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ACCEPTED MANUSCRIPT

Tracing Sustainable Design Strategies in the Example of the Traditional
Ohrid House
Abstract: This paper examines the sustainable design strategies of the Balkan vernacular
architecture in the example of the traditional Ohrid house. The approach regarding the problem
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of resource conservation which is present in the selected examples of vernacular architecture
offers the possibility of analysing and discussing the building strategies of the past, which are

still considered to be relevant in terms of sustainability and environmental design. The subject
of this research is the sustainable design strategies that refer to the reuse of building material

and the measures regarding waste reduction in the form of its incorporation into new building

SC

materials. The research points to sustainable solutions regarding on-site minimisation of

construction waste in the example of the traditional Ohrid house during the following three
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phases of the life cycle of both the material and the building: pre-building, building, and postbuilding phase. The applied on-site waste minimisation measures and the principle of using
materials with low-embodied energy, identified in the example of the traditional Ohrid house,
can be understood as the conceptual basis for finding more efficient solutions in today’s
material and energy conservation practices, proving that sustainable architecture could be
achieved by a simple and thoughtful application of local materials and building techniques.
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Key words: Reuse, on-site waste minimisation, traditional Ohrid house, sustainable design
strategies, Ohrid’s vernacular architecture.
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1. Introduction

Contemporary sustainable building practice is looking for a reliable way of assessing

AC
C

and certifying materials. With this in mind, the issue of the use of materials is increasingly
being observed through their ecological characteristics that refer to various aspects of
interaction between a material and the environment: embodied energy and pollution, waste
generation and recycling possibilities, but also the issue of energy conservation and energy
efficiency. Contemporary sustainable tendencies reinvent ways for reducing waste and loss of
materials, which leads to a reduction of environmental pollution (Zuo and Zhao, 2014;
Coelho and de Brito, 2012) Since waste generation on-site is directly related to the design
process, better site planning and management of the materials is believed to be the solution
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for on-site waste minimisation (Kosmopoulos and Georgiadou, 2012; Osmani et al., 2008). If
waste is to become a resource to be fed back into the economy as a raw material, then much
higher priority needs to be given to the reuse and incorporation of waste into new building
materials (European Commission, 2014).
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The importance of the material history is vast and offers possibilities for critical
reading, interpretation and development of the concepts related to the transcendental

principles and strategies of design and construction (Radović, 1990). The conceptual

SC

adoption of the design strategies as regards the reuse and incorporation of waste into new
materials, in order to satisfy the needs of today and the future, puts emphasis on the
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importance of tradition for modern, sustainable architecture. Moreover, relevant material
quality in traditional architecture refers to the dependence on local resources which,
according to Achenza and Giovagnorio (2015), were usually produced, processed and
consumed directly on site, using processes that were consistent with the environmental period
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in question and supported the regeneration of these materials.

Since material selection, in general, can significantly affect the extent to which a
building might be characterised as sustainable (Sassi, 2006) and, on the other hand, the

EP

typical approach of traditional architecture was the economy of resources and reliance on
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local materials, learning and transmitting knowledge from the past to the environmentally
friendly contemporary architecture often refers to the recognition, reinvention and
transformation of traditional building materials and building technologies (Dayaratne, 2010;
Morel, 2013; Pacheco-Torgal and Jalali, 2012;).
Vernacular architecture could be understood as a testimony of the knowledge of the
master-builders who built it. Applied vernacular building cultures respected the landscape
through the visual aspect of available local materials, the shape and size of a building and its
decorative details and its relationships with the environment, demonstrating man’s capacity to
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adapt to a place, to meet his needs and to address the social and cultural identity of territories
(Guillaud, 2015). These houses were usually built by their users together with specialised
master-builders and other members of the community, so that the creation of a house was a
collective activity, expressing collective needs and values (Radivojević et al., 2012).

RI
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Sustainable aspects that we might identify today in traditional architecture did not exist as a
notion at the time of its creation, but were a spontaneous and instinctive action of its creators.
Knowing that the traditional architecture of the Balkans followed the universal pattern

SC

of using locally available building materials (Arun, 2012; Moutsopoulos, et al., 1985;
Oikonomou and Bougiatoti, 2011), this research aims to identify the principles of
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construction and selection of materials applied in the building of Balkan vernacular
architecture, which are considered today as the basic strategies of sustainable architecture.
More precisely, sustainable design strategies that are in correlation with reuse and waste
reduction are analysed using the example of the traditional Ohrid house as a selected
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representative of Balkan vernacular architecture. With regard to this, the strategies applied in
the Ohrid traditional house in terms of the environmental properties of building materials and
material flow, i.e. in terms of the re-use and incorporation of waste into new building

EP

materials, could serve as a conceptual basis for finding more efficient solutions in
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contemporary waste minimisation practices.

2. Theoretical background
2.1 Basic characteristics of the traditional Ohrid house
The term Ohrid vernacular architecture refers to the traditional secular architecture of
the town of Ohrid, represented by the traditional Ohrid house. This house can be
characterised as a regional variant of the Ottoman type of urban house, with specific
indigenous characteristics that are specifically related to the spatial plan and structural details
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(Figure 1).
Ohrid houses are built on a slope; the terrain having a steep course results in the house
lot being very small, narrow and inaccessible. Therefore, the building is usually partially
buried, having a vertical superposition of the program content on 3 or 4 levels.

RI
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The Mediterranean - continental climate of the Ohrid region requires that the

traditional house is organised into two parts – a winter and a summer apartment. The typical
architectural expression of the house includes a specific treatment of the yard which becomes

SC

a part of the interior of the house, while on the ground floor level the house is closed towards
the street. In this way the cellars and the summer kitchen remain in the yard, while the winter
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residence is on the upper ground floor. The floors of the summer apartment open up to the
street, towards the sun and Ohrid Lake. In this way, even though the houses form a very
dense urban matrix, the summer apartment enjoys plenty of sunshine, fresh air, and a
beautiful view.

TE
D

The traditional Ohrid house is constructed from various traditional building materials,
presented and described in Table 1. Two main building materials - stone and wood, were
applied in the two constructive systems: massive stone masonry (lower part of the house

EP

representing the winter apartment (Figure 2) and the so-called bondruk system (upper parts of
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the house representing the summer apartment (Figure 3). In this way the house responds in
the best way to the climate conditions during the year. The massive masonry system was
comprised of stone walls (50-70 cm thick), made of stone blocks and usually bonded with
mud as the most common binder, although lime mortar was also applied. These walls were
properly stiffened and levelled with a system of wooden beams called santrač (Figure 2). The
stone masonry represents a very durable structure, while the so called bondruk system is a
light wooden structure, constructed of basic timber frames consisting of post and beam
structures with trusses or braces supporting at the corner points (Figure 4). This type of
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timber frame was widely applied, since it allowed the houses to be built quite quickly and the
timber material did not have to be of a top quality (Radivojević et al., 2014). The very
concept of the bondruk structure, as well as the application of timber lacing of the massive
stone wall were building techniques that provided good seismic resilience to these structures
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(Arun, 2014; Papadopoulos, 2013).

The Ohrid house has a bondruk wall which is, to some extent, peculiar; an 18 cm
thick wall that is a combination of two layers of plastered, closely spaced slats, nailed on both

SC

sides of the wooden frame and with an intermediate air layer (Figure 3) (Čipan, 1982,

Hadžieva Aleksievska, 1985). Such a wall structure resulted in the creation of a very light
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construction. The external face of the bondruk wall was plastered with a traditional “čok”
plaster, while lime based plaster was applied on the internal face of the wall. A similar wall
structure exists in some parts of Turkey where it is known by the name “bağdadi” wall (Arun,
2012). The lightweight bondruk structure enabled part of or the whole length of the floor
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structure to overhang the line of the ground floor (Figure 4), transforming the usually
irregular shape of the ground floor plan into a regular form in the upper parts of the house

EP

(Figure 5).
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2.2 Conceptual framework of sustainable design
In spite of the fact that there is a growing awareness of sustainability in architecture,

there is still no clear and universal definition and explanation of the notion, assessment and
methods for its achievement. A large number of authors in the field of sustainable theories
discussed the aforementioned issues and submitted various conceptual and methodological
frameworks for sustainable design and construction, discussing different aspects and
categories (Zuo and Zhao, 2014), strategies (Sassi, 2006), principles and methods (Correira et
al., 2015; Kim and Righton, 1998; Çelebi, 2003).
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An interesting approach that has established key principles regarding vernacular
knowledge and its contribution to sustainable development was established in the conceptual
framework of sustainable design that resulted from the VerSus project.1 This recent project
defined three dimensions of sustainability - environmental, socio-cultural and socio-
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economic, learned from the vernacular heritage that were analysed through a system of
principles and strategies (Correia et al. (Eds.), 2015).

Generally speaking, the goal of sustainable design is to find architectural solutions

SC

that enable the well-being and coexistence of organic and inorganic groups (Yeang, 1995). In
order to meet this goal, a system of ideas regarding the comprehension of sustainable
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architecture is established based on the premise that a building must integrate the three
principles of Economy of Resources, Life Cycle Design, and Humane Design into the design,
construction, operation and maintenance, and recycling and reuse of architectural resources
(Kim and Righton, 1998; Çelebi, 2003). These principles are the basis of the conceptual
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framework of sustainable design (Kim and Righton, 1998), each of them embodying a unique
set of strategies. Understanding and implementing these strategies in the design process leads

EP

to an improvement of the interaction between the architecture and the environment.
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2.3 Frugality and rational approach of Ohrid builders
The master-builders of traditional Ohrid houses had a very thoughtful approach

regarding the consumption of building materials that were available at the time of creation of
Ohrid vernacular architecture. Materials were selected and incorporated in an optimal way
regarding their quantity and suitability, but such a rational choice of materials never
endangered the comfort of living in a traditional Ohrid house. The manner in which building

1

VerSus (Vernacular Knowledge for Sustainable Architecture) project is a European research project

that was developed from 2012 to 2014 in the framework of the EU Culture 2007-2013 programme.
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materials or entire elements were constructed and interconnected suggests that the builders
thought in advance about the possibilities and methods of their re-use (Hadžieva Aleksievska,
1985), spontaneously saving in this way the virgin resources of building materials.
Concern and a rational approach was evident starting from the whole building. In the
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old town of Ohrid, when a house was abandoned by its primary occupants, or if the bondruk
part of the house was in very bad condition or had burned in a fire, there was a common

principle that new the occupants repaired only the parts that were not in good shape (Čipan,

SC

1982). They did not tear down the complete structure nor build a completely new house. On
the contrary, they performed all the necessary repairs of the existing structure and adjusted it

M
AN
U

to their needs and living habits (Grabrijan, 1986).

Some of the materials used in the construction of an Ohrid house possess the features
of the so called recycled content (Kim and Righton, 1998). In the analysed case, the
traditional plasters applied to the interior and exterior surfaces of the bondruk wall of Ohrid
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houses can be characterised as materials produced partially from construction waste.
The possibility of recycling natural materials such as wood, clay tiles, and glass is
easy and a common practice in today’s industry for the production of building materials. In

EP

the period between the eighteenth and the beginning of the twentieth century, there was no
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possibility for recycling materials. However, from today’s point of view, the materials
implemented in the traditional Ohrid house can be easily dismantled, sorted into common
groups of materials, and recycled or, in some cases, re-used in their existing form.
In order to protect a certain building material and to extent its durability in this way,

or in order to enhance the material’s workability, Ohrid builders used materials such as
animal fibre, oil, vinegar, wax, etc. that were available at that time, but which today can be
characterised as non-conventional. These measures confirmed the rational approach of
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traditional builders who saved in this way either material resources or energy needed for the
transport and building process, and today are understood as material conservation strategy.

3. Research methodology
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PT

In the quest for elements of sustainability in the traditional houses of Ohrid, the initial
phase of the research refers, on one hand, to an interpretation of the basic theoretical and
methodological concepts and notions of sustainable design, and an interpretation of collected

SC

historiographic data about relevant traditional buildings, on the other. The information

database of traditional Ohrid houses was created from analyses of 47 houses, among which
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were examples of still existing buildings which were analysed on site, while those that have
disappeared over time were investigated on the basis of preserved documentation and
published works of respected researchers of traditional Macedonian architecture (Čipan,
1982; Hadžieva Aleksievska, 1985; Grabrijan, 1986). The revealed information referred to
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the basic features of traditional Ohrid houses: their builders, building techniques, modular
coordination, standardisation and type sorting of the elements of construction and finalisation
that were typical of the analysed vernacular architecture. Further systematisation and

EP

interpretation of collected data was performed, in order to identify the applied sustainable
principles, strategies and methods.

AC
C

The conceptual framework of sustainable design created by Kim and Righton (1998)

was selected as the most appropriate for the intended identification of sustainable principles
of construction and selection of materials used in the traditional Ohrid house that were
determined by logical argumentation. The next step of the research involved the correlation
between the characteristics and building principles of the traditional Ohrid house and
sustainable principles, strategies and methods. The sustainable methods implemented in the
example of the traditional Ohrid house are presented in Table 2. Special interest was shown
to sustainable strategies and methods applied in the example of the traditional Ohrid house
7
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which derive from the properties of construction materials and that are in correlation with the
re-use of building materials and minimisation of construction waste.
Based on a material’s life cycle, three groups of criteria are identified. The selection
of criteria includes sustainability with regards to a wide range of environmental issues: raw
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material extraction and harvesting, manufacturing processes, construction techniques, and
disposal of construction waste. The criteria that are used in the course of evaluating the

environmental sustainability of a material in the pre-building, building, and post-building

SC

phase are used in the research in order to determine and compare the sustainable qualities, i.e.
“green features” of the building materials used for construction of the traditional Ohrid house
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(Table 3). The term “green features” of a building material refers to the sustainable qualities
of a particular material that was designed, manufactured, and applied with environmental
considerations (Kim and Righton, 1998). The presence of one or more of these features in a
building material can assist in determining its relative sustainability. One can conclude that
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almost all of the analysed building materials of the traditional Ohrid house, except glass,
indicate the presence of a number of “green features” which characterises them as sustainable
building materials.

EP

The conservation practice that was performed on some traditional Ohrid houses in

AC
C

recent times was commented on, referring to identified sustainable building principles of
traditional Ohrid houses which are recognised as a particular value of the analysed Balkan
vernacular heritage that should be preserved and applied as a method of conservation.
Finally, the identification of green features in the example of the Ohrid house was

observed in the light of a conceptual basis for contemporary sustainable building practice
which relies on vernacular building principles. Therefore, the revealed traditional building
principles that refer to the use of building materials are correlated and compared with
building practices of modern residential buildings that are currently constructed in the town
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of Ohrid. For that purpose, 20 houses that were built in the upper part of the town at the end
of the 20th century are analysed and compared with previously analysed traditional houses.

4. Results and discussion

RI
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4.1 Green features applied in the pre-building phase
Many green features of a building depend on the way the building was conceived and
its construction methods, i.e. the structures and building materials that were selected.

extent to the achievement of overall sustainability.
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4.1.1 Source reduction by design

SC

Therefore, correct decisions and actions in the pre-building phase might contribute to a great

In general, material conservation strategy in the pre-building phase includes source
reduction by design as a process that reduces the demand on virgin resources. This method
relates directly to the programming and design phases of the architectural process. Our
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present knowledge indicates that the architect has an important role in the minimisation of
construction waste (Osmani et al. 2008; Poon et al., 2004). Recently, several studies have
indicated the importance of the design stage. It has been estimated that 33% of the on-site

EP

waste is due to the architect’s failure to implement waste reduction measures during the
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design stages (Innes, 2004; Osmani et al, 2008), since architects attached relatively little
importance to the potential for waste reduction during the design concept and building
material selection phase (Poon and Yu, 2002). Hence, resource-efficient construction
strategies, which simplify the building's shape, use standard material modules and provide for
a building’s growth and change, and increase material efficiency by design, offering an
introspective and upstream approach to source reduction and waste prevention. Since
buildings could be understood as an accumulation of materials, contemporary design
strategies, such as design for disassembly, or design for reuse, have become increasingly
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important in the manufacturing sector. Their implementation requires the application of
standard dimensions in the design process and selection of materials.
Corresponding building methods used in the past by the Ohrid master-builder are
standardisation and type-sorting of elements of construction and finalisation. In the example
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of the traditional Ohrid house, this is expressed through multiplication of the basic measure –
aršin (Hadžieva Aleksievska, 1985).2 Multiplication of the basic measure facilitates the

process of composing, combining and resolving the constructive issues for the builder. Due to

SC

the use of coordinated dimensions, while using primitive technical tools, the builder’s method
took on the character of modular coordination (Figure 4). Thus, it became the key for the
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dimensional compatibility of the whole vs. details. The result of this approach enabled
compatibility of the built-in elements, built-in furniture, windows, doors, stairs, fences, etc.,
with the whole bondruk constructive system. Proper sizing and standardisation of the
constructive system represents a waste reduction measure during the design process.

TE
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The modular coordination in the horizontal and vertical plans of the Ohrid house
offered the possibility for reusing building material still in good shape, after the useful life of
the building had ended. The master-builders used the same module (aršin) for all the objects

EP

they built. Thus, prior to the demolition of an older building, the identified useful building
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materials and elements of finalisation were carefully removed from the building, sorted and
then incorporated into a new one. This method, nowadays known as sustainable design
strategy or Design for Reuse, is widely applied in waste minimisation practice (Kim and
Righton, 1998; Çelebi, 2003)

2

The aršin is an anthropomorphic measure with a length determined by the distance from the

shoulder joint to the end of the middle finger of the outstretched hand. The aršin was both an
instrument and a standard unit (module), which resulted in a system easily adaptable both to
construction techniques and to the spatial conception of the buildings.
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Type-sorting refers to the established rules in creating standardised forms for solving
particular details, contributing to the achievement of compatibility of the elements. It is
significant to mention the type-sorting of the ceiling elements from the representative rooms
of Ohrid houses. A lot of time, effort, and high quality materials were needed to produce the

RI
PT

famous carved ceilings from the second half of the 19th century (Figure 6). Furthermore, due
to the fact that this ceiling element had large dimensions, the master-builder was considering
the method of mounting and disassembling from the very beginning of the design process.

SC

This practice enabled a new installation of the same carved ceiling in another building, as in
the case of the representative ceilings of the famous Urania house, which was primarily
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placed in another house and then transferred and installed in one of the representative lounges
of this house (N.U. Zavod i Muzej Ohrid, 2010a). Such a sustainable approach saved, to a
great extent, both time and resources, simultaneously representing an energy and material
conservation measure.

TE
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Another building method used by the master-builder which can be understood as a
source reduction by design is the correct sizing of the building system. The size of the
building is always in correlation with the consumption of materials and energy. Therefore, a

EP

building that is designed as oversized, or that has oversized systems, will excessively use
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materials and energy. In the example of the traditional Ohrid house, the rooms are never
oversized. The rational dimensions of the rooms regarding their width and height were
anthropomorphically dimensioned, which allowed the inhabitants to function well in those
spaces, but at the same time an optimisation of the incorporated building material was
achieved.
The Ohrid house has an organic shape corresponding ideally with the natural and built
surroundings. The house is usually buried from the north side and it appears as if it is
emerging from the terrain (Figure 4). The master-builder was able to optimise resource
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efficiency by maximising the building’s use and function while minimising its size. Hence,
the ground floor of the traditional Ohrid house could be very small, but the vertical
superposition of the program content on 3 or 4 levels provided the owners with all the
required space in the house (Figure 5).
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Flexibility of the building is another material conservation method that refers to the
ability of the master-builder of the traditional Ohrid house to produce design concepts and
solutions that allowed growth, change of the space plan, and replacement of dilapidated

SC

material. Unlike the massive stone walls of the house, the applied bondruk constructive

system is an anthropomorphically dimensioned system, very elastic in terms of reparation and
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adaptation of the space plan of a house, hence offering the possibility of constant enlargement
and redesign, due to which we will name them “growing buildings“. This was a common
feature in Ohrid traditional houses which is called “elasticity of the building” (Grabrijan,
1986).

TE
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Following this principle, one identifies the usual interventions in the examples of
Ohrid’s vernacular architecture:

1. Changing the façade's layout: closing windows, adding glass to open balcony

EP

(chardak), adding additional window openings, etc;

AC
C

2. Changing the spatial plan of the bondruk floor;
3. Changing the position of the staircase;
4. Additional openings into the roof structure and its adaptation;
5. The subsequent change of the woodworks due to the end of their useful life (Čipan,

1982);
Such partial adaptation of certain elements of the constructive system points to
another characteristic of the Ohrid house construction: its rationality, i.e. prudence.
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4.1.2 Minimisation of energy needed for distribution of materials
In the past, the basic principle of construction relied on local resources (Oliver, 1997).
From today's perspective, this implies that using locally produced building materials shortens
transport distances, thus enabling a reduction of both energy consumption and air pollution

RI
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produced by the transport. In addition, local materials are better suited to climatic conditions
and support local economies (Fernandes et al, 2014; Correia et al., 2015). Materials can be
obtained locally, even at the building site itself, as in the case of Ohrid vernacular

SC

architecture. Stone, earth, sand, and clay, excavated at the building sites were often used as
building materials for newly-built structures. However, when the stone found at the site was
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insufficient, additional stone from the immediate surroundings and from the nearest quarry
was also used.

4.1.3 Use of materials made from renewable resources

TE
D

Some of the materials that were used in the construction of the traditional Ohrid house
that are natural and organic, such as the wood used for the construction of the bondruk
system, or the straw fibre or animal hair that were used as additives in mortars and plasters,

EP

can be characterised as coming from renewable resources. The amount of the used renewable
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building materials was very small and did not unduly disturb the flora and fauna in this
region.

4.1.4 Use of durable materials with low maintenance
This method reduces the amount of natural resources required for manufacturing, the

amount of energy spent during installation and the associated labour. In other words, durable
materials that require less frequent replacement will require fewer raw materials and will
produce less landfill waste over the building’s lifetime (Sassi, 2006; Çelebi, 2003). The
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materials of high durability could endure many useful years of service in new buildings in
those cases when the useful life of an old building had ended. In cases like this, they could be
easily extracted and reinstalled at a new site. In many instances, the quality of materials and
craftsmanship displayed by these pieces could not be reproduced today (Kim and Righton,

RI
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1998).

Due to its durability, stone was often reused in the past. In the example of the Ohrid
house, this practice is confirmed by the reuse of different elements of treated stone from the

SC

earlier phases of Ohrid’s history, which were incorporated into the more recent massive walls
of traditional houses (Figure 7).

M
AN
U

Unlike the stone that was incorporated into the massive walls of Ohrid houses, wood,
which cannot be characterised as a durable material, was used in the form of beech, which
was the most commonly used wood type and, rarely, pine, both from the immediate
surroundings. Beech wood is hard and durable and this was the reason for its predominant use

TE
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as a material in the elements of construction. A significant ecological feature observed in the
Ohrid house is the way the wood is protected and its life extended, since wood protection was
achieved by the use of natural materials such as: vinegar, oil, wax, tar, etc. (Tomovska and

EP

Radivojević, 2015).
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4.1.5 Use of local, natural and non-toxic materials
Using local, natural and non-toxic building materials, chemically and mechanically

treated to a very small extent, is a general building strategy of the Ohrid master-builder. The
use of natural materials from the immediate surroundings is a logical solution in the selection
of the combined constructive system of the Ohrid traditional house (Čipan, 1982; Grabrijan,
1986; Muličkovski, 2000). Granite, basalt, clay, limestone, beech and fir wood have all
played a part in the search for appropriate construction solutions (Tomoski, 1960), with
regard to their future position in the building, their exposure to atmospheric and other agents,
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and the desirable longevity of the building element.
Natural materials are generally lower in embodied energy and toxicity, in comparison
to man-made materials (Berge, 2001; John et al., 2004). From a contemporary perspective,
embodied energy, and since recently, embodied carbon, are the most frequent parameters for
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the estimation of the impact that building materials and the whole building have on the

environment (Cabeza et al., 2013). However, there is significant variability of their calculated
values due to their dependence on LCA system boundaries, applied technology, the local

SC

economy, etc. (Crishna et al., 2011), and in many cases values have been calculated for only
a small number of building materials. In this regard, the calculated embodied energy of a
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stone block when estimated in India, where usually only manual labour is employed for its
sizing, is negligible (Ventakarama Reddy and Jagadish, 2003). On the other hand, a recently
conducted study shows that in the UK, depending on the type of stone, system boundaries
and the use of local or imported stone, the values of relevant environmental indicators varied
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drastically (Crishna et al., 2011). However, being natural or naturally based, the prevailing
materials of the traditional Ohrid house undoubtedly require less processing and are less
damaging to the environment (Cabeza et al., 2013; Fernandes et. al., 2014). Therefore, when

EP

natural materials are incorporated into buildings or building products they inevitably become
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more sustainable (Melia et al., 2014).

4.2 Green features applied in the building phase
Reducing waste in the construction process increases the resource efficiency of the

building materials and is a proactive process of preventing scrap materials from entering the
air, land, or water. With this approach, it is possible to reduce or eliminate waste at the source
(Yeang, 1995). Incorporating the scrap material into new building materials at the
construction site improves resource efficiency to a great extent (Poon et. al, 2004). In
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addition, reducing construction waste contributes to a reduction of the construction cost and
embodied energy (Osmani et al, 2008).

4.2.1 Incorporation of scrap and useful materials found on the site
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Typical for the traditional Ohrid house was incorporation of the waste, as well as the
scrap material in the production of new, useful building materials at the construction site. The
scrap material usually comes from various moulding, trimming, and finishing processes, or

SC

from defective and damaged products at the construction site. Furthermore, in the example of
the Ohrid house, a great amount of waste-stone, sand, and clay is produced in the process of

M
AN
U

excavation at the location site. This method leads to several waste minimisation techniques
applied in the analysed traditional buildings.

Contemporary research of the micro structure of building materials gave answers to
many questions regarding the ancient manufacturing technology, as in the case of historic

TE
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mortars where the presence of inclusions was confirmed (Stefanidou et al., 2012). Two
categories of inclusions were distinguished, those that were put into the mortar mixture
intentionally (such as wood chips, straw, etc.), in order to improve their final properties, in

EP

quantities that varied depending on the type of mortar and historical period, and those that
could be understood as impurities in the raw materials.
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In a specific way, such a practice was present in the case of the mortars and plasters
that were applied in the traditional Ohrid house. The incorporation of shavings into the “čok”
plaster mixture was a well-known building technique used by master-builders during the
construction of the traditional Ohrid house. It was usual that the process of preparation of the
building materials took place at the building site. Such a building strategy allowed the
construction waste, produced at the construction site by the trimming and finishing processes
applied to the lumber, to be incorporated into the plaster mixture. This approach not only
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reduced the cracking tendency and enhanced the thermal insulation properties of the material,
but also reduced the energy needed for the removal and transportation of waste.
The incorporation of powder from clay-tiles into the lime-based plaster was another
widely applied technique during the construction of the traditional Ohrid house. Important to
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mention is the technique of plastering the interior surface of the bondruk wall of the

traditional Ohrid house. This technique required the preparation of a plaster mixture with
good adhesive characteristics. Usually, the plastering of the interior wall was done in three

SC

layers. A small amount of pozzolanic material was incorporated into the plaster mixture

(ground volcanic stone, powder from clay tiles and/or pozzolanic earth) in every layer, which
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improved the composition of the plaster mixture (N.U. Zavod i Muzej Ohrid, 2010b). Loose
materials from the building site may also have been added as an aggregate.
One could conclude that the traditional external and internal renders of the bondruk
wall were produced partially from the construction waste. The incorporation of soil and sand
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from the excavation processes, as well as scrap material (damaged clay-tiles and wood
shavings) from the construction processes into the mortar mixture reduces the waste stream
and demand for virgin natural resources. This strategy prevails in today’s sustainable practice

AC
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EP

and can be characterised as an on-site waste minimisation measure.

4.2.2 Use of building techniques that support energy and material conservation

Optimisation of construction efforts in vernacular habitats is achieved by using appropriate
and inventive traditional building techniques and technologies (Oliver, 1997; Correia et al.,
2015). Those that were practiced by the Ohrid master-builder which support energy and
material conservation are:
1. Manufacturing technology of traditional plasters, already explained;
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2. External finishing of the massive wall. In all Ohrid houses, the stone wall was not
plastered, but the joints were professionally constructed in several ways: they were concave
or convex, sometimes painted in white paint, which created an interesting texture (Figure 8).
The specific construction of this wall provided a unique appearance while, at the same time,
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it saved energy and material in the processing of the stone material. If the stone was

processed, a huge amount of this material would have been wasted in order to achieve

symmetrical and regularly shaped stone blocks. Furthermore, if the overall surface of the

SC

stone wall was plastered, a considerable additional amount of plaster would have been
needed. This building strategy enabled the waste prevention and source reduction that
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improved the resource efficiency of the building process. In addition to saving material, this
principle saved human resources and shortened the time needed for constructing the massive
part of the house, while the aesthetical qualities of the wall were not lost.
3. Wooden stitching of the bondruk wall. Due to the strong southerly wind and the
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difficulty of bonding plaster to the wooden components of the bondruk wall, the plaster soon
started to crumble and fall from the wall. Consequently, the master-builder started to apply
dark painted wooden stitching in critical areas (Figure 3 and Figure 9), such as the poles at

EP

the corners, the beams between the windows and the sides of the floor construction. This kind
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of solution was applied on both the inner and outer walls, having both a functional and
aesthetic role.

4.2.3 Use of non-toxic materials and cleaners
The use of non-toxic materials and the maintenance of the building with non-toxic

cleaners is vital for the health of the residents. In the period from the eighteenth until the
twentieth century, the time of the erection of vernacular architecture of Ohrid, the chemical
industry and its products had no big involvement in households. Local, natural, and non-toxic
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materials such as stone, wood, soil from the region (clay, sand, pozzolanic earth), animal
fibre, straw and glass were incorporated into the traditional house and were, to a great extent,
responsible for realising the hygienic comfort of the building. Moreover, some of these
materials are biodegradable and are, thus, not toxic for the natural environment. Even the
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wood protection, nowadays performed with very toxic materials (Berge, 2001), in the case of
the analysed traditional house was performed by non-toxic, eco-friendly natural products.

SC

4.3 Green features applied in the post-building phase

The beginning of the post-building phase in the example of the Ohrid house is the

M
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moment it house stops being a useful and convenient living place for its occupants. In that
moment, in the past, the master-builder would consider all the options for the building’s
future. In other words, the existing structures as well as the building materials and
components that remained in good shape were planned to be used again in another building.
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Today, architectural reuse processes include adaptive reuse, conservative disassembly and
reusing preserved materials (Latham, 2000; Lyle, 1994). In order to be reused, durability is
the key feature that the preserved materials should possess (Kim and Righton, 1998).
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Sustainable strategies applied in this phase are focused on the reduction, re-use or
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biodegradability of construction waste.

4.3.1 Reuse of building components and materials
The traditional dependence on local resources brought with it the habit of reusing

materials (Oliver, 1997). In the case of the traditional Ohrid house, the massive wall was
usually constructed of untreated and treated stone blocks that often originated from older
buildings and monuments that previously existed on the site (Figure 7).
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The use of standard dimensions in the design process of the Ohrid house allowed the
reuse of the elements of construction and finalisation (Figure 4). When a building had to be
demolished, the individual components that were in good condition were selected for reuse windows, doors, parts of the bondruk construction and interior fixtures (wooden panels, slats,

RI
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pieces of carved ceiling, built-in cabinet flanks, etc.). After selecting the materials to be

reused, they were incorporated into the new building being built on the same construction site
by the same owner or they were sold to another person building a new house. Due to the so-
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called principle of modular coordination based on the aršin measure that was typical for a
traditional Ohrid house, the preserved disassembled materials from one house in the post-
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building phase were used in the design process of a new house in the pre-building phase
(Figure 10). This feature of Ohrid vernacular architecture prevails and is fostered in
contemporary sustainable practices.

This kind of building cycle represents a perfect form of circulation of material that is
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in good shape, and the use of new raw materials and resources is kept to a necessary
minimum. Moreover, it is important to mention that the concept and applied joints of the
bondruk system offered the possibility of replacement of deteriorated material. So, when
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reused materials were no longer in good shape, they could be easily replaced. This
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characteristic of the constructive system is very important when choosing a material of
limited durability. In the past, when such repairs were conducted, the original type of
building material was still abundantly available in the immediate surroundings.

4.3.2 Reuse of existing parts of the building
From a historical perspective, a common building principle for the optimal use of
existing parts of older buildings was practiced in the Old Town of Ohrid as well as in all the
settlements and towns that existed continuously for a long period. In that sense, in the
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example of Ohrid vernacular architecture, the stone walls or the walls built in the opus
mixtum technique from older buildings were usually incorporated into the new building
structures as foundation walls or as walls of the massive ground floor in the newly built

4.3.3 Biodegradability of used materials
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structure.

Chronologically, Ohrid vernacular architecture is located in the period between the

SC

eighteenth and the beginning of the twentieth century. Before the age of industrialisation,
materials comprised primarily of stone, wood, grass, and earth. So, the unwanted structures
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could simply return to the soil (Peris Mora, 2007). In this respect, with regard to the used
material, this architecture can be characterised as organic. All the materials used for
constructing the Ohrid house, as mentioned earlier, are natural and non-toxic and most of
them are organic and safe for the environment when decomposing. Wood, clay, animal hair,
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straw, “čok” plaster and lime based mortars all biodegrade in a very short period of time.
The local, organic material basis of the house, as well as its biodegradable
characteristics, points at the natural cycle of such buildings, which do not endanger the
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natural environment. These buildings stem from the ground foundations and at the end of
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their life cycle they go back to the ground again (Figure 11). The concept of the natural cycle
of the traditional Ohrid house is in correlation with the sustainable policies of the world’s
contemporary architectural companies that are focused on “aligning the construction industry
with the cycles of nature” and producing “biodegradable building products that are
composted after demolition” (Brooks et al, 1995).

4.4 Correlation between contemporary building and conservation practice and
the achievements of architectural heritage in the Old town of Ohrid
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In 1980, the specific value of Lake Ohrid, parts of the Ohrid region as well as the Old
town of Ohrid were recognised and affirmed by UNESCO as cultural and natural world
heritage sites (ICOMOS, 1980). Although this status was highly respected by authorities and
experts until 1990, as a result of the cultural policy of the ex-Yugoslav republic to which
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Macedonia and Ohrid once belonged, the transitional period that followed brought gaps in the
management of cultural policy in the Republic of Macedonia, manifested in violation and
disrespect of legislation during the 1990s (Gavrilović, 2006, Nikoloska, 2007). While
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interventions in the urban tissue of the old town of Ohrid and its immediate surroundings as
well as conservation activities on the buildings that were carried out before the transition of
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1990s could be characterised as research of quality, the careless attitude towards cultural
heritage that followed as a result of existential problems of the population, inefficiency and
corruption of local authorities and passive behaviour of the state authorities brought
permanent disruption and changes to the image and the silhouette of this town (Trca, 2004).
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Additionally, building heritage was degraded by the use of inadequate building materials,
structural elements and building techniques that were suitable for neither conservation,
restoration nor revitalisation of the historic structures, or for the construction of new
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buildings. After 2004, the state authorities started with the implementation of a more
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conscientious and responsible policy in relation to the protection of cultural heritage
(UNESCO, 2004a; UNESCO, 2004b; UNESCO, 2006), but, in reality, its implementation
was far from satisfactory.

The transitional period was not favourable for the authenticity of architectural

heritage in the territory of Ohrid, or for the recognition and respect of the values of
vernacular building principles, although they can find their practical use in the field of
preservation of the cultural heritage of the Balkan’s (Gavrilović, 2006; Nikoloska, 2007;
Tomovska et al., 2014). The use of traditional techniques and local materials in the
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conservation of vernacular architecture is considered to be the result of the thoughtful and
advantageous use of means and resources available in the surroundings, with almost no
transformation (Correia, M. et al, 2015). However, in the attempts to preserve the form of
traditional houses, which were often in bad condition due to the lack of maintenance, the
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applied conservation measures often included the complete replacement of original building
materials and structures with contemporary ones. Such a drastic approach was applied even
on the extremely important and valuable examples of traditional houses in Ohrid, such as

SC

Uranija House (Tomovska et al., 2014).

Although the building principles of Ohrid vernacular architecture are characterised as
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sustainable and ecologically correct, and therefore deserve to be applied to and reinterpreted
in the contemporary buildings of this region, modern building practice related to the town of
Ohrid has manifested their complete ignorance and incomprehension. A comparison of the
applied green features in modern and traditional buildings clearly indicates that, in case of the

modern one (Table 4).

EP

5. Conclusion
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town of Ohrid, vernacular building practice possesses more sustainable features than the

It can be concluded that the implemented sustainable design strategies and methods
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that are in correlation with reuse and waste reduction in the example of the traditional Ohrid
house are being recognised, especially in the domain of the first two principles of sustainable
design: economy of resources and life cycle design. The applied sustainable design methods
from the example of the Ohrid house are an integral part of the strategies that include both
energy conservation and material conservation during the pre-building, building and postbuilding phases.
Economy and rationality, as important virtues of the master-builder, contributed to a
large extent to finding smart solutions with regard to reuse and on-site waste minimisation.
23
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Even in the pre-building stage, i.e. in the very process of design, due to the organic
perception of architecture, the basic, conceptual, foundations of modern sustainable
architectural design can be traced. The practice of the incorporation of excavated materials
found on the site, as well as reclaimed material and structures into the new building reduced
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the demand for new material resources, minimised construction waste and reduced energy for
transportation. Being typical for the analysed case of vernacular architecture, the frequent
reuse of elements of construction, or the so-called design for reuse, was achieved by the use

SC

of standard dimensions and modular coordination in the design process, revealing the

relevance of this concept for modern, sustainable practices. Another important sustainable
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strategy seen in this example is the saving of materials and resources by incorporating the
waste produced at the building site into new, useful construction material.
The flexible design and organic material basis of the house, as well as its
characteristics of biodegradability, reveal the natural cycle of these buildings. The use of
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local, natural, non-toxic, and biodegradable materials ensures comfort and quality of life
during the whole lifecycle of the building. It also enables energy saving in the process of
disposing of the construction waste in the post-building phase, contributing to the

EP

achievement of the lower embodied energy of the whole building.
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Better understanding and respect for the sustainable qualities of traditional Ohrid
houses can contribute to a more thoughtful implementation and an enhancement of the
quality of conservation work. On the other hand, relying on the local building principles that
are characterised as sustainable and their use as guidelines for the design of contemporary
Ohrid houses would contribute to the preservation of their uniqueness, authenticity and
regional texture and would fit into the proportions and scale of the town. In other words,
adapting the regional design and building techniques, using locally available materials
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according to modern standards and modern technology, can result in creating outstanding
regional examples of sustainable architecture.
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Figure 1. Examples of traditional Ohrid houses: Traditional Ohrid houses along Hristo
Uzunov Street (upper left), Traditional Ohrid house near the Church of St. Sofia (upper
right), Traditional Ohrid house on Kliment Ohridski Street (lower left) and on Ilindenska
Street (lower right) - photos by the authors
Figure 2. The stone masonry of a traditional Ohrid house, stiffened and levelled with wooden
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lacing called santrač -adapted from (Čipan, 1982)

Figure 3. The structure of a typical bondruk wall of a traditional Ohrid house – by the
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authors (left); adapted from (Čipan, 1982) (right)

Figure 4. The anthropomorphic modular coordination of a traditional Ohrid house - by the

M
AN
U

authors

Figure 5. Horizontal plan of a traditional Ohrid house- by the authors

Figure 6. Carved ceilings from the representative salons of Uranija House, Ohrid. The
complete ceiling consists of a great number of carved and flat wooden parts, which are
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assembled according to a previously conceived design/scheme. - photos by the authors

Figure 7. Incorporation of treated stone blocks from earlier periods into the stone walls of
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Ohrid houses- photos by the authors

Figure 8. Different treatments of plaster joints and appearance of the massive stone wall of
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traditional Ohrid houses – Before the joints were treated (left), Concave plaster joints
(centre), and Convex plaster joints (right) - photos by the authors

Figure 9. Dark painted wooden stitching, typical for the facades of traditional Ohrid houses:
House on Ilindenska Street near the antique theatre (top), house of the Robev family (lower
left) and house near the Church of St. Sofija (lower right). - photos by the authors

Figure 10. Life Cycle Design of traditional Ohrid house - by the authors
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Table 1. Building materials of traditional Ohrid house (by the authors)

Wood
Mud mortar
“Čok” plaster

Lime based plaster
Glass

AC
C

EP

TE
D

M
AN
U

Clay tiles

RI
PT

Stone

Basic characteristics and the way material was incorporated
- used for construction of massive walls; untreated and/or treated stone blocks excavated
from the immediate surroundings or from the local quarry;
- the treated stone blocks often originated from older buildings and monuments that
previously existed at the site;
- beech or fir wood from the immediate surroundings;
- the most common binder of the stone walls;
- traditional plaster applied to the exterior surfaces of the bondruk wall;
- plaster mixture made of hydrated lime, fine sand, off cuts of timber, and straw or animal
fibre;
- traditional plaster applied to the interior surfaces of the bondruk wall, made of hydrated
lime or dry pulverised lime, river sand, and a small amount of a material with pozzolanic
features (ground volcanic stone, powder from clay tiles or pozzolanic earth);
- glass commonly used in the territory of the Balkans in the 19th and at the beginning of
20th century;
- made of clay from the immediate surroundings;

SC

Building material
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Table 2. Conceptual framework of sustainable design (based on methodological framework of
sustainable design - Kim and Righton, 1998)
Energy Conservation
energy conscious urban
planning
energy conscious site planning
passive heating and cooling

Economy of Resources
Water Conservation
reuse of water on site
collection of rainwater and
grey water
reduction of consumption and
waste

insulation
Methods:

alternative sources of energy

SC

building and window design
that utilises natural light

Principle:
Strategies:

source reduction by design

minimisation of energy needed
for distribution of materials

Methods:

use of harvested materials or
materials extracted without
causing ecological damage

EP

use of recycled materials

use of durable materials with
low maintenance
use of local, natural and nontoxic materials
Humane Design
Preservation of Natural
Conditions
respect of topographical
contours
non-disturbance of natural
hydraulic process
preservation of existing flora
and fauna

AC
C

Principle:

Strategies:

Methods:

Building Phase

minimisation of site impact

recycling of construction
materials and provision for
waste separation facilities
incorporation of scrap and
useful materials found on the
site
use of building techniques that
support energy and material
conservation
use of non-toxic materials and
cleaners for protection of
construction workers and end
users

TE
D

use of materials made from
renewable resources

M
AN
U

energy efficient equipment
materials with low embodied
energy (natural, local and
biodegradable materials)
Life Cycle Design
Pre-Building Phase

Material Conservation
material conserving design
and construction
proper sizing of the building
systems
rehabilitation of existing
structures
use of reclaimed of recycled
materials and components
use of non-conventional
products as building materials

RI
PT

Principle:
Strategies:

Post-Building Phase
adjustment of existing
structures to new users and
programs
reuse of building components
and materials
reuse of existing parts of the
building
recycling of building
components and materials
reuse of land and the existing
infrastructure
biodegradability of the used
materials

Urban Design and Site
Planning
integration of design with
public transport
promotion of mixed use
development
avoidance of pollution
contribution

Design for Human Comfort
provision for thermal, visual
and acoustic comfort
provision for visual
connection with exterior
provision for operable
windows
provision for fresh clean air
use of non-toxic and nonoutgassing materials
accommodation of persons
with different physical
abilities
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AC
C

EP

TE
D

M
AN
U

SC

RI
PT

Notes:
1. Sustainable methods implemented in the example of the traditional Ohrid house are marked in italics;
2. Sustainable methods that are in correlation with the re-use of building materials and the minimisation of construction
waste are highlighted in grey.
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Table 3. Sustainable - “green” features of building materials of Ohrid traditional house (by the
authors)
Building material

Building phase:
Use

Post-building phase:
Disposal

Wood

Clay tiles

Mud
mortar

“Čok”
plaster

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+
+

+

+

+

+
+

+
+
+

+

+

+

+

+

+

+

+
+

+
+

+

+

+

+

+

+

+

+

+

+

+

+
+
+

+

+

+

+

EP

TE
D

Note: + (“plus”) – refers to the presence of a “green feature” in a building material

AC
C

Lime
based
plaster
+

RI
PT

pollution prevention
embodied energy
reduction
use of natural and/or
naturally based
materials
recycled content
waste reduction
reduction in
construction waste
use of local materials
energy efficiency
use of non-toxic or
less-toxic materials
durability
reusability
recyclability
biodegradability

Stone

SC

Pre-building phase:
Manufacture

Criteria

M
AN
U

Building Phase

Glass

+

+

+
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Table 4. Modern versus vernacular building practices in the Old town of Ohrid regarding the
implementation of green features (by the authors)
Modern building practice

Vernacular building practice

Source reduction by design standardisation and modular
coordination

not applied

Traditional local, natural or
handcrafted materials

applied

applied

scarcely applied

applied

not applied

applied

not applied

not typical for the time

AC
C

EP

TE
D

Incorporation of scrap and useful
materials found on site
Reuse of building components
and materials
Reuse of existing parts of the
building
Recycling

M
AN
U

Choice of building materials

SC

frequent use of modern, mass
produced materials (bricks, clay
blocks, lightweight concrete
blocks, concrete, etc.)
partially applied on the level of
materials and products, not on
the level of the structure or
building as a whole

RI
PT

Green feature
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Highlights:
The principle of anthropometric modular coordination was typical for traditional Ohrid
houses

•

The applied modular coordination allowed the reuse of building elements

•

Flexible design and material basis reveal the natural cycle of a traditional Ohrid house

•

The prudent and rational work of the traditional builder is today understood as sustainable
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