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AHAJIN3 HA DAHHU OT
EHEPIOCNECTABALLUU MEPKWU B
OBLECTBEHU CTPAOU

UNeaH BuHes

Peslome: lNpu m3BbpliBaHe Ha aHanm3 Ha
pe3ynTtatute, 4pe3 CpaBHABAHE Ha pearnHuTe
napameTpu, OTYMTalM  CbCTOSHMETO  Ha
obulecTBeHM crpaam e HeobxoguMma oOLeHKa Ha
€HEepPrumH1UTEe CnecTsiBaHna cneg U3nbiHEeHne Ha
eHeprocnectsiBawm Mepku. [lpeactaBeH e
KOMMITEKCEH CPABHUTENEH aHanm3, Ha MeToau 3a
obpaboTka Ha gaHHW, Bb3 OCHOBA Ha KOWTO ce
npaBM OLEHKA Ha HaCTbNUINTE MNPOMEHM B
npoueca Ha NpuroXeHne Ha eHeprocnecTaBaLlm
MEepKs 3a crpagn, B HeroBata USANOCT U B
YACTHOCT  EHEeprunHuTe nNpPoeKTM B  ABa
O6bnrapcku rpaga, ¢ ornen TaxHaTa gMHamMuKa U
ObaeLwo passuTue.

Kno4yoBn aymm: eHepruiHa egeKkTUBHOCT,
obLlecTBeHM crpagun, eHeprocnecTssallm Mepku,
KNbCTEePEeH aHanua, aHanms Ha CbOTBETCTBMATA

1. YBog

Mporpammpyemnte NOrNYeCcKmn
kKoHTpornepn (PLC) ca pasnpocTpaHeHu B
pa3nnyHM obnactm Ha UWHAYCTPUMaAnNHoOTO
NpPU3BOACTBO, 3aMEHSINKN penenHuTe
NOrMYeckn CxemMum Kato Mo-fieCHO U no-
€BTUHO pelleHne M ce e MpeBbpHano B
CTaHAapT 3a MHAaycTpuanHa asTomaTusauus.

TonnuHHMTe 3arybu Ha crpagute npes
OTOMAUTENHMA NEepuoa  3aBUCAT B Hau-
ronsMa  CcTeneH OT  TOMNOMU3NYHUTE
CBOWCTBA Ha  BbHWHUTE  Orpaxgawm
enemMeHTn, M3rpageHn OT HHAKOSKO Criosi OoT
pa3nuyHM maTepuanun. Team 3arybu ce
nony4aBsaT BCMeACTBME HA MPEMUHABaHE Ha
TonnMHaTa OT Mo-Tonnata CTpaHa Ha
orpaxgawusa enemMeHT KbM No-cTygeHaTa U
ce Hapu4at 3arybu OT TonnonpemMuHaBaHe.
3a HamansBaHe Ha Te3un 3arybu, Han-ronamo
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1. Introduction

The thermal losses of buildings
during the heating period depend to
a large extent on the thermal-
physical properties of the outer
enclosures, made up of several
layers of different materials. These
losses are due to the transfer of
heat from the warmer side of the
enclosure to the colder one and are
called heat transfer losses. To
reduce these losses, the thermal
insulation materials used, their
thermal properties and thickness
are of main importance. [2,4,9].
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3Ha4yeHne nmat N3non3saHunTe
TOMSIOM30MAUNOHHN  MaTepuanu, TexHUTe
TONNOMU3NYHN XapaKkTePUCTUKM 1 gebenuHa

[2,4,9].

MNpun N3BbpLUBaHE aHanua Ha
pesyntaTtuTte, ypes cpaBHsABaHe Ha
peanHuTte napameTpu, oTynTaLm
CbCTOSAHNETO Ha efHa crpaga n
HOPMAaTMBHUTE  CTOMHOCTM Ha  CbluTe
napameTpyn € OTKpUT noTeHuman 3a

HamarnsiBaHe Ha pasxoamTe C BbBeXAaHe Ha
eHeprocnecTaBaLlm MEPKMU, uenswm
nosuLLaBaHe Ha TEPMUYHOTO
CbMPOTUBNEHNE HA OrpaxjawuTe enemMeHTn
Ha crpagaTa [5,7,9].

OueHkaTa Ha eHeprumHuTEe cnecTtaBaHus
cned UW3NbflHEHME Ha eHeprocnecTsBalm
MEpKM uMa 3a Uuen ga onpegenu
KONIMYECTBOTO CMNeCTeHa eHeprusi B crpagute
cnpsmMo  npeauvwHo 6a3oBO  CbCTOSIHME,
BCNeACTBME Ha BbBEOEHM Mepku 3a
noBulIaBaHe Ha eHeprnnHata edeKTUBHOCT
W [Oa [JoKaxe CTeneHTa Ha nocTturaHe Ha
WHOMBMAYaNHUTE Lenn 3a  eHeprunHn
cnectaBaHus.  KonnyectBoTO  cnecTeHa
€HeprMs e paBHO Ha pasnukata wmexay
eHeprusTa npean BbBEXOAAHETO Ha MepKuTe
3a nogobpsisaHe Ha eHeprmmHara
e(deKTMBHOCT 1 N3MNoJfidaBaHaTa eHeprusita 3a
OTOMfEHNe crnea  M3NbfHEHWE Ha Te3u
MEpPKW, Npu nogabpXaHe Ha Temnepatypa
cnopeg HopmaTuBHUTE u3nckeaHus [1,6,8].

CvoTBeTCcTBMETO Ha obcrnegBaHa crpaga
C U3NCKBaHUSATA 3a eHepriumHa eqpeKkTUBHOCT
€ UM3NbIMIHEHO, KOraTo CTOMHOCTTa Ha
eHeprurHaTa xapakTepucTuka Ha crpagaTta e
no-manka WM paBHa Ha eTaroHHaTa W
CTOMHOCT. Te3n npeanocTtaBku M aHanui Ha
OaHHM OT TAXHOTO M3MbfHEHWE Ca Uen Ha
HacTosiwaTta pabora.

2. MaTtepuan n metoau

M3nonsBaHn ca WM3XOOHW [JOaHHW 3a
obwectBeHn crpagn B rpag CnueeH
Bvnrapusa [3]. daHHUTe ca npu OueHKa Ha

When analyzing the results, by
comparing the actual parameters,
taking into account the condition of
a building and the normative values
of the same parameters, the
potential for cost reduction was
discovered by introducing energy-
saving measures aimed at
increasing the thermal resistance of
the surrounding building elements.
[5,7,9].

The assessment of energy
savings after implementation of
energy saving measures aims to
determine the amount of energy
saved in buildings compared to the
previous baseline, as a result of the
introduced energy efficiency
measures and to prove the degree
of achievement of the individual
energy savings goals. The amount
of energy saved is equal to the
difference between the energy
before the introduction of the energy
efficiency improvement measures
and the energy used for heating
after the implementation of these
measures, while maintaining the
temperature according to the
regulatory requirements [1,6,8].

The conformity of an inspected
building with the requirements for
energy efficiency is fulfilled when
the value of the energy performance
of the building is less than or equal
to its reference value. These
prerequisites and the analysis of
data from their implementation are
the purpose of this work.

2. Material and methods

Source data for public buildings in
the city of Sliven Bulgaria were
used [3]. The data is in the
assessment of the implementation
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M3NBbNHEHMETO Ha NpenopbYaHUTe MEPKN B
eHeprunHutTe obcnefBaHud,  BKIHOYBALLM
pa3xod Ha eHeprna oOT akTypu 3a Tpwu

nocnenoBaTenHu roAuHU cnen
PEHOBUPAHETO Ha crpaguTe.
3a oueHka Ha BIUSIHUETO Ha

npeaBYAEHNTE eHeprocnecTaBallm Mepkn 3a
noBuLLIaBaHe Ha TEPMUYHOTO
CbMPOTUBNEHNE Ha OrpaxjawuTe enemMeHTu
Ha crpagute e HanpaBeH aHanus B
3aBMCUMOCT OT OYaKBaHUTE CnecTsiBaHuUs Ha
eHeprna. Ha nbpBuM eTan e wu3nonseBaH
KNnbCTepeH aHanu3. Tou npeacrasngeBa
Krnacuukaums, YusaTo uen e ga ce ooopmaT
€CTEeCTBEHM IPynu Bb3 OCHOBA Ha pasnuyHu
npusHaun. lpu KNbCTEPHUAT aHanu3 n Ha
6pon obekta ce rpynupart B k (k>1) Ha Gpon
rpynu, HapeyeHn KnbCcTepu, KaTo ce
nsnonseatr p (p>0) Ha Opon npuaHaum
(npomeHnuem) [11].

AHannsbT Ha CbOTBETCTBUATA e
rpacmyHa TeXHWKa, NPU KOATO ce paskpueaT
3aBUCUMMOCTU MexXay KayeCTBEHU MpU3HaUMW.
Ms3nonsea ce 3a OTKpuMBaHe Ha OCHOBHMU
XapakTepuCTUKM C MNOMOLLTa Ha KapTn u
rpacdomyHn nsobpaxenmsa [10]. M3BbpiBa ce
C T.Hap. Tabnuum Ha CbOTBETCTBUSATA, KOUTO
oTpassiBaT cxofgcrearta n B3anMO-
aencrensarta mMexay nscrneaBaHuTe
npu3HauW, pasnosiokeHn no peaoBeTe U
konoHute. [lpeactaBnsiBa WHCTPYMEHT 3a
CpaBHUTENEeH aHanuM3 4pe3  rpaduyHo
npeactaBsHe  Ha  bakTopuTe, KOUTO
o0ycnaBAT OoCHOBHUTE pasnuuus. NMpu Hero
nuncea  KpuTepun  3a  NpoBepka  Ha
cTaTucTMyeckata 3Ha4YMMOCT Ha MonyyYeHuTe
pesyntatu. Llenta e naxogHute gaHHW aa ce
NpeacTaBsaAT B onpocTeH BuA. AKo pegoseTe
M KONMOHUTE B Tabnuuata ca HanbiHO
He3aBMCUMK, ernemMeHTMTe B Tabnuuata
MoraT ga ce nonydart C NoMoLlTa Ha cymuTe
no pegoBe W KOMOHW. B TakbB cmuCHN
aHanu3bT Ha CbOTBETCTBUATA MOXe Aa ce
pasrnexga Kato MeTo4 YMATO uen e
onpegensHe Ha NPOCTPaHCTBO oT

of the recommended measures in
the energy audits, including energy
consumption from invoices for three
consecutive  years after the
renovation of the buildings.

In order to assess the impact of
the envisaged energy saving
measures for increasing the thermal
resistance of the building envelope
elements, an analysis was made in
relation to the expected energy
savings. In the first stage, cluster
analysis was wused. It is a
classification whose purpose is to
form natural groups based on
different  features. In  cluster
analysis, n numbers of objects are
grouped into k (k>1) by number of
groups called clusters, using p (p>0)
by number of characters (variables)
[11].

Correspondence analysis is a
graphical technique that reveals
relationships between quality traits.
Used to detect key features using
maps and graphics [10]. It is
performed with the so-called
correspondence tables that reflect
the similarities and interactions
between the traits studied, arranged
in rows and columns. It is a tool for
benchmarking by graphically
presenting the factors that
determine the main differences. It
lacks a criterion for verifying the
statistical significance of the results
obtained. The purpose is to present
the raw data in a simplified form. If
the rows and columns in the table
are completely independent, the
elements in the table can be
obtained by summing the rows and
columns. In this sense,
correspondence analysis can be
seen as a method aimed at defining
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MWUHMMANHa  pasmepHocT. To3nm  dakT
Hanogobsiea 3agadUnte Ha  PaKTOpHUSA
aHanu3, npum KOWUTO Ce OCbllecTBsBa

pasnaraHe Ha obuwara Bapuauusi C Uen
HamansiBaHe 6posi Ha MNPOMEHNUBUTE C
MUHMMarHK 3arybu B uaxogHata maTpuvua.

3. PesynTtatu n guckycus

Ha curypa 1 ca nokasaHu pesyntatu oT
KNbCTEPEH aHanmM3 Ha npeaBuaeHuTe
eHeprocnecTsiBaliM MepkuM 3a MnoBuLLABaHe
Ha  TEPMUYHOTO  CBLMNPOTMBMEHWE  Ha
orpaxjawuTte efnemMeHTM 3a crpagute B
obwwnHa Ambon.

a space of minimum dimension.
This fact resembles the tasks of
factor analysis in which the total
variation is decomposed in order to
reduce the number of variables with
minimal losses in the output matrix.

3. Results and discussion

Figure 1 shows the results of a
cluster analysis of the envisaged
energy-saving measures for
increasing the thermal resistance of
the enclosing elements for buildings
in the Yambol municipality.
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dur.1. KnbcTepeH aHan1s3 Ha npeaBuaeHnUTe
eHeprocnecTsiBalyM MepKu 3a crpaguTte B
obwuHa Amoon

Or rpagumkarta ce BMXKAA, ye
eHeprocnecTsBallMTe Mepkn ce rpynupar B
ABa KnbcTepa. B nbpBuAT e wMsApkaTta

"TONNMHHOTO WM30NMpPaHe Ha  BbHLUHU
ctenn".  [pyrute  OBe  Mepku  3a
nogobpsisaHe Ha eHeprunHaTta
edekTnBHocT — "lNMogmsiHa Ha fgorpama c

PVC" n "TonnuHHO nsonupaHe Ha nokpue"

Fig. 1. Cluster analysis of the
envisaged energy saving measures for
buildings in Yambol municipality

The graph shows that energy
saving measures are grouped into two
clusters. The first is the measure
"Thermal insulation of exterior walls".
The other two measures for improving
energy efficiency - "Replacement of
windows with PVC" and "Thermal
insulation of the roof" are grouped in a
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ce rpynupat B obwy knbcTep. Pesyntatute
OT O4YaKBaHOTO CMEeCTABAHE Ha eHeprns nNpu
Te3n ABe MepKn ca 6rm3sKku.

Ha curypa 2 ca nokasaHu pesyntatu oOT
KNbCTEpeH aHanuM3 Ha npeasugeHuTe
MEpPKM 3a eHepruiHa eqeKkTMBHOCT Ha
orpaxgawure eneMeHTn 3a crpagute B
obwmHa CnmeeH. Tyk cbLlo ce dopmupart
ABa KnbcTepa. Kato B TO3M crnyyan
OCHOBHO BNUsSIHME BBbPXY nNofobpsaBaHETo
Ha eHeprnnHaTta eEKTUBHOCT Ha crpaauTe
OKasBa MsipkaTa "MogmsanaTta Ha
porpamata ¢ PVC". OctaHanuTte gse Mepku
- "TONNWMHHO Wu30NMpaHe Ha BbHLUHK
cteHn" n "TonfMHHO n3onupaHe Ha nokpus"
ce rpynupat B 00W, KnbCTep, TbW KaTo
pesyntatu oT onpefeneHntTe crnecrtaBaHus
Ha eHeprus ca 6nmsku.

common cluster. The results of the
expected energy savings under these
two measures are close.

Figure 2 shows the results of a
cluster analysis of the envisaged
energy efficiency measures of the
enclosing elements for the buildings in
Sliven Municipality. Two clusters are
also formed here. In this case, the
measure "Replacement with PVC
joinery" has a major influence on
improving the energy efficiency of
buildings. The other two measures -
"Thermal insulation of exterior walls"
and "Thermal insulation of roof" - are
grouped into a common cluster, as the
results of the specified energy savings
are close.
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HanpaBeHnAT KNbCTepeH aHanua nokasa,
Yye BbpXy nogobpsiBaHETO Ha eHeprurHaTa
eeKTUBHOCT Ha crpagute  OCHOBHO
BNUAHWE okasBa wMspkaTta "llogmsiHa Ha

Fig.2. Cluster analysis of the
envisaged energy saving measures for
the buildings in Sliven municipality

The cluster analysis showed that
the measure "Replacement with PVC
windows" for buildings in Sliven
municipality and "Thermal insulation
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porpamarta ¢ PVC" 3a crpagnte B o0OLIMHa
CnmBeH wn "TonnMHHO wu30ONUpPaHe Ha
BbHLUHUTE CTeHW" 3a crpagute B obLumHa
Ambon. OT TO3M aHanu3 He cTaBa SICHO,
npu KoM OT M3cneaBaHWMTE crpagu e Hawm-
3HaYMMO BIMSIHMETO Ha TE3Nn MEpKM 3a
nogobpsisaHe Ha eHeprunHaTta
etekTmBHOCT.  ToBa €  OCHOBEH
HeaoCTaTbK Ha KMbCTEPHNSA aHanNu3.

3a onpegensHe Ha BAUAHWETO Ha
OTAENHUTEe  eHeprocnecTaBaliy  MepKu
Bbpxy nogobpsBaHe Ha eHeprurHata
eEeKTUBHOCT Ha crpagara, nogxogsuw, u
AoKasaH MeToq e aHanusa Ha
CbOTBETCTBMATA.

Ha curypa 3 ca nokasaHu pesyntatu oOT
AHanuna Ha CbOTBETCTBMATA Ha
npeaBnaeHNnTe Mepkun 3a  eHeprumHa
€(EKTUBHOCT Ha orpakgaluTte efnieMeHTn B
crpagute, obekT Ha aHanu3a B 06wuHa
Ambon.

of exterior walls" for buildings in
Yambol has a major influence on
improving the energy efficiency of
buildings. From this analysis it is not
clear which of the buildings under
study is most significant for the impact
of these energy efficiency
improvement measures. This is a
major drawback of cluster analysis.

To determine the impact of
individual energy-saving measures on
improving the energy performance of
a building, a suitable and proven
method is conformity analysis.

Figure 3 shows the results of the
Correspondence Analysis of the
envisaged energy efficiency
measures of the enclosing elements
in the buildings subject to analysis in
Yambol Municipality.
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Fig. 3. Correspondence analysis of the
envisaged energy saving measures of
the buildings in Yambol municipality
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Pesyntatute OT KNbCTEPHUA aHanu3
nokasaxa, 4Ye eHeprocrnecTaBallata Msapka
"TONNMHHOTO WK30SIMpaHE Ha BbHLUHUTE

CTeHM" oOKasBa 3Ha4YMMO BIIMSIHUE BBPXY
eHepruiHaTta edeKTUBHOCT Ha
n3criegBaHuTe crpaaw.

Cnen HanpaBeHus AHanus Ha

CbOTBETCTBMATA MOXE [a Ce Hanpasu
N3BOA, 4Ye, HaW-ronsaMo BIIMSIHUE Ha Tasu
MsipKa BbpXy eHeprunHata eeKkTMBHOCT e
3a crpagata Ha [TIYE "B. Kaparbo3os".

Ha dourypa 4 ca npeacraBeHu pesyntaTtu
OoT AHanM3 Ha CbOTBETCTBMATA Ha
npeaBnaeHNTe eHeprocrnecTsBalm MepKu
Ha crpaguTe B obwmHa obuwuHa CnmeeH.

The results of the cluster analysis

showed that the energy saving
measure "Thermal Insulation of
Exterior Walls" had a significant

impact on the energy efficiency of the
buildings under study.

After the Conformity Analysis has
been made, it can be concluded that
the greatest impact of this measure
on energy efficiency is for the building
of foreign language school "V.
Karagyozov".

Figure 4 presents the results of the
Correspondence Analysis of the
envisaged energy saving measures of
the buildings in Sliven Municipality.
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Fig.4. Correspondence analysis of the
envisaged energy saving measures of
the buildings in Sliven municipality

In the cluster analysis, it was found
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msipka "lMogmaHata Ha porpama ¢ PVC"
oKasBa 3Ha4YMMO BNUSIHNE BbpXY
nogobpsiBaHETO Ha eHeprumHarta
e(PEeKTUBHOCT Ha crpagute. B cnyyas Tasu
MApKa e jpgoBemna 1o Han-ronsiMo
HamansBaHe Ha €EHeprunHuTe pasxoan B
crpagnte  Ha Xl COY  "KoHCTaHTWH
KoHctaHnTuHoB", Il OY "Xpucto botes" n X
COY "MopaaH Voskos".

4. 3aKknoyeHne

ApanTtupaHn ca nporpamHu cpencrtea 3a
aHanu3 Ha [daHHM OT W3NbJIHEHME Ha
eHeprocnectdaBallyM Mepku B 06LECTBEHU
crpagw.

CpaBHutenHnaT aHanu3 Ha  ABaTta
n3nons3eaHM Metoga 3a obpaboTka Ha
OaHHM — KbCTEpPEeH aHanui3 M aHanuM3 Ha
CbOTBETCTBUATA nokasBa, ye 3a
onpegensHe Ha BAUAHWETO Ha OTAENHUTE
eHeprocnecTsiBalm MEPKM BBbpPXY
nogobpsieaHe Ha eHeprunHaTa
€(EeKTUBHOCT Ha crpagute, noaxoasiu wu
AokasaH meTon e aHanusa Ha
CbOTBETCTBUATA.

MpencraBeH € KOMMMEKCEH CpaBHUTEMEH
aHanus, Ha mMeToam 3a ob6paboTka Ha OaHHM,
Bb3 OCHOBA Ha KOWTO Ce MpaBW OLEHKa Ha
HaAacTbLNUIUTE MNPOMEHM B Mnpoueca Ha
NPUMNOXEHNe Ha eHeprocnecTaBalln MepKu
3a crpaawn, B HeroBaTta USANOCT U B YaCTHOCT
€HepruiHnTe npoektTn B ABa Obnrapcku
rpaga, C orneg TaAXHata AWHaAMUKa W
Obaewo passuTme.

bboewmte wn3cnegBaHna morat ga ce
Haco4aT KbM U3MNON3BaHE Ha NPeasIoXKEHUTe
METOAN U Cb3gaBaHE Ha HOBM TakuBa, 3a
aHanu3 Ha eHeprunHaTa eeKTUBHOCT npu
N3NbIHEHME Ha EeHeprocrnecTsiBaliy MepKu
3a obuiecTBeHu crpagu.

5. Jlutepartypa

"Replacement with PVC windows"
has a significant impact on improving
the energy efficiency of buildings. In
this case, this measure led to the
greatest reduction of energy costs in
the buildings of XI Secondary School
"Konstantin Konstantinov", Il Primary
School "Hristo Botev" and X
Secondary School "Yordan Yovkov".

4. Conclusion

Software tools have been adapted
to analyze data from the
implementation of energy-saving
measures in public buildings.

A comparative analysis of the two
data processing methods used -
cluster analysis and correspondence
analysis shows that to determine the
impact of individual energy-saving
measures on improving the energy
performance of buildings, a suitable
and proven method is
correspondence analysis.

A complex comparative analysis of
data processing methods is
presented, on the basis of which an
assessment of the changes in the
process of application of energy
saving measures for buildings, in its
entirety, and in particular the energy
projects in two Bulgarian cities, in
view of their dynamics and future
development.

Future research may focus on the
use of proposed methods and the
creation of new ones to analyze
energy efficiency in implementing
energy-saving measures for public
buildings.
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