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Introduction

Daugavpils city is the second biggest city in Latvia. The major part of Daugavpils city building sector consists of dwellings built in Soviet period
and is described with big energy consumption. Only one dwelling renovation project has been implemented last year. Daugavpils building sector
is an important energy consumer and an important SEG emission source. Building sector in Daugavpils has a high potential for energy efficient
measure implementation. During the work 50 dwellings were audited and interviews with housing Management Company and owners were
provided to understand potential for energy savings and barriers.

Energy audits were conducted in buildings in order to understand potential for energy savings. For each building a simulation method was used
to evaluate the performance of energy consumption and potential for energy savings. This means that theoretical energy consumption is
calculated. It is easy to compare calculated (modelled) energy consumption with historical data if buildings have heat meter installed. It is
possible to continue with evaluation of energy savings in case if simulated results describe the real energy consumption. In case if historical data
is not available it is hard to understand if simulation describes energy consumption correctly and it is hard to evaluate energy savings precisely.
In Daugavpils case there is no historical energy consumption data available for the buildings and empirical regression model was developed to
validate simulated energy consumptions of buildings without heat meters.

Methods

Empirical regression model for energy consumption will allow us to verify obtained results form energy consumptions simulations for buildings
without historical data.

Besides data analyses interviews with flat owners were made during energy audits in buildings. Interviews and data collection were provided in
2007/2008 heating season. Interviews have been conducted in order to understand social barriers that bother implementation of energy saving
measures.

At the beginning the data form 50 different dwellings was collected, and randomly selected samples of 35 was analysed after that. Dwellings are
of different type and size that represent building stock in Daugavpils city.

Dwellings represent not only different construction types but also different constructions years from 1940 till 1994.

To develop an empirical regression model for energy consumption we used the statistical data from the buildings. In this case we chose to use
data that is obtainable easily and that did not require special measurement equipment and measurements. It’s enough to collect basic data about
building.

At the beginning we assumed that final regression model could be presented in form of equation 1:
y=b+ax + ..+ ax, (1)
where,

y — climate corrected energy consumption;
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b - intercept;
a;...a, — regression coefficient;

X1...Xq — factors.

Seven factors (variables) were selected for development of a multiple regression model - temperature in rooms, number of flats in a dwelling,
heated area, dwelling type, number of storeys, number of entrances and construction year. We observed t criteria for each factor and from
analyses we concluded that in this practical case construction year and dwelling type is not statistically important factors. In further analyses five
independent factors was used in predicting the energy consumption of buildings. These factors are shown in Table 1. We observed t criteria for
each factor for determination whether each selected factor is useful in regression model (see equation 1) for estimating the energy consumption.

Form statistics manual table we found that t-critical, two tailed, with 29 degrees of freedom and Alpha = 0,1 is 1,699. The following are the t-
observed values for each of the factors see Table 1.

Table 1.
Variables of energy consumption

Variables Factors t-observed value

Temperature in rooms,
X1 °C 2,936

Number of flats in a
X dwelling 2,940
X3 Heated area, m? 2,607
X4 Storeys 3,842
X5 Entrances 2,914

After we used five independent factors we found that t-observed value values all have an absolute value greater than 1,699. Therefore, all five
factors used in the regression equation are useful in predicting the energy consumption. With these selected criteria we obtained the following
regression model with R*=0,6 for the dwellings in Daugavpils (see equation 2):

y=289,03+6,8x; -0,75x2+ 0,02x3— 12,23 x4— 12,26 x5 (2)

Data form 35 different randomly selected buildings were used. Summary of the survey is presented in Table 2.

Table 2.
Statistics of survey result

X; Min Max

X 18,5 22,5

X2 13 126

X3 660,1 6439,09

Xs 3 10

X5 1 9

After building regression model we used the F statistic to determine whether the observed relationship between the dependent and independent
variables occurs by chance. Assuming an Alpha value of 0,1 we found form statistical manual tables the critical level of F is 3,173. In our case
F=8,33 and it is grater that 3,173 so regression model is adequate and could be used for date analyses.

To compared simulated values against measured we represented measured values and simulated values on the same plot Fig. 1.
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Figure 1. Measured and simulated values

We can see from Fig.1. simulated values keep the same trend as measured values. In Fig.2. simulated values are plotted on the y-axis against
measured values on the x-axes.
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Figure 2. Measured and simulated values
Results

Specialists of housing management companies and energy auditors can use this empirical multiple regression model for making forecasts of
energy consumption. Research on possibilities to use multiple-regression analyses for prediction energy consumption should be continued with
broaden data set (number of buildings and factors analysed). It’s hard to build precise empirical regression model that’s allows very precisely
predict energy consumption using only statistical information about buildings. To improve regression model other factors like construction
thermal properties etc. should be used.

After energy audits and interviews with flat owners and housing management company representative the main barriers for energy efficiency
measure implementation were defined. Pprice for heating energy has been low until now and heat meters were not installed in the buildings until
this season. The main factors that did not allow continuing comprehensive renovation of buildings in Daugavpils were:

e Lack of knowledge about possibilities to save energy;
e Lack of experience to come up with common decision;
e Distrust to banks, neighbours and housing management company;
e Low energy price;
Acknowledgement

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

Kamenders A., Zogla G., Blumberga A. Daugavpils dzivojamo eku energijas patérins§

Daugavpils ir otra lielaka Latvijas pilséta, kuras dzivojamo fondu veido energoneefektiva padomju laika tipveida dzivojamo éku apbitve. Energoefektivitates potencials ir
augsts, bet, lai precizi novertétu iespejamo energijas patérina samazindjumu, ekas ir javeic energoaudits. Péc energoaudita veiksanas tiek modelets ékas energijas paterins.
Balstoties uz modeléto energijas patérinu, tiek aprékinati iespéjamie energijas patérina samazindjumi un ieteikti atbilstosi energoefektivitates pasakumi. Lai parliecinatos, ka
izveidotais ekas modelis korekti raksturo ekas energijas paterinu, tas tiek salidzindats ar citos gados redlo (uzskaitito) energijas patérinu. Tas iespejams, ja iepriekséjos gadus
ekai ir veikta siltumenergijas uzskaite. Ja tas nav darits, energoauditoram ir griti spriest par to, vai izveidotais ekas modelis korekti raksturo ekas energijas paterinu. Lai to
biitu iespéjams izdarit, balstoties uz 35 éku energijas patérina radijumiem un statistikas datiem par Stim ekam, tika izveidots empirisks vairakfaktoru matematisks
viendadojums. Saja raksta veikta Daugavpils 35 tipveida dzivojamo daudzdzivoku éku datu analize, kas lava izveidot vairakfaktoru regresijas vienadojumu, lai noteiktu
energijas patérinu eka.

Kamenders A., Zogla G., Blumberga A. Energy consumption of soviet type buildings in Daugavpils

Daugavpils city is the second biggest city in Latvia. The major part of Daugavpils city building sector consists of soviet time type dwellings with large energy consumption.
Energy audits were conducted in the buildings in order to understand potential for energy savings. For each building a simulation method was used to evaluate the
performance of energy consumption and the potential for energy savings. This means that theoretical energy consumption is calculated. It is easy to compare calculated
(modelled) energy consumption with historical data if buildings have heat meters installed. It is possible to continue with the evaluation of energy savings if the simulated
results describe the real energy consumption. In the case when historical data is not available, it is hard to understand if simulation describes energy consumption correctly
and it is hard to evaluate energy savings precisely. In case of Daugavpils, there is no historical energy consumption data available for the buildings and the empirical
regression model was developed to validate simulated energy consumptions of buildings without heat meters.

Kamenoepc A., Kozna I'., Baymbepza A. Ilompebnenue rnepzuu rsncunvix 30anuii ¢ /layzagnuice

Hayeasnuic emopou no eenuuune 20pod 6 Jlameuu, uei HCunol GOHO COCMOUmM U3 3ACMPOEK MUNUYHBIX JICULLIX 30aHUll cO8emcKkozo epemenu. I[lomenyuan
IHEP20IPDEKMUBHOCU GbICOK, HO UMOObL MOYHO OYEHUMb B03MOICHOE YMeHbUleHUue NOmpeOieHus IHepeUuu 8 30anul, Heobxo0uMo npogedenue suepeoayouma. Ilocie
nposedenus Hepeoayouma mooeiupyemcs nompeoienue suepeuu 8 30anuu. OCHOBbIBAACH HA CMOOENUPOBAHHOM ROMPEONeHUU IHEPSUU PACCYUMBIEACTCST 03MOICHOE
yMeHbulenue nompeobaeHus dHepeun U PeKOMeHOYIOMCcs coomeemcmaylowue smepodpgekmusnvie meponpusmus. Imodvl yoeoumvcs, umo co30auHas Mooenb 30anusl
onucwl8aem KOppeKmuo nompedieHue sHepaull, 3ma MoOelb CPABHUBAENICSL C PEAlbHbIM ROmpeOieHueM SHepeuU 6 opyaue 200bl. Mo 803MOACHO, eciu 8 Npedbloyuue 200bl 8
30anuu 6encs yuem nompedienus meniodnepeuu. Eciu smo ne 6vi10 coenano, mo anepeoayoumopy mpyoHo cyoums om mom, KOPPeKmHuo Jiu ONUCbleaem co30aHHas Mooeb
30anus nompebnenue suepauu. Imobwl 3mo 6bLI0 BO3MONUCHO coeramy, ObLIO PA3PAOOMAHO IMAUPULECKOE MHO20DAKMOPHOE MAMEMAmuiecKoe ypasHenue, OCHOBbIBUSCH HA
nokazamenu u cmamucmuueckue oaunvie 35 30anui. B oannoil cmamve npoeeden amanu3z OAHHLIX 35 MUNOBbIX JCUNBIX MHOZOKEAPMUPHBIX 00MO08 8 [layeasnuice, 4mo
NO360JIslem COCMAsUmMbs MHO20(AKMOPHOE PecpecCUoOHHOe YpaeHeHue Oisi YCMAHOGIEHUs NOMpeOieHUs SHePSUU 8 30AHUU.
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