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Introduction

This paper is written about energy efficiency of soviet time multi apartment buildings. Detailed study in one of soviet time building was done in
Daugavpils. This building is special because practically all necessary energy efficiency measures were done in this building.

By using different measurement and calculation methods energy efficiency of this building was determined and compared to energy efficiency of
two buildings of the same kind, but in these two buildings no energy efficiency measures have been done previously.

Fig. 1 shows the studied building and one of buildings with which the studied building was compared.
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Figure 1. The studied building (a) and building with which it was compared (b)

In order to compare all three buildings it is necessary that all of them are the same in shape, location and orientation to sun. All three buildings
can bee seen in Fig. 2.
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Figure 2. Studied building (Vienibas street 38a) in the upper circle and two buildings (Vienibas street 34a and 32a) used for comparing in two
lower circles

Studied building, which is located in Daugavpils, Vienibas street 38a, was energy audited and afterwards renovated in the summer and autumn of
year 2007. Following energy efficiency measures were done:

e Insulating of all outer walls (10cm polystyrene),

e Insulating of cellar roof (8cm rock wool),

e Insulating of roof (12cm rock wool),

e Replacement of staircase windows with insulation panels and plastic windows,

e Renovation of buildings heat substation.
Total costs of these energy efficiency measures was 161600 Ls or 54,45 Ls/m” (total heated area of building is 2968 m?).

Methods and materials

In order to determine energy efficiency of studied building some measurements were done:

e Registration of consumed heat energy,

e Indoor and outdoor air temperature monitoring,

e Heat flux measurements trough insulated walls.
Besides these measurements different calculation methods were used. This helped to clearly determine the energy efficiency of this renovated
building.
Consumed heat energy was measured with help of heat energy meter, which is installed in heat substation of building, and registered manually
every week by the manager of this building. The consumption of all three buildings (the renovated building and two not-renovated buildings) was
taken this way. Heat energy meters in these buildings are installed in such way that they count heat energy, which is needed for space heating,
and heat energy, which is used for hot water preparation. This means that heat energy, which is used for hot water preparation, has to be
separated from heat energy, which is used for space heating. This was done by measuring how much heat energy is used in building during
summer period when space heating is turned off and assuming that the amount of heat energy for hot water preparation does not change during
all year.
Since the amount of used heat energy for space heating depends from outdoor and indoor temperatures, these temperatures were measured for
period of three months in heating season — from January 23" tll April 22" In total 9 temperature loggers were placed in such manner that 2
outdoor temperatures, 2 cellar temperatures and 6 indoor temperatures were measured (one of temperature loggers was registering two
temperatures). Operations with temperature loggers can be seen in Fig. 3.

Figure 3. Placing of temperature loggers (a) and data retrieving (b)

HOBO data loggers were used. These loggers were programmed in such way that they registered temperature with 30 minute intervals.
Temperature loggers were put only in the renovated building, indoor temperatures of the two not-renovated buildings, which were used to
compare energy efficiencies in renovated and not-renovated one type buildings, were measured by hand-held digital thermometer during a visit
to these buildings.

Measured outdoor and cellar temperatures can be seen in Fig.4.
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Figure 4. Outdoor temperatures (a) and cellar temperatures (b)
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As can be seen in Fig. 4 outdoor temperatures during three months measuring period changed from -10 °C to +19 °C, but cellar temperature
changed in smaller amplitudes — from 7 °C to 14 °C. As mentioned above indoor temperatures were measured in six different apartments and the
results of these measurements are summarized in Fig. 5.
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Figure 5. Steady indoor temperatures in three apartments (a) and alternating indoor temperatures in three apartments (b)

It can be clearly seen in Fig. 5 that in three apartments indoor temperatures were steady but in other three apartments indoor temperatures were
alternating in quite big amplitude. This can be explained by the behaviour of inhabitants of these apartments. While the first three apartments
were inhabited all the time or they were not inhabited at all, the other three apartments were inhabited periodically and this means that the inner
heat gains were changing quite a lot, which results in alternating indoor temperature.
It is critical to know indoor temperatures because consumed heat energy for space heating in depended on indoor and outdoor temperature
difference. Thanks to temperature measurements the average indoor temperatures for all three buildings were determined:

1. Vienibas 38a (renovated) — 21,02 °C,

2. Vienibas 32a (not-renovated) — 20 °C,

3. Vienibas 34a (not-renovated) — 21 °C.

In course of this study heat flux trough insulated brick walls was measured. This was done in order to see if insulation works have been done
properly and what is the real heat conductivity of this wall. Heat flux measurements were done with measurement equipment from company
Hukseflux — one of world’s leading heat flux sensor producers. Measurement equipment can be seen in Fig. 6.

Figure 6. Heat flux measurement equipment from Hukseflux installed on wall in Vienibas street 38a

Measurements were done in accordance with international standard ISO 9869:1994 “Thermal insulation — Building elements — In-situ
measurement of thermal resistance and thermal transmittance”. The measurement was carried out for six full days. The results of heat flux
measurements are shown in Fig 7.
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Figure 7. Heat flux through insulated brick wall

The device from Hukseflux contains two sets of heat flux measuring equipment that is why there can be seen two heat flux lines in the chart. S
imultaneously outdoor temperature, indoor temperature and inner and outer temperatures of measured wall were measured.

This gives possibility to calculate the heat transmittance coefficient or so called U-value of insulated wall, that is done by using the following
equation:

B ( 1 )
Z (T;'ndoor_j - TOMtdOOV_j)
j=1

where

U — heat transmittance, W/mzK,

n — count of full days of measurement

g;j — the average heat flux, W/mz,

Tindoor j — the average indoor temperature, °C,
Toutdoor j — the average outdoor temperature, °C.
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After all measurements data on heat consumption of all three buildings were gathered and recalculated in such way that average heat
consumption was calculated as if the average indoor temperature in all three buildings was 20 °C.

Results and discussion

Heat flux measurements showed that the real U-value of the insulated brick wall is 0,77 W/mzK, which is much greater than the theoretical U-
value of this wall, which was calculated to be 0,28 W/m?K. This shows that wall insulation works have not been done properly and wall loses
2,75 times more heat energy than it should.

By using heat flux measurements in future it could be possible to bring under control the quality of buildings and to inspect the quality of energy
efficiency measures, which have been done by builders.

Calculations showed that the renovated building in Vienibas street 38a uses 70 kWh/m? at 20 °C indoor temperature, while not-renovated
buildings in Vienibas street 32a and 34a use respectively 127 and 148 kWh/m® at the same temperature, which means that the renovation of
building in Vienibas 38a has given heat energy savings of 49%.

Also calculations on how indoor temperature affects heat energy consumption were carried out. Results of this calculation can be seen in Fig. 8.

200
180 -
160
140

kWh/m2year

120
100
80
60
40

Vienibas street 32a

Vienibas street 34a

Vienibas street 38a

20

0 T T T T T T T T T . .

15 16 17 18 19 20 21 22 23 24 25 26 27
indoor temperature, °C

Figure 8. Heat energy consumption depending on indoor temperature

From Fig. 8 it can be seen that changes in indoor temperature leave big influence on heat energy consumption, which means that more attention
should be paid not only on energy efficiency measures like wall insulation and changing of windows but also such energy efficiency measures as
decreasing indoor temperature during night or while nobody is at home.

The amount of energy efficiency measures and the shape of studied building indicates that the reached heat energy consumption for space
heating (70 kWh/m2 at 20 °C indoor temperature) in renovated soviet-time buildings in Latvia is the lowest heat energy consumption possible
with these kind of measures. Lower heat energy consumption could be reached only by introducing higher quality energy efficiency measures
like thicker insulation layers, ventilation with recuperation, etc.

Acknowledgement

This work has been partly supported by the European Social Fund within the National Programme ,,Support for the carrying out doctoral study
programm’s and post-doctoral researches” project ,,Support for the development of doctoral studies at Riga Technical University”.

Zogla G., Kamenders A., Blumberga A. Siltinatas padomju laiku daudzdzivoklu ékas energoefektivitate

Aptuveni 40% no Latvija patéretas energijas tiek izmantota majokju sektora, tas ir, telpu apkurei un karsta iidens sagatavoSanai. Vidéjais ipatnéjais siltumenergijas patérins
Lawvija ir 220-250 kWh/m’gada. Uzstaditais mérkis, kas biitu sasniedzams tuvakaja nakomé, ir 150 kWh/m’gada. Lai So mérki sasniegtu, ir javeic daudz dazadi pasakumi.
Viens no efektivakajiem pasakumiem ir padomju laiku éku energoefektivitates paaugstinasana, ékas siltinot .

Saja petijuma tika analizéta siltinata padomju laiku éka, kas atrodas Daugavpili. Tika apskatita pirmd apkures sezona péc energoefektivitates pasakumu veiksanas. Tika
uzskaitits siltumenergijas paterins, méritas telpu un ara gaisa temperatiras, noteiktas sienu termiskas ipasibas. legiitie mérijumu dati tika salidzinati ar divam atskaites ékam,
kas atrodas blakus analizétajai ékai. Pateicoties merijumiem, iespéjams izdarit secinajumus par termalda komforta limeni ékas péc energoefektivitates pasakumu veikSanas un
par iedzivotaju uzvedibas éka ietekmi uz komfortu.

Petijuma r%zultdtd tika noteikta siltinatas ekas energoefektivitate, kas dod ieskatu, cik reals ir Latvija uzstaditais merkis samazindt vidéjo eku siltumenergijas patérinu lidz
150 kWh/m” gada.

Zogla G., Kamenders A., Blumberga A. Energy performance of renovated soviet time apartment building

Approximately 40% of heat energy used in Latvia is used for domestic purposes, i.e., space heating and hot water preparation. The average specific heat energy consumption
in Latvia is 220 — 250 kWh/m’ per year, a goal has been set, which should be reached in the nearest future, this goal is 150 kWh/m’ per year. In order to achieve this goal
there are many measures that could be taken. Some of the most effective measures are energy efficiency measures that are taken in Soviet time apartment buildings.

In this research a renovated Soviet time apartment building in Daugavpils was monitored for one heating season, this was the first heating season after implementation of
energy efficiency measures. Heat energy consumption, indoor and outdoor temperatures were monitored, thermal properties of insulated walls were also measured. The
obtained data were compared with two reference buildings located near by the monitored building. Thanks to measured data it is also possible to make some conclusions
about thermal comfort in buildings after implementation of energy efficiency measures and how this comfort is influenced by the behaviour of its inhabitants.

The results of this research show the energy performance of renovated building and give insight how realistic it is to reach the goal set by Latvia, i.e., specific heat energy
demand — 150 kWh/m’ per year-

Kozna I'., Kamenoepc A., baymbepza A. Inepzorhghexmusnocmo ymenieHHbIX MHOZOKEAPMUPHBIX OOMOE COBCHICKOZ0 6PEMEHU

IHpubnuzumenvro 40% u3z snepeuu nompedieHHou 6 Jlameuu UcnoIb308aHO 6 CeKMope OOMAUIHUX XO35UCMS, m.e. 011 OMONIEHUs. NOMeWeHUll U 01 NOO20MOBKU 20psdell
600b1. Cpednee yoenvroe nompebnenue menia 6 Jlameuu 220-250 kBm/M’ 6 200. Yemanoenennas yenw, komopas mozia 6ui 6bims docmuenyma 6 onusicasiuiem 6yoyuem 150
kBm/M’. Gmober docmuub 5moii yenu, HeofXoOUMO NpO8OOUMb MHO20 pPa3IuuHbIX Meponpusmuil. OOnoll u3 naubonee >pGexmusHvlx Meponpuamuii noebiueHe
IHEP203PhEKMUSHOCIU 30AHUT COBEMCKO20 BPEMEHU PEedaNU3Ysi MeEPONPUSMUs NO YIMeNneleHuio 30aHUL.

B oannom uccnedosanuu 6ul10 ymenieHHoe 30anue COBEMCKO20 BPeMeHU, KOmopoe Haxooumcs 6 [layeasnuice, 6bl10 NpOAHAIUUPOBAHO, ObLL PACCMOMPEH Nepsblll
OMONUMENbHBIN Ce30H NOCie NPOo8edeHUsi dHep2oIhpexmusnvix meponpusmui. bviio 3amepeno nompebieHue mMeniosol Hepeuu, MeMnepamypvl 8 NOMEUeHusx U
memnepamypa Ha yauye, Obliu onpedeienvl mepmudeckue ocobennocmu cmet. ITlonyuennvle usmepenust ObLIU CPAGHEHBL ¢ O8YMsL OMUEMHBIX 30AHUL, KOMOPble HAXOOSMCS
psadom ¢ auanusupyemuvim 30anuem. bnacooaps usmepenusm, 603MOJNICHO cOenamb 6bl60ObL 00 YPOGHE MEePMAIbHO20 KoMpopma 6 30aHUsX Nocie NposedeHus
IHEP2OIPPEeKMUBHBIX MepONpUAMULL U KAK HA IMOM KOMGBOpm enusiHue dcumenell 8 30aHul.

B pesynomame uccnedosanus bvlia onpedenena s3HepeodIPhekmusHochs YmenieHHO20 30aHUs, Komopas 0aem 00630p, HACKOILKO peanbHas 0as Jlameuu ycmaHo8ieHHas Yeib
ymenvuums cpednee nompebnenue meniogoii snepauu 00 150 kBm/i.
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