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Abstract

Built in 1896 with traditional materials and construction methods and repre-
senting one of today’s rare examples of its kind, the Samanbahge Housing in the
walled city of Nicosia, Cyprus has through the years undergone modifications
that have changed the housing’s former sustainability characteristics. The three-
pronged aim of this study includes an analysis of the original state of the site’s sus-
tainability and energy efficiency, a determination of the effects of modifications
on the sustainability, and a means to suggest ways to restore the original posi-
tive features, while still meeting the contemporary needs of 21st century dwell-
ers. Using on-site analyses, Design Builder analysis software, and interviews with
residents, the authors compared and contrasted the thermal properties and total
energy consumption of the various modifications to the original design. Analyses
of the case study results reveal that most of these houses were modified in several
different ways, with the most important modification being the either partial or
total elimination of the courtyard. According to the findings, changes made in
courtyard size did not result in increased cooling needs due to the constant trans-
parency ratio, the high thermal mass of the building envelope, and the narrow
streets and enclosed courtyards walls that serve to shade the buildings. By chang-
ing the A/V ratios it has been determined, however, that there was an increase in
heating and lighting loads. According to the survey results, the totally enclosed
courtyards in all cases have caused barriers to cross ventilation, increased hu-
midity levels, and limited the inflow of natural light into the buildings. Thus the
modifications made by residents had a negative effect on the climate responsive
qualities of the houses. Based on the findings of these analyses, the authors have
suggested the possible solutions for restoring and maintaining the sustainability
of the housing.
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1. Introduction

Despite the fact that the island of
Cyprus has a long summer season
and a year-long wealth of sunny days
(leading it to be known as “sun island”)
(Florides, et al., 2001), almost none of
the construction methods used today
avail themselves of passive methods of
building climatizing. For the past sev-
eral decades, most island builders have
chosen to use active systems and have
ignored or overlooked the traditional
passive strategies and the climate re-
sponsive features inherent in tradition-
al methods. This insistence on active
methods is threatening the advance-
ment of sustainable construction and
has led to a continuing increase in en-
ergy consumption, despite the fact that
the island has to rely on off-island re-
sources for all of its energy needs. The
situation is making it imperative that
the island’s construction sector adapts
an architectural approach that will de-
crease this ever-increasing energy de-
pendency.

An examination of the tradition-
al architecture in the island, clearly
demonstrates that passive construc-
tion strategies were successfully reflect-
ed in the building form (Dingyiirek, et
al., 2003; Florides, et al., 2001; Oktay,
2002; Ozay, 2005; Oktay & Pontikis,
2008). However, very few examples of
such traditional architecture have sur-
vived and among those few that have
survived, many have been modified
through the years in ways that have de-
stroyed the climate responsive proper-
ties of such buildings. The combination
of inappropriate architectural practices
and the use of active systems in the
provision of climatic comfort condi-
tions now constitute a very real threat
to the sustainable development of the
entire island. It is therefore imperative
that builders reestablish the use of cli-
mate responsive systems on the island.
Then first step in such an achievement
lies in examining the methods used in
the extant examples of traditional ar-
chitecture and then integrating these
methods into contemporary building
practices. To this end, this work fo-
cuses on one of the few remaining ex-
amples of such traditional architecture
that accommodates — or used to ac-
commodate — with the unique climat-

ic features of the island. By examining
the climate responsive qualities of the
Samanbahg¢e Housing Settlement, we
aim to focus on the sustainable archi-
tectural features and examine the ways
this complex can serve as an example
for new construction strategies.

Through the years, many of the indi-
vidual units of the Samanbah¢e Hous-
ing Settlement have been modified to
lesser or greater degrees by their res-
idents so as to meet their perceived
needs. In addition to the changes made
by the residents themselves, in 2004 the
outer shell of the houses was subjected
to an updating process by the United
Nations Development Programme
(UNDP). Residents reported that the
combination of all of these changes to
the building form also changed the cli-
mate comfort features of the interiors
of the units. The aims of this current
work have thus been directed at de-
termining of the effects of the changes
(caused by the entire, three-quarters
and half enclosing of the courtyards
of the units by their residents and by
the changes made to the building’s en-
velope by the restoration efforts of the
UNDP) in heating, cooling, and light-
ing loads via modeling and simulating;
and conducting a survey of residents to
determine their perceived satisfaction
of climatic and visual comfort features,
relative to the modifications of their
houses.

A third focus of this work has been
to provide suggestions as to how the
current conditions of the housing com-
plex can be evaluated and modified in
such a way that the complex as a whole
will become more energy efficient and
sustainable while meeting the contem-
porary needs of its residents. As a pri-
mary step, we examined the history of
the traditional settlement so as to de-
termine its original design and func-
tion. We next engaged in a modeling
and simulation process to evaluate the
building in terms of both its current
thermal and visual performance fac-
tors. A survey carried out with current
residents sheds light on the ways the
residents use the dwellings today and
how satisfied they are, or are not, with
the performance of their dwelling.
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2. Background research focusing on
climate responsive strategies

Many researchers have investigated
cases in different locations of Cyprus,
either emphasizing the importance of
the courtyard, which is a very preva-
lent feature in traditional houses of the
island, or comparing and contrasting
traditional and contemporary build-
ings as a means to obtain data that
demonstrates the climate responsive
qualities of the traditional houses. In
her evaluation of the vernacular urban
and architectural patterns at the North-
ern Cyprus, Oktay (2002) discusses the
courtyard, which she defines as a space
that guarantees the climatic comfort in
a hot and dry climatic zone and says
that the courtyard represents a design
tool in the design of more sustainable
new developments. Similarly the in-
vestigation carried out by Philokyprou
& Michael (2012) emphasizes the sig-
nificance of the inner courtyard as a
microclimate regulator. Their investi-
gation evaluates the environmental be-
havior of traditional architecture and
reveals the climatic design elements of
Cyprus’ traditional architecture, name-
ly the passive strategies utilized for
heating and cooling.

In their studies of traditional and
modern houses in Cyprus, Florides et
al. (2001) simulated the energy flows
of both traditional and modern houses
by means of a computer program. The
results indicate that such design fea-
tures and applications as high ceilings
and doors and positioning openings
towards the prevailing night winds
resulted in a low cost house offering
the same temperature conditions as a
highly insulated and expensive modern
house. Similarly, Dingytirek & Tiirk-
er (2007) underlined their beliefs that
the inherent in the island’s traditional
houses are a number of principles that
can be learned and applied to today’s
architecture. Setting off from this per-
spective, they defined those design
principles suitable for contemporary
housing that both reflect the existing
unique patterns in traditional housing
of Cyprus and that will ensure sus-
tainability. Another study carried out
by Dingyiirek et al. (2003) constitutes
an analysis of the traditional Mesao-
rian houses that focuses on that site’s
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climatic design parameters, including
function, building form orientation,
layout and material. They investigated
climatic performance through mea-
surements of the arcade and an interior
room. Their results show that Mesaori-
an houses respond to the environment
in a manner appropriate to their func-
tions and meet the perceived comfort
needs of their occupants. The authors
suggested that today’s designers adapt
some of the features of these houses
into their contemporary design princi-
ples. Kalogirou et al. (2002) presented
the heating and cooling energy con-
sumption results in terms of the ther-
mal mass of the buildings. The results
of the simulation support the under-
standing that heating energy consump-
tion decreases whereas cooling energy
consumption slightly increases. These
authors also evaluated such different
design parameters as optimum over-
hang size, air gap size and wall thick-
ness have also been carried out. They
found that southern exposure thermal
walls are always advantageous in terms
of energy loads.

The problems faced in Cyprus are
not unique to that particular island and
many other researchers working in oth-
er places in the world are also focusing
their attention on issues of sustainable,
energy efficient and climate responsive
traditional houses of different scales.
One example from Malaysia which is a
comparison between traditional Malay
House and new forms of construction
shows the climatic responsive qualities
of the traditional houses with respect
to environmental comfort (Hanafi,
1994). Likewise, Ealiwa et al. (2001)
have reviewed the results of thermal
comfort survey which were carried out
in traditional and contemporary build-
ing types in Libya. They used full-scale
measurements and a questionnaire
based on environmental parameters
and human thermal comfort responses
from 51 buildings. According to their
results, occupants are more satisfied
and thermally neutral in older type,
naturally ventilated buildings than
they are in new air-conditioned build-
ings. Another comparison, this time
between traditional and contemporary
house in Thailand, was carried out by
Antarikananda et al. (2006) in order to
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investigate whether traditional houses
demonstrate better thermal comfort
conditions than do contemporary
structures. Using a simulation mod-
el, they concluded that the traditional
housing of Thailand provide useful ar-
chitectural design responses to climate.
Singh et al. (2009) conducted an exten-
sive study on thermal performance of
northeastern Indian vernacular archi-
tecture. Their field study includes the
survey of traditional houses, field tests
and occupants’ selection of thermal
sensation on the American Society of
Heating and Air-Conditioning Engi-
neers (ASHRAE) thermal sensation
scale. They included measurement of
temperature, humidity and illumina-
tion level in their field survey. Their
work revealed that traditional houses
work much more efficiently in all sea-
sons other than winter.

This review of research studies
demonstrates that there is a direct
co-relationship between the climatic
comfort of a building and the quality
of its passive systems. Reducing energy
consumption, using natural resources
and providing comfortable, healthier
and sustainable living spaces are the
aims of climatically responsive building
design (Hui, 2010). There are, however,
many times when in a specific period
of the seasons, supplementary active
heating and cooling systems will be
necessary in order to provide thermal
comfort conditions. In such cases, the
thermal performance of the building’s
passive energy systems is the deter-
mining factor in the amount of energy
required. Since the building form is
one of the most important components
with respect to total heat loss and gain
of the whole building, it becomes the
main determinant of the amount of en-
ergy consumption caused by the active
systems. As the building form chang-
es, the facade area surrounding the
building, consequently the volume of
the building and the heat flow amount
through itself will change respectively.
Moreover the thermophysical prop-
erties of the building envelope are the
indicator of the amount of heat gain
or loss through the building envelope.
Therefore, since the building envelope
and form are the primary determinants
of both the indoor climatic conditions

and the amount for active energy con-
sumption, they will be analyzed for the
case of the Samanbahge Housing in the
following sections.

3. Identifying and analyzing the cli-
mate responsive Samanbah¢e Houses

The traditional Samanbahc¢e Hous-
es reflect the major characteristics of
climate responsive house design. In
this work, these houses will first be de-
scribed with their general characteris-
tics and then will be analyzed in terms
of climate responsive design parame-
ters.

3.1. Historical background

The Samanbah¢e Housing ranks as
the first public social housing proj-
ect in the Walled City of Nicosia. Al-
though the exact date is not known,
documents tell us that the complex was
first partially built in 1894, a period
that coincides with the British colo-
nization of the island. The increase in
population at that time had given rise
to an increased need for housing, so
permission was granted to the Evkaf
Charitable Foundation (ECF) to build
on this parcel of farm land within the
city walls (ECF Document, 2004).

The housing was originally built as
welfare housing for low-income fami-
lies and has, since then, been occupied
by low and middle income families for
more than a hundred years. The com-
plex still continues to be operated and
run by the same foundation. Today
registered as third class historic build-
ings, the housing attracts the visit of ex-
perts and tourists alike (Figure 1). The
complex, which was built in stages over
time, currently comprises 72 housing
units. Most of the units were complet-
ed during the first stage in 1900, while
new houses were added in 1949 and
some later houses subsequently added.

Today the Samanbahge Complex
faces problems brought on by so-
cio-economic decline. Beginning in
the early mid-1980’s, the local residents
began to abandon the walled city and
these earlier residents were soon re-
placed by immigrant worker families.
Crime rates began to rise with the in-
flux of this new low-income popula-
tion and this also ushered in a process
of decay in the walled city. Because this
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ongoing physical deterioration poses a
threat to the local/traditional charac-
teristic of the district, a comprehensive
master plan was implemented. Within
the context of this plan, a revitaliza-
tion project financially supported by
the UNDP was implemented by Unit-
ed Nations Office for Project Services

(UNOPS). Restoration work started in

2003 and was completed in 2004. This

work focused on three major concerns:

« Upgrading the existing infrastruc-
ture, including upgrades to the
power supply, telephone lines, sew-
erage system and water supply.

« Landscaping of the whole area: Pe-
destrianization of streets, restric-
tions placed on vehicular traffic,
clear separation with pedestrian
routes, introduction of appropriate
street furniture and lighting and
improvement of parking areas.

« Rehabilitating traditional buildings:
Restoring the facades and roofs of
the houses and the historic fountain
(ECF Document, 2004).

Despite these efforts, the revitaliza-
tion project failed to stem the process
of physical and social decay. Many of
the residents of Samanbahge voiced
dissatisfaction with the renewal efforts,
saying that the changes made were
only cosmetic. Moreover, such present
factors as the changes in the life-style
of inhabitants, the inadequacy of mod-
ern sanitary conditions that can meet
contemporary needs, the small sizes of
the dwellings, the lack of regular main-
tenance, lack of awareness and low
educational levels of current residents
have all caused this process of physi-
cal and social decay to continue today
(Doratly, et al, 2001), (Vehbi & Hoska-
ra, 2011), (Yildiz, et al., 2009). It has
become evident that the changes made
to the complex, as a whole and in part,
through the years have also impacted
upon and significantly changed the
original climate responsive features of

Figure 1. Roof silhouettes of the Samanbahge Housing.

the housing.

3.2. Climate responsive Samanbahge
Houses

The study includes an examination
of the climate responsive design strat-
egies employed in hot and dry climates
that focus on the unique climatic con-
ditions of the region. Following this
determination, the traditional Saman-
bahge Housing Site was evaluated in
terms of climatic conditions and design
criteria such as site and orientation,
building form and building envelope.

3.2.1. Climatic condition in Nicosia

Nicosia has a composite climate with
hot and dry summers and rainy winter
seasons. Located in central Cyprus,
Nicosia is situated between longitudes
33°24’E and latitudes 35°09’N. The city
is hot and dry during its long sum-
mer season that extends from April
to October. Throughout the year, July
is usually the warmest month, while
the coldest month is usually January.
Temperatures vary between 9°C-12°C
during the winter, and often exceed
42°C in summer. Highest rainfalls oc-
cur between December and March. The
prevailing wind comes from a westerly
direction with an average wind velocity
3.7 m/s (Department of Meteorology,
2012).

3.2.2. Site and orientation

The Samanbahge Settlement dis-
plays a rigid grid street system with
straight north-south and east-west ori-
entations (Figure 2). The building units
in the existing settlement are aligned
along a north-south axis and oriented
towards the east and west, thus ensur-
ing that they all share equal amounts of
solar radiation. However, the west-fac-
ing windows are particularly problem-
atic in summer because the heat gain is
maximized during the later afternoon,
typically the hottest part of the day.

Evaluating sustainability and energy efficiency of a traditional housing: The case of the Samanbahge
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Figure 2. Site plan of the Samanbahge
Housing (ECF Document, 2004).

Nicosia has both intense solar ra-
diation and high air temperatures in
summer, both of which are the major
sources of climate discomfort for the
city. Shade from this solar radiation is
an important requirement for cooling
energy consumption, both for outdoor
and indoor areas. During the summer
season, the Samanbahce Houses are
shaded by the walls lining the narrow
streets (Figure 3), which are the main
determinants of shaded or irradiated
external wall area and consequent-
ly the annual amounts of heating and
cooling energy consumption.

3.2.3. Building form

The building form is one of the most
effective design parameters for pro-
viding indoor climatic comfort con-
ditions. The thermal performance of
a building envelope is also influenced
by the building form. Therefore, the
building form is one of the reasons of
the amount of heat transfer through
the building envelope. As is known, the
facade area of the building and conse-
quently the total heat loss or gain may
change due to the change in the build-
ing form. It is possible to determine a
lot of building forms that yield same
volume, but different facade area (Yil-
maz, Koglar Oral et al., 2000). There-
fore, the ratio of total facade area to
building volume (A/V) is an indicator
describing the building form.

The Samanbah¢e Housing Units
were constructed around a courtyard
and aligned inward. Courtyard houses
are generally the most preferred build-
ing form type in those climates as they
minimize the heat conducted from

outdoors and provide shade for the
dwellings in the summer. On the oth-
er hand, in hot dry climatic regions the
geometry of the courtyard consider-
ably affects the facade area and the vol-
ume of the building, and consequent-
ly the A/V ratio which directly affects
the generated heat gain and hence, the
required cooling and heating loads.
Thus, the courtyard directly affects the
amount of energy loads required.

Similarly, daylight represents anoth-
er of the most important parameters
that are modified by the effect of court-
yard dimension. When considering
daylight performance in a courtyard
house, window size and the courtyard
wall area and color, which affect the
illumination level, are usually the first
key factors to be considered. Therefore,
the dimensions of the courtyard walls
and their reflectance features can affect
the distribution of daylight in a house
and thus can increase or decrease the
total amount of daylight received. This,
in turn affects the amount of lighting
energy consumption (ESRU, 2012).

In the Samanbahce Houses, the
openings that face the courtyard pro-

Figure 3. Axial street view of the

Samanbahge Housing.
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Figure 4. Typical ground floor plan of the
Samanbahge Houses (ECF Document,
2004).
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vide natural ventilation as well as nat-
ural illumination. The courtyard acts
as a ventilation shaft bringing in cool-
er air. The prevailing western wind is
one of the main determinants of nat-
ural ventilation in the buildings. Each
house has a courtyard and main en-
trance openings oriented towards the
west or east; thus the central space/the
sofa receives cross-ventilation through
the openings to the street and court-
yard. As originally built, the well-de-
fined, open-to-sky courtyards of the
Samanbahge Houses, thus constituted
climatically comfortable spaces for the
dwellers (Figure 4).

3.2.4. Building envelope

The traditional Samanbahce Houses
were developed through localized ex-
perience to meet the everyday needs
of the occupants and to provide com-
fort. Local availability and the ther-
mal effects of the materials according
to climate were the major factors that
were considered in the construction of
the building envelope (Florides, et al.,
2001). These weather conditions pro-
vided the right conditions for the de-
velopment of adobe architecture in the
region. Sun-dried earthen bricks (ado-
be) are the most common walling ma-
terials. These bricks are made of earth,
gravel, clay and water that are mixed
and bound together with straw, grass
or livestock hair, left to set as a mixture
overnight, and then shaped into blocks
and dried in the sun (Dingyiirek, et al.,
2003). The finished 50 c¢cm. walls also
have a layer of gypsum plaster coating
each side.

B B

Figure 5. Partial facade drawing of the Samanbahg¢e Houses (ECF

Document, 2004).

Table 1. Existing opaque components details (Base Case).

Opaque Material A value Thickness U Value (W/m°K)
components W/(mK) (m)
Gypsum plaster | 0,40 0,02
External walls Adobe 0,46 0,46 U=0.78
Gypsum plaster | 0,40 0,02
Clay Tiles 1 0,025
Pitched Roof Earth 1,28 0,10 U=2,93
Wood blocks 0,14 0,03
Gypsum plaster | 0,40 0,03 -
Ground Floor Marble 35 0.03 U=3,4
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In hot climatic zones, buildings
should be designed to modulate the
outdoor temperature swing. In the tra-
ditional architecture examples found
in this type of climate, those materials
with greater thermal mass were select-
ed to accommodate the time lag of the
building envelope. In Cyprus, which
typically has large daily temperature
fluctuations, adobe walls have been
used to construct buildings of a high
thermal capacity. This capacity both
helps repel the daytime heat and main-
tain the night-time coolness inside the
building for a longer period. The ther-
mal capacity of the adobe wall delays
the heat transfer to the interior of the
building by absorbing excessive heat
for several hours. On the other hand,
this thermal mass, which has higher
surface temperatures on the outer side,
will rapidly lose heating energy to the
atmosphere via radiation at night, thus
starting the next day at a cooler level
(Manioglu & Yilmaz, 2008), (Yilmaz,
2004). Consequently, the thermal mass
of the building envelope is one of the
main reducers of annual cooling ener-
gy loads.

Figure 5 depicts the facades of the
houses including the main entrance
doors, which have frames made of
limestone, windows with wooden shut-
ters, and the red tiled roofs. A detailed
description of the traditional Saman-
bahce house’s wall, floor and roof ther-
mophysical properties -such as ther-
mal conductivities (A) and overall heat
transfer coefficient (U value)- is given
in Table 1. Windows are single glazed
with wooden sashes. The overall heat
transfer coefficient of the transparent
component (Uw) is 3.63 W/m*°K. The
transparency ratio of the main facades
is 16%, while this ratio is 0% on court-
yard facing facades. In this climate,
shutters, which served as the original
part of the housing scheme, have tra-
ditionally been kept closed throughout
the day in order to provide privacy and
to balance the sunlight seeping into the
interior spaces.

4. Case study: Analysis of the Saman-
bah¢e Houses in terms of sustainabil-
ity and energy efficiency

A two-step method was used to car-
ry out the field/case study directed at

Evaluating sustainability and energy efficiency of a traditional housing: The case of the Samanbahge
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meeting the stated aims of this work:

o Modeling and comparing the cases:
First, the modifications made to the
Samanbahgce Houses over time have
been classified. In order to evalu-
ate and compare the performance
of every different case, a dynamic
thermal simulation program, “De-
sign Builder” has been used for
modeling and simulating the en-
ergy flows and the annual heating,
cooling and lighting loads (Design-
Builder, 2012).

o Questionnaire survey: The survey
was designed to determine both
the user’s day and night satisfaction
levels and the residents’ perception
and satisfaction levels of the indoor
environment.

An analysis of the Samanbahge
Houses shows that multiple changes
have been made to many of their gen-
eral plans and building forms. Most of
the residents modified their houses so
as to enlarge them and to at least par-
tially solve the problems rising from
inadequate physical and sanitary con-
ditions in kitchens, baths, and WCs.
The modifications to the houses were
classified into three general categories
and these are given in Table 2.

The unmodified, original situation
of the Samanbahce House has been
modeled in order to establish the heat-
ing, cooling and lighting loads of the
“Case 1”7 building. One of the most
popular modifications made by resi-
dents has been the enclosure of half of
the courtyard, which was done to in-
crease interior space (Case 2). In some
cases the residents obtained additional
space by enclosing three-fourths of the
courtyard (Case 3). In some houses the
courtyard has been totally enclosed so
as to enlarge the house space (Case 4).
The building envelope details are given
in Table 1, for Case 2, Case 3 and Case
4. For Case 5, a major change was made
by the UNDP when it removed the soil
and mud layer on the roof construction
and replaced it with a 0.02 cm. eps in-
sulation layer. The transparency ratio
for the courtyard-oriented facades of
modified form is 0 %. Case 2, Case 3
and Case 4 models are based on A1, Bl
and C1 alternatives from Table 2. Ac-
cording to the models, the determined
A/V ratio for Case 1, Case 2, Case 3,

Table 2. Floor plans modified by the residents.

FLOOR PLANS MODIFIED BY RESIDENTS

1/2 of the courtyard 3/4 of the courtyard

the entire courtyard
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Case4 and Case5are 1,3-1,1 -1,12 -
0,88 and 1,3 consecutively.

4.1. Analysis of energy requirement

We used the dynamic thermal simu-

lation program called “Design Builder”

(Designbuilder 1.2 User Manual, 2006)

to carry out an evaluation of the per-
formance of the existing building an-
nual loads. This program provided us
with the annual heating, cooling, and
lighting loads of the house and assist-

ed us in modeling and simulating the
annual energy flows of the traditional
Samanbahge Housing.

The comfort value of indoor tem-

perature was assumed to be the univer-

sally accepted standards of 19°C for the

heating period and 26°C for the cooling
period. The indoor air temperature in

all spaces of the building was assumed

to be equivalent and calculations were

done by considering the building as a

unit with different zones. Since Nic-

osia climatic data are not available

within the weather data given by De-

sign Builder, International weather for
energy calculations (IWEC) weather
data for Paphos (which has the closest
climatic data with Nicosia) has been

taken from ASHRAE Weather De-

sign Data and used in the simulation.

All calculations assume that windows

are covered by shutters. Four housing

units have been taken as one building
group with a central courtyard in or-

der to show the modifications of court-

yards made by residents. In addition,
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occurred per m”>.

each unit has been analyzed and mod-
eled according to their individual and
different zones and then simulated for
each case. To simplify the simulation
process, the effect of the shading of
parallel buildings was represented by
a wall. Heating, lighting loads and so-
lar gain variations for each zone of all
cases are given in Table 3. By obtaining
total loads of all cases, the calculation
of heating and lighting loads and solar
gain per m? assist in comparing loads
and gains proportionally. Heating,
lighting, total loads, and solar gain oc-
curred per m? are expressed in Figure
6. All loads are estimated on an annual
basis.

As mentioned before, the distances
between buildings, the courtyard’s sur-
face and volume and the thermal mass
of the building envelope have been de-
termined as a basis for the comparison
between the energy loads of the differ-
ent cases investigated. The evaluation
of simulation results can be summa-
rized as follows:

o Table 3 demonstrates that both the
zone heating and lighting loads, and
the solar gains are the direct results
of the dimensional modification
and transparency ratio of the zones.
Since all the courtyard dimension
modifications directly affect the di-
mension of Zone 1, the heating and
lighting loads of Zone 1 are signifi-
cantly higher than the other zones.

« Solar gains only occurred in Zones
2 and 4. Since the transparency ra-
tios of these zones are not affected
by the modification of the court-

213

yard, the lighting loads and solar
gains are equal for all cases.
Modifications carried out to the
courtyard directly affect the area of
courtyard oriented facade of Zone
4. Consequently the heating loads
of Zone 4 display a slight decrease
in Case 2, Case 3 and Case 4.

The heating loads variation in Zone
1 directly affect the heating loads
of Zone 2 by the heat transfer oc-
curring through the shared internal
partition.

When examining all cases in Figure
6, no cooling loads occur for Case 1,
Case 2, Case 3, Case 4 and Case 5.
Case 1 always provides the lowest
heating, lighting and total loads.
Case 4 provides the highest heating,
lighting and total loads. The gain in
internal space caused by modify-
ing the courtyards of Case 2, Case
3 and Case 4 results in a significant
increase in heating loads and lower
heat gain obtained by solar radia-
tion. Moreover, the increase in area
and volume of the internal spaces
brought by these modifications also
brings about an inevitable increase
of heating and lighting loads.
When comparing Case 1 energy
consumptions with other cases, it
was seen that the heating loads in-
creased by 14% in Case 2, 38% in
Case 3 and 67% in Case 4.

When analyzing lighting loads,
Case 1 and Case 5 have the same
rates, whereas these values increase
by 30% in Case 2, 42% in Case 3,
and 71% in Case 4.

The total loads of Case 1 increase by
20% in Case 2, 39% in Case 3 and
68% in Case 4.

The percentages of heating load in
total load for the Case 1, Case 2,
Case 3, Case 4 and Case 5 are 58 %,
55%, 57%, 57% and 58% respective-
ly.

The percentage of lighting load in
total load for the Case 1, Case 2,
Case 3, Case 4 and Case 5 are, 38%,
40%, 41%, 39%, 38% respectively.
Case 1 and Case 5 provide similar
loads because the original plan type
has been protected in both of these
cases. The modification made by
UNDP has no effect on the heating
loads.
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Table 3. Heating, lighting loads and solar gain variations for each zone of all cases.
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o When examining energy loads per
m? in Figure 7, it can be seen that
the variations of heating, lighting
and total loads according to each
case do not follow the same trend
as those determined according to
A/V ratios. It is possible to say that
loads per m? represent only the ar-
eas variation effect, whereas A/V
ratio represents the collected effects
of both area and volume.

Since the transparency ratios are
equal in all cases, by changing the

4.2. Evaluating residents’ thermal
satisfaction

In parallel to the measurements,

questionnaire surveys were also con-
wi ) . .
ducted with forty-three residents in

m Houses with modifications

A/V ratio, the solar gains per m” re-

2

duce by 23% in Case 2, 30% in Case
3 and 42% in Case 4.

m Houses retaining the original plan layout

m Courtyard enclosed partially
u Courtyard enclosed totally
Courtyard retaining original size

Figure 7. Evaluation of the physical conditions of the Samanbahge

Housing.
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order to determine the degree of ther-
mal satisfaction with the physical en-
vironment. Five of the houses were
locked (or non-occupied), nine out
of total number of residents did not
want to participate, and fifteen out of
the total number of residents could not
be reached; thus, the evaluations were
carried out with a total of forty-three
questionnaires. The questions asked
focused on the physical conditions of
the houses, residents’ annual thermal
and visual perceptions, along with
their demographic characteristics.

In their responses to questions re-
garding the physical conditions of
houses, the majority of the residents
(84%) stated that they had made sig-
nificant interventions to their houses,
including some spatial additions to the
courtyard space of their houses and/
or changing the spatial layout of their
houses by demolishing some interior
walls. Generally, due to the insuffi-
cient physical and sanitary conditions
in kitchens, baths, and WCs, some
residents have rearranged wet spaces
and kitchens and have converted their
courtyards into living and dining spac-
es. The rest (16%) of residents stated
that they had only carried out some
repair jobs, such as renewing the fin-
ish layers of walls, floors and roof. This
means that their interventions were
very superficial and in this way their
houses generally retained the original
plan with no additions. Almost half of
the respondents (51%) stated that they
had converted some part of the court-
yard space into interior spaces, where-
as 24% of the respondents stated that
they converted almost the entire court-
yard space into interior spaces. The
rest (25%) of the respondents reported
that they use the courtyard as an open

Perceived Thermmal and Visual Comfort

heating

m dissatisfied

cooling lighting ventilation MW satisfied

Figure 8. Residents’ thermal and visual perceptions in the
Samanbahge Housing.
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space (Figure 7).

To determine residents’ annual
perceptions, a resident survey aimed
at evaluating their perceptions of the
houses in terms of thermal and visual
comfort was conducted. In the mod-
eling and simulation process, the Sa-
manbahce Houses were investigated
only from the perspective of annual
heating, cooling and lighting ener-
gy consumption. However during the
survey, in addition to heating, cooling
and lighting conditions, the respon-
dents were also asked to evaluate their
living environment in terms of venti-
lation and humidity. Residents’ annual
evaluations for both heating and cool-
ing conditions of their houses are the
same; 58% of the respondents stated
that they are satisfied with the heating
and cooling conditions of their houses,
whereas 42% of the respondents stat-
ed that they are dissatisfied with the
heating and cooling conditions of their
houses. The values that emerged for
lighting and ventilation are the same as
well. Some respondents (60%) are sat-
isfied with the lighting and ventilation
conditions of their houses, whereas the
rest of them (40%) reported dissatis-
faction (Figure 8).

It was found noteworthy that the
residents who expressed their discom-
fort with humidity are also those resi-
dents who converted their courtyards
partly or totally into the interior spac-
es. It has been determined that 100% of
the residents who totally enclosed their
courtyards reported a problem of hu-
midity, whereas only 70% of residents
who partially enclosed their courtyards
reported such problems.

For the purpose of evaluating visual
conditions of spaces, the respondents
were asked whether they use artificial
lighting during day time hours. A total
of 39% of the residents who stated that
they are generally out of their houses
during daytime hours, also stated that
they don’t need to use artificial lighting
during the day, while 35% of residents
indicated that they sometimes use ar-
tificial lighting and 26% of residents,
most of whom had enclosed the court-
yard into interior space, indicated that
they frequently use artificial lighting
during day time hours. The need to
keep the shutters closed is yet anoth-
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er reason why residents use artificial
lighting. The residents use these shut-
ters, which are original to the houses,
in order to adjust the amount of sun-
light entering the interior spaces (see
the picture in Figure 3 and the facade
drawing in Figure 5). Respondents
were also asked to describe the kind
of light they use in interior spaces. A
total of 49% of respondents stated that
they use incandescent light; 42% stated
that they use fluorescent light; and 9%
of the respondents stated that they use
both incandescent lamp and fluores-
cent light.

The preferred heating systems in
the Samanbahg¢e Houses by residents
are, firstly, portable heaters such as
gas or electric (45%) and, secondly,
split (heating and cooling exchangers)
(35%). Some residents (20%) have been
using both systems complementary to
each other. Residents report that they
utilize heating systems six and an half
hours per day during three and a half
months of the year on average. Heat-
ing fuel includes fossil fuels (14%),
electric (56%), and bottled gas (30%).
Residents report that they pay an aver-
age of 90 Euros per month for heating.
Preferred cooling systems by residents
in the Samanbahg¢e Houses, are, in or-
der of use, air-conditioners/ heat ex-
changer split conditioners (31%), fans
(27%), and natural ventilation (24%).
Some residents (18%) report using two
or three systems complementary to
each other. Cooling systems are used
six hours per day during three months
of the year on average. Residents pay
an average of 100 Euros per month for
cooling.

Despite the fact that the modeling
of the Samanbahce Houses indicated
a zero cooling load, resident surveys
revealed an annual cooling cost. This
contradiction most likely arose from
the fact that the standard limit value of
cooling comfort temperature was tak-
en as 26°C, while residents preferred
to cool their houses to lower tempera-
tures (18-20°C).

5. Conclusions

This study presents an evaluation of
energy efliciency and sustainability of
the Samanbahc¢e Houses. First, the cli-
mate responsive design characteristics

of the traditional Samanbahc¢e Houses
have been explained and then, modi-
fications made by residents have been
classified and investigated. In summa-
ry, the results of the modeling and sim-
ulation analyzes, combined with the
results of resident survey, demonstrate
that:

+ None of the building form has any
cooling needs. Since the modified
forms of Case 2, Case 3 and Case 4
cause an increase in area and volume
of buildings while the transparency
ratio did not change, this situation
have resulted in a reduced amount
of irradiation received in summer,
resulting in no energy requirements
for cooling. The traditional mate-
rials used in the building envelope
may be the reason that such a re-
sult was obtained. Even though no
numerical measurement data were
collected, this can be explained by
the significant thermal mass effect
presented by 50 cm. thick adobe
wall. Moreover, because of the nar-
row streets, the reduced amount of
radiation can result in zero cooling
loads. Due to the decreasing the
volume of the courtyard, the court-
yards walls became closer, resulting
in the fact that they form an exter-
nal obstruction. Thus, the combina-
tion of these modifications can be
resulted in zero cooling loads.

o When determining the heating and
cooling loads, one should not only
consider the area of the building,
but also the area of the building
envelope where the heat flows oc-
curs and the volume of the building
which is surrounded by this enve-
lope. Thus, decreasing the A/V ratio
tends to decrease the annual heat-
ing, lighting and total loads per m*.

o Transparency ratio and A/V ratio
are the main parameters that deter-
mine the energy loads in buildings.
Transparency ratio affects directly
the solar gain and the consequent
heating and cooling loads. Thus, the
modifications made in courtyards
affect the variation of energy loads
by changing the A/V ratios.

 Our investigations have determined
that all cases of totally enclosed
courtyards obstruct cross ventila-
tion, increase humidity levels, and
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limit the inflow of natural light into

the buildings. Decreasing the court-

yard dimension also increases the

lighting load by an average of 38-

41% on total energy consumption.

After reviewing the major results
of the study, it is possible to suggest
some proposals including precautions,
regulations and rules, which can pro-
vide guidance for the future sustain-
able development of the Samanbahge
Housing. While doing so, however, it is
important to state that these proposals
are not supported or demonstrated by
numerical models. In this work, only
the existing situation of the houses was
modeled in order to make the evalua-
tion possible. The proposals have been
offered by keeping in mind that the
strategy for sustainable housing should
involve the “actors” such as producers,
management and residents (Huong &
Soebarto, 2011) and --more impor-
tantly - that without the cooperation
of residents, that strategy would be in-
sufficient (Crosbie & Baker, 2010).

First of all, removing the added
spaces in the courtyard and using this
space again as a courtyard will enable
the houses to regain their climate re-
sponsive and sustainable qualities. For
this purpose, the management (the
Evkaf Foundation) should ban resi-
dents from making any modifications
to the houses, and should limit number
of individuals allowed to reside in one
unit in light of the fact that the physical
conditions of the houses are inadequate
for larger size families and there is no
possibility of extension. Morever, the
Evkaf Foundation should guide resi-
dents in gaining an awareness of the
capabilities inherent in natural sourc-
es and inform them about the kinds of
lower energy consuming devices and
equipment they can choose for heat-
ing, cooling, lighting, water supply and
fuel type. We should also acknowledge
the fact that an island that has very rich
solar radiation like Cyprus, should uti-
lize solar energy as an alternative and
energy-saving energy source.

As residents vacate their units, the
foundation might also consider mak-
ing changes to the demographic make-
up of each unit. To restrict the numbers
of residents living in each unit, they
may try to find new types of residents,
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such as young single professionals or
seniors looking for independent living
for one or two persons. The foundation
might also considering adjoining some
of the units to provide more spacious
dwellings for those families who need
the space.

This study and its results are specific
to the individual Samanbah¢e Houses
conditions. More general results can be
obtained by making different assump-
tions and additional air flow and hu-
midity measurements. Repeating the
calculations by taking into account the
effects of natural ventilations may lead
to the formation of and convenient
architectural solutions for energy effi-
cient design.

When evaluating traditional houses
we understand that the design param-
eters of these houses present optimum
values that ensure thermal comfort
from the energy efficiency point of
view. When any modifications to a tra-
ditional home are being carried out,
the work undertaken has the inherent
aim of optimizing the comfort con-
ditions and energy consumptions. In
other words, the remarkable role of
climate responsive design parameters
should be taken into consideration not
only while modifying such houses but
also while designing and constructing
new housings. Last but not least, once
again this work has demonstrated that
there are many things to learn from
traditional climate responsive houses.
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Geleneksel bir konut yerlesiminin
siirdiiriilebilirlik ve enerji etkinlik
agisindan degerlendirilmesi: Kibris
Samanbahge Yerlesimi 6rnegi

Kibris adasi iklimsel nitelikleriyle
glines adasi olarak adlandirilmasina
ragmen, giinimiizde adada inga edi-
len binalarda pasif sistemlerden ¢ok
aktif sistemler kullanilmaktadir. Oysa
enerji Uretimi agisindan disa bagimh
olan adada enerjiyi etkin kullanabil-
mek i¢in, geleneksel binalarda kullani-
lan pasif iklimlendirme sistemlerini ve
iklimle dengeli tasarimin ilkelerini or-
taya ¢ikararak bu ilkeleri yeni insa edi-
lecek binalarda kullanmak son derece
onemli bir konu haline gelmistir. Ada-
daki geleneksel binalar incelendiginde
hepsinin iklimle dengeli nitelikler tasi-
dig1, ancak pek ¢ogunun kullanici mii-
dahaleleri sonucunda bu 6zelliklerini
kaybettikleri goriilmiistiir. Lefkosada
sur i¢inde yer alan ve 1896 yilinda gele-
neksel malzeme ve yapim teknikleriyle
inga edilerek giiniimiize ulagmis nadir
orneklerden biri olan Samabahge sos-
yal konut yerlesimi de, iklimle dengeli
mimari niteliklerle insa edilmis olma-
sina ragmen, yilar boyunca kullanic
miidahaleleri ve yapilan restorasyon
caligmalariile degiserek ilk insa edildigi
yillarda sahip oldugu siirdiiriilebilirlik
niteliklerini kaybetmistir. Bu nedenle
bu ¢aligmanin amaci, 6ncelikle 6zgiin
yerlesmenin sahip oldugu iklimle den-
geli ve enerji etkin niteliklerini ortaya
¢ikarmak ve bu niteliklerin konutlarin
gecirdigi degisimle birlikte nasil zarar
gordiigiinii ortaya koymaktir. Calis-
manin bir diger amaci 21. yiizyil ko-
nut kullanicilarinin  gereksinimlerini
de gozeterek, bu geleneksel konutlara
iklimle dengeli ve siirdiiriilebilir 6zel-
liklerini yeniden kazandirabilmek i¢in
ne tiir iyilestirmeler yapilabilecegini ve
yerlesimi siirdiiriilebilir kilmak i¢in ne
tiir nlemler alinabilecegini tartigmak-
tir.

Calismada ilk olarak mevcut lite-
ratiirde yer alan geleneksel konutlar:
ikimle dengeli nitelikleri a¢isindan in-
celeyen caligmalarin bulgular: 6zetlen-
mis; daha sonra Samanbahge Konutlari
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pending on Building Form, Research Proj-
ect no. 985, Research Center of Istanbul
Technical University.

tarihsel gelisimi ile ortaya konulmus-
tur. Avlulu bina tipolojisinde ve sira ev
diizeninde insa edilen bu konutlarin
iklimle dengeli nitelikleri, yerlesme
ozellikleri, bina formu ve kabugu in-
celenerek tanimlanmistir. Calismanin
yontemi;

« konutlarin mevcut durumlarini tes-
pit edebilmek ve kullanici memnu-
niyetini degerlendirebilmek ama-
cryla bir alan ¢alismasi yapilmasi ve,

« elde edilen verilerin kullanilmasry-
la gerceklestirilen modelleme ve
simiilasyonlar yardimiyla mevcut
durumda gergeklesen 1sitma, sogut-
ma ve aydinlatma yiiklerinin belir-
lenerek degerlendirilmesi

seklinde iki asamadan olugmaktadir.

Alan ¢alismast ile kullanicilarin ko-
nutlara yaptiklar1 miidahaleler sapta-
narak bes farkli kategori saptanmuigtir.
Ornek durum 1 Samanbahge Konut-
larrnin hi¢ degisiklik yapilmamis 6z-
giin halini, 6rnek durum 2 konutlarin
avlusunun yar1 yariya kapatildigi, or-
nek durum 3 avlunun dortte tigliniin
kapatildigi, 6rnek durum 4 avlunun
tamamen kapatildig1 ve 6érnek durum
5 ise bina formunun 6zgiin halinin
korundugu fakat UNDPnin yaptig1
restorasyon ile bina kabugunun degis-
tirilmis halini temsil etmektedir. Bu
bes farkli kategori simiilasyon motoru
olarak biitiinlesik bir simiilasyon prog-
ram1 olan ve dinamik bir hesaplama
yontemine sahip olan “Design Builder”
ile modellenerek 1sitma, sogutma ve
aydinlatma yiiklerinin enerji etkinli-
gi acisindan etkileri kargilastirilmis-
tir. Ayrica kullanicilarla yapilan anket
¢alismasi ile kullanicilarin konutlarin
giiniimiizdeki durumlarindan, iklim-
sel ve gorsel konfor kosullar1 agisindan
memnuniyet dereceleri saptanmaya
calisilmistir. Bu ¢alismanin kabulleri
dogrultusunda bes farkli 6rnek durum
kargilastirildiginda elde edilen sonug-
lar s6yle 6zetlenebilir:

« Incelenen érnek durumlarin higbi-
rinde sogutma yiikleri olusmamis-
tir. Ornek durum 2, 3 ve 4'de avlu
boyutlar: kiigiilerek binanin alani
ve hacmi arttig1 ancak saydamlik
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oranlar1 ayni kaldig1 icin yaz bo-
yunca alinan giines 1ginimi1 miktari
azalmakta dolayisiyla sogutma yiik-
leri de azalmaktadir. Bina kabugun-
da kullanilan termal kiitlesi yiiksek
geleneksel malzemelerin, ozellikle
50 cm kalinhigindaki kerpi¢ duvar-
larin, binalara gelen giines 1s1n1mla-
rin1 azaltan dar sokaklarin ve avlu
boyutlarinin kiigiilmesiyle birbirine
yaklasan avlu duvarlarinin yol agti-
g1 golgelenmenin bu sonucun elde
edilmesinde etkili oldugu diistintil-
mektedir.

Isitma ve sogutma yiiklerinin be-
lirlenmesinde, sadece binanin top-
lam taban alani degil, 1s1 gegisinin
gerceklestigi bina kabugunun tim
alan1 ve bu kabugun cevreledigi
bina hacmi de goz 6niinde bulun-
durulmalidir. Dolayisiyla bina ka-
bugunun toplam alaninin binanin
toplam hacmine oranmin (A/V)
azalmasi yillik, m” bagina diisen
1sitma, aydinlatma ve toplam yiikle-
rin de azalmasina yol agmustir.
Cephelerdeki saydamlik orani ve
bina formunun A/V orani binalar-
da olusan toplam enerji yiiklerini
belirleyen temel parametrelerdir.
Saydamlik orani dogrudan giines
1sinimi kazancini dolayisiyla 1sitma
ve sogutma yiiklerini etkilemekte-
dir. Bu nedenle avlunun boyutlarin-
da yapilan degisiklikler A/V oranini
da degistirdigi i¢in binalarin toplam
enerji yiiklerini etkilemistir.

Gece ve glindiiz kullanimi birarada
dusiintilerek olusturulan anket so-
rular1 yardimiyla elde edilen anket

sonuglarina gore, tamamiyle kapa-
tilan avlular dogal havalandirma
i¢in bir engel olusturmakta, nem se-
viyesini arttirmakta ve dogal 15181n
i¢ mekanlara girmesini engellemek-
tedir. Dolayisiyla konut sakinleri-
nin yaptiklar1 degisimler konutlarin
1isisal ve gorsel konfor kosullarini
olumsuz yonde etkilemektedir.

Bu calismada, bina formunun bir bi-
leseni olan avlunun, konutlarin iklimle
dengeli ve siirdiiriilebilir niteliklerinin
korunmast agisindan 6nemi vurgulan-
mustir. Bu nedenle konutlarin yeniden
bu nitelikleri kazanabilmeleri i¢in 6n-
celikle avlularinin 6zgiin bi¢cim ve bo-
yutlarinin  korunmasi gerekmektedir.
Bu hedefe yonelik olarak, konutlarin
isletilmesinden sorumlu olan Evkaf
Vakf1 kurallar koyarak kullanicilarin
konutlara miidahalesini engellemeli
ve boylece konutlarin 6zgiin halinin
korunmasini saglamalidir. Konutlarin
bitylime imkani olmadigindan kalaba-
lik olmayan ailelerin bu konutlarda ika-
met etmesini saglamak, mekan genis-
letmek adina yapilabilecek degisimleri
onlemek amaciyla alinabilecek tedbir-
lerden biridir. Ayrica kullanicilarin al-
ternatif enerji kaynaklarinin kullanimi
acisindan bilin¢lendirilmesi uzun va-
dede yerlesimin stirdiiriilebilirliginin
saglanabilmesi acisindan Onemlidir.
Son olarak bu ¢aligma iklimle dengeli
niteliklerin hem geleneksel konutlara
yapilacak herhangi bir miidahalede,
hem de yeni insa edilecek konutlarda
gozetilmesi ve korunmasinin siirdii-
rilebilirlik agisindan 6nemini ortaya
koymustur.
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