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Abstract. Results presented in this paper refer to possibility of bioclimatic and 

energy sanitation of law protected residential areas. Research involved investigation 

of traditional build principles in Vojvodina, as well as identifying the best 

methodology in terms of allotment reorganization, installation of sanitation facilities 

in residential and auxiliary facilities, with special attention to energy efficiency and 

usage of renewable energy.  The inhabitants of the Suburbium are facing difficulties 

and struggling to meet the demands of the heritage protection services while trying 

to improve the quality of life in houses that are in bad condition, compromised by 

moisture, improper repairs and years of neglecting caused by the poverty of their 

owners. Since the services in charge are under-staffed, the idea of public-private 

partnership emerged, in order to conduct this research study and come up with the 

best possible solutions to the burning problems of the community. The ideas 

students came up with at the Summer school of architecture were extended and 

shaped in order to meet the documentation standards for next edition of Suburbium 

master plan . 
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1. Introduction 

Bač Fortress suburbium consists of a street inside of medieval town of Bač, surrounded 

by dried moat. This is the place of medieval town’s craftsman district. The houses in the 

street were built at the beginning of 20
th
 century, just after the big fire had destroyed all 

but three houses in the street, the ones near the water and the entrance gate of the 

suburbium. The houses are protected by law of the Republic of Serbia as cultural 

heritage, preserving the picturesque ambience values of the Bač Fortress.  

The suburbium has always been populated, but the residents of this street have many 

problems maintaining the buildings, especially since they are expected to cover for the 

major part of renovation expenses that are significantly higher in this case and building 
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materials - that are more expensive in this case. The fact that majority of the residents are 

more than sixty years old, with low income, only contributes to the problem. Small 

reparations are usually done by local “meisters”, only where and when necessary, often 

with inadequate materials and equipment, making alterations to original layout even more 

complex. Also in some cases residents are forced to use only premises facing inside of the 

courtyard. Due to excessive mold and fungus infections on the northern facades, premises 

facing north sometimes fail to meet basic sanitary requirements, and therefore residents 

are forced to abandon them. 

Average age of the houses is around 80 years. Majority of them were build with 

traditional techniques, typical for this part of Europe at the beginning of 20th century that 

used: bricks, mud, rammed earth, wheat chaff, straw and wood as raw materials. Stability 

of the houses build in this way is highly compromised by moisture and temperature 

variations, which is best reflected by moist walls and deformations in wooden doors and 

windows. Windows and doors are made of wood and need to be repaired in many cases, 

since the temperature variations cause the elements to deform and reducing the 

performances. As noticed by the heritage protection services, circumstances described 

above are decaying the quality of life , threatening to annul all the benefits of having an 

example of what is called “living monument”.  

2. Motivation and Background 

While preparing the project of first Summer school of architecture in Bač in 2010 the 

authors of this paper faced the struggle of residents and protection services on site to 

overcome the obstacles caused by poverty and lack of updated planning documentation. 

Teams came up with the idea of creating a form of public-private partnership around the 

project, in order to conduct a research of the needs, opinions and ideas, but also to note 

the condition of buildings and to come up with the ideas of their improvement. Since a 

significant part of School was dedicated to sustainable architecture in many of its aspects, 

and student designs involved technical solutions for energy improvement without 

damaging the buildings, their solutions were used as a kick-start solution for further 

research.  

Many technical solutions were considered in process, and the cheapest and least invasive 

solutions were tested, assuming that the first step of future sanitations would be done in 

present day circumstances: with the basic minimum investment - the low-end model of 

the project. Being cautious regarding the architectural and ambient value of buildings the 

improvements tested in the case study were chosen only if the application techniques are 

non-invasive and would not harm the quality and characteristics of the architecture. 

Although this is usual practice in developed world, according to the data of Energy 

Efficiency Agency of Republic of Serbia, this research is the first one of its kind 

conducted in Serbia, since until now no one dealt with energy efficiency in buildings and 

areas protected as national heritage. Therefore, this study provides a benchmark for all 

future studies of similar type, to be conducted in Serbia. 

3.  Methodology 

For the purpose of the study, the team had singled out house number 17 in the street, 

owned by Mrs. Marija Marinković. The characteristics of the object, relevant for the 

study are: 
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1) its position in the street – the allotment is on the southern side of the street, being 

therefore more convenient for small interventions in order to use the upsides of the house 

and courtyard insulation 

2) the architectural and ambient value of the object: the house is typical Vojvodinian 

house (more on this matter follows below), with stylistic details on the façade 

(embellishments around windows, brick cornice finishing the wall) typical for traditional 

architecture in this part of country;  

3) the extensive damage caused by moisture (as seen on photo below). 

Simulations were performed with  Tas Building Designer was with modular design and 

afterwards split into three main programs, the 3D Modeller, Building Simulator and 

Results Viewer. With this engine, 2 parallel simulations were performed. first one  

simulated real time performance of the in situ materials and building elements, for the 

purpose of getting accurate information about entire building performance and overall 

energy consumption.  

Second scenario, took into account changes made to the original building element setup 

for the sake of improved energy efficiency. Position or build of walls was not changed, 

because walls made of rammed earth and bricks already have the inertia mass potential, 

and are not elements with critical energy consumption. The other reason why the walls 

(inner and facade) were not taken into consideration for upgrading is because of the 

protection regulative which disallows any kind of facade alterations. Also there was an 

issue or the physical changes in the walls (swelling and drying) which mustn’t be 

interrupted because of the static and seismic performance of these elements. The most 

critical elements were: windows, doors, floors and ceilings. Because of very poor or even 

no insulation efficiency in these elements they were taken into consideration for the 

improvement.  

Simulated changes in building elements, regarding used materials were: 

 
Walls 

Z1 (frontal wall of the street) 

Cement plaster 2.0 cm 

Bricks 52.0 cm 

Lime plasters 2.0 cm 

Lime coating 0.3 cm  

 

Z2 (facade wall to a courtyard and an 

adjacent parcel) 

Lime coating 0.3 cm 

Mud plasters 2.0 cm 

Rammed earth 40.0 cm 

Mud plasters 2.0 cm 

Lime coating 0.3 cm 

 

Z3 (interior walls between rooms) 

Lime coating 0.3 cm 

Mud plasters 2.0 cm 

Rammed earth 30.0 cm 

Mud plasters 2.0 cm 

Lime coating 0.3 cm 

 

Flooring 

P1 (floor in the rooms) 

Silicone coating 0.3 cm 

Rammed earth 30.0 cm 

 

 

 

 

Ceiling 

T1 (ceiling between heated and non 

heated space) 

Lime coating 0.3 cm 

Lime plasters 2.0 cm 

Metal grid - 

Reed 5.0cm 

Wooden structures - 

 

Roof 
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K1 (roof covering) 

Pepper tile 2.0 cm 

 

 

Windows 

W1 (facade window) 

Wooden frame, 5.0 cm 

Single glazing 0.6 cm 

 

Doors 

D1 (inside door) 

Wooden frame 8.0cm 

Wooden pane 2.0 cm 

 

D2 (inner door) 

Wooden frame, 8.0 cm 

Wooden pane 8.0 cm 

Descriptions (upgraded building elements) 

 

Walls 

Z1 (frontal wall of the street) 

Cement plaster 2.0 cm 

Bricks 52.0 cm 

Lime plasters 2.0 cm 

Lime coating 0.3 cm 

 

Z2 (facade wall to a courtyard and an 

adjacent parcel) 

Lime coating 0.3 cm 

Mud plasters 2.0 cm 

Rammed earth 40.0 cm 

Mud plasters 2.0 cm 

Lime coating 0.3 cm 

 

Z3 (interior walls between rooms) 

Lime coating 0.3 cm 

Mud plasters 2.0 cm 

Rammed earth 30.0 cm 

Mud plasters 2.0 cm 

Lime coating 0.3 cm 

 

Flooring 

P1 (floor in the rooms) 

Wood 3.0 cm 

Cellular rubber underlay 1.0 cm 

Strawboard 10.0 cm 

Cellular rubber underlay 1.0 cm 

Rammed earth 30.0 cm 

 

 

 

 

Ceiling 

T1 (ceiling between heated and non 

heated space) 

Finishing 0.3 cm 

Lime plasters 2.0 cm 

Metal grid - 

Reed 10.0cm 

Wooden structures – 

Polystyrene expanded 5.0 cm 

 

Roof 

K1 (roof covering) 

Pepper tile 2.0 cm 

 

Windows 

W1 (facade window) 

Window frame, 10.0 cm 

Glazing 1.2 cm 

Argon 1.2 cm 

Glazing 1.2 cm 

Argon 1.2 cm 

Glazing 1.2 cm 

 

Doors 

D1 (inside door) 

Wooden frame 8.0cm 

Wooden pane 2.0 cm 

(0.5 cm wood board, 1.0 cm polystyrene 

expanded, 0.5 cm wooden board) 

 

D2 (inner door) 

Wooden frame, 8.0 cm 

Wooden pane 2.0 cm 

 

4. Results 

Results acquired from the first simulation gave us an insight to which energy 

consumption/efficiency class this object belongs, along with the information about the 

highest and lowest temperatures in the object and time dimension (exact day and hour of 

the year), about direct and indirect solar gains, relative humidity in the rooms and the 
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energy in kW needed for maintenance of this building. Moreover, we were able to see the 

actual U values of the materials and actual energy transfer in the building.  

Second simulation took into consideration proposed improvements constraining 

originally used raw materials. The results achieved in the second simulation will give us 

information about improvements that could be made with earlier mentioned materials 

upgrading. There should be significant improvement in the energy consumption and 

reduction in the energy losses.  

In Figure 1 3D image of simulation model with clear indications of different building 

elements and zones of different heat/energy efficiency blab la....The object will be 

presented in 3D model where the zoning and building elements clearly stated. The results 

will be presented in graphs, charts and columns.  

 

 
 

 
 

 

Heating and cooling loads (TAS Results Viewer) 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Building elements  

(TAS 3D Modeller) 

 

Zoning  

(TAS 3D Modeller) 

 

Heating and cooling loads 

(TAS Results Viewer) 
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SUMMARY MONTH HEATING LOAD HEATING LOAD/m² (NETTO) HEATING LOAD/m² (BRUTTO)

1 JAN 2898.15058 20.68187098 15.90467885

2 FEB 2281.91916 16.28430143 12.52287982

3 MAR 1812.40614 12.93374823 9.946252552

4 APR 870.34825 6.211005852 4.77635962

5 MAY 283.18396 2.020866053 1.554077269

6 JUN 39.58618 0.282496111 0.217243881

7 JUL 0 0 0

8 AUG 0.61983 0.00442325 0.003401548

9 SEP 281.5789 2.009411975 1.545268906

10 OKT 997.33357 7.117202384 5.473238777

11 NOV 1822.76918 13.00770128 10.00312359

12 DEZ 2747.2303 19.60486905 15.0764477

TOTAL 14035.12605 100.1578966 77.02297251

SUM OF WATTs 14035126.05

WHOLE YEAR Heating Load (kWh.a-1)

14035.12605

NETTO kWh.a-1.m-2

100.1578966

BRUTTO kWh.a-1.m-2

77.02297251

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Solar Lightning, Infiltration and  

Ventilation gain 

 (TAS Results Viewer) 

 

 

Radiant temperature 

 (TAS Results Viewer) 

 

 

 

Summary, case 1 
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SUMMARY MONTH HEATING LOAD HEATING LOAD/m² (NETTO) HEATING LOAD/m² (BRUTTO)

1 JAN 2432.7699 17.36080711 13.35072934

2 FEB 1878.50262 13.40542796 10.30898156

3 MAR 1445.7176 10.31697424 7.933912853

4 APR 578.69887 4.129728609 3.175825211

5 MAY 148.39757 1.058999286 0.81438684

6 JUN 0 0 0

7 JUL 0 0 0

8 AUG 0 0 0

9 SEP 83.44197 0.595461143 0.457918834

10 OKT 676.94769 4.830854849 3.71500214

11 NOV 1437.91434 10.26128838 7.891089562

12 DEZ 2282.48917 16.28836916 12.52600796

TOTAL 10964.87973 78.24791073 60.1738543

SUM OF WATTs 10964879.73

WHOLE YEAR Heating Load (kWh.a-1)

10964.87973

NETTO kWh.a-1.m-2

78.24791073

BRUTTO kWh.a-1.m-2

60.1738543

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

5. RECOMMENDATIONS 

The Internal Division of an Allotment by Function 

The typical rural allotment is divided into three main areas:  

1 / Garden with a house facing the street and stables,  

2 / Grain store with storage space for hay, straw and stables for smaller animals located 

centrally; and  

3 / Garden, orchard or vineyard at the rear of the allotment. These land uses are separated 

with fences. 

All buildings on the lot are oriented towards the inner courtyard and are not open to 

adjacent parcels of land. This spatial concept provides the opportunity for organization of 

the internal workings within the allotment. For example intimate courtyards with multiple 

functions such as working areas, handling areas, outdoor lounge, dining etc. 

As a general rule there are two gated entrances to the courtyard, one for vehicles and one 

for pedestrians. The vehicular entrance has a dual purpose and is used for both vehicles 

and cattle. In front of economically constructed buildings there are larger free spaces, 

which provide the necessary manipulative area for, and access to various vehicles and 

equipment necessary for agricultural production. 

 

Advantages 

With the residential building located along the boundaries of the allotment, (adjacent to 

their neighbors), and with orientation of the gabled wall toward the street frontage, this 

layout provides the best communication internally with the home garden, commercial 

yards, ancillary buildings, agricultural land, livestock, garden, orchard and vegetable 

garden. 

The current organizational concept of the allotment, with rows of various functions as 

described above through the depth of the allotment is exceptionally functional. This 

Summary, case 2 
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concept is the result of years of experience, and is applicable to the modern way of life, 

work and the new technologies used in agricultural production in Vojvodina. 

Disadvantages 

The disadvantages of a typical Vojvodina rural allotment include:  

 locating the animal stalls in the same yard with the house,  

 locating vehicular and cattle thoroughfares through the center of the allotment 

and  

 Setting up the habitable areas of the house along the boundaries adjacent to 

neighboring allotments, meaning all windows and other sources of ventilation are 

internal facing and therefore not allowing cross-ventilation. 

 

6. TRADITIONAL VOJVODINIAN HOUSE  

The traditional Vojvodinian house features a porch and usually has three rooms with a 

kitchen located centrally, a large room with general living function closest to the street 

and a smaller general living room on the opposite side of the house. One can find 

different variations of the model, but this type is the most common. 

The rear facade and porch of the house are always oriented toward the courtyard and 

toward the south or the east, rarely to the west, and never to the north. Such orientation 

allows Vojvodina’s houses to manage their climatic conditions to better suit living 

requirements. 

Construction materials for houses in Vojvodina usually consist of clay / mud infill within 

a timber frame (known as Bondruk System) with a covering of straw, later tiles. As a 

general rule, the porch began immediately at the main entrance. Therefore the entry of the 

house and the livestock / yard areas were separated. 

7. CONCLUSION - POSSIBILITIES OF IMPROVING THE QUALITY OF LIFE 

A proposal to improve the quality of life, which is presented in this paper, refers to the 

functional improvement, bioclimatic rehabilitation and improvement of energy efficiency 

of existing housing and buildings. 

Recommendations for the Bioclimatic Repair and Ecology Improvements of Allotment 

On typical allotments in Vojvodina, (with are already highly developed), it is difficult, 

but possible, to make specific interventions to improve household function. With such 

position of constructed facilities, along the allotment boundary, (i.e. adjacent to 

neighboring allotments and therefore prevented from cross-ventilation), it is desirable to 

improve the ventilation of the longitudinal side of the housing. In most cases, ventilation 

of the allotment on the longitudinal side is difficult due to existing fence construction 

which is both high and closed in nature. Intervention is however possible, regardless of 

the distinctive decorative styles. Bioclimatic reasons against such barriers include 

reduction of both ventilation and natural sunlight. Concrete walls should not be used as 

barrier fencing as they impede the natural flow of air and ventilation and represent a 

major problem for any repair or alteration. Better options for fencing include timber 

construction or natural hedging which will improve ventilation. 

The role of vegetation on the allotment is extremely significant. In addition to 

psychological benefits, vegetation has a hygienic role. The problem of lack of communal 
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facilities in rural areas to some extent can be reduced by vegetation that provides 

treatment of the atmosphere. For these reasons, the existing rural settlement areas should 

be facilitate cultivation and preservation of low and high vegetation, cultivated orchards 

in their gardens, grassy backyards and tall trees wherever possible. Certain types of trees 

can be used to insulate livable back yard areas from cattle yards, as a natural barrier and 

purifier. It is important to note however that the vegetation should not present a 

impenetrable barrier between the yards, therefore the type of tree species used should be 

taller with high foliage. Where an allotment is set within a settlement of similar 

allotments, the use of tree planting should be linked across each allotment, forming a 

continuous “green belt”. 

Recommendations for bioclimatic repair and improvements to the energy efficiency of 

Existing Facilities 

The subject of bioclimatic rehabilitation of facilities is the removal of deficiencies in the 

organizational and programmatic senses, both within the allotment, and within individual 

buildings. Particular attention should be given to housing facilities, which often are in 

neglected condition, and therefore uncomfortable, exhibit poorly planned mutual relations 

between rooms, undefined communication, poor cross-ventilation and insufficient 

functional differentiation. 

Traditional residential architecture of Vojvodina was created and developed in response 

to bio-climatic characteristics of the area. Its main role was to protect people from 

extreme climatic conditions. A simple model of a Vojvodinian house including a porch, 

developed over time in response to climate and functional requirements, should be the 

starting point and the answer to the question of how future repair should be completed 

and how to build houses in the area. 

As for individual residential buildings and their functional organization it is desirable to 

create a division between the day and night zones, where such a distinction currently does 

not exist. Further improvement of the facility includes adding a porch, (if not present), 

which will provide shelter during the warmer months, for outdoor cooking and other 

activities. Therefore the house will not be heated adversely because of cooking and 

habitation inside the house will be much more pleasant. 

The potential for saving energy is in the application of the principles of energy efficiency 

(thermal insulation, improving energy balance, increasing the efficiency of heating, 

cooling and lighting, solid construction methods) and the application of solar energy. 

There are many factors that affect energy consumption in rural households. Some of them 

are: type of building, year of construction, materials used, (non) existence of thermal 

insulation, location, climate, number of electrical devices and their effectiveness, as well 

as the habits, behavior and number of household members. 

General guidelines for bio-climatic and energy reconstruction of existing facilities: 

 proper orientation; predominantly southern orientation of homes without 

significant densities in the winter with protection from the sun during the 

summer, large glass areas orientated to the south, and much less to the east, and 

north-west; 

 high level of insulation; 

 thermal zoning - division of the rooms based on room usages (i.e. requirements 

for heating or cooling), according to their functional affiliation; 
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 functional zoning - the division of space to groups for day and night usage, with 

good inter-connection; 

 hygienic zoning-division of the rooms e.g. (dirty areas. entrance to the house, 

leaving dirty and wet clothes and shoes with the possibility of drying) and clean 

areas; 

 good quality windows that close with an air-tight seal; 

 compact layout and facades; 

 natural ventilation (passive) cooling; 

 systems of protection from sun and heat loss; 

 Materials - local, natural with a high degree of availability. 

 

Additional requirements related to the low energy efficient and passive solar house 

involve the use of:  

 

 passive solar systems and 

 Active solar systems. 

 

Additional measures include:  

 

 sewerage and water routes should be short and well insulated; 

 use systems to save water in the washing machine and dishwasher; 

 to ensure a good seal for electrical and plumbing in the walls; 

 Use appliances that consume little energy (refrigerators, stoves, freezers, lamps, 

washer, dryers ...). 
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