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Abstract

Recently, there has been a sustainability movement in both currently built and
existing structures in many cities around the world. One of these structures is the
school buildings where new generations are educated. In Turkey, there are quality
problems in built school buildings in terms of sustainable architecture principles
for the residents and the environment. In addition, environmental, economic and
social losses occur unless sustainable precautions are taken in such buildings. It is
proposed that, as a model for the sustainability movement, every primary school
in cities be designed within these principles so that new generations can grow up
and receive education in a sustainable environment and their parents can become
aware of this issue. This study particularly examines the existing primary school
buildings that were built with a typical project principle. In order to raise the living
standards of children and also for environmental sustainability, the existing
conditions of the school buildings should be improved and transformed in a
sustainable way. In this context, the study is restricted to two scopes: existing
primary schools in Turkey and sustainability in existing buildings. As a method, a
primary school which was built with a typical project in a developing district was
evaluated within the framework of sustainability principles. In addition,
improvement and recovery through sustainability integration as a concept were
proposed. Application of this approach can be regarded as an important step in
terms of sustainable transformation in cities starting from local district schools to
other local residential buildings and other buildings as well. It is believed that this
approach holds an important role in creating sustainability awareness and
integration in a national and global aspect.

Keywords: sustainability, sustainable integration, adapted reuse, existing primary
schools, Turkey, Bursa.
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1 Introduction

The term “sustainability” essentially refers to “continuity”. The aim of
sustainability is to provide the continuity of the existing structures that have
fulfilled their function and/or existence up to the present as well as the production
of what is desired. The aim of sustainability in terms of architecture is not only
construction of ecological buildings but it is also the effective provision of
sustainability of present ones as well. Existing buildings should be evaluated not
only as structures occupying land but also as entities having time, materials,
energy and economic investments values. In this sense, it is not sensible to
demolish all buildings and reconstruct them. Instead, the buildings need
sustainable changes [1].

Revaluation of existing buildings in a sustainable way is only viewed only from
a physical aspect (structural, technological, environmental and ecological) but
sustainability should be evaluated in terms of socio-economic context if it is
desired to be attained in real sense. In order for primary schools to be evaluated
holistically, besides physical factors it is important take into consideration of all
factors including psychological, perceptual, ideological, socio-cultural, historical,
geographical, political and ecological.

In this study, development of primary state schools in Turkey has been
evaluated within historical, economic, and legal framework. A field study was
carried out by selecting a sample primary school that was built in recent past by
this system in Turkey. For the sustainable changes of the school, which is in
Niliifer District, Bursa, principle decisions have been put forward. These principle
decisions have been illustrated the plan, facades and sections of the existing
building schematically [2].

2 Sustainability of existing buildings

Many international studies which have taken place recently emphasise
sustainability with target applications and updates from the local to the global
aspects (Table 1).

Sustainability consists of three dimensions namely physical, social and
economic. Physical dimension is directly related to build environment and
architecture. Architecture reflects to the physical area by means of buildings and
thus correlates with environment directly. These buildings should comply with the
environment to provide the best conditions for humans to continue their life in a
healthy way. In this sense, sustainability of buildings and construction can
contribute to sustainable architecture within physical scale [4].

Sustainable architecture requires transformation of existing buildings into
“sustainable buildings” along with the construction of new buildings in a way to
provide their residents with a qualified interior design and with efficient
consumption of water, energy and resource at the construction stage. Sustainable
transformation includes all processes that are realized to improve interior quality
of the place, to reduce water use, to improve environmental performance, and to
improve energy efficiency of a building thoroughly or partially [8] (Figure 1).
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Table 1: Historical development of sustainability and sustainable growth.

1972 @ —==——|Club of Rome — Limits to Growth |

Sweden — The United Nations Conference on the Human
Environment

1972 ———

1976 @ Vancouver — The United Nations Centre for
Human Settlements — Habitat |

United Nations Environment Programme — (UNEP)

1980 ———] .
® The World Conservation strategy — (WCS)

Our Common Future — United Nations World

1987 @ Commission on Environment and Development (WCED)

Rio de Janeiro — Earth Summit — United Nations World

1992 - Commission on Environment and Development (WCED)

1993 —-———| The Commission on Sustainable Development — (CSD)

Cairo — International Conference on Population and

1994 y Development (ICPD)

Copenhagen — World Summit for Social Development and

1995 . Beijing — Fourth World Conference on Women

Istanbul — The United Nations Centre for

1996 ‘ Human Settlements — Habitat 11

1997 <—| New York — (Rio+5) and Kyoto Protocol |
1999 <—| Turkey — Law for Heat Insulation in Buildings (TS825) |
2000 @ ~a——New York — Millennium Summit (UN) [

Johannesburg — World Summit on Sustainable

2002 B E— -
Development (Rio+10)

2007 () —a——{ Turkey — Energy Efficiency Law no.5627 |
1996 <—| Turkey — Turkish Green Building Council (CEDBIK) |

Rio de Janeiro — World Summit on Sustainable

2012 —~————]
Development (Rio+20)

Sustainable building approach includes all the processes beginning from the
design of the construction till its demolishment. But sustainability implementation
can be done either during the stage of usage and maintenance or by means of
reusing some parts.
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Figure 1:  The sustainability steps of building life cycle in existing buildings.

2.1 Sustainability of existing primary schools

Primary aims of sustainable improvement of existing school buildings can be
classified in three categories within the framework of sustainability [9]:
1. Physical aims
e Protection of resources;
e Land;
¢ Energy;
e Water;
e Material.
2. Social aims
e Multidisciplinary and integrated work by participation of the user;
¢ Implementations of designs to teach sustainability;
¢ Development of academic performance of the users;
e Support for social values;
¢ Realization of comfortable, healthy, and safe designs.
3. Economic aims
e Evaluation of already existing investments by means of extending the
functional lifespan of buildings;
e Reduction of operational costs during occupancy of the buildings to minimum
level.
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Certain estimated criteria such as location in the land, azimuth and its amount,
structure etc. estimated in existing buildings may not be changed afterwards.
Physical interventions such as taking under control, repairmen, improvement, and
reduction can be implemented to these unchangeable criteria. Both sustainable
design approach and sustainability in existing buildings aim to attend the same
goals in environmental, social and economic sense.

Following criteria should be taken into consideration and a feasibility work
should be carried out when an existing building is determined to be reused [8]:

e Conservation of form, function, and structure;

¢ Conservation of the original plan, sections, and fagade;

e Conservation of characteristic properties of the buildings and provision of the
use of integrated outbuildings with the original building;

e Harmony of the newly constructed function attached to the building with the
social and physical environment;

e The building’s economic life not being completed.

Along with these principles, another recent issue to consider in Turkey is the
reality of earthquake. 42% of Turkey’s surface area is on first-degree seismic
zone [10]. School buildings have crucial importance as children and young adults
receive education there and are designated for people to gather after earthquakes
as temporary shelters. For this reason, existing school buildings which are suitable
in terms of bearing capacity should be determined and their building lifespan
should be evaluated. Besides, economic and schedule feasibility with respect to
repair should be done. Based on the data gathered estimated sustainable changes
should be planned and implemented [11].

2.1.1 Physical factors

The main physical factor in the existing buildings is “land use” that has been
planned and implemented beforehand. After the construction of the building if
unchangeable location and direction of the building affects the structure
negatively, a set of different precautions need to be taken for light control or
natural illumination. Unless there is space in the facade to get enough light,
embrasures could be changed or sunlight could be let into the classrooms by
placing light shelves. Photovoltaic panels or sunshades could be utilized for the
light control in south or west facade. Energy-efficient and sensor-fitted lamps
should be placed in interior halls that receive no direct sunlight. The energy
required should be maintained by solar panels [12].

Second important factor is structural properties of the building. Especially in
case of earthquake it is not desirable for the building to pose a threat for the
residents. Therefore, prior to dwelling earthquake safety tests of the building need
to be done primarily for the residents’ safety. Besides, since structural design and
construction technique are irreversible, schematic modifications such as wall
partitions could be done.

Another important factor is “conservation of heat energy”. For this, the
structural shell of the existing building should be insulated according to the climate
region. A recently implemented method is circulation of the stable heat and the
greenhouse effect of the sun in the house through culverts. This heat pump system
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can also be used reversibly to cool the building. It would be sensible to support
these systems with HVAC systems. The required energy can be sustained from
solar energy generating electricity through active [12].

Along with these factors, in order to maintain “water saving”, low-flow taps
that have censor should be used. Double toilet flush tank system should be placed
and waste water should be reused in the reservoirs thus clean water consumption
is reduced. A tank for collecting rain water should be installed for clean water
conservation. Main restriction for this is the adaptation of the installation. Suitable
space should be created for the affixed pipes. Besides, the installation system
should be integrated properly for future interventions [13].

Required materials for creating “comfortable interior conditions” (thermal,
visual, audial, psychological) should be replaced with healthier and more suitable
ones. Floorings should be implemented with nontoxic and easily vaporizable
materials like VOC. For acoustic control of interior places, prefabricated panels
should be utilized. The colour of the places should be used and designed tin a
creative and educative way for the residents to benefit.

All these applications are to be evaluated and implemented holistically. While
holistic approach can be planned beforehand for newly-built constructions, it is
quite difficult to provide the integration of different systems in existing buildings.
Constant changes in technological developments need to be followed.

The environmental data of the existing building make it hard for the future
interventions. Sun’s angel of incidence, seasonal angel and direction, gale force,
the height of the surrounding buildings, frequency of vehicles on the roads, noise
problem, pedestrians, green spaces, and rivers etc. all constitute environmental and
ecologic factors. Environmental and ecologic data should be taken into
consideration both in design and implementation stages.

2.1.2 Social and economic factors

According to statistics of TUIK (Turkish Statistical Institute) there are 44.513

primary schools in Turkey [14]. Sustainability of these existing buildings would

be of great benefit to the country in terms of both economic and social aspect.

Extending the lifespan of present buildings and investments via renewal work will

help maintain economic sustainability in broader sense. By conserving water and

energy considerably, country’s resources can be preserved. By means of this
approach, awareness for sustainability in social aspect could be attained starting
from local scale extending to regional even global scale. And this awareness could
be of great benefit for sustainable growth and welfare. The benefits in social

dimension have been stated as following [2]:

o Benefits for the individual: Focusing on the student, developing individual
awareness, integration of lessons with real life, experiencing in the
environment;

e Benefits for the society: Creating awareness of sustainability, developing
environmental projects for students;

o Benefits for the government: strengthening democratic principles, helping
citizens to become participating actors, integrating action with politics.
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Existing school buildings may undertake the mission of introducing, initiating
and spreading of sustainability throughout the country. By sustainable change of
these existing buildings, sustainable growth can be attained with the help of
individuals on a local scale, society on a regional scale, and the government on a
global scale. In this sense, it is strategically aimed to raise awareness of
sustainability throughout the country starting from the individual level.

3 A case study: sustainability approach in an existing
primary school building in Turkey

Since the establishment of the Turkish Republic in 1923, there have been various
legislations, practices, and implementations to improve the quality of education in
Turkey. As a result, the level of literacy has risen up sharply.

In our country, typical projects for school buildings have been practiced for
years due to the difficulties in terms of preparing different project in different
regions, lack of time, worker, and finance. Besides there are other difficulties e.g.
it is hard for local administrations and private entrepreneurs to reconcile. Public
procurement law, time-consuming bureaucratic procedures and other implements
may also cause loss of time and money [15]. As a result of these above-mentioned
difficulties, mostly typical projects are commonly implemented instead of original
ones that are rarely preferred. The school building selected for this case study is
one of the typical projects.

The building analysed in the study is in Bursa city which has received a great
amount of migration since the republic period started. It is a developing city. The
district of the school building, Niliifer, is a fast developing district for over fifteen
years (Figure 2).

COUNTRY: TURKEY | CITY: BURSA | COUNTY: NILUFER |

Figure 2:  The localization of the case study.

The case study was carried out in Bursa, Turkey. The selected school,
Abdurrahman Vardar Primary State School, is located in a fast growing district
named Niliifer of Bursa city. The school was built in 2004. There are typical
(L-shaped) primary school and a kindergarten (1), an indoor sports hall (2), an
outdoor sports area (3), a playground (4), a canteen (5), a separate kindergarten
building (6) and a car park (7). There are 1800 students, 79 teachers, and 6
administrates in the school where primary and secondary students receive
education either starting from the morning till the afternoon or from the afternoon
till the evening [2] (Figure 3).

In the case study, the primary school building is investigated according to
physical aims that are protection of resources, land, energy, water and material.
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3.1 Protection of resources

In this study, the main purpose is protection of resources. Existing buildings which
built lately and others, both of them contain used material, used energy, given
labour and spent time. Especially existing building built lately is worth to make
sustainable to prolong building life and quality.

3.2 Land

Students reach to the primary school on food and by school buses. However, at the
neighbourhood level vehicle priority should be given to the use of bicycles instead
of school buses. Therefore, schools should be around traffic measures in some
ways and bicycle which is established in the neighbourhood. In addition, the
primary school has a playground which is an asphalt pavement. It is necessary to
supply green for children to grow up and learn in nature (Figure 4).

O‘LO ﬁ
S fm)

Figure 3: The plan view of Abdurrahman Vardar Primary School.

Figure 4: The general view of Abdurrahman Vardar Primary School.

The biggest restriction for the existing buildings is the land use. It is impossible
to replace the location of the building. The existing building has been located in
east-west direction. Therefore, half of the classrooms face the south, and the rest
face the north. Since in most of the education period takes place in winter when
the sun light gets into the classrooms with an oblique angel, additional heating is
required for the classrooms facing the north and sunlight control for those facing
the south. For the administrative department, sunlight control is required for the
west sun [16] (Figure 5).
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23 SEPTEMBER 21 DECEMBER 21 MARCH 21 JUNE
06:53 — sunrise 07:24 — sunrise 06:07 — sunrise 05:35 — sunrise
12:57 — solar noon 12:03 — solar noon 12:12 - solar noon 13:06 — solar noon
19:01 — sunset 16:41 — sunset 18:17 — sunset 20:38 — sunset
Figure 5: Insolation of Bursa throughout year at 12 o’clock.
3.3 Energy

The most energy-consuming stage in the existing buildings is the use stage. It’s
because, the consumption of energy is too much at this stage.

Since it is impossible to replace the location of the building, additional
measurements for solar heating and natural light should be taken after construction
or using stage. These measurements may include implementations such as
changing the size of windows at the facade, installing solar panels, sun shelves etc.

[17] (Figure 6).
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Figure 6:  Lighting with passive and active systems in the existing school
building.

In the building a second permeable layer of frontage with solar panels was
applied as a structure system. By covering the roof, this frontage has also
functioned as a different playground for the students. In winter time, the cold air
coming from outside is heated through passing it underground and then the
air which is struck between two frontages is heated more and then transferred
inside the building. By means of the culverts in the walls, natural circulation is
created and the rising air is released outside through the roof. In the summer time,
the classrooms are cooled by means of circulation of the cool air but, this passive
system needs to be supported by HVAC units to some extend and used when
needed (Figure 7).
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Figure 7:  Heating, cooling, and air-conditioning by means of passive and active
systems in the existing primary school.
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3.4 Water

While the students are in primary school, they find out frugal spend. However,
leaking taps and reservoirs cause serious water loss. To prevent this, students must
be educated on this issue. Besides, low-flow and pressured taps, two-stage syphons
should be utilized to reduce the amount of water wasted. Another useful advice is
using taps and syphons with photocell.

Rain water is collected, filtered and reused for daily use and watering. Besides,
grey waste water gathered from hand washing and shower is recycled and reused
in toilet. For water recycling, it is required to change the old instalment and
integrate it with a water tank, a filter, and a mechanism for collecting rain water
(Figure 8).
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Figure 8:  Rain water collecting and waste water recycling concept.

WIT Transactions on The Built Environment, Vol 161, © 2016 WIT Press
www.witpress.com, ISSN 1743-3509 (on-line)



Eco-Architecture VI: Harmonisation between Architecture and Nature 21

3.5 Material

Sustainable changes of primary schools, it is important to choose suitable material
for quality of interior and exterior. Especially, material without carbon emission
should be used exterior. Regarding interior materials, it is necessary to consider
four main points; thermal comfort, visual comfort, the acoustic comfort and indoor
air quality.

4 Conclusions

Within the scope of this study, sustainable implementations are dealt with within
the framework of physical factors. By working on an existing primary school
building, sustainable change has been put forward in terms of structural,
technological, environmental, and ecological aspects. Physical dimension of
sustainability, which is closely related to architecture, has been argued along with
the integration of energy, heating, water conserving with the already existing
building. Probable difficulties caused by integration and compatibility of the
systems have been pointed out. In order for already existing primary school
buildings be evaluated thoroughly, all factors, namely psychological, perceptual,
ideological, cultural, social, historical, geographical, political, economic,
governmental, socio-economic, legislative, should be evaluated holistically.
Socio-economic infrastructure is to be prepared for sustainable practices to be
realized physically.

Sustainable changes of primary schools, which have important place among
public buildings in Turkey, should be done by interdisciplinary studies, local
initiatives, and legislative regulations as soon as possible. This way, existing
resources can be conserved and time is saved efficiently. Besides, our country’s
economic growth can be maintained by saving the amount of resources consumed
at the stage of use where most of the energy consumption is spent in buildings.
These savings can be used for future investments in education and meet the
demands of the schools in need. By means of technological systems, expenses for
the bills can be detected and the amount of saving can be measured monthly. A
state-funded method could be developed and the state could support the school
depending on the saving it makes. Moreover, awareness of sustainability can be
raised for future generations. Sustainability goals of individuals and families can
be determined. It is aimed that through this approach, sustainable changes of all
the state buildings from local primary schools to other buildings even residential
ones in Turkey can be achieved.
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