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ABSTRACT

Several suburban settlements had been built in Belgrade after the World War I1. In that time, a
few prefabricated systems were mostly in use in our country which resulted in housing settle-
ments consisting of numerous buildings with the same or similar layouts. They are all charac-
terized by poor energy performance causing high energy consumption (for heating and cooling)
and CO, emissions. One of the examples of such architecture is the Konjarnikhousing settle-
ment. Different scenarios-hypothetical models for the energy performance improvement of the
envelope of the central block of the prefabricated multifamily building in Konjarnik are created.
The design of improvements of the envelope of the existing buildings is created according to
Belgrade’s climatic conditions, building orientation and technical characteristics of the building
structure.The assessment of the reduction in energy consumption for space heating and thus
the reduction of CO, emissions has been carried out in the paper. Methodological approach
entails the following steps: creation of models of the improvement of existing buildings, con-
sideration of the results of thermodynamic simulations of energy performances of the modelsin
terms of energy consumption and CO, emissions, and comparison of the results (models).

Keywords: Building refurbishment, Prefabricated buildings, Energy savings, Reduction of
CO, emission, Post-war residential buildings.

Introduction

New energy-efficient buildings represent a small percentage in relation to the total building
stock. Until 1970s, buildings were designed without consideration of energy demands andcon-
sumption. According to the data collected by Serbia’s Statistical Office, about 55 percent of the
total of 583,908 existing housing units in Belgrade was built in this period (Krstic-Furundzic and
Bogdanov, 2010). This figure reveals that Belgrade’s building stock has a significant number of
buildings whose energy performance has to be improved. It should not be disregarded because
significant energy savings can be achieved.

Many suburban settlements had been built in Belgrade after the World War I1. In that time, a
few prefabricated systems were mostly in use in our countryresulting in housing settlements
which consisted of numerous buildings with the same or similar layouts.Various precast panel
and skeleton-frame systems were used. The most frequently used panel systems were: "Trud-
benik”, "Napred-Dillon”, "Komgrap-Standard beton”, "Neimar Beograd-NB” and "Rad-Balen-
cy”, while mostly applied skeleton-frame systems were: "IMS”, "Ramit-Ratko Mitrovic” and
"Dom” (Table 1).

1 Corresponding author
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Table 1: Industrialized prefabricated systems for housing in Belgrade

TYPE OF THE
INDISTRIALIZED
SYSTEM

PERIOD OF

PRODUCTION

1957-1982

APPEARANCE OF THE BUILDING CONSTRUCTION DETAILS

RAMIT-Ratko
Mitrovic

1966-1980

DOM

1970-1980

KOMGRAP-
Standard
beton "KSB’

1960-1980

TRUDBENIK

1962-1980

NEIMAR
Beograd-NB

1963-1980

RAD-BALENCY

1973-1980

During the construction period from 1957 to 1982, the number of new residential units in a
variety of prefabricated systems amounts to approximately 56,500, as shown in Table 2. The
most intensive construction in prefabricated systems was in the period 1968-1978 when ap-
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proximately 38,200 apartments were built, while the average annual number of prefabricated
housing units in this period was around 3,500.In the period of 28 years (from 1945 to 1973)
in Yugoslavia 2.1 million homes were built in prefabricated systems of which 1.313 million
dwellings were builtin 10 years, from 1965 to 1975 (Cagicet al., 1978).Most of these residential
buildings have precast facade made up of rows of parapets and windows, especially in the first

period of prefabricated construction.

Table 2: Production of prefabricated housing units

TRAT Ekan
venseiadza oyl o Bupuaiag
gy soups syun Supinoy (e

0,4
5200
31372

3.00%

12,190
4,500

3,752

4,300

56586

BLET-HIET
peinaad Byl up swn Aupinoy
B Equny [enpae aBesasy

Ll
]
208

74

897
291

1Ta

198

3470

sl

THEL

oFET

ELEL

3320

133
883

A40

627
480

oRe

T

417

EE00

6T

LLEL

SLET

SLGT

il

ELET

LGl

TLEL

OLET
el |

. Eer |

11112
4,530

2,184

1912

9863
3,300

1,972

2173

38,161

L1

99T

547

Realired production of housing units

9L

wEL

E961

961

9T
[ wer |

EGET

BEET

L561

4,908

1,700

1,100

275

wayshs gy SHINE B30

*
*
+

o udpg A

*

L igaAs B
USEIRISB0s Sy o Bujsuiag)

1957
A6E
14970

1960

1962
1963

1|7

uesngsens Bureney Jo
wapels pransnp Syl e suey)

IM5
RAMIT-Ratho
M roaic
el " ]

KOMGRAP-

Standard

badten ‘K58

TEUDEENIK

MEBAR
Bewgrad- N

RAD-
BALENCY

JUPDIGS Mg §o adA

IS L0

FIFQINIGS [IURS

weith prefabricated

Combined systemd

Facadid
TOTAL

The main concern of this research is to estimate different possibilities of energy performance
improvement ofexisting prefabricated buildings in Belgrade, Serbia. As a case study, a multi-
family building located in Konjarnik settlement in Belgrade was selected.Regarding the Rule-
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book on energy efficiency of buildings, the existing buildings in Konjarnik, as well as in majority
of housing settlements built after the World War Il in Belgrade, have unsatisfactory energy
performance due to poor technical characteristics of the building envelope. Due to the insuffi-
ciency or absence of thermal insulation and inadequate construction/structural details in terms
of building physics, theinherited residential buildings are "squanderers”of energy with poor
indoor environments - "sick houses”, badly influencing human health (Krstic-Furundzic, 2010)
and indicating the need for energy renewal. Different solutions for reducing energy consump-
tion of existing prefabricated buildings are proposed and examined.

The research methodology

Different scenarios-hypothetical models of energy performance improvements of the existing
building envelope are proposedand reductions of energy demands for space heating, and the
related reduction of CO, emissions, are estimated. The methodological approach includes the
analysis of the characteristics of the existing buildingand the hypothetical models of building
envelope improvements, as well as the comparative analysis of the results. This approach could
generally be applicable for building refurbishment, but generalization of technical solutions and
possible benefits have to be carefully individually considered.

Energy renewalof the envelope of existing prefabricated multifamily building

One of representatives of post-war architecture is housing settlement Konjarnik. Due to the
city development, nowadays it is part of the urban city zone about 4 kilometers far from the city
center. The building is located in a semi-closed block, on the south oriented hillside. Its longer,
east-west axis is parallel to the isohypses. The neighbouring buildings are sufficiently far to
prevent overshading. The subject of the analyses is the central block of the 8-storey dwelling
building. Each block has a typical floor layout with four one-side oriented flats.

In the settlement Konjarnik all buildings were built in the late 1960’s and beginning of 1970’s as
reinforced concrete prefabricated structuresin the panel system "Trudbenik”.This panel sys-
tem is one of the most commonly used systems in which about 12,200 apartmentswere built in
the period 1957-1982.The simple layouts and unappealing appearance of the buildings were
recognised as negative characteristics of the selected structural system.The main characteris-
tics of the facades are the alternating rows of large windows and parapet walls, which influence
the energy performance of the building envelope.

Regarding thermal performances, the prefabricated parapet structures of existing buildings
in Konjarnik have the following properties: high thermal transmittance, i.e. U-value; low in-
ner surface temperature; condensation onthe internal wall surface with possible freezing and
mould growth(Krstic-Furundzic, 2010). Thesebuilding envelope properties cause poor thermal
comfort and living conditions which have a negative influence on human health.

Design of improved models of the prefabricated building envelope

Design of different models of the envelope improvements is proposed according to Belgrade
climatic conditions and building location and orientation (Figure 1), as well as technical charac-
teristics of the existing building structure.
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Figure 1: Building location(left) and Sun path (right)

New Serbian regulations on energy efficiency of buildings, in case of building refurbishment,
require U-value of 0.4 W/mZK, which is the case of Belgrade as the second climatic zone. As
shown in Table 1, existing parapet walls do not meet this requirement (U=0.67 W/mK). The
uninsulated concrete frame at the parapet edges acts as thermal bridge which results in the
U-value of 1,034 W/m?K (Kosic et al., 2009). In terms of thermodynamics, the windows are the
problem for both the size and poor thermal characteristics (U>3.0 W/mZK) as well as air infiltra-
tion. The box-type timber windows have single glazing of 4mm glass for each sash and internal
cloth blinds.As the most suitable, the following improvement measures are selected: increasing
the thickness of thermal insulation, including thermal bridges break, complete replacement of
the windows with modern ones with high thermal and solar characteristics, and glazing of log-
gias. The structure of the existing and two selected improved models of the building envelope
(M1 and M2) are shown in Figure 2 and Table 3.
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Figure 2: The facade of the building and details:a) existing wall structure; b) improved wall
structure.
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Table 3: Thermal performance of the envelope of the existing building and models with
applied improvement measures
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Energy consumption for space heating — comparison of models

For simulation of building energy performances 3D mathematical models are created: Model 1
and Model 2, which are characterized by different energy performances. The thermodynamic
simulations of the models were realized in specialized software package TAS?. The simulations
were run considering the maintenance of the point values of the indoor air temperature (from
20C° in the rooms to 22C° in bathroom) which provide satisfactory thermal comfort conditions
through the heating period. For analyses and mathematical simulations of models, the Bel-
grade climatic conditions related to daily temperatures during the year, frequency of tempera-
tures, frequency of solar radiation intensity, frequency of overcast, frequency of wind speed and
its direction in winter, summer and transitional period, are taken into account.

The official records from the Belgrade Institution of Thermal Power Plants, based onenergy
consumption data for heating in 2006-2008 (for the period from 15" October to 15® April),

2 The thermodynamic simulations of the models were realized by BDSP YU, New Belgrade.
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show that the average annual energy consumption for space heating for existing building
(all five blocks) is 1,769 MWh. The annual final energy consumption for the central block is
353,810 kWh, and 283.60kWh/m? respectively. These figures reveal that there is a very high
energy consumption,anenergy-inefficient building. The reason for such energy consumption is
inadequate thermal performanceof the envelope structure resulting in: thermal (transmission)
losses,overheating of the building andgreat infiltration losses.Distribution of thermal energy
by the Belgrade Institution of Thermal Power Plants is not in accordance withthe temperature
fluctuations in the winter, which is also reflected in the consumption of energy.

Results of improvement of thermal performances of building envelope were considered and
presented through reduction of energy consumption and reduction of CO, emissions.

As a national software package is not yet adopted, determination of the energy class of the
building is based on the energy required for heating (according to the Rulebook on Energy
Efficiency of Buildings and the Rulebook on Conditions, Content and Manner of Issuing Energy
Performance Certificate of Buildings).The results of the thermodynamic simulation for both
models of improvement show/confirm the contribution of the applied improvement measuresin
terms of reducing energy consumption (Table 4).The annual space heating energy consump-
tion, as well as annual heating energy consumption per m? are compared to the existing build-
ing heating energy consumption, as shown in Table 4 and Figure 3.

Table 4: Annual primary energy consumption for space heating according to the models

MODEL OF THE BUILDING

ENERGY CONSUMPTION

ENERGY CONSUMPTION

ENERGY CLASS

(KWHA) (KWH/M?)
EXISTING BUILDING MoDEL 424,572.00 339.66 G
IMPrOVED MoDEL 1 44,690.00 35.75 C
IMPrROVED MoODEL 2 22,135.00 17.70 A

Annual primary energy consumption per m?

Annual primary energy consumption (kWh) (kWh,/m2)

Exist. build. Model Exist. build. Model
Model 1 Model 1

Model 2 Model 2

] 100000 200000 300000 400000 o 50 100 150 200 250 300 350

Figure 3: Comparison of annual primary energy consumption for space heating of the existing
building and improved models

Benefits of predicted improvements can be identified through primary energy savings and re-
duction of CO, emissions. It is noticeable that annual primary energy savings for heating, as
well as annual energy savings per m? are significant and these energy benefits of improved
models are shown in Table 5 and Figure 4.
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Table 5: Annual primary energy savings for space heating according to the models

MODEL OF THE BUILDING

ENERGY SAVINGS

ENERGY sAVINGS

REDUCTION OF ENERGY

(KWHIA) (KWHIM?A) CONSUMPTION (%)
IMPRoVED MopEL 1 379,882.00 303.90 89
IMPrROVED MODEL 2 402,437.00 321.95 94

Annual primary energy savings (kWh) Annual primary energy savings per m?
(kWh/m?)
L]
Model 1 S ' Model 1 303.90 kwh/m?(89%) '
RN
Model 2 402,437 kwh ' Model 2 /3;95;",/,“)94;4 /
ll) 100’000 20(;000 300‘000 400‘000 0 56 1(;0 1;0 260 25;0 3(‘)0 3;0

Figure 4: Comparison of annual primary energy savings for space heating of the improved
models

The primary energy consumption for space heating in the case of improved models is reduced
by more than 89% for Model 1, and more than 94%for Model 2. This confirms that yearly reduc-
tion of energy demands of approximately 379,882 kWh is obtained for Model 1, while for Model
2 the reduction is 402,437 kWh. In relation to the effective heating surface, yearly reduction
of energy demands of approximately 304 kWh/m? for Model 1 and 322 kWh/m? for Model 2
are achieved.These energy savings are provided by addition of thermal insulation, glazing of
loggias and replacement of existing windows by the new window type.

The calculation of CO, emissions takes into account the fact that district heating based on fuel
oil is available in housing settiement Konjarnik (specific emission for fuel oil is 0,26 kgCO,/
kWhaccording to the Rulebook on Energy Efficiency of Buildings). In Table 6 and Figure 5,
values of yearly CO, emissions and reductions for the considered central block are shown.

Table 6: Annual CO,emissionand reduction according to the models

MODEL OF THE BUILDING CO, Emission CO, RepucTioN CO, RebucTioN
(KG/YEAR) (KG/YEAR) (%)

ExISTING BUILDING MoDEL 110,389

ImPROVED MoDEL 1 11,619 98,770 89

ImPrROVED MoODEL 2 5,755 104,634 94
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Annual CO, emission and reduction (kg/year)

Exist. build. Model

Model 1 98,770 kgfyear (89%) l

Model 2 104,634 kg/year (94%) l

0 20000 40000 60000 80000 100000 120000

Figure 5: Comparison of annual CO, emission and reduction of the existing building and
improved models

According to presented results, it is evident that a significant reduction of CO, emissions can
be achieved by improving the building envelope.

Conclusion

This work has highlighted the problems of poor energy performances of existing Belgrade’s
building stock and necessity and possibilities of energy performance improvement of build-
ings and thereby ecological impact. Refurbishment option could be seen as more modest and
simple at the first glance compared to demolition and new construction, but results obtained in
this research show efficiency in energy savings and CO, reductions, as well as housing quality
improvement.

By improvement of thermal insulation and windows replacement, contribution to energy sav-
ings and improvement of the building appearance are achieved.

According to the Regulations on terms, content and method of issuing certificates of energy
performance of buildings, existing and improved models of building belong to the following
energy classes of apartment buildings:

. The existing building, in relation to specific annual heating energy consumption
(339.66 KWh/m?2a), is classified as energy class G.

. The improved Model M1, in relation to specific annual heating energy consumption
(35.75 KWh/m?a), is classified as energy class C.

. The improved Model M2, in relation to specific annual heating energy consumption
(17.70 KWh /m?a), is classified as energy class A.

The results of this research might be of an interest to initiate active involvement and support of
all those involved in the building process: owners, consumers, legislation, authorities, project
design industry, building industry, etc.
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