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Abstract: Key features defining the energy efficiency of industrial systems are energy and
mass flows. These are the energy coming from energy sources, ensuring operation of the
system - electricity, gas, liquid fuels, water and others. Assessment of energy consump-
tion per unit of output is formed by quantitative estimates of the mass flows, providing the
raw material for the production process, flow of finished goods and waste. The relationship
between energy and mass flows is complex and depends on many factors. In this paper,
modelling the energy and mass flows in order to assess the energy efficiency of industrial
systems has been suggested.
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Pe3rome: OCHOBHM XapakTepUCTUKM, ONpeaessalyn eHepruiHata e@eKTUBHOCT Ha
MPOMULLIZIEHU CUCTEMMU, Ca EHEPITUIHUTE U MACOBM NMNOTOLM. TakuBa ca eHeprusiTa, moCTbnBaLya
OT EHEPIrUNIHNTE U3TOYHULM, OCUTYPSBaLUN AEAHOCTTa Ha CUCTEMATa — €/1IEKTPUYECTBO, ras,
TeYHM ropmsa, Boga v Ap. OUeHKaTa 3a pa3xoda Ha €Heprusi Ha eaguHuLa rnpoayKuus ce
¢dopmMupa OT KOJIMYECTBEHNUTE OLIEHKM Ha MacoBUTE [10TOLM, OCUIypsiBalyn CypoOBMHATa
3a Mpou3BOACTBEHMSI MPOLIEC, MOTOLMTE OT roToBa MNpoAyKUMsS mn oTnagbun. BaxxHo 3a
eHepruyiHata epeKTUBHOCT € Aa Ce OLEHSIT €EHEPrUMHUTE MOoToUM OT OCTarb4yHa TOIMJ/IMHAE
N TSXHOTO M3I0/J3BaHE 3a MPOMU3BOACTBEHMUS MpoLec. Bpb3kata Mexay eHepruiHuTe u
MacoBu MoTOUM € CJIOXKHa M 3aBUCKW OT MHOro ¢aktopu. B nybnumkauymata € rnpeanoxeHo
mMoAennpaHe Ha EHEPruiiHUTE M MacoBu rNOTOLM C LI€J1 OLJEHKA Ha eHepruiHaTa e(peKTMBHOCT
Ha MpoOMULLIIIEHN CUCTEMMU.

KnroyoBn gymn: EHepI'MI;'IHa ecpEKTMBHOCT, MoAesinpaHe, rnpoMuLLIJzieHa cuctema.

JEL Classification: C19
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I. Introduction

Implementing measures for energy effi-
ciency in industrial systems is of particular
importance for business. Energy efficiency
improves the cost structure, provides bet-
ter competitiveness for the production and
sets an example for social responsibility to
society. Energy efficiency is one of the main
directives in the policy of the EU and the
Republic of Bulgaria (Direktiva 2006/32/
EO na Evropeiskiya parlament i na saveta,
2006), (Zakon za energiyna efektivnost,
2015), (Naredba N°¢ rd-16-346, 2009),
(Natsionalen plan za deistvie za energiyna
efektivnost 2014-2020, 2014).

Taking into account the importance of en-
ergy efficiency, a number of tasks, con-
cerning energy consumption of industrial
systems, related to assessment of the
state of affairs and identifying of appro-
priate energy saving measures, whose im-
plementation guarantees a considerable
reduction of energy consumption.

The main characteristics related to meas-
ures for energy efficiency of industrial sys-
tems are as follows (Operativha programa
“Inovatsii i konkurentnosposobnost" 2014-
2020, 2015):

- annual energy consumption of the
company for a year, selected as
representative;

- corrected annual energy consump-
tion of the company for a year, se-
lected as representative;

- annual energy savings from the
recommended package of meas-
ures;

- planned energy savings for the
whole company as a result from the
implementation of energy efficiency
measures;

- the factor of energy savings.

These characteristics present information
about the effect from the energy efficiency
measures after their introduction. Each of
the characteristics is presented as aver-
age annual value. They, however, do not
provide information about the dynamics
of change of energy and mass flows after
the measures of energy efficiency in the
company have been introduced. This dy-
namics is definitive for the effect of these

I. BbBepgeHue

OT ocobeHa BaxHOCT 3a bu3Heca e BHeA-
psiBAHETO Ha MepKWM 3a eHepruriHa edek-
TUBHOCT B MpOMULLNEHUTE cucTemMun. Ypes
eHepruiiHaTa edeKTUBHOCT ce nopobpsisa
CTPyKTypaTa Ha pa3xoamTe, ocurypsiea ce
no-gobpa KOHKYpPEeHTOCNOCOH6HOCT Ha npo-
n3BexaaHaTa NpoAyKLusa 1 ce faBa npumep
3a couumanHa OTroBOPHOCT KbM 06LlecTBoO-
T0. EHepruiiHaTta e@eKTMBHOCT € OCHOB-
HO HanpaB/ieHne B MonuTMKaTta Ha Espo-
MeMcKkn cbto3 M Ha Penybnuka bbnrapus
(OnpektnBa 2006/32/EO Ha EBponenckus
napnaMeHT M Ha cbeeTa, 2006), (3aKkoH 3a
eHepruiiHaTta edektmBHoct, 2015), (Ha-
peaba N° pa-16-346, 2009), (HaumoHaneH
nnaH 3a AeNCTBME 3a eHepruinHa edeKkTuB-
HocT 2014-2020, 2014).

OTuMTamkn BaXKHOCTTA Ha eHepruirHaTa
eeKTUBHOCT, ce npeaBuXaaT peavua 3a-
Jayn No OTHOLWEHWe Ha eHepronoTpebne-
HMETO Ha NPOMULLIEHUTE CUCTEMWN, CBbP3a-
HM C OLleHKa Ha CbCTOSAHMETO N HabensaseaHe
Ha NOAXOAsLM eHeprocnecTsBallm Mepku,
YMEeTO BHeApsIBaHE rapaHTuUpa 3HauYUTESTHO
HamansiBaHe Ha eHepronoTpebneHuneTo.
OCHOBHM XapaKTepuUCTUKK, CBbP3aHU C
MepKM 3a eHepruiHa eeKTUBHOCT Ha Npo-
MuwneHa cuctema ca (OnepaTtuBHa npo-
rpama “MHoBauMM M KOHKYPEHTHOCNOCOb-
HocT" 2014-2020, 2015):

- roanwHoTo noTtpebneHne Ha eHep-
rsa Ha nNpeanpusTUeTo 3a roguHa-
Ta, n3bpaHa 3a NpeacTtaBuUTENHA;

- KOPUIMpaHOTO FOAMLIHO noTpebne-
HWEe Ha eHeprmsa Ha NpeanpuaTUeTo
3a roaguMHaTta, npueTta 3a npeacra-
BUTENHA;

- rOAWWHWTE CMNecTsBaHMs Ha eHep-
rMsi OT MpenopbyaHMsl NakeT Mep-
Kn;

- nNnaHunpaHuTe eHepFMVIHM cnecrtydBa-
HMS 3a USI0TO NpeanpusTue B pe-
3ynTaT OT U3MNbJ/IHEHMETO HAa MepKu
3a eHepruiHa eeKTUBHOCT;

- (aKTOpbT Ha eHeprumHnUTe Ccnecrts-
BaHMS.

Te3n xapakKTepuUCTUKW NpeacTaBaT uHbop-
Mauusa 3a edekTa OT MEPKUTE 3@ eHepruin-
Ha e(EeKTMBHOCT, Cfie[ BbBEXAAHETO Ha
MepkuTe. Bcsika OT XapaKTepucTukuTe ce
npeacraBsl, KaTo CpefiHa 3a roamMHaTa CTon-
HocT. Te obaye He pgaBaT MHQOpMaUMsa 3a
AVWHaMuKaTa Ha U3MEHEeHUETO Ha eHeprun-
HUTE M MacoBW MOTOUM Crej BbBEXAAaHETO
Ha MepKuUTe 3a eHeprminHa edeKTUBHOCT B
npeanpuaTUETO, KOATO e onpeaenswa npu
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measures. The information is also impor-
tant for the organisation of production in
the company.

The information about the dynamics of
change of energy and mass flows after
the measures of energy efficiency in the
company have been introduced can be ob-
tained through their modelling.

For assessment of the dynamics of the
effect from the measures for energy effi-
ciency, it is necessary to take into account
the dynamics of change of energy and
mass flows, which are fundamental for the
economic effect.

The model of studying factors for improv-
ing the competitive advantages of regional
production clusters on the basis of improv-
ing the economic efficiency through imple-
menting technological innovations is well-
known (Antonova, 2008). A mathematical
model for study of the production function
of the industrial companies and increas-
ing their efficiency through technological
innovations transfer is also known (An-
tonova, 2009). These models are based
on the economic characteristics of produc-
tion, when assessing the impact of ener-
gy efficiency measures for the production
system and do not present the dynamics
of energy and mass flows of the industrial
systems.

The analytical models find significant ap-
plication for modelling energy and mass
flows in industrial systems (Efremov, A.,
2013), (Dorf, R. and R. Bishop, 2008),
(Gajic, 2003). They present the develop-
ment of processes in time through analyti-
cal equations. The energy and mass flows
in industrial systems have more random
character and their development in time
depends not only on the technical param-
eters, but also on a number of economic
factors, the dynamics of the finished prod-
ucts market dynamics, the price of the
energy sources, etc. This makes the ana-
lytical models unsuitable for modelling of
energy and mass flows in industrial sys-
tems.

When modelling the technological process-
es, the method of finite differences is ap-
plied (Velev, 1984), (Evstatiev, 2009). In
this case time and space are divided into

OTuMTaHe Ha edeKkTa OT Te3n Mepku. Tasmu
nHbopMaumna e BaxHa 1 3a opraHusaumaTa
Ha NPON3BOACTBOTO B NpeanpuUsaTUETO.
MHdopMaumaTa 3a AMHaMMKaTta Ha u3Mme-
HEHVETO Ha eHepruinHUTE N MacoBM NOTOLM
cnes BbBEXAAHETO Ha MepKuUTe 3a eHep-
rMiHa edeKTMBHOCT MOXe Aa Ce Mosyyn
ype3 TAXHOTO MOAennpaHe.

3a oueHKka Ha AWHaMuKaTa Ha edekTa oT
MEpPKNUTE 3a eHepruiiHa eeKTUBHOCT € He-
06X04MMO OTYMTAHE Ha BAUSHMETO Ha Au-
HaMUKaTa Ha N3MEHEeHWe Ha eEHEPrunHUTE U
MacoBM NOTOLM, KOUTO Ca OCHOBOMOaraLm
3@ MKOHOMMYECKMS edekT.

N3BecTeH e MoAenbT 3a uM3cneaBaHe Ha
dakTopM 3a MOBMLIABAHE HA KOHKYpPEHT-
HUTE MpeaMMCTBa Ha pervoHasaHu Mnpoms-
BOACTBEHU KIbCTepu Ha HasaTa Ha MOBU-
LUaBaHe Ha WKOHOMWYeckaTa edeKTUBHOCT
ype3 npunaraHe Ha TEXHOSIOMMYHU HOBO-
BbBeneHns (Antonova, 2008). W3BecTeH e
CbLLO MaTeMaTM4yecKu MoAaen 3a uscneaBa-
He Ha Npou3BoACTBeHaTa YHKUMSA Ha WH-
AYyCTpuanHuTe npeanpuatms u nosuLlaBa-
He Ha edeKTUBHOCTTa MM 4ype3 TpaHcdep
Ha TexHONorM4yHn wuHosaummn (Antonova,
2009). Te3n mopenu ce 6asmpart Ha MKOHO-
MUYECKNTE XapaKTepUCTUKM Ha MPOU3BOA-
CTBOTO, Npu OLEHKa Ha edeKkTa OT MepKkuTe
3a eHeprumHa eMeKTUBHOCT Ha NPOU3BOA-
CTBEHa CUCTEMA M He NpeacTaBsAT AMHAMU-
KaTa Ha eHeprurH1uTe M MacoBm NOTOLUM Ha
NPOMULLNEHUTE CUCTEMMU.

3a MoAenupaHe Ha eHeprumHuTe M Maco-
BW MOTOLM B NPOMMLUSIEHN CUCTEMM FOSISIMO
NpUAOXEHNE HaMMpaT aHANUTUYHUTE MO-
nenn (Edpemos, 2013), (Dorf and Bishop,
2008), (Gajic, 2003). Te npeacraBsAT 4pes
QHa/IMTUYHU 3aBUCUMMOCTM PA3BUTMETO Ha
npouecute BbB BpeMeTo. EHeprunHute u
MacoBM MOTOLUM B MPOMULLIEHUTE CUCTEMU
UMaT noBeve C/ly4yaeH XapakTep U TAXHOTO
pa3BMTUE BbB BPEMETO 3aBUCWU He CaMO OT
TeXHUYECKUTE napameTpu, HO 1 OT peanua
WKOHOMMYECKM (haKTopu, AMHaMMKaTa Ha
nasapa Ha rorosaTa MNpPOAYKUWSA, LeHaTa
Ha eHeprumHuTe pecypcu n ap. ToBa npa-
BW @HANIUTUYHUTE MOAENN HEMOAXOAALLM 33
MoAeniMpaHe Ha eHeprumHnuTE U MacoBu No-
TOUM B NMPOMULLSIEHN CUCTEMM.

Mpn MoaenupaHe Ha TEXHONMOMMYHM Npoue-
CWU MPUNOXKEHNE HaMMpa METOABLT Ha Kpali-
HuTe pa3nuku (Benes, 1984), (Escrtatues,
2009). B TO3M cnyyan BpeMeTo M Mnpoc-
TPaAHCTBOTO Cce pa3genat Ha 6e3kpaliHo
ManKku MHTepBanM U y4vacTblum, U Ce Onuc-
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infinitely small intervals and divisions and
the energy and mass flows between those
intervals and divisions are described in
each time temporary interval. This meth-
od is unsuitable for modelling of energy
and mass flows in industrial systems due
to the fact that the process of their change
is random.

Taking into account the numerous factors
that affect the energy and mass flows in
the industrial system and their random
nature, their representation seems very
close to regression modelling (Chatterjee
and Hadi, 2006), (Mitkov, 2016), (Nelles,
2001), (Garipov, 2004). The production
factors depend on the organisation of the
process, the experts, supporting produc-
tion, the location of the object, the mar-
ket, the prices of production and resourc-
es, etc.

The aim of the study is to model the dy-
namics of changing the energy and mass
flows when assessing the energy efficiency
of industrial systems, which leads to im-
provement of the company management
and reduction of energy and financial costs
of the production process.

I1. Exposition

1. Justification of major approxima-
tions and equations used

A few basic approximations are adopted
when modelling energy and mass flows in
industrial systems with assessment of the
energy efficiency of industrial systems. Ac-
cording to (Operativna programa “Inovat-
sii i konkurentnosposobnost® 2014-2020,
2015), when assessing the current state
of energy costs, as well as that of mass
flows of finished products, the information
used for the energy flows and annual pro-
duction is claimed to be representative. A
number of factors have an impact on the
development of energy and mass flows
with assessment of the energy efficiency
of industrial systems such as:

- market for finished products. For
some productions there are peri-
ods of greater demand throughout
the year, and vice versa, periods
when demand is reduced. Thus, for
food industry companies there is a

BaT €HeprMmnHmMTE U MacoBM NOTOLM Mexay
6e3KkpanHO MasikuTe y4yacTbUM BbB BCEKMU
BpeMeHEeH MHTepBas. To3n MeToA He € Noja-
XOASL 33 MoAenvpaHe Ha eHeprumHuTe n
MacoBM MOTOLM B MPOMULLIEHN CUCTEMWU,
nopaauv TOBa, Ye NpouechbT Ha TAXHOTO U3-
MEeHeHMe nMa cnyyaeH xapakrep.
OTuMTaMkn MHOroTo akTopu, BAMSELLN
Ha eHeprurHuTEe M MacoBu NoTouM B MNpo-
MULLMIEHA CUCTeMa, U TEXHUS CllydYaeH xa-
paKTep, TAXHOTO npeacTaBsHe e 611M3K0 40
perpecMoHHoTO MogenupaHe (Chatterjee
and Hadi, 2006), (Mutkos, 2016), (Nelles,
2001), (Fapunos, 2004). ®dakTopuTe ca
NpoOn3BOACTBEHM W 3aBUCAT OT OpraHu3a-
uMsaTa Ha npoueca, ot obcnyxpalimTe Npo-
NM3BOACTBOTO CreuuasncTtn, oT MecTtonono-
XeHMeTo Ha obekTa, OT Ma3apa, LEeHW Ha
NpoAYKLUMA U pecypcu, n apyru.

Llen Ha u3cnepBaHeToO € fa ce Moaenu-
pa AMHaMWKaTa Ha M3MEHEeHWe Ha eHep-
TMWHUTE N MAcOBM MOTOLUM MPU OLEHKA Ha
eHepruiiHaTa eeKTMBHOCT Ha npomuLunie-
HW CUCTEMU, KOETO AaBa Bb3MOXHOCT Aa ce
YCbBbpLUEHCTBA YMNpaB/IEHWETO Ha npea-
NpUATUETO M Aa Ce HaMaNaT EHeprumHuTE u
(dUHaHCOBM pa3xoau 3a NPoU3BOACTBEHUS
npouec.

I1. N3noxxeHune

1.060CHOBKa Ha OCHOBHMUTE npunbésn-
XKEeHUS N U3IMO0JI3BaHN 3aBNCUMOCTH
Mpwn MoaennpaHeTo Ha eHeprumHuTe N Ma-
COBM MOTOUM MpPpU OLUEHKA Ha eHeprvu?lHaTa
e(eKTUBHOCT Ha MPOMULLNIEHN CUCTEMU Ce
npuemMaT HSKOMIKO OCHOBHM NpubanxeHus.
CbrnacHo (OnepaTtmBHa nporpama “MHoBa-
UMM N KOHKYpeHTocrnocobHocT" 2014-2020,
2015), npw oueHKaTa Ha TEKYLWOTO CbCTOSA-
HVYEe Ha eHeprumHuUTEe pasxoaun, KakKTo U Ha
MacoBMTe MOTOUM Ha roToBaTa NpoAyKuUMs,
ce m3nonsBa WMHGopMauMsa 3a eHEepruiiHu
NOTOLM W roToBa MpPoAYyKUMS 3a rogumHaTta,
npueTa 3a npeacraBuTenHa. Ha passutue-
TO BbB BPEMETO HA €HEepPrumHUTE N MacoBM
NOTOLM MNpU OLEHKa Ha eHeprunHaTta edek-
TUBHOCT Ha MPOMWULLNEHN CUCTEMU BAUSAAT
peavua dakTopu. TakmBa ca:

- Masap 3a roroBata npoaykumsa. 3a
HAKOWM NpOM3BOACTBA MMa nepwu-
0AN B rogmHaTta, CBbp3aHW C Mo-
rosiiMO TbpCEHE U CbOTBETHO ApY-
r nepuoau, NpuM KOUTO TbpCEHETO
€ HamaneHo. Taka HanpuMmep, 3a
npeanpusaTna OT XPaHUTENIHO BKY-
coBaTa NMPOMULLEHOCT MMa ronsaMo
TbpCeEHe Ha NpoAyKUMSA B Nepnoan-
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great demand of production dur-
ing the periods before big holidays.
For other companies, it is the sea-
sons that affect this trend. These
are companies, whose production is
related to products for heating and
air-conditioning such as fireplaces,
heaters, etc.;

- energy consumption, related to en-
ergy costs for air-conditioning of
domestic and industrial premises.
It is clear that during the cold peri-
ods of the year there are significant
energy costs for heating, and dur-
ing the hot summer days there are
cooling costs;

- periods, related to the annual leave
of personnel. Some companies give
the leaves to all their employees at
the same time of year, for example,
July, August, December or January;

- national holidays. They also affect
energy costs and production.

The specific features, determining the dy-
namics of annual change of energy and
mass flows, allow the adoption of the ap-
proximation that the dynamics of the an-
nual change of energy and mass flows for
future years is analogous to the change in
the year, chosen as representative for a
certain production.

Information about the dynamics of change
in the impact of measures for energy ef-
ficiency during the year is contained in the
assessment of specific energy consump-
tion. It represents the ratio between en-
ergy consumption and the production for
specified periods of time. Presented as a
function of time, the specific energy con-
sumption shows the dynamics of change
of the energy and mass flows in the indus-
trial system.

It is assumed that the reduction of energy
costs after implementing energy efficiency
measures is calculated on the basis of the
technical characteristics of the equipment
and machinery suggested in the meas-
ures.

2. Methods of modelling energy and
mass flows with assessment of the
energy efficiency of industrial sys-
tems.

Te npeau roseMuTe npasHumum. 3a
ApPYrn nNpeanpustMs OT 3HaveHue
ca rogumuwHnTe cesoHW. TakuBa ca
npeanpusaTnsa, YMeTo Npon3BoACTBO
€ CBbp3aHO C MNpoAayKkums 3a OTo-
nieHne n KanMMmaTmMsaums, KaTo Ka-
MWUHW, MEYKM U Ap.;

- pas3Xxoj Ha eHeprus, CBbp3aH C pas-
X0AW 3a KNMMaTM3auns Ha 6UToBU U
NpoOn3BOACTBEHN MOMeLLEeHUS. ACHO
€, Ye npes CTyAeHuTe nepuoam Ha
roanMHaTa MMa 3HauyUTeNHU pasxoau
3a OTOMJIeHMe, a MO BPEME Ha ro-
pewnTe NeTHM AHM MMa pa3xoam 3a
oxnaxaaHe;

- nepuoamu, CBbp3aHW C rogulleH oT-
NycKk Ha nepcoHana. MpakTuka 3a
HAKOM bMpMKM e Aa ce nyckaT BCUY-
Kn paboTewm npe3 onpeaeneH ne-
puoA OT rogmMHaTa, HanpuMep Knu,
aBrycCT, LEKEMBPU UK SHyapw;

- HauMoHanHuTe mpasHuuu. Te CbLyo
OKasBaT B/IMSIHME Ha pas3xoja Ha
eHeprust 1 Npon3BOACTBOTO Ha Npo-
AyKumS.

PasrnepaHnte ocobeHocTn, onpeaenswm
AVHaAMUKATa Ha [rOAMWIHOTO W3MEHeHue
BbB BPEMETO Ha EHEeprumHMTE M MacoBM
noTouu, No3BonsBaT Aa ce npuveme npub-
NMXKEHWETO, Ye ANHaMMKaTa Ha rogmwHOTO
N3MEHEHME BbB BPEMETO Ha EHEpPrumHuUTe
M MacoBM MOTOLM 3a CreABaliy roauMHU €
@HanormyHo Ha M3MEHEHWETO B roAuMHaTa,
n3bpaHa 3a npeacTtaBUTENHA 3a onpeaene-
HO NMPOM3BOACTBO.

NHdopMaums 3a AMHaMMKaTa Ha M3MeHe-
HMe Mpe3 rogMHaTa Ha edeKkTa OT MepKuTe
3a eHepruiiHa eeKTUBHOCT Ce CbAbpXa B
oLeHKaTa cneumdmryeH pa3xoa Ha eHeprus.
Ta npeacraBnsiBalla CbOTHOLLUEHME MeXay
pa3xo4 Ha eHeprms U npoussegeHa MNpo-
AyKuMsa 3a onpenenieHn nepvoam OT Bpe-
Me. lMpeacraBeH BbB MYHKLMS OT BPEMETO,
cneundUUHUAT pa3xod Ha eHeprusa rnokas-
Ba AMHAMMKaTa Ha M3MEHEHWE Ha eHeprui-
HMTE W MacoBM MOTOUM B MpoOMULLIEHATA
cucrema.

MpreMa ce, ye HamMansiBaHETO Ha eHeprun-
HUTE pa3Xxoau Cref BHeapsiBAHE HAa MEpKMU
3a eHeprumHa e@eKTUBHOCT Ce M34uncnsaBa
Ha 6a3aTa Ha TEXHUYECKUTE XapaKTepuUcTu-
KW Ha npeanaraHMTe B MEpPKUTE CbOpbXe-
HUS, MaLWHA U 4p.

2.MetogMka Ha wMopaesiMpaHeTo Ha
€HeprmiHMTe MU MacoBM MNOTOUM NpU
oLleHKa Ha eHepruiiHaTta e(eKTUBHOCT
Ha NpoMuULUJIeHa cUcTeMa.
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The methods involve the following steps:

2.1. Breaking the representative year into
equal time intervals. Usually, it is conveni-
ent to use the monthly reports for energy
resources and production costs.

2.2. Determining the company’s energy
costs during the equal time intervals cho-
sen - electricity, natural gas, liquid fuels,
etc.

2.3. Align the energy costs to energy con-
sumption in kWh.

2.4. Determining the company’s produc-
tion for the intervals chosen.

2.5. Determining the specific energy con-
sumption for a unit of output for each in-
terval of time with the equation

¢, = =i, kwh/ produktion unit (1)

n
where E; is energy consumption of all
kinds, used by th e company, kWh;

n; - quantity of products, produc-
tion unit.

2.6. Determining the average annual spe-
cific energy consumption for a unit of out-
put with the equation

av E
e = nﬂ' kWh/ produktion unit (2)

an

where E,, is the annual energy consump-
tion of all kinds, consumed by the com-
pany, kWh;

ng, - the annual quantity of finished
products, production unit

2.7. Calculating the ratio between specific
energy consumption per unit of output for
each interval of time and the average an-
nual value of the equation

eé.
Ae, = — (3)

av
an

2.8. Plotting of graphic expression of the
specific energy consumption for the repre-
sentative year.

2.9. A similar treatment (according to 2.1
+ 2.8) of the information from other years.

2.10. When there is information available
for more than one year, mathematical ex-
pectation for each separate item will be

MeToankaTa BKIOYBA CNeAHUTE CTbMKK:
2.1. PasbuBaHe Ha paBHW WHTEepBanu OT
BpeMe nepuoja Ha nsbpaHaTa 3a npeacra-
BUTEeNHa rognHa. ObMKHOBEHO e yaobHo Aa
Ce U3non3BaT MeceyHUTe OTYETU 3a pasxo-
OV Ha eHepruimHu pecypcm n npon3BoACTBO.
2.2. OnpepensiHe Ha eHeprmmHnTE pasxoan
Ha NpeanpusaTMeTo npe3 nlbpaHuTe paBHU
MHTEpBaNM OT BpeEMe — efl. eHeprus, npu-
pOAEH ras, Te4Hn ropmea un ap.

2.3. MpuBexaaHe Ha eHepPrMnHnTe pa3xoamn
KbM KOHCyMauus Ha eHeprus B kWh.

2.4. OnpegensiHe Ha NpPoOM3BOACTBOTO Ha
NpoAyKUMS Ha npeanpuatTveTo 3a umsbpa-
HUTE UHTEepBanu OT BpeMe.

2.5. OnpegensiHe Ha cneunduyHNsa pasxoa
Ha eHeprusa 3a eaAnHULA NpoAyKLUMS 3a BCe-
KW oTAeNneH MHTepBan OoT BpeMe C u3pasa

e =£, kWh.ea. np.™? (1)
n;

kbaeTo E; e pa3xoabT Ha eHeprus oT BCUY-
KW BUAOBE, KOHCYMUpPaH OT npeanpusaTne-
T0, kKWh;

n; - KOJINYECTBOTO MNpou3BeneHa
npoaykums, 6p.
2.6. OnpepensHe Ha cpegHUsa roguuleH
cneundunyeH pa3xos Ha eHeprus 3a eaAnHu-
Lua npoayKums C uspasa

o, = Leoo pwh.eq. np.? (2)
N200.
KbaeTo E,,y € roouMwHUST pasxol Ha eHep-
rs OoT BCUYKW BWAOBE, KOHCYMWUpaH OT
npeanpusaTtueto, kWh;
N.p9. - KONIMYECTBOTO MNpom3BeneHa
npoayKums 3a roguHarta, e4. rp..
2.7. 3uncnssaHe Ha OTHOLLUEHMETO Ha cne-
UMPUUYHUS pa3xo Ha eHeprms 3a eanHuua
NpoAyKUMS 3a BCEKU OTAENEH MHTepBaa oT
BpeMe KbM CpefHaTa roguliHa CTOMHOCT
CbC 3aBMCUMMOCTTa
Ae, =%

e )
2.8. MNocTposiBaHe Ha rpadunyHaTa 3aBUCU-
MOCT Ha cneumdunyeH pasxod Ha eHeprus
3a npeacraBuTeNniHaTa rognHa.

2.9. AHanormyHa ob6pabotka (cbrinacHo
T. 2.1 + 2.8) 1 Ha nHdopMauuaTa 3a Apyru
rOAVHW.

2.10. MNpn Hann4yHa uHdopMaums 3a noese-
ye OT e4Ha roaMHa TbpCeHe Ha MaTeMaTuy-
HOTO O4YaKBaHe 3a BCsIKa OTAesIHa ToYKa 3a
aHanM3npaHUTe roAnHU C n3pasa
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sought for the years under analysis with
the equation
12 e,
Ae[math.exp — _2 _a»: (4)
m e

an

2.11. Calculating the new average annual
specific energy consumption per unit of
output, based on the specifications of the
new equipment and machinery.

new
new an

Covan. = ;. kWh/ produktion unit  (5)

new I
an

After introducing the measures for ener-
gy efficiency, two variants are reviewed
— without a change of productivity of the
industrial system and with a change of
productivity.

When there is no change of productivity
of the industrial system, the energy con-
sumption is reduced as a result of the
measures. In this case, the “planned ener-
gy savings” (PES) for the whole company
are calculated under the formula (Opera-
tivna programa “Inovatsii i konkurentos-
posobnost"™ 2014-2020, 2015)

PES = 2100, % (6)
AC

Where AS are the annual energy savings
from the recommended package of meas-
ures, kWh;

AC - annual energy consumption of
the company, kWh.
In this case, for known PES, the new value
of annual energy consumption per unit of
output is calculated using the equation

newl — E::W — Ean B (Ean PES)/ 1 00 ,
av.an. nan nan
kWh/ produktion unit (7)

In the second case, the productivity of
the industrial system increases and so
does the energy consumption. The new
energy consumption is greater, but when
it comes to a unit of output, it is smaller.
The planned energy savings (PES) for the
whole company are calculated under the
formula (Operativha programa "“Inovat-
sii i konkurentnosposobnost® 2014-2020,
2015)

[ m ei,j
— X" (4)
m j=l1¢e,,

mam .oq .

2.11. N3uncnaesaHe Ha HOBUSA CpeaHoroau-
WweH cneumdunyeH pasxon Ha eHeprus 3a
eAnHMua npoaykumsl, Ha 6a3aTta Ha xapak-
TEPUCTUKMTE Ha HOBOTO obopyaBaHe U Ma-
LLINHWN.

oo _ Elty y
€ep.co0. = —oer KWh.€4. np. (5)
N200

Cnen BbBEXAAHETO Ha MEpKUTE 3a eHep-
rmrMHa edeKTUBHOCT ce pasrnexaaT ABa
BapuaHTa — 6e3 nMpoMsiHa Ha Mpou3BOAU-
TeNHOCTTa Ha NpoMULIIeHaTa cuctema u ¢
NpOMsiHa Ha NPOM3BOAUTENHOCTTA.

KoraTo HaAMa n3MeHeHMe Ha Npon3BoaAnTEN-
HOCTTa Ha MNpoMuLlieHaTa cucTema, B pe-
3yNTaT Ha MepKUTe ce HaMmansiBa pasxoabT
Ha eHeprus. B To3m cay4danm ,nnaHuMpanuTe
€HepruirHn CnecTtsiBaHus 3a usai0To npea-
npuaTtne" (MEC) ce naumcnasat no dopmy-
nata (OnepaTtMBHa nporpama “MHoBauuu

N KOHKypeHTOCcnocobHocT" 2014-2020,

2015)

nec =1 100, % (6)
I

kbaeto /'C ca roavHNUTE CNecTaBaHus Ha
eHeprna OT MnpernopbyaHus MNakeT MepKW,
kWh;

I'll - roanwHoTO noTpebneHune Ha
eHeprusa Ha npeanpuatneto, kWh.
B To3m cnyuain, npun nssectHu MNEC, HoBaTa
CTOMHOCT Ha CpeAHus roguvileH pasxoj Ha
eHeprusa 3a eamMHuLa NpPoAyKLNS Cce U34nC-
nsBa C n3pasa

nos 1 _ ZHOO()S _ EEO(). _(EZOaHEC )/100 ,

ecp.zor). -

n

200. 200.

kWh.ea. np.? (7)

BbB BTOpPMA Ciiydyal ce yBenm4yaBa Npoms-
BOAMTENHOCTTa Ha NpoMuLLIeHaTa cucTeMa
N CbOTBETHO pa3xoA4bT Ha eHeprus. Ho-
BUAT pa3xo4 Ha eHeprus e no-ronasM, Ho
3a eAMHMUA NpoAyKuMa TOW e Mno-ManbK.
MnaHvpaHUTe eHeprumHK crnecTsiBaHMS 3a
usnoto npegnpusatme (MEC) ce wnsuucns-
BaT CbrnacHo 3asucmmoctTa (OnepaTtuBHa
nporpamMa “MHOBaUMM N KOHKYPEHTOCMOCO-
6HocT" 2014-2020, 2015)
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AS
PES = 100, ¢
CAEC ' % (®)

Where CAEC - corrected annual energy
consumption, kWh.

CAEC is the consumption, which
the industrial system would have, in order
to produce the increased quantity of prod-
ucts, without the introduction of meas-
ures.

When the measures for improving the en-
ergy efficiency lead to increase of produc-
tivity and we know the value of PES and
the increase of productivity (k times), the
annual average energy consumption per
unit od output is calculated for the new
productivity and the corrected energy con-
sumption. The equation is

av.an. k.}’l kn 4 0(9)

an

vz _ Ea" _ CAEC —(CAEC.PES)/ 100 o

Where CAEC =k.E _:

an’

k - the increase of productivity of
the industrial system.

k.n,, - annual productivity after the
introduction of measures, produktion unit.

2.11. Calculating the new specific energy
consumption for the intervals under study
using the formula

new __ new

e Ae,.e,, .., kWh/ produktion unit(10)

2.12. Constructing the dynamics in the
time of the graphic equation of the specific
energy consumption per unit of output and
the graphic equation of the specific energy
consumption modelled.

3. Modelling the energy and mass
flows with assessment of the energy
efficiency of one industrial system in
the Republic of Bulgaria, related to
woodworking industry

The output data are shown in Table 1,
where according to the methods, the divi-
sion by months of the representative year
is adopted (i.2.1 of the methods).

According toi.2.1 + 2.5 of the methods for
modelling applied, the energy consump-
tion is represented in Table 1 (electrical -
bar 2; diesel - bars 3 and 4; natural gas

nec =L 100 9 (8)
KITI

KbAeTO KITI - KOPUrMpaHOTO rOANLIHOTO
notpebnenve Ha eHeprus, kWh.

KI'TI e ToBa NnoTpebneHne Ha eHep-

rmsi, Koeto 6m u3pasxonBana nMpoMuLune-
HaTa CMCTeMa, 3a Aa Ce Npou3Bene yBenu-
YEHOTO KOMMYeCcTBO NpoayKkuus, 6e3 aa ca
BbBeAEHN MepKuTe.
KoraTto Mepkute 3a nogobpsiBaHe Ha eHep-
rmrMHaTa edeKTMBHOCT BOAST AO MOBULUA-
BaHe Ha NpOM3BOAUTENHOCTTA, N3BECTHU Ca
MEC n noBuwaBaHETO Ha npousBoaUTen-
HoCTTa (C kK MbTK), CPEAHUSAT roAULLEH pa3-
XO4 Ha eHeprusa 3a egnHULA NPOAYKLNA ce
n3uncnsasa npu HoBaTa NPOM3BOAUTENHOCT
N KOPUIMPaHOTO eHeprmnHo notpebneHue.
N3pasbT e

nog2 ;;)@8‘ :KFH—(KFHHEC)/IOO

cp.200. —
k Mz00.

kbpeto KITI=kE,, ;

k - yBenuyeHWeTo Ha Npou3BoOAU-
TESIHOCTTa Ha NpoMuLLSieHaTa cucTema.

k.n,,y - roANLWHA NPOU3BOAUTENHOCT
cnen BbBeXAaHe Ha Mepkute, eg. np. L.
2.11. N3uncngBaHe Ha HoBuTE cneunduy-
HM pa3XxoAu Ha eHeprus 3a pasrfexgaHuTte
WHTepBanu no gopmynaTta

» %(9)

k'neod.

¢ = Nej.eynon., kWh.ea. np.™? (10)
2.12. locTposiBaHe Ha AuMHaMuMKaTa BbB
BpeMETo Ha rpadwuyHata 3aBMCMMOCT Ha
cneumdunyHmMa pasxos Ha eHeprus 3a egu-
HMUA NPOAYKLUMS M Ha rpaduyHa 3aBUCKU-
MOCT Ha Moaenupanus cneuynduryeH pasxoa
Ha eHeprus.

3. MoagenupaHe Ha eHeprumHuTe U Ma-
COBM MNMOTOLM MNMpPU OLleHKA Ha eHeprumn-
HaTa e(eKTUBHOCT Ha eAHa NpPoOMMLU-
neHa cucrema B Peny6nuka Bbvnrapus,
CBbp3aHa ¢ AbpsBoob6bpaborBawara
NPOMMULLIJIEHOCT

M3xoaHUTe JdaHHM ca npeacTtaBeHM B
Tabn.l, KbAeTo CbracHO MeToaMKaTta ce
npvema pasbuBaHeTo NO Meceuu Ha npea-
cTaBuTenHaTta rogmHa (1. 2.1 oT MeToamKa-
Ta).

CbrnacHo 1.2.1 + 2.5 oT npegnoxeHarta me-
ToAMKa 3a Mogenvpade, B Tabn.1l ca npea-
CTaBeHU eHeprunHmuTe pasxoamn (en. eHep-
rms — cTbnb 2; An3enoBo ropmeo — CTbi6 3
M 4; NnpupoaeH ras — ctbnb 5 n 6; obw pas-
X0/ Ha eHeprusa — cTbnb 7) n nponsseneHa-
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- bars 5 and 6; total energy consumption
- bar 7) and the finished products (bar 8).
After introducing the measures for energy
efficiency, the productivity of the industri-
al system has increased k=2,8 times and
the planned energy savings for the whole
company are PES = 40, %.

To determine the energy equivalent of the
diesel in kWh (bar 4) its density at 20°C
has been used, which is 840 kg.m™ (Sta-
mov, 1990) and the transformation coef-
ficient, which is 11,75 kWh.kg* (Naredba
za metodikite za opredelyane na natsion-
alnite indikativni tseli, 2011).

To determine the energy equivalent of nat-
ural gas in kWh (bar 6) its density at 20°C
has been used, which is 0,69578 kg.Nm™
(http://www.teceko.com/priroden-gaz)
and the transformation coefficient, which
is 13,10 kWh.kg™?* (Naredba za metodikite
za opredelyane na natsionalnite indikativni
tseli, 2011).

Ta npoaykums (ctunb 8). Cnep BbBeXAaHe-
TO Ha MEpKUTE 3a eHeprminHa eeKTUBHOCT,
NpoM3BOAUTENHOCTTA Ha MpoMuULllIeHaTa
cuctema ce yesenmyasa k=2,8 nbtn 1 nna-
HUPaHUTE eHEepPrunHKU CnecTsiBaHUs 3a us-
noto npeanpustue ca [IEC =40, %.

3a onpenensiHe Ha eHeprurHuMsl ekBMBa-
JNIeHT Ha An3enoBoTo ropmso B kWh (ctbnb
4) ce wu3nonsBa Herosata MJbLTHOCT Mpu
20°C, kosaTo e 840 kg.m™ (Cramos, 1990)
N KOe(PUUMNEHTBLT Ha MpeBpbLLAHE, KOWTO €
11,75 kWh.kg? (Hapenba 3a meToaukute
3a onpegensiHe Ha HaUMOHaHUTE UHAMKA-
TMBHM uenu, 2011).

3a onpeaensiHe Ha eHEPrniHNS eKBUBANIEHT
Ha npupoaHusa ras B kWh (ctenb 6) ce ns-
rnon3ea HerosaTa MIbTHOCT npu 20°C, Kos-
To e 0,69578 kg.Nm™3 (http://www.teceko.
com/priroden-gaz) wn koedUUMEHTLT Ha
npespbliyaHe, koito e 13,10 kWh.kg™! (Ha-
peaba 3a MeToAMKMTE 3a onpefesnisiHe Ha
HauWOHaNHUTE MHAMKATUBHM Lenu, 2011).

Table 1. Energy consumption and finished products for the representative year
Ta6bnuua 1. EHepruiiHnTe pasxoam n npomsBeneHaTa NpoayKuns

3a npeacraBuTesiHaTa roamHa

EnEIreCtr(IIgn- Diesel energy Natural gas energy | Total energy | Finished prod-
Periods of sun?:),tion consumption consumption consumption ucts
the year Pasxon Ha Pasxoa Ha Pasxopa Ha O6w pasxopn | MNMpousBeneHa
Nepuoan | en. eneprna | AM3EN10BO ropuso NpUpoAeH ras Ha eHeprus npoaykums
oT
roaMHaTa thousands E, n,
kWh m3 kWh XWJ1. kWh
N. m3 kWh number / 6poi
1 2 3 4 5 6 7 8
;a””ary 38950 3,959 39075 2,423 22085 100110 11501
Hyapwu
(';ebr“ary 39095 3,909 | 38582 1,626 14821 92498 11501
eBpyapu
mg;h 34489 3,949 38977 1,57 14310 87776 11501
April 49991 4,340 42836 1,359 12387 105214 11666
Anpun
mz. 37907 4,230 | 41750 0,527 4803 84460 11666
J}O“:zl’ 31294 4,390 43329 0,363 3309 77932 11666
JIO”LVM 37462 4,996 49311 0,205 1869 88642 10856
2”9”“ 35774 4,896 | 48324 0,513 4676 88774 10856
BrycT
September 28617 4,886 48225 0,3 2734 79576 10856
CenTtemBpu
October 27614 4,769 | 47070 0,323 2944 77628 10814
OkTOMBpPU

36



Modeling the Energy and Mass Flows in Evaluating the Energy Efficiency of Industrial Systems

ﬂ""ember 38993 4,704 | 46428 0,588 5359 90780 10814
oeMBpu

December 39461 4,714 46528 0,785 7155 93144 10814
[exkemBpun

ToTtan

06wo 439647 53,742 | 530435 | 10,582 | 96452 1066534 134511

In Table 2. The results from the calcula- B 1abn.2 ca npeacraBeHu pe3yaratute OT
tion, according to the methods of model- pas4yeTa Cblr/laCHO MeToAuKaTa 3a MoAenu-
ling are presented. paHe.

CrneundunyHnaT pasxos Ha eHeprus 3a eau-
HMua npoaykums (ctenb 2) € N34ncneH Cob-
rnacHo 3aBmcmmocT (1).

CpepHusaT rogvweH cneumdunyeH pasxoq

The specific energy consumption for a unit
of output (bar 2) is calculated according to
equation (1).

The average annual speciﬁc energy con- Ha eHeprus 3a eauHuMua npoayKums 3a
sumption for a unit of output for the repre- npeacraButenHarta roamHa (71.2.6 oT Me-
sentative year (i.2.6 of the methods) has TOoAMKaTa) e MpecMeTHAT CcbrnacHo (2) n e
been calculated according to (2) and is 3anucaH B Tabn.2 cronb 3, pen ,Cpener®
written down in Table 2 bar 3, row ,Aver- (Hait-oTaony).

age" (at the bottom).

Table 2. Calculations of modelling the energy and mass flows with assessment of the
energy efficiency of one industrial system

Ta6bnuua 2. Pazyetn oT MogennpaHe Ha EHEPrMMHUTE M MACOBM NOTOUM MPU OLEHKA Ha
eHeprmmHaTa epeKTUBHOCT Ha NPOMULLSIEHA CUCTEMA

Specific energy consump-
Specific energy con- Deviation from the tion after introducing the
sumption specific energy con- measures
sumption from the Cne eH pa3xoa Ha
. CneumduueH pasxoa average annual value neunduueH pasxoa H
Periods of the year Ha eHeprusa o eHeprusa cnep sbBexaaHe
TKJIOHEHMEe Ha Ha MepkuTe
MNMepuoau ot rognHaTa cneundmnunns
pas3xoa Ha eHeprua e.
€; OT cpeAHaTa rogvluHa !
kWh/number of products CTOWHOCT kWh/number of products
kWh/6poii npogykums kWh/6povi npoaykums
1 2 3 4
January / SlHyapu 8,7045 1,098 5,224
February / ®eBpyapu 8,0426 1,014 4,824
March / MapT1 7,6320 0,963 4,581
April / Anpun 9,0189 1,137 5,409
May / Man 7,2398 0,913 4,344
June / OHM 6,6803 0,843 4,010
July / HOnn 8,1653 1,03 4,900
August / AsrycTt 8,1774 1,031 4,905
September / CentemBpu 7,3301 0,924 4,396
October / OkTomBpM 7,1785 0,905 4,305
November/ HoemBpu 8,3947 1,059 5,038
December / exkemBpu 8,6133 1,086 5,167
Average / Cpemien | ¢ = 7,9290 = ¢y - el = 4,7574 = el
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Calculating the deviation from the specific
energy consumption for a unit of output
for each interval of time of the average
annual value for the representative year
(i.2.7 of the methods) is according to (3)
and the result is written down in bar 3.

Calculating the new average annual spe-
cific energy consumption for a unit of out-
put on the basis of the new equipment
and machines (i.2.10 of the methods) is
according to equations (6 and 8) and the
result is written down in bar 4, row ,Aver-

A\

age".

The new specific values of energy con-
sumption for the intervals under study
have been calculated using formula (10)
and the result is written down in bar 4.

The graph lines of the specific energy con-
sumption results for the representative
year and those modelled after introduc-
ing the measures, as well as the average
specific energy consumption values for the
respective years are presented on Fig.1.

N3uncnsaeaHeTo Ha OTK/IOHEHWETO Ha cne-
UMMDUYHMS pas3xoa Ha eHeprus 3a egmMHuUa
NpoAyKUMS 3a BCEKU OTAENEH MHTepBaa oT
BpeMe OT cpeAHaTa roguiliHa CTOMHOCT Ha
npeacraBuTenHaTa roamHa (T1.2.7 OoT MeTo-
AvKaTa) e cbrnacHo (3) v pes3ynTaTbT e 3a-
nuMcaH B CTbs16 3.

N3uncnsaBaHeTo Ha HOBUS CpeaHoroauLleH
cneundmyeH pasxon Ha eHeprus 3a eamHu-
ua npoaykums, Ha 6asaTta Ha xapakrtepuc-
TUKUTE Ha HOBOTO obopyaBaHe M MalUMHU
(T.2.10 oT MeTOAMKATA) € CbI/IaCHO 3aBW-
cumocTum (6 mnm 8) 1 pe3ynTaTbT € 3anucaH
B cTbn6 4, pen ,CpeneH®.

HoBute cneunduyHm pa3xoam Ha eHeprus
3a pasrnexaaHuTte uHTepBanu ce U3dncns-
BaT no dopmyna (10) n pesyntatbT € 3anu-
CaH B CTbNb 4.

paduyHMTE 3aBUCMMOCTM OT MOJydYeHuTe
pe3ynTatM Ha cneunduyHmMTe pasxoam Ha
eHeprusa 3a npeacraBuMTeNHaTa rogvHa wm
MoaenmpaHuTe cfea BbBexaaHe Ha MepKu-
Te Ha cneunduyHnTe pasxoan Ha eHeprus,
KaKTO M cpegHUTe 3a CbOTBETHUTE FOAUHU
cneumdunyHm pa3xoam Ha eHeprus ca npea-
CcTaBeHu Ha ¢wur.1.

2
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Figure 1. Graphic presentation of:

1 - dynamics of change of the specific energy consumption results for the representa-
tive year; 2 - average specific energy consumption for the representative year; 3 - the
modelled specific energy consumption after implementation of the measures; 4 - average
specific energy consumption after implementation of the measures.
durypa 1. NpadunyHo nsobpaxeHme Ha:

1 - gMHaMuMKaTa Ha U3MEHEeHMeTOo Ha cneundunyHnTe pa3xoan Ha eHeprus 3a npeacraBu-
TesHaTa rogmHa; 2 - cpefeH cneumduyeH pasxo Ha eHeprus 3a npeacraBuTenHaTa roau-
Ha, 3- MoAeNnnpaHnTe CI'IeLl,I/ICbVI‘-IHVI pa3xoan Ha eHepPrmnda cnej BbBeEXAaHE Ha MEPKUTE;
4 - cpegeH cneunduUeH pas3xoa Ha eHeprus crej BbBeXaaHe Ha MepKuTe.
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4. Analysis of the results obtained

From the graphic representation obtained
of the example for modelling of energy
and mass flows in an industrial system, af-
ter implementing energy efficiency meas-
ures, it follows that as a result of these
measures, the average annual energy
consumption for a unit of output has de-
creased by 40%.

From the modelled specific energy con-
sumption it can be assumed that the low-
est values of this consumption can be
obtained for the months of May, June,
September and October. This can be ex-
plained with the decreased consumption
for air conditioning of domestic and indus-
trial premises, costs of heating dryers, etc.

It can be seen from the same graph that
the biggest specific energy consumption
can be calculated for the months of No-
vember, December, January and April. This
can be explained with the increased en-
ergy costs for heating the premises.

For the summer months, July and August,
there is a slight increase of the specific en-
ergy consumption. This can be explained
with the increased energy consumption for
air conditioning of the premises. Another
reason can be the increase of waste due
to uncomfortable conditions at the work
place, created by the high daily tempera-
tures.

Taking into account the decreased spe-
cific energy consumption for the months
of May, June September and October, it
is appropriate to increase the production
for these periods when there are industrial
and technological capabilities for this.

III. Conclusion

The main characteristics, assessing the ef-
fect from the energy efficiency measures
of the industrial system are the annual en-
ergy consumption of the company for the
selected representative year, the correct-
ed annual energy consumption, the annual
energy savings due to the measures rec-
ommended, the planned energy savings
and the factor of energy saving. Taking
into consideration these characteristics,
which provide average annual assess-

4. AHanus Ha noJsiyuyeHus pesynartart

OT nonyyeHata rpaduyHa 3aBMCMMOCT Ha
pasrnefaHus npuMep 3a MoaenvpaHe Ha
€HeprumHnuTE N MacoBmM NOTOLUM B NPOMMUILL-
leHa cucteMma, cnef npunaraHe Ha MepKwu
3a eHepruiiHa edeKTUBHOCT, crieiBa, Ye B
pe3ynTaT Ha MepKuTe CpefHUAT roguvileH
pa3xo4 Ha eHeprusa 3a eaMHULA NpoayKUMS
e Hamansan ¢ 40%.

OT MogenupaHusa cneumduyeH pasxoa Ha
eHeprna Moxe Ja ce HanpaBu W3BOALT,
ye Hak-Manku cneunduyHM pasxogm Ha
eHeprnsa Moxe ga ce noaydyaTt 3a meceuute
MaW, 1OHU, CenTeEMBpPU U OKTOMBPU. ToBa ce
065CHsIBa C HaManeHuTe pasxoau 3a Knu-
MaTusauus Ha 6UTOBM M NPOU3BOACTBEHMU
NoMeLLEeHNS, pa3xoam 3@ HarpsiBaHe Ha Cy-
WWHW 1 ap.

OT cbwata rpadmka ce BWXAa, 4Ye Han-
rosieMn cneumduyHn pasxoam Ha eHeprus
MOXe Aa ce nosiyyaT 3a MeceunTe HOeMBpH,
AeKeMBpU, ssHyapu 1 anpua. Toea ce obsc-
HABa C MOBWLIABAHETO Ha EHeprumHuTe
pa3xoan 3a OTOMJIeHME Ha MoMeLLeHusTa.
3a neTHUTEe MeceuMm i U aBryCcT CbLUO ce
HabnogaBa NeKo yBeM4YeHWe Ha creuu-
dnyHNa pasxon Ha eHeprusi. ToBa Moxe
Aa ce 065CHKM C yBenM4yaBaHe Ha eHeprmsaTta
3a KAMMaTM3aumsa Ha noMewleHusaTa. Jpyra
npuynHa Moxe aa 6bae nMoBMLIABAHETO Ha
bpaka B pe3ynTaT Ha HeKOM@OPTHM yCro-
BUA Ha paboTHUTE MecTa, Ab/KalM ce Ha
BMUCOKaTa AHEeBHa TeMmnepaTypa.
OTunTaku HamaneHus cneunduyeH pas-
XOA4 Ha eHeprus 3a MeceuuTe Mal, HOHWU,
cenTeMBpPU M OKTOMBPMW, € MNOAXOASALO Ad
Ce yBesn4yum Npom3BOACTBOTO Ha NPOAYKLUMS
3a Te3n nepuvoau, Npu Hasamune Ha npous-
BOACTBEHN N TEXHOMNOMMYHU Bb3MOXHOCTMW.

II1. 3aknouyeHume

OCHOBHM  XapakTeEpUCTUKKU, OLEHSABALUU
edeKkTa OT MepKuUTe 3a eHeprunHa edek-
TUBHOCT Ha MpOMULLSIEHA CUCTEMa ca ro-
AOVWHOTO noTpebneHne Ha eHeprus Ha
npeanpusaTMeTo 3a usbpaHata npeacraBu-
TenHa roguMHa, KOpMrmpaHoTo roguLHo no-
TpebneHne Ha eHeprus, roguLHUTE CNecTs-
BaHMA Ha eHeprug oT npenopbyaHns nakeTt
MepKW, NIaHnpaHUTE eHepruiiHn cnectsasa-
HUS 1 DaKTOPbT Ha eHeprumHuTe Cnecrs-
BaHMA. OTUMTanMKM Te3n XapaKTEPUCTUKW,
AaBallM cpefHOroAvLLHU OLEeHKW OT edek-
Ta Ha MepkuTe, e 060CHOBaHO M3Mo3BaHe-
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ment of the effect of measures, the use
of another characteristic has been justified
- the dynamics of change in the specific
energy consumption, obtained after intro-
ducing energy efficiency measures. This
characteristic provides information about
the energy and mass flows in the indus-
trial system after introducing the energy
efficiency measures.

The analysis of the dynamics of change in
the specific energy consumption, obtained
after introducing energy efficiency meas-
ures is a prerequisite for obtaining addi-
tional effect from the measures. Using this
characteristic, it is possible to correct the
intensity of production in periods of the
year, when the specific energy consump-
tion is smaller, which leads to additional
economic effects.

The requirements and the main character-
istics, related to measures of energy effi-
ciency of the industrial system, according
to the operative programme “Innovations
and competitiveness” for energy audit.

The use of the specific energy consump-
tion, as a function of time, for presenting
the dynamics of change in the energy and
mass flows in an industrial system, has
been justified.

Methods for modelling the energy and
mass flows in assessment of energy effi-
ciency of the industrial system through the
dynamics of change of the specific energy
consumption have been developed.

The energy and mass flows in assessment
of energy efficiency of one industrial sys-
tem, in the field of woodworking industry
in the Republic of Bulgaria have been mod-
elled according to the methods developed.

The result from the modelling has been
analysed. The reasons for obtaining bigger
or, respectively, smaller specific energy
consumption by months have been ana-
lysed as well. The results obtained from
the modelling of energy and mass flows
are a prerequisite for fulfilling measures,
increasing the energy efficiency of the in-
dustrial system, which leads to enhancing
the economic efficiency of the company.

TO Ha Apyra XapakTepucTuKa - guHamMuKaTa
Ha U3MeHeHMe Ha cneundnYHMS pa3xos Ha
eHeprus, nonydyaBaH cfien BbBeXAaHe Ha
MEPKWN 3a eHepruiiHa edeKTUBHOCT. Taswu
XapaKTepucTmka HOCK MHGopMaumsa 3a
€HEepruimHnUTE N MacoBu NOTOLUM B NPOMMUILL-
JleHaTa cucTeMa cnej BbBeXxAaHe Ha MepKu
3a eHepruiHa eeKTUBHOCT.

AHanM3bT Ha AWMHAMWKATA Ha W3MEHEeHue
Ha cneuMdUYHMS pa3xo Ha eHeprus, no-
JlydaBaH cfiel BbBeX[aHe Ha MepKu 3a
eHepruiiHa egeKTUBHOCT, ce siBsiBa npea-
noctaBka 3a nosiyd4aBaHe Ha AOMbJHUTE-
NeH edeKkT OT MepkuTe. M3nonssarikm Tasu
XapaKTepUCTMKA, € Bb3MOXHO KOpUrMpaHe
Ha WMHTEH3MBHOCTT@ Ha MNpou3BexaaHe Ha
NnpoayKums B nepnoam oT rogmHaTa, Korato
cneunduuHmMAaT pasxon Ha eHeprus e no-
ManbK, KOeTo BOAW A0 AOMb/HUTENHN UKO-
HOMMYeCKM edeKkTu.

AHanuanpaHu ca n3nckBaHMsITa U OCHOBHU-
Te XapaKTepuCTUKKU, CBbp3aHM C MEpKM 3a
eHepruiiHa edeKTMBHOCT Ha MNpPOMMULUMEHA
CucTeMa, CbrnacHo ornepaTvMBHa nporpama
“NHoBauUUM N KOHKYPEHTHOCNOCO6HOCT" 3a
eHeprueH oguT.

O60CcHOBaHO € M3MoJfI3BaHETO 3a npeacTa-
BSHE Ha AMHaMWKaTa Ha W3MeHeHue Ha
€HepruimHnuTEe 1 Macosy NOTOUM B NPOMMUILL-
JlIeHa cMCTeMa Ha XapaKTepucTukaTta cne-
umMdunyeH pasxo Ha eHeprns BbB PyHKUNS
OT BpeMeTo.

PaspaboTeHa e mMeToAMKa Ha MoAenuMpaHe-
TO Ha eHeprumHMTEe M MacoBM MNOTOUM MNpu
OLeHKa Ha eHepruiHata edeKTUBHOCT Ha
npoMuneHa cuctemMa, 4ypes AMHaMMKaTa
Ha U3MeHeHue Ha cneumdrYHMS pa3xos Ha
eHeprus.

MopenupaHu ca, cbrnacHo paspaboteHaTta
MeToAMKa, eHeprMnHuTEe N MacoBM NoTouM
Nnpu oLeHKa Ha eHepruiiHaTa epeKTUBHOCT
Ha egHa npoMuweHa cuctema B Peny6nu-
ka bbnrapus, cebp3aHa C¢ AbpBOO6pabOT-
BalllaTa NPOMULLJIEHOCT.

M3BbpLlEH € aHanu3 Ha pe3ysTata OT Mo-
AenvpaHeTo. AHanuM3upaHu ca NpuymMHUTE
3a NO-roJisiM U CbOTBETHO MO-MasbK cneum-
dunueH pasxoa Ha eHeprusa no meceum. lo-
flydaBaHuUTe NMpu MOAESMPAHETO Ha eHep-
TMMWHUTE N MacoBM MOTOUM pe3ynTaTh ca
npeanocTaBka 3a W3MbJIHEHWE Ha MepKMW,
MoBMLLABALLKM eHepruiHata edeKTUBHOCT
Ha NpoMMLUSIeHaTa cucTeMa, KOeTo BoAM A0
noBulIaBaHe Ha WKOHOMMYeckaTa edek-
TUBHOCT Ha NpeanpuUsTMUeETO.
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