index PPD and PMV variation (Profile, 2014)

2.1.4 Adaptive thermal comfort

According to one of the key assumptions supporting adaptive thermal comfort, thermally stable
persons behave in ways that have a natural inclination to recover their thermal comfort and
adapt to changing environmental situations. The outcomes of field research that collected data
on people's instantaneous thermal responses to the thermal environment in real-life scenarios
informed the adaptive approach to thermal comfort (Nicol, 2012).

The adaptive thermal comfort technique is based on field research that gathered data on
people's immediate thermal reactions to the thermal environment in real-world situations.
Without resorting to significant mechanical heating and cooling energy, occupants adjust their
thermal environment by changing garments, activating windows, personal warmers or fans,
water, and the use of sun shades (Dear, 2018). Humans react to variations in indoor and outdoor
temperature in a number of ways. The occupant's thermal expectations and preferences will be
affected by contextual conditions and historical thermal experience, according to adaptive
thermal comfort theory. Warmer interior temperatures are preferred by those who live in hot
climate zones over those who live in cold climate zones. Because people adapt to varying
temperatures at different times of the year, the adaptive model indicates that the outside
environment impacts inside comfort. According to the adaption hypothesis, contextual
variables such as having access to environmental controls and past thermal history may impact

building occupants' thermal expectations and preferences (Albatayneh, 2016).
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90% acceptability limits = Tc £ 2.5°C, 80% acceptability limits = Tc + 3.5°C
When the outside temperature is