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Abstract The significant aim of architecture is to
support different human needs especially housing as an
essential requirement; as well as the consideration of
environmental factors. One of the environmental issues is
the consideration of climatic conditions that have a deep
influence on designing to create comfortable indoor spaces
and housing durability. Based on climate conditions,
passive solar energy as primary factor decreases energy
consumption inexpensively. Furthermore, it is undeniable
that socio-cultural structure of the society has deep
influence on designing houses. The purpose of this study is
to investigate how to improve housing quality for
achieving low-cost energy by use of endless energies as a
potential point in Famagusta with Mediterranean climate.
Moreover, the second part of paper is the considered
strategies in different period of Cypriot dwelling, as an
important strategy in comparison evaluation.

Keywords Housing Design, Passive Solar Energy,
Energy Efficiency, Comfortable Indoor Spaces

1. Introduction

The environmental factor is the most significant
influence on individuals because there is a strong link

between human being, and their environment. In order to
make more sustainable qualities, our environment should
take into consideration for designing houses. Generally,
when designers want to make harmony between human
and their environment, local climate is the initial factor.
Because, climate is the most important part of individual’s
environment and it has significant effect on housing
design to achieve energy consumption. N. Ozay [1]
mentioned that housing design is considered climatically
to decrease energy consumption, utilize renewable energy
instead of fossil fuels and providing more sustainable,
comfortable and healthier indoor spaces as well as
outdoors. Therefore, the first consideration of design is
passive solar design that it is the most effective design to
create comfortable building environment and increase
energy efficiency according to local climate and
environmental response. Passive solar heating system,
natural cooling techniques and systems for natural lighting
are three categorizes of passive solar systems to create
comfortable indoor temperature, and optimize energy
consumption. Besides, the domestic sectors are using
more than 45 percent of the total energy demand thus
applying passive solar energy strategy in design can
decrease energy consumption, and cost of energy as well
[2,3,4]. The research is defined various strategies can be
applied to enhance passive solar housing design in order
to improve the quality of housing in respect of the future
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generation requirements of energy. Thus, in the first part
of the study, housing design is considered the principles
of passive solar housing design like location and
microclimate, building orientation, physical
characteristics of opening such as their proportion and
shading elements, suitable type of vegetation, and
effective parameters on the performance of thermal mass
based on the climate condition of Famagusta city. Also,
the investigated strategies will be discussed in the most
remarkable period of Cypriot housing which are: Ottomon,
British and Modern period in the second part of paper
(Figure 1).

2. Passive Solar Housing Design

Passive solar building is designed to use of renewable
energy such as sun and wind in terms of the local climate
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to achieve the items which mentioned below:
*  Provide a comfortable indoor temperature;
*  Optimize energy consumption;
e Increasing environmentally responsible  with

maintaining built environment and decreasing carbon
dioxide emission to create a healthy space for users;

e Improving flexibility toward adding active solar
energy systems if it is needed.

Passive solar strategies should be considered at the
initial stages of design to be effective for the dwellers.
Famagusta has the potential point to utilize this system in
order to achieve the mentioned goals but lack of climate
consideration is obvious in the most recent building.
Unfortunately, it is mentioned by C. Koroneos et al., [5]
that most of Cypriot people rely on fuel energies for
heating and cooling indoor environment. Therefore, in the
following context is considered the importance strategy of
passive solar energy.

Applving suitable place for mstalling
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FAMAGUSTA
Location: 35° N Latitude 34° E Longitude
Height Above Sea Level: 7m

Improving Passive Solar Housing Design to Achieve Energy Efficiency; Case Study: Famagusta, North Cyprus

MONTHS 1 2 3 4 3 6 7 8 10 11 12
Sunshine Period (hour/Day) 55 62 7.0 84 10,1 11.8 124 116 102 83 6.6 5.1
Cloud Cover 6 5 5 44 4 25 2 1.5 2 3 4 5:5
Solar Radiation Intensity W/m2
Total Solar Radiation (MJ/M2 day) 7 10 14 18 23 24 24 23 18 14 9 6.5
Mean Max Air Temperature (°C) 164 164 184 222 265 30.6 33.1 333 31.1 272 220 176
Mean Min Air Temperature (°C) 69 65 7.8 105 142 184 21.1 214 164 153 11.0 7.3
14.00Hours Relative Humidity (%) 60 60 57 52 48 47 45 46 48 52 55 60
Mean Relative Humidity (%) 728 717 728 707 673 643 650 673 66.6 675 70.0 732
7.00Hours Relative Humidity (%) 88 89 84 89 90 88 85 88 86 86 88 87
Precipitation (Mm/month) 572 545 409 179 102 41 08 06 1.1 17.8 454 819 332
Predominant Wind Direction W w W W W SW SwW SW W w W w
Figure 2. Climatic Data of Famagusta

2.1. Location and Microclimate

If housing is completed to apply the effective point of
local climate and decrease annoying factors related to
climatic aspect, most of problems can be removed. Every
region has special climatic conditions which have
significant effect on designing a house. Famagusta is
located at around 35° N Latitude 34° E Longitude.

As it is clear in Figure 2, Famagusta reflects the
characteristics of hot humid climate with hot-dry summers
and rainy winters although the city is located at
transitional zones between hot-humid and composite
climates in comparison with other cities in North Cyprus
[5]. Also, he is mentioned that the town has very high
relative humidity level in early time of day and during
night time. The prevailing wind comes from west and
south-west in a year and relative humidity is between 64
and 73. The city has maximum rainfalls Between
December and March. In addition, the city has a little
cloudy sky and most of time has clean sky to apply high
intensity of direct sun radiation [7].

2.2. Building Orientation and Space Location

It is mentioned by R. M. Pulselli et al., [9] passive solar
housing is able to reduce energy consumption and
orientation is the most significant option in order to apply
passive solar issue in housing design. Besides, appropriate
orientation is the most fundamental way that should be
considered at initial stage of design proceeding and
suitable orientation can be accomplished inexpensively to
optimize energy use especially in less benign climate [10].
As L. Spanos et al., [11] stated energy requirements can be
decreased approximately 20 percent by good orientation,
location of building on site or urban domain and
landscaping. Orientation consideration is not a new issue,
many scholars tried to consider good orientation for
building according to northern or southern hemisphere,
position of sun, the length of day and night in different
seasons. They evaluated suitable orientation to achieve
sun’s radiation for heating the spaces during the winter
and good daylight in summer.

In addition, air movement is one of the effective factors
to achieve human thermal comfort that good orientation
provides air movement by natural ventilation with
opening. Natural ventilation as a passive cooling
technique direct cool air from outside into the building
during night time to provide an excellent cooling and
reduce cooling energy use during day [12-14]. Therefore,
good ventilation decreases the amount of energy for
cooling during hot seasons especially in hot-humid
temperature.

Famagusta is located at northern hemisphere
perspective, facing south has important impact on the
energy behavior of a house because the southern
orientation increases availability of daylight and heating
benefits from sun radiation during winter and the eastern
has healthful quality as well. The main openings should
be located at southern fagade of buildings however the
northern one contains less area with a few openings.
Where the residents of building spent much time in the
spaces, the spaces should be accommodated in southern
face like living room, dining room and bedrooms. On the
other hand, stores and circulation spaces should be
situated in northern fagade. Different orientation of
building effect on the amount of received solar radiation
[15]. In general, if the long axis of building lies along
east-west direction, the building has ideal orientation in
Famagusta. Also, the longest axis should incline 15° to
west direction provide good ventilation in summer and
enough heat of solar radiation during winter because of
prevailing wind.

Generally appropriate orientation is able to provide
enough daylight and good ventilation by suitable opening.
Enough daylight has deep influence on environmental
issues, energy consumption, aesthetical concepts and
human’s psychology and natural ventilation can provide
suitable air movement for improving indoor air quality.

2.3. Physical Characteristics of Windows

Appropriate location and area of windows play a
significant role in passive design housing for saving
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energy because appropriate opening can 1) penetrate the

highest amount of natural lighting, and 2) provide natural

ventilation for increasing thermal comfort. Also, using of

suitable shading devices can control over heating of

indoor spaces. Consideration day lighting has deep

influence on housing design that they support following

factors:

*  Increasing the quality of healthy life with respecting
to our environment;

*  Decreasing cost of energy and saving energy;

*  Providing physiological and psychological effect on
the  occupants  with  applying  aesthetical
consideration.

As it is mentioned, the biggest windows should be
located at south face. The south openings provide valuable
day lighting for indoor spaces to make easy heating in
cold season and well-lit spaces in summer because of
different angle of winter and summer sun radiation. Also,
pitched roof with suitable overhang high and high ceiling
apply sun control to increase thermal comfort during hot
seasons in south fagade although it allows penetrating sun
radiation in winter [16] (Figure 3). Some spaces can get
benefits from a direct sun for heating and lighting, are
located in south fagcade such as living rooms, dining
rooms, and bedrooms. The windows in eastern fagade
improve the quality of indoor spaces early morning time.
Windows are located at north and west fagcade to be able
provide cross ventilation that it is necessary for hot-humid
climate. Besides, the area of the opening should be
minimized to create glare control. Some spaces are
located in north direction need low amount of lighting and
heating like stair boxes, stores and garage wherever just
passing them.

21th June-

SUMMER

~ 21th December-
T WINTER

1

TR - TRV

Figure 3. The Role of Roof Eave in South Direction in Sun Control for

Summer

In addition, in order to achieve comfortable indoor
temperature, vegetation and greenery is used to provide
evaporative cooling and they are able to provide shadow
spaces as well [17]. It is more acceptable that sun control
of west and north facade is applied by trees instead of
shading devices. They are embedded in building to
increase comfort and health of indoor spaces as green
walls. However, limited water supply is an important
problem in the city. Therefore, deciduous trees are the
best type of greenery because this type of trees needs less
water. In addition, the trees let sun radiation to warm
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building in winter because of losing their leaves [18]. Also,
as it is clear in Figure 4, deciduous trees provide enough
shading in the summer and greenery can reduce cooling
and heating energy use by 25% [19].

-

T o T

Figure 4. Suitable Examples of Landscape to Decrease Over-Heating

2.4. Effective Parameters on the Performance of
Thermal Mass

Various components of the buildings such as windows,
walls, roof and doors are the most crucial sources to lose
or gain annoying heat to indoor spaces because they are
exposed to the direct sun radiation [20]. Also, material of
building may reflect sound, moisture, and thermal
considerations. Therefore, appropriate building material
and design of their component have significant influence
on thermal comfort. Considering the amount of solar
energy is done to achieve passive solar housing design
according to local climatic aspects and suitable materials
to keep thermally comfortable environments [7,8].
Selected suitable material and installing thermal insulation
for component of housing provide comfortable indoor
spaces for the users. Material building should have high
resistance in hot-humid climate because the material
mostly faces with damage and mold [21,22].

Khudhair and Farid [23] express that appropriate
materials decrease energy consumption by applying
thermal mass which have valuable influence on indoor
temperature. For instance, some material store solar gain
during day and in night time, the temperature of indoor
environment is increased by releasing stored heat that the
mechanism reduces energy for heating during winter. Also,
storing heat is able to decrease energy demands for
cooling in hot seasons like concrete and adobe [23].
According to receiving direct or indirect solar radiation
and suitable time leg, the type of material building should
be chosen [24]. C. A. Balaras [21] stated that the surface
materials of north and east direction need to have little
time lag but south and west surfaces should delay
transferring of stored heat about 8 hours. Also, he
mentioned that roof of housing requires massive
construction with a long-time leg because most time of a
day, the component receive directly solar radiation.
Concrete and stone are the best material building in
hot-humid climate because these materials not only retard
diffusion of moisture but also provide passive thermal
comfort in indoor environment. Although, timber is poor
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conductors of heat, use of timber in floors and ceiling
contribute to the thermal mass by moderating heat gains.
Besides, about 30 percent of cooling energy demand will
be decreased about 30 percent if designers apply white or
light color for materials [25,26].

In addition, thermal insulation is used toward the inner
layers of building component where warm seasons are
longer than the cool ones because they catch sunshine in
the external layers during the day in order to increase
thermal comfort and release the stored heat during night
time when the temperature suddenly falls down.

3. Assessment Passive Solar Housing
Design in Cypriot Housing during
Different Period
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Figure 5. Location of Famagusta at Cyprus [28]

Lying on the east of Mediterranean Sea, Famagusta
counts as the second largest town of N. Cyprus (Figure 5).
Its history is assessed in seven periods including [27]:

Improving Passive Solar Housing Design to Achieve Energy Efficiency; Case Study: Famagusta, North Cyprus

1. Through 648-1192 AD, the eldest settlements were
founded.

2. The Lusignan period lasted from 1192 to 1489. The
city is developed based on its harbor, the
Mediterranean Sea and the fortified wall.

3. Next Lusignan era until 1571 was entitled Venetian
period. The period had had significant influence in
sociocultural life by the style of architecture.

4. Between 1571-1878 was called the Ottoman because
Famagusta was occupied by Ottoman.

5.  The British period was lasted during 1878-1960
when Famagusta was appeared as a modern coastal
city.

6. Also, by the ending of the British era (1960-1974), a
drastic change in form and style took place. And,

7.  The last era is occurred after 1974.

Ottoman, British and Modern are the most important
architectural periods that they have deep influence on
designing the traditional dwelling.

3.1. The Ottoman Period

Ottomans were the pioneers to start constructing their
own houses. The architectural design of housing in the
period has many physical harmonies with traditional
Turkish houses and their different design reflected the
climatic aspect of the region. Most of the houses in the
period are completely parallel in designing, some rooms
are located around a courtyard that these spaces are
applied for different activities as flexible units. The inner
courtyard is called havli in Cypriot settlement and avlu in
local Turkish where is covered by palm trees, small
vegetables and flowers to provide access to nature and
shadow for cooling the building. Also, the courtyards
provide a coherent social organization for members of
occupants, making food and drying laundry for their
dwellers and the spaces can provide air velocity,
evaporative cooler, shaded spaces and climatically
comfortable area for the users [29]. The building materials
are adobe and yellow stones for walls also marble and
woods for floors in terms of availability and climatic
aspects of the region. R. Raycheva [30] mentioned that
thick adobe walls, pitched roof with overhangs as a
shading element, cikma or cumba (bay window), and high
ceiling are the climatic characteristics of the building
design during Ottoman period (Figure 6).
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Rooms: Arranged around the plan & Countyard as a cluster

i
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Roof: Pitched roof with
overhangs & high ceilings
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Facade of Ottoman Housing

' Walls: Thick Adobe or Stone
by Timber lozenge-shaped
panels

A Sample of Ottoman Housing
(Ozay, 2005)

Figure 6. A Sample of Ottoman Housing is Available at Archive of the Department of Ancient Monuments and Museums (Developed by Researcher)

Orientation of building was ignored during the period
and in order to decrease heating load, they tried to
construct compact building and urban domain to increase
shadow spaces in these spaces. Also, courtyards were the
other strategy where is installed to provide solar insolation
during hot seasons. However, the spaces impeded cross
ventilation which has significant influence on creating
comfortable and healthy indoor spaces in hot-humid
climate. Besides, the housing spaces were not dedicated
for special function because the indoor spaces as flexible
unites were applied for various functions in different
season. According to availability, the surface building is
covered by adobe, yellow stone and timber as material
buildings that the materials had good performance in the
climate as storage mass. In addition, about 9 percent of
surfaces were embedded opening or windows so the
windows area was not appropriate in the period.

3.2. The British Period

The British period appeared after three hundred of the
Ottoman era that the period was established by innovated
techniques and material in Cypriot housing design [1]. As
it is mentioned by W. Dreghorn [31], the British era is
divided in two periods: the first one lasted from 1878 to
1930 and the second one is between 1930-1960. Building

of the first period is quite continued Ottoman features and
styles in architectural design with little changes refer to
British culture. Fortunately, designers were emphasized
on good orientation and suitable space location as
fundamental strategy of passive solar energy in the period
which was ignored in previous one. In order to strong
cross ventilation, courtyards were not applied for the new
building because these spaces were not completely
suitable for hot-humid climate. Consequently, open and
semi-open spaces were installed instead of courtyards to
be more useful for this climate. In addition, new
technological structures and new materials are used in
architectural design with respect of changed life style
during the second period of British era. The houses have
compact plan with joining the service areas like kitchen,
toilet and bath. Use of terraces, balconies, and gardens
became more usual in designing instead central yards.
Reinforced concrete is applied as a structural system
contributes thermal mass of the building to decrease heat
gains. The physical characteristics of windows were
improved to provide suitable natural lighting and
ventilation for indoor spaces. According to sun direction
and appropriate space location, the sitting and dining
room was located at the south fagade with large glass
windows to catch most of natural lighting.



1070 Improving Passive Solar Housing Design to Achieve Energy Efficiency; Case Study: Famagusta, North Cyprus

o " T )

Plans of the houses become more compact.
Balcony: Use of balcony & Veranda as semi-open spaces are more effective for Cyprus climate.
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1)Houses design of the first era of British Period (Ozay, 2005);
2)House facade in First British period (Sokhanvar 2014)
3) Dentil comice and Doric columns (Sokhanvar, 2014)
4} A typical house with Yellow stone as material for the second British Period (Ozay, 2005)
Figure 7. Characteristics of houses in the British Period (Developed by Researcher)
3.2. From British Period to Present as the Modern constructed in one or two floors with use of reinforced
Period concrete as the structure. Most of designers emphasized

on shading elements, landscaping, good orientation of

When the British period finished, the Republic of building in site and the area of windows as climatic

Cyprus was organized in 1960 as the modern period. In factors to achieve the strategies of passive solar energy
the early ten years of the period, the houses are (Figure 8).
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of reinforce concrete in the structures.

After 1960s: One and two-storey houses, Use of the local materials and traditional techniques, Increasing use

climate design.

In 1970s: Spreading apartment type as residential units; Use of flat roofs as different point and inclined

types of housing such as two-storey row houses, apartments

During 1980-1990: The growth population increase designing of social housing. Also, in later time different

and detached houses were designed.

From 1990s till now: Increasing mass social housing and 3 or 4-storey housing blocks with same sizes and
functional spaces and different type of houses based on the life style and requirements.

1) A type of design housing in 1960s (Ozay, 2003)

2) An apartment block in 1970s (Ozay, 2005)

3) A typical of the row-type social housing design in 1980s (Oktay, 2002)
4) Apartment Type Social Housing design (Qzay, 2005)

5) A mass social housing apartment unit (Ozay, 2005)

Figure 8. The evolution of housing design types in the modern Period (Developed by Researcher)

All figures are to be sequentially numbered with Arabic.
Additionally, constructing apartment, flats and detached
houses is increasing to be able to answer the initial
requirement of Cypriot people after 1980 because of
dramatically population growth [32]. Unfortunately,
effective passive strategies are ignored and the level of
climatic comfort is decreasing in building spaces like
good orientation, space location, vegetation, suitable
shading devices and selected unsuitable material.
Comfortable and cultural spaces follow climatic
consideration in the housing such as open and semi-open
spaces where is eliminated especially for low- and
middle-income people. Wide windows cause to increase
the heat gain and moisture in the housing. Use of
aluminium window is the only positive climatic
consideration in this period because the type of material
can absorb heating of sun radiation during summer.
Therefore, the majority of people are using electrical and
mechanical devices for catching comfortable indoor
spaces because of ignoring essential passive
considerations [33]. In consequence, people are facing
many basic problems such as; 1) increasing cost of energy,
2) decreasing social and environmental consideration in
terms of enhancing Co2 emission, 3) declining the quality
of life and 4) ignoring the future generation needs of fuel

energy.

4. Discussions and Conclusions

This study has set up a consideration about the
fundamental passive strategies with respect of
environmental and climatic aspect in Famagusta also, an
evaluation on the Cypriot housing in different
architectural period in order to consider the applying
passive strategies in the city.

At the first part of study, according to climate of
Famagusta (sun direction, prevailing wind) and
responsibility towards our environment, the major passive
methods are addressed:

*  Good orientation and appropriate location of various
spaces according to their functions to catch natural
lighting and cross ventilation;

Considering suitable location and area for windows
and opening;

Installing suitable shading elements to provide sun
control and decrease heat gain;

Use of suitable vegetation and landscaping to
provide comfortable indoor spaces as a shading
elements and healthy ventilation;
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*  Applying suitable materials with light color to
contribute the performance of thermal mass;

*  Prevention wasting of energy by installing thermal
insulation towards inner layer.

In addition, it is obvious that passive solar strategies
were able to provide comfortable indoor spaces for the
users; unfortunately, they are ignored in contemporary. In
the third section of the research, passive solar strategy is
evaluated during different periods of architectural housing
in Famagusta. Table 1 is illustrated the finding of this
evaluation and it is listed all negative and positive points
which are reflect passive solar strategies during different
eras.

The absence of contribution of the indicators in the first
stage is completely obvious in Famagusta City, although
the passive solar design parameters are potential point in
the city. After population booms and demonstrating their
primary requirements, construction of building has

Table 1.

Improving Passive Solar Housing Design to Achieve Energy Efficiency; Case Study: Famagusta, North Cyprus

dramatically growth with lack of climatic considerations.
Therefore, the processing decreases the quality of life and
causes many problems for human. As it is visible
previously (Figure 1), Famagusta has strong potential to
catch important passive methods in order to provide
comfortable indoor temperature with the lowest use of
fuel energy. According to local climate and environmental
impact with respect of socio-cultural factors in the city,
the Passive solar housing should be applied to achieve not
only, durability for the building but also, suitable life
cycle cost for the users. Passive methods must take into
consideration during contemporary building design and
construction stages as previous time to increase the quality
of life with respect of future generation. In order to
provide better quality for building, it is suggested that
designers must be constructed passive housing
development process that they contribute socially and
culturally suitable houses in present.

Evaluation of Passive Solar Strategies in Cypriot Dwelling from Past Until Present (Developed by Researcher)

1* part of paper

Building Orientation and Space Location

Physical Characteristics of Windows

Passive Solar

Suitable location and Area

Installing suitable shading

Housing Design
Parameters

Mass

Effective Parameters on the Performance of Thermal

Use of suitable vegetation and landscaping

Applying suitable materials

Applying suitable place for installing thermal

insulation

2" part of paper: Passive design Parameters of Famagusta through different periods

Positive Indicators

Negative Indicators

Impact plan and urban structure

Use of Suitable material

Utilize vegetation as shading elements
Installed porch

Ottoman period
(1571-1878)

Ignored good orientation

Small windows

Ignored suitable location for different space
Courtyards

Good orientation

Appropriate space location

Impact plan and urban structure
Improving material building and structure

British Period .. . .
ritish verlo Utilize vegetation as shading elements

(1878-1960)

Suitable windows areas
Use of shading elements

Installing open and semi-open spaces instead of courtyard

Choosing suitable color for material of roof and walls

Ignored suitable location for windows

Modern Period
(1960-present)

Utilize suitable windows material (Aluminium)
Appropriate space location

Lack of good orientation

Ignored suitable location and areas for windows

Lack of vegetation and suitable shading devices
Decreasing use of appropriate and suitable material
Eliminated valuable spaces in providing solar
insulation like open space, semi-open spaces, and
porch
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