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AHAJII3 EHEPTETUYHOI OLIHKH OCBITJIFOBAJIbHOI YCTAHOBKHU B
IMPOT'PAMI DIALUX EVO 3I'l JHO EN 15193

Y cmammi posensinyma moarcaugicmo oyinku enepeo3depedcents 0CeIMmOBaANIbHUMU YCIMAHOBKAMU 8 NPOSPAMI
Dialux Evo. Ilpusedena memoouxa pospaxyuxy noxasznuxa LENI, saxnadena 6 ocnosy pospaxynky ybo2o nokasnuxa
6 npoepami Dialux Evo. Hasedenuii ancopumm po3paxyHky nOKA3HUKIE eHepe036epedcertst 3a 00NOMO20 NPOSPaM-
HO20 3a0e3neyuenns. Ananiz enepeoeekmueHOCmi 0CGIMIIOBAILHUX YCIMAHOBOK HABEOeHUU HA NPUKIAO] yUO06020
Kaacy.

Knrwuosi cnoea: cgimnosuii ayoum, cucmemu 0C8imieHHs, MOOETI0O8AHHS OCBIMIEHHS, NPUPOOHe OCBIMJIeHH,

wmyuHe 0C8imienHts, KOMOIHOB8AHE OCBIMIEHHSL.

AHaJi3 0CTaHHIX ACTIAKEHb I myOJikaniii.
IMocTanoBKa npood.JieMu.

Ha chorofHimiHii JeHb BEIMKE 3HAYCHHS MPHIi-
JSIEThCA TIMTAHHSIM EHEPrOCIOKMBAHHS CHCTEM OCBIT-
neHHsa cropyn. B €Bpomi Ha 3akoHOIAaBCTBO y cdepi
€Heproe()eKTUBHOCTI CIOpyA OyJio MPHHHATO €BpOKO-
Miciero B 2002 pori, 1 Ha TemepinHii 9ac HaOyIO YHH-
HOCTI y Bcix €Bpormeiicbknx kpainax. CHCTEMHU OCBIT-
JICHHSI € OJTHUM 3 CIIOJKMBAaYiB eHeprii B ciopyaax. Ene-
proeeKTHBHICTh HOBHUX 1 ICHYIOUHX CIIOpY] IOBHHHA
OyTH JOKYMEHTAJIBFHO 3adikcoBaHa B 00OOB’SI3KOBOMY
cepTudikaTi Mo eHeProCHOKUBAHHIO.

3Ha4Hi 3yCHIIS IO CKOPOYECHHIO KiIBKOCTI eHep-
rii, CIoKMBAaHOT CHCTEMAaMHM OCBITIICHHSI, [IOBHHHI BiJ-
MOBIIATH BHMOTaM TIO SKOCTiI OCBIiTICHHS. [lokasHWK
LENI noxka3zye eHeproed)eKTUBHICTh OCBITIIOBAILHOTO
0o0NamHaHHA, i MO OUTBII CYTTEBO, MOKa3ye HEOOXiI-
HICTh €(pEeKTUBHOTO KepyBaHHS OCBITICHHSIM. HeomMmiH-
HOIO YMOBOIO € HEOOXIiJHICTh BHKOPHUCTAHHS MPHPO/I-
HBOTO OCBITJIEHHS Ti JIETEKTOPIB MPHUCYTHOCTI. SIK pe-
3yJIbTaT, €HEPrOCHOXXKUBAHHS CHCTEMH OCBITJICHHS MO-
K€ 3HHU3HUTHUCS, a SKICTh OCBITICHHS — ITiABHUIUTHCS.
OwiHKa €HEeprocroXHBaHHS BHUKOHYETHCS 3a JIOTIOMO-
roto Lighting Energy Numeric Indicator (LENI) — noka-
3HUKA, BUPAKEHOTo B kBm-200/M? 3a piK, IO MOKAa3ye
piuHe CHOKMBAaHHS eNeKTPOeHepril, HeoOXimHol s
(YHKI[IOHYBaHHS CHCTEM OCBITJICHHSI y BIAMOBITHOCTI 31
cnenudikoro cnopyau. Tak sk iCHye MOKa3HHK, JOTT9HO
BCTAaHOBUTH TaKOX 1 KPUTEpil eHeproCHOXMBAHHSA, fKi
BimoOpakeni B craHmapti EN-15193, BusHauarounm
BHUMOTH 110 €HEPTONOCTavYaHHIO CHCTEM OCBITIIEHHS.

Bennke 3HaueHHS Mae BiJNOBIIHICTH CHIPOEKTOBA-
HOi CHCTEeMHU OCBITJICHHSI PEKOMEH/IOBaHHM HOpMam,
3atikcoBanuM y cranaapti EN 12464. Bumornu 1o sixo-
CTi OCBITJICHHSI MalOTh IIie OibIne 3HadeHHs. L{i BumMorn
BH3HAYAIOTBCS TIOKA3HWKOM SIKOCTI OCBITIGHHS —

Ergonomic Lighting Indicator (ELI). Ileft nokasauk OyB
BBE/ICHHH 3a JJIsI TOTO, 00 MaTH MOXJIMBICTh OJJHOYA-
CHOTO ypaxXyBaHHsS MHOXXHHH AaCICKTIB SKOCTI OCBIT-
JeHHA. B 3a3HayeHuUX BHINE CTaHAAPTAaX MICTATHCS IO-
CHJIaHHS OJIUH Ha OJTHOTO.

MerouKa pO3paxyHKy €Heprii, 10 BUTPadaeThCs
Ha OCBITJECHHSA HaBeneHa B cTaHmapti EN 15193-1
«OmiHKa KiTBKOCTI €Heprii, o BUTPAYAEThCS Ha OCBIT-
nenns » (Lighting energy estimation) [1].

Jst mpoBeIeHHS PO3PaXyHKIB CIIiJl 3HATH KOHKpe-
THI XapakTepucTuKy Oyaimi [2-3]: momni npuMiieHs i
BIKOH, reorpagiuHy opieHTauito dacaiiB, roauHu podo-
T4 1 T. 1. [Ticyis nporo ciij BU3HAYUTHA KOHKPETHI mapa-
METPH OCBITJIIOBAIBHUX YCTAHOBOK: BCTaHOBJICHY IMO-
TYXHICTh, IAPa3UTHY MOTYXHICTh. Ha ocHOBI BHIIeHa-
BE/ICHUX JIaHMX MO)KHA BU3HAYUTH TEOPETHUYHE DidHE
CIIOXKMBaHHSI SHEPTii.

LENI mMoxe OyTH BHKOpPHCTaHHH JJIS MPSIMUX T10-
PIBHSHB €JIEKTPOCHEPrii, 110 BUTPAYa€ThCS HAa OCBIT-
JIeHHs1 OyliBelib, 110 MalOTh OJJHAKOBE (PYyHKIIOHAJIbHE
MIPU3HAYCHHS, ajie BiIPI3HAIOTHCA PO3MipaMu 1 KOHQi-
rypari€ro.

KispKicHUI NOKa3HUK €HepreTHYHOl e(heKTHBHOC-
Ti WTy4HOro OcBiTiIeHHs OyxiBmi LENI, Bu3sHagaeTscs
3a popmynoro [1]:

LENI = W @),

ne W — saranena piuna eHepris, 110 BUKOPHCTO-
BYETHCS JIJIsl OCBITJIEHHS CIIOPYAH, KBm-200/piK;

A - moBHa KOpHCHA IJI0MIA MMiIJIoTH OyaiBIi, M2

3aranpHa pivyHA EHEPris, M0 BUKOPHUCTOBYETHCS

JJIA OCBITJICHHS CIIOPYJH, BU3SHAYAETHCA 3a q)OpMyJ'IOIO

W =W, +W, ),
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Enexmpuuna inscenepin

Jie piduHa eHepris IUIsl OCBITIEHHS, HEOOXiTHa IS
BUKOHAHHA QyHKIii ocBiTieHHS B OyaiBmi W, 1 pigna
nmapasutHa eHepris Wp, HeoOXimHa aisl 3a0e3MeucHHS
3apsiHOT eHeprii Juis aBapiifHOro OCBITJIIEHHS 1 eHeprii
JUIS YTIPABIIiHHS OCBITJIICHHSIM B OyIWHKY, IOBUHHI BHU-
3Havartucs 3a popmynamu (5) i (6) BiamosimHO.

[TuroMa BCTaHOBJIEHA MOTYXKHICTH B MPUMIILCHHI,
Bm/m?, po3paxoByeThes 32 pOPMYIIOK0

@ =1000 W (3),

e An - TUTOIA OCBITIIFOBAHOTO MPUMIIICHHS a00

30HHU.

[ToBHa po3paxyHKOBa €HEpTris, IO BUTPAYAETHCS
Ha MITyYHE OCBITJICHHS MPUMIIIEHHS (TIPUMIIICHB) IIPo-
TATOM 4acy t, PO3paxoByeThcs 3a (HOPMYIOI0

Wt =WL,t +WP,t (4),
JIe GHEprig, IO BUTPA4YacThCA HA HITYYHE OCBIiT-

JICHHS TIPUMIIIEHHS (IPUMILIECHb) W,_t , BHU3HAYAETHCH

3a (hopMyJI0I0

t, +t
WL,t:ZiPniM

5),
1000 ©

apasutna enepris W, , , HeoOxinna wis 3apsaku

aKyMyJIATOPIB B CBITHJIbHHKAX aBapiiiHOrO OCBITJICHHS,
a TaKoX Ta, L0 BHUTPAYAETHCS 3aCO00aMH YHpPaBIiHHSI
OCBITJICHHSM B TIPUMIllleHH] (MPUMINIEHHSIX) BU3Ha4a-
€TbCs 3a (HOPMYJIIOI0

W, - Z[Ppc (t,~(to +ty))+ Pemtem]

’ 1000

(6),

[ToBHa eHepris Ha MITyYHE OCBITIICHHS MOXe OyTH
po3paxoBana [4-5] mnst Oynb-SKOTO BCTAHOBIICHOTO
NPOMIXKKY 4Yacy (roiuHa, 100a, THXKIEHb, Micsalbs abo
piK).

Jlns icHyrounx cnopyn 3uauenns enmmann W

Ta WLt MOXYTb BHU3HAYaTUCHA OLIBII TOYHO ILISIXOM

BUMIpIOBaHHs €HEPTii, BUKOPMCTOBYBaHOi Ha OCBITJIEH-
us [6-11].
W, , v dopmyni (6) ne BKIOuae B cebe moTysk-

HICTB, CIIO’)KMBAaHY CHCTEMOIO aBapifHOTO OCBITJICHHS,
LI0 MPALIOE Bill aKyMyJIATOpA.

MeTo10 AOCTIIUKEHHSI € aHaii3 eHeproe()eKTUB-
HOCTI CHCTEMH MITYYHOTO OcBiTieHHs [12-15] B HaBua-

JIBHUX KJIacaX, B SIKMX BHACJIZIOK HEOOX1mZHOCTI 3a0e3-
MeYeHHS] BHUCOKHMX PiBHIB HOPMOBAHOI OCBITIICHOCTI
MOJKJIMBA 3HAYHA BTpaTa €JICKTPOCHEPTril MPH BUKOPHUC-
TaHHI HEPAI[IOHATBHUX CUCTEM OCBITJIICHHS.

Buxkiax ocHOBHOro Marepiasry

Memooonozia oocnidxcenusn

B pamkax mocmimkeHHS Oymo IPOBEOCHO aHAII3
€Heproe()eKTUBHOCTI CUCTEMHU OCBITJICHHS! HABYAJIHHOTO
knacy. Bynu mpoanaiizoBaHi BapiaHTH OCBITIFOBAJIEHOL
YCTaHOBKH i3 3aCTOCYBaHHSIM KOMIAKTHHX JIFOMiHecIe-
HTHHX JIAMII, 1 CBITJIOMIOMIB.

[opsinok po3paxyHKy eHeproe()eKTHBHOCTI B IPO-
rpami DIAlux Evo.

Jis po3paxyHKy eHeproe(peKTHBHOCTI B MpOTpami
BUKOPHCTOBYETBCSI 1HCTPYMEHT «Pacxod suepzauuy pe-
xuMa «Ceemy.

[porpama po3paxoBye TpH MapaMeTpa, MpeiCTaB-
JIeHI B TaHeTi «Pacxo0 anekmposnepeuu U 3ampamsl».

Puc. 1. [Tanens po3paxyHKy EHEPreTHYHUX TOKA3HUKIB

[Tpu npucyTHOCTI MPUPOIHOIO OCBITJICHHS, PO3-
PaxyHKOBI JaHi Bi0Opa)katOThCs Tialla3oHOM, Je Iep-
IIe 3HAYCHHS - 3 ypaxyBaHHSIM BIUIMBY HPHUPOJHOTO
OCBITJIEHHS, JIpyre -0e3 Horo BpaxyBaHHSI.

Jlnst mpoBezieHHsI pO3paxyHKiB eHeproe()eKTHBHO-
CTi B Iporpami HeoOXiJJHO BBECTH «JlaTdunk»

Puc. 2. BeeneHns gatumka Ui po3paxyHKy eHeproede-
KTUBHOCTI
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[Ticnst BBeIeHHS IaTYMKA B NPUMILICHHS, 3'SBJIA- e LENI - KinbKiCHMM TNOKa3HWK €HEPreTUHO
€ThCs ITaHEJIb OT0 HANAIITyBaHHS. e(EeKTUBHOCTI HITY4HOTO OCBITJIEHHS (xBt*
roj/pik/M2), sIKk MUTOMI BTparta eHeprii 3a pik;

Energy consumption

Insert detector/sensor

Energy consumption and costs

Consumption A EE]
LENI 5 kWh/a/m?2
Costs 32 €fa

Use times

Day 1398 Hours per year

Night s Puc. 5. Po3paxyHok nokasHuka LENI

Absence factor 0.25 Lo
e «3ampamviy — pidHI BTPATU B IPOIIOBOMY €K-

Active utilisation profile  Educational buildings

BIBAJICHTI 32 €JICKTPOCHEPrii0, BUTPAueHy Ha OCBITJIEH-
Art rooms HiL.

Detector/Sensor
Constant light regulation available

Presence check Switching On/Off Manually| ~
Switching On/Off Manually
Switching On/Off Manually Plus Delete Signal
Automatic Switching On / Dimming
Automatic Switching On and Off
Switching On Manually / Dimming

Puc. 6. Po3paxyHOK eJIeKTPOCHEPril B IPOIIOBOMY

Switching On Manually / Switching Off Automatically . .
C€KB1BAJICHT1

IIpuxnao pospaxymxy
Puc. 3. Ilanens HamamTyBaHHs 1aTnKa Ha pucyHky 7 a moka3aHO MPUMIICHHS HABYAIIb-

. . HOTO KJIacy, 3MoieniboBanoro B mporpami DIAlux Evo.
Ilig wac HamamTyBaHHA PO3paxyHKy B JaHiil ma-

Heni BimoOpakaeTbesi HeoOXigHA ISl pO3paxyHKIB iH-
(dopmartist: TOMUHA POOOTH CUCTEMHU OCBITJICHHS BJCHb 1
BHOYI, KOe(IlI€HT BiICYyTHOCTI i aKTUBHUI MPOQ1IIb.

Just npoBenieHHs po3paxyHKiB eHepreTHYHoi ede-
KTUBHOCTI B ITPOrpami iCHY€ TpH JIUMIIbHUKA:

Consumption (cnoxusauus), LENI (mutomi Bu-
TpaTu eHeprii 3a pik), Costs (Burpatu).

o «llompebnenue» — piuHe CIOXKHBAaHHS CJICKT-
poeHeprii cuctemoro ocBitieHHs (KBT*roa/pik);

Puc. 7. Monens yuboBoro kiacy

Jnst excriepuMeHTy OyJio PO3IIISHYTO 2 BHIIAIKH:
OCBITJIGHHA NpPUMILIEHHS 3a JIONOMOTOI KOMIIAKTHHX
mominecueHTHux Jamn  (KJIJI), 1 ocBitineHHs 3a
gonomororo  cBitinomionis  (CH). Bincranme  Mix

Puc. 4. HanamryBauHs TYMIBHAKIB €HEProcnoxupan-  CBITHIBHHUKAMH BU3HATAIIOCA ABTOMAaTH1HO

HS B porpami
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Enexmpuuna inscenepin

MPOTPaMoI0, 32 YMOBH CTBOPEHHS HEOOXiTHOTO pPiBHA
OCBITJIICHOCTI Ha pOOOUii MOBEPXHI.

Puc.8. [1nan po3cTaHOBKH CBITIOBOTO 00JIaHAHHS B
MPUMIIICHH]

Ha puc.9 npencrasiieHi pe3ynpTaTi po3paxyHKy

ocsiTienocti B mporpami DIAlux Evo y Burmsmi
130JTTHIH.

Vs N\
100 300 1
200 200
300
200 200
300 300
300 300 30
200
300
N 200 200 200 200, %0

Puc.9. Pesynbrar pospaxyHky ocBiTienocti muist KJIJI

200
75 300 i
200 200
300
50,
200

Ve :

SSé .
g

g
\SSS

Pnc.10. PesynbraTu po3paxyHKy ocBiTieHocTi aist C/J

P, lar ill (ad:
Perp:

p
Name Averoge []] Min[] Max[| Minaverage Miimax _Points (Relevan)
Workplane 1 | 304 ] 8 ) 0273 0208  512x256 (102856)

Height of room: 2.800 m, Reflection factors: Ceiling 57.1%, Walls 70.6%, Floor 26.6%, Light loss factor: in acc. with EN12464

No. Quantity
1 2% PHILIPS FBS120 2xPL-C/4P 18W HF L

Light output ratio: 55.84%

TIe

Total luminous flux: 62400 Im, Total Load: 988 W

Puc. 11. Pe3ynbraTy CBITIOTEXHIYHUX PO3PaxXyHKIB /IS
KJJI

A

Perp Jlar il (adap!
Name Average [ix] ] Min[ix] Max[x] Minaverage Min‘max  Points (Relevant)
Workplane 1 {310 30 439 0.096 0.068 §12x 256 (102856)

Helght of room: 2.800 m, Reflection factors: Celling 57.1%, Walls 70.6%, Floor 26.6%, Light loss factor: in acc. with EN12464

No. Quantity
1 2% PHILIPS BBS482 1xDLED-4000 |

Light output ratio: 100.00%

o~

Total luminous flux: 34918 Im, Total Load: 494 W

Puc.12. Pe3ynpTaTi CBITIOTEXHIYHUX PO3PaXyHKIB JUIs

CA

OGman crommocts  OBmas croumocTs

Mecxoe Cromsoers O6ue i, . gnsorhios
amepro JICKTPOIHEPTHN  KAUHTANO 4 TepBLI 101 33 Bropoit rod il
notpeGaee 31 Mec [r—

Puc. 13. INopiBHsUIBHUI pO3paxyHOK eHEProeeKTHB-
HocTi st KJIJT u CJ1

BucHoBku

UwncnoBuil MOKa3HUK KINBKOCTI BHUTpadaeMoi Ha
ocsitnenns exeprii (LENI) 6yB BBeneHuii 1st 1eMoHC-
Tpamii pigHOTO CIOKMBAaHHS ENEKTPOCHEPTii, IO TMpH-
XOJUThCS Ha 1 M2, IO BUTPAdyaeThCs Ha OCBITJIEHHS
BIZINIOBITHO crieriudikarii cropyu.

B poboti OyB mpoBeacHuil aHaili3 eHeproedexTu-
BHOCTI OCBITJIIOBAJbHUX YCTAHOBOK Ha NMPUKIAIl HaB-
YaJbpHOTO Kiacy. [loka3aHa MOXKIIMBICTE BUKOPUCTAHHS
Cy4acHOT0 MpPOrpamMHOro 3a0e3rnedeHHs /s po3paxyH-
Ky eHeproe(eKTuBHOCTI. byno Big3HaYeHO BIUIMB Koe-
¢bilieHTIB BIAOUTTS MiUIOTH, CTENI 1 CTIH NPH po3paxy-
HKY €Heproe()eKTHBHOCTI.

[NopiBHsNBHMIA aHANI3 OYB MPOBENCHUH 3 BUKOPH-
crarnssm KJLJT i C/I.

3rigHO 3 MPOBEACHUMH PO3PaxXyHKaMH, CBITIOMI0-
JIHI JDKeperna CBiTJia ToKa3aiy cebe Kpallle B [UIaHi eHe-
proedextuBHocTi, Hix KJIJI. Bonun 3abe3nedyioTs mo-
piuHY €KOHOMIlo enekTpoeHeprii B Mexax Bix 30 mo
50%, B nopiBusHHI 3 KJIJI. 3BicHO, cucTema yrpasiliH-
HSI MOKE MOXK€ 3/1IHCHUTH 3HAYHWI BIUIMB Ha €HEPTilo,
110 BUTPAYA€ETHCS HA OCBITIICHHSI.
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Enexmpuuna inscenepia

ENERGY EFFICIENCY OF LIGHTING SYSTEM ANALYSIS IN DIALUX EVO

ACCORDING EN 15193
U. Vasilyeva
O. M. Beketov National University of Urban Economy in Kharkiv, Ukraine

This report examined an energy consumption of lighting system with different light sources.

Actual ways optimizing the energy consumption of lighting systems for education facilities with high
levels of ambient normalized horizontal illuminance on the audit results have been highlighted.

Efficient using electricity and decreasing the cost of the lighting needs can be achieved by such arrange-
ments: improving the lighting systems; applying efficient light sources, correct selection and placement of fix-
tures and rational application of new lighting fixtures and devices, optimizing lighting networks and control
systems, the rational organization of lighting operation.

The investigation was made in Dialux Evo program, which gave an opportunity to calculate a Lighting
Energy Numeric Calculator (LENI). The standard EN 15193 is part of a set of standards developed to support
the implementation of EPBD directives.

The EN 15193 provides a simplified method for the estimation of the energy consumption for lighting
through the index LENI. The calculation method introduced in the original standard (2007) has been
revised in 2017, especially on the approach to calculate the daylighting contribution.

Optimization the lighting systems is justifying the choice of means and methods of lighting. One of the
important issues determining the efficiency of indoor lighting is the choice of lighting systems. In this frame,
this paper critically analyses the characteristics of the new simplified method to estimate the efficiency of
lighting system.

The paper contains information about the methodology of calculation energy consumption indicators.
Having been shown how to calculate the LENI, the paper highlights how influencing factors are considered,
and which are the main differences with respect to other calculation approaches.

In addition, lighting system with different types of lighting system with different types of lighting sources
were analyzed.

The simulation results have been shown that using daylight and artificial lighting can realized high
energy efficiency of the lighting system with the corrective approach. Implementation of energy-efficient
lighting arrangements can significantly reduced energy consumption, thereby decreasing greenhouse gas
emissions.

It is clear from the comparative calculations that light-emitting diode had shown themselves better, then
compact fluorescent lamps in energy saving sense. LED energy efficiency grew from 30 to 50% against
compact fluorescent lamps.

The other major factor that helps increase energy efficiency is automatic controller, as detectors and
Sensors.

The analyze of detectors and sensors influence on energy consumption are equally interesting.

Keywords: light audit, lighting systems, modeling lighting, natural lighting, artificial lighting, combined
lighting
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