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PUBUKAMU 8 CUCMeMax eHepeomMeHedHMeHmy opeaHizauill, wo
0ae 3moey nidsuuwumu 00CmosipHicme pesysnbmamis po3paxy-
HKY pi8HA PpU3UKY eHepaosumpam vepes 8UABAEHHA Yyacmomu
8rnausy ma cmyrneHs mamKocmi 8id npossy epyn Hebe3nevyHux
308HIWHIX | BHYMPIWHIX YUHHUKI8 HG CYMapHi eHep2aoempamul.
[11A 8UABNEHHA HA OCHOBI MPUYUHHO-HACMIOKOB020 38°A3KY pi- - MIKHAPOAHWIA IHCTUTYT MEHEAKMEHTY,
8Hs PU3UKY 8i0 8CMAHOBAEHUX Hebe3reK, 3a2po3 Yu Hegidnosid- M- Kuis, YkpaiHa

Hocmell 3 ypaxy8aHHAM Oii Hebe3neyHux YUHHUKI8 8UKOPUC- 234 HaljioHanbHMIl TEXHIYHWIA yHIBEpCUTET
maHo memod BOWTIE. 3anponoHo8aHo 00UHaduasmMuKpoKosuli  «AHINpoBCbKa nonitexHika», m. iHinpo,
POYEC KepyBaHHsA eHep2opu3uKamu, AKull cknadaemoca 3 dgox  YKPaIHa,

6710Ki8: aHANi3y eHep2opU3UKY Ma NoAiNWeHHs Kepy8aHHA HUM. > HaujoHanbHKii yHiBEPCUTET BOAHOTO roc-
Zo nepwozo 650Ky Hasexame npoyedypu 3 8UsHa4YeHHA xapa-  NOAAPCTBA Ta NPMPOLOKOPUCTYBAHHA, M.
Kmepucmuk iHghpacmpykmypu, napamempie 061a0HAHHA esne- Piske, Ykpaira

KmpuYHUx mepex; ideHmudikayii Hebeznexk Hebe3rneyHuUx YUHHUKI8, Hebe3neyHux nodill i ix Hacnidkie; su-
3HQYEeHHA Ma aHani3y PieHA eHepaopu3uKy, d MAKoxMC 1020 OUiHIOBAHHA. [pyauli 650K 0xomna0e po3pobKy
30x00i8 017 3HUXEHHA eHep20pU3UKi8, MPosedeHHA aydumis MPoyecy Kepy8aHHA eHepaopusuKkamu, aHANi3
pe3yanbmamis ayoumy cucmemu eHepeoOMeHeHOHMeHmMy ma po3pobKy npono3uyili 0aa noainweHHa Kepy-
BAHHA eHepaopu3uUKamu. BiOmiHHicmIo 3anpornoHo8aHo20 Npoyecy KepysaHHa eHepeopuU3uKamu € Heobxio-
Hicmb nobydosu Mmodesi MPUYUHHO-HACAIOKOB020 83AEMO38 A3KY MiM Pi3HUMU Hebe3rnekamu, wo npu3eo-
0amb 00 eHepzospam, Hebe3neyHUMU YUHHUKAGMU, AKi 36inbwyrome imMosipHicms eHepazosmpam,
Hebe3neyHUMU ModiAMU MA MOXAUBUMU HACAIOKAMU iX HACMAHHA. Modesnb MPUYUHHO-HACNIOK0B8020 830€-
MO038’A3Ky MiX Hebe3dnekamu, Hebe3rneyHUMU YUHHUKAMU ma Hebe3rne4yHowo nodieo 0ae Hazoldy 3abesrne-
Yumu AKICHi ekcnepmHi oUiHKU w000 8U3HA4YEHHA Yacmomu rnpossy HebesneyHo20 YUHHUKG Ma MAXKOCMI
Hacnidkie lio2o snausy. Haykoea HogU3HA pobomu Monsa2ae y 8CMAHOB/1eHHI 3aKOHOMIPHOCMIi (hopMyB8aHHA
PU3UKY 3020bHUX eHepa0sumpam y cucmemax eHep2oMeHeHOHMeHmMY K CyMu pu3ukie eHepaoempam 8io
KOM(HO20 308HiWHb020 YU 8HYMPIiWHb020 Hebe3neyHo20 YUHHUKA. [TpakmuyHa UiHHicme pobomu nonazae
y 8U3HA4YeHHi Kpumepiie npuliHamHocmi (i HenpuliHAMHoOCcMI pigHA eHepeopu3uKie i po3pobuyi Kpumepiie oy i-
HKU eHep2opu3UKy, KA 8i0pi3HAEMbCA 8i0 8i00OMUX PiBHAMU eHep20pu3uKie: npUuliHAMHUU eHepeopu3uK —
pobomu 30ilicCHIOIOMbCA 3 BUKOHAHHAM 8CMAHOB/AEHUX ornepayili MoHimopuHay i 000amKo8020 KOHMPOIO;
npuliHamHul eHep2opU3UK 3 rnepesipko — pobomu 30iliCHIOIOMbCA 3 BUKOHAHHAM onepauili KoHmposnto, rne-
pexio 00 HACMYNHUX KPOKie MOXAUBUl 8UHAMKOBO MicaAA 00epHaHHA MO3UMUBHUX pPe3ysbmamis KOHM-
posto; HenpuliHAMHUU eHepeopu3UuK — HeobxiOHe YyCyHeHHS eHepaoHebe3rneKu abo 3HUMEHHSA eHepaopu3uKy
Hebe3neKku K MiHIMyM 00 PieHA PU3UKY «MPpUlHAMHUL 3 nepesipKoro».
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I'IepeniK BUKOPUCTAHUX NO3HAYEHb Ta CKOPO4Y€eHb:

EP — eHepreTuyHi pnsmkm HY — Hebe3neyHnit YNHHUK

CEHM — cucrtema eHepreTM4HOro MeHegXMeHTy M — NPUNHATHWIA eHepropumsnk

CrE — cny»kba rosioBHOro eHepreTuka MM — NPUAHATHWIA eHEPrOPU3NK 3 MEPEBIPKOIO
CEC — coHAYHa eneKTpocTaHuia HIM — HeNPUIAHATHUIA eHepPropmsmnK

Y3E — ycTaHOBKM 36€epiraHHs eHeprii
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Bcryn. HagjliHe eHepro3abesneyeHHs, eHeproHesasex-
HicTb, eHepreTMyHa be3neka — e OCHOBa CTasoro PO3BUTKY
byapb-aKoi opraHisauii [1]. Big eHepropesynbTaTUBHOCTI CU-
CTEMMW eHepProMeHe XMEHTY 3aNeXuTb CTIMKiCTb nignpwu-
€MCTB, | FONOBHE — BiACYTHICTb YN HE3HAYHA KiNbKiCTb pi3-
HOMaHiTHMX 360iB, aBapiit i KaTacTpod, noB’A3aHUX 3
HeouikyBaHMMM abo nporHosoBaHMMK nepepsamu. Came
TOMY 3anpoBagKEeHHA KepyBaHHA eHepreTMYHMMMU puU3n-
Kamu (Jani eHepropmsmKkm) y cucTemax eHepromeHeaskme-
HTY € HEOBXiAHOK YMOBOIO ANA AOCATHEHHA OpraHi3aLieto
NOCTaB/IEHUX eHepreTuyHuX uine [2]. Ana nobyaosu Takoi
CUCTEMW  MOMHA  CKOpuUCTaTUCb  cTaHgaptom  ISO
50001:2018, skni1 BKa3ye Ha HeobXiaAHICTb CTBOPEHHS Bia-
NnoBiZ4HMX NpOLLECiB NAaHyBaHHA (aHani3 eHepreTMYHOro
BMKOPWUCTaHHA Ta CNOXKMBaHHA, BU3HAYEHHA 6a3oBoro pi-
BHA €HEepProcrnoXnBaHHA, OLiHIOBAaHHA EHEePropu13mKiB i Mo-
YK/IMBOCTE), BNpoBaAKeHHs (po3pobKa Ta peanisauis npo-
rpam €eHepreTMYHOro MeHeKMEHTY, BCTAaHOBIEHHA
npoueayp ANA KOHTPOAO OnepaLii, Wo BRAMBAOTL Ha
€HEeprocnoXXmnBaHHsA), NepesipkU (MOHITOPUHI i BUMIptO-
BaHHA K/HOYOBUX NMOKA3HWKIB, NpOBEAEHHA BHYTPILLIHIX ay-
OMTIB cMCTeMM) Ta BLOCKOHaNEHHs (KopuryBasibHi Ta 3ano-
6ixkHi Aji).

B ocHOBi cuctemn eHepromeHegXMeHTY JIeXUTb npoLec
CUCTEMHOTO YNpaB/iHHA €HEeProcrnoXKMBAHHAM, LLO OXOM-
JIIO€E OLHKY PU3MKIB Ta MOXAMBOCTEN ANA LOCATHEHHA Lij-
nen eHeproedekTUBHOCTI [3, 4]. MpoTe icHyto4i Npouecu yn-
paBAiHHA eHepPreTMYHUMU PU3MKAMM, LLLO 3aCTOCOBYHOTLCA
B cMCTEMax eHepromeHezmeHTy (CEHM), xapakTepusy-
IOTbCA HW3bKOIKO AOCTOBIPHICTIO MPOrHO3HMX Pe3yabTaTis
[5]. Po3paxyHKu pu3nKiB 34e6inblIOro FPyHTYOTLCA HA EKC-
NepTHUX OLiHKaxX Ta AOCBiAi 3a1y4YeHuUX cniBpobiTHUKIB [6].
YacTo BUKOPUCTOBYHOTLCA AKICHI Moaeni, fiki He 3abe3neyy-
OTb YiTKOrO BU3HAUYEHHA MMOBIPHOCTI HaCTaHHA Hebesney-
HUX NOAIN, 30Kpema Yepes BiACYTHICTb A0OCTaTHIX CTaTUCTM-
YHWUX AaHuX [6]. 3acToCyBaHHA MOTY)KHUX MATEMATUYHUX
mMmogaenein ANA OLiHIOBaHHA eHepropmsmnKie notTpebye 3any-
YeHHA BMCOKOKBanidpikoBaHMxX ¢axiBLiB, LLO YCKAALHIOE
npouec. BogHouac oaHiE 3 KNHOUYOBUX YMOB eDeKTUBHOIO
OYHKLIOHYBaHHA CUCTEMM EHEPTrOMEHEAXMEHTY € y4acTb
yCiX MpauiBHUKIB y NpoLeci ynpaBaiHHA pu3mKkamu [7]. Le
3YMOBJIIOE aKTYa/IbHICTb PO3POOKM Ta BAOCKOHAIEHHA NPO-
uecy ynpasniHHA eHepreTMYHUMK pusmnkamm (EP), akuii 6m
3abe3nevyBaB 3a4aHy AOCTOBIPHicTb pe3ynbTaTis [8, 9].

[o peyi, A0 BUpiWEHHA NOCTaBAEHOI 3a43a4i 3 NigBULLEHHA
edeKTUBHOCTI PYHKLiIOHYBAaHHA CUCTEMU E€HEProMeHe K-
MEHTY [,0/1y4anacb HU3Ka ¢axisLiB. 30Kpema, y poborTi [10]
aBTOPaMM 3anNpONOHOBAHO NepesoBi NPAKTUKKM 3 eHeproe-
bEeKTUBHOCTI, AK-OT eHepro3beperkeHHA, eHepreTMYHUM ay-
OMUT, BAKOPUCTAHHA eHepreTMYHNX NoKasHMKiB i 6a3oBux pi-
BHiB Ta iHwWi. Pasom 3 Tum y poboTi iHaeTbca npo
HeedeKTUBHICTb AeAKUX IHCTPYMEHTIB AR AOCATHEHHS Mo-
CTaB/NIeHOI MeTH, HanpuKaag eHeprosbepekeHHs. OpraHi-
33Ul YaCTO CTMKAlOTbCA 3 TaKMMM BUKAWKAMM, AK rnoba-
NibHE NOTenAiHHA, HagMipHe BUKOPUCTAaHHA pecypcis, ix
HepauioHa/NbHe CMOXWBaHHA, WO He NiaaalTbCcA ynpas-
NiHHIO iCHYIOUMMM WabnoHamu. Lie npu3BoauTb, Ha AYMKY
aBTOpIB, 4,0 NOCTiIMHOro 36iNblUEHHA BUTPAT HA eHeprosa-
6e3neyeHHA. AK NPOAOBMKEHHA BAACHUX AocnigkeHb [11]

aBTOpPaMM 3aMpOMNOHOBaHO BAOCKOHANEHUI NPOLLEeC Kepy-
BaHHA EP, AKUI Bigpi3HAETbCA Big iCHYHOYOro, 3anponoHo-
BaHoro B ISO 31010: 2018, HaABHICTIO 6AOKY NPUIAHATTA
CTpaTeriyHmx piweHb Woao HanpAamis b6i3Hecy Ta ycTaHOB,
pilleHb Yy NAaHyBaHHI Ta po3pobLi NPOEKTY, pilleHb B yn-
paB/iHHI NpoLecamu, NPOAYKTaMM Ta NOCNYraMu, a TaKOXK
pileHb y B3aEMOAIT N10AeN 3 IXHIM OTOYEHHAM Ta 3aLiKas-
NeHnMK cTopoHamu. Kpim Toro, Ao npouecy KepysaHHA EP
[04QHO aNropuTm yNpasiHHA KPpU3aMu Ta iHUMAEHTamMM, a
TaKoXK 6e3nepepBHicTb H6i3Hecy. Pa3om 3 TM y poboTi He-
[OCTaTHbO yBarv NPUAIZIEHO Cy4aCHUM iHCTPYMEHTam ans
MOHITOPUHIY EHeProcrnoXmBaHHA Ta EP.

B iHWin poboTi [12] 3anponoHoBaHO Niaxia 40 NpoBeAeHHS
€HeproayanTy Ha OCHOBI NMPoUECcy YNPaBAiHHA PU3MKaMW.
Moro ocobnusicTio € BU3HauYeHHA eHeproedeKTUBHOCTI,
€HEeproeEMHOCTI, MMTOMOrO eHeprocrnoXnMBaHHA Ta iIHTEHCH-
BHOCTi BUKOPUCTAHHA eHePprii Ha NPUKAAAi O4MCHUX cnopya,
gignosigHo po ISO 50001:2018 ta metogonorii PDCA
(«Mnanyit — BukoHyi — Mepesipai — [ii»). Po3pobneHnit
niaxig, Aa€ 3mMory KinbKiCHO BM3HA4YaTW AK MOCTIMHY, TaK i
TUMYACcoBY HeepEeKTUBHICTb BUKOPUCTAHHSA eHeprii. BogHo-
Yyac aBTOpW 3aCTOCOBYIOTb AKICHI MeToAM ANA BU3HAYEHHA
ABUL, HeedeKTUBHOCTI, WO noTpebye yTouHeHHs 3pobne-
HUX BUCHOBKIB. LLle B oHiM nybnikauii [13] 3anponoHoBaHo
BMKOPWCTOBYBATU B CUCTEMAX EHEPIrOMEHEKMEHTY CTaTh-
CTUYHMI KpuTEpit X* ANA NepeBipKu rinoTes Woa0 Po3su-
TKy Hebe3neyHux nogin. ABTOpU 3a3Ha4aloTb, WO B TaKWUI
cnocib NiaBMLLYHOTb A0CTOBIPHICTb pO3paxyHKy EP, wo not-
pebye onpautoBaHHA 3HAYHOro 0bcAry BXigHMX AaHUX NPO
BnnB HebesneyHux UYMHHMKIB Ha CEHM. Tomy npouec
360py AaHWX MA€E BYTM NOCTIMHUM, @ Pe3yNbTaTH CAiL pery-
NAPHO nepernagaTtv M yTouHtoBaTw. LiikaBuin iHcTpymeHTa-
piii, WO [A€E 3MOry OLiHUTU PO3YMIHHA CMiBPOGITHMKaMM
CYTHOCTi 3anpoBajyKeHWX NPOoLEeCiB eHEProMeHeKMEeHTY
3anponoHoBaHo B poboTi [14]. LiikaBo, Wwo HalnpobaemHi-
LIMM BUABNAETLCA MPOLLEC NAAHYBAHHA, TOAI AK YNPaBAiHHA
El noKa3aB BUCOKY BaJliHiCTb, O CBiAYNTb NPO noro ede-
KTMBHiCTb. BogHOYaC aBTOPM HAronoLWyOTb, WO BUCHOBKM
CTOCYIOTbCS INLLE NOTOYHOIO CTaHy i1 NOTPebyoTb peryns-
PHOrO OHOBJIEHHA.

Y po6oTi [15] Ha OCHOBI AOCNIAKEHHA MYHILMIAAbHUX CUC-
TEM EHEPTrOMEHEAMKMEHTY BCTAHOBNEHO, WO HAWBiNbLMMMU
BUKAMKaMM ANA KepiBHUKIB € opraHisauiiiHi, a Takoxx obme-
YKeHicTb pecypcis. [lo opraHisauiiHMx BigHeceHO ynpas-
NiHHA PU3NKaMU, AIKe NOTPebye 3any4YeHHA 3HAYHOT KiflbKo-
CTi NpauiBHWUKIB 3 pPi3HUM [0CBIAOM | 3HAHHAMM, WO
BMMarae pilleHb A41A BpaxyBaHHSA BCIX AYMOK i BifCitOBaHHA
HEKOHCTPYKTUBHUX. ABTOPM MNiAKPEC/OTb HEObXiaHICTb
NOCTIMHOTO HAaBYAHHA NEPCOHANy Ta BUKOPUCTAHHA Cy4vac-
HUX OHNANH-NAATPOPM ANA cUCTemaTM3alii Ta aHanisy aa-
HUX.

Y poborTi [16] 3anponoHOBaHO BAOCKOHANIEHUA METOL, OLi-
HIOBaHHA €Hepropu3mnKiB Ha OCHOBI Teopii HaAiMHOCTI, Wo
nepenbayae BCTAaHOB/AEHHA B3aEMO3B’A3KIB MiX OxKepe-
NlaMu eHeprii Ta NOEQHAHHA Pi3HUX YacTUH 06nagHaHHA. Lie
hae Harony ebeKTUBHO KinbKicHO oujiHoBaTK EP y pexumi
peanbHOro 4acy. 3anponoHOBaHa CTpaTeria BPaxoBYeE AK
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€KOHOMIYHi, TaK i 6e3nekoBi acnekTn. BogHouyac 3anuuia-
€TbCA BiAKPUTUM NUTAHHA BU3HAYEHHSA 3B A3KY MiXK iMOBIp-
HiCTtO BiAMOBM 06/1a4HAHHSA Ta BApTiCTiO 36MTKIB, W0 BN/IU-
BA€E HA AOCTOBIPHICTb pe3yabTaTiB.

Y poboTi [17] npencTaBneHoO KOMNAEKCHWUI Nigxig Ao oui-
HIOBaHHA PU3UKIB, e AKICHA OLIHKA BPAaXOBYE BHYTPILLHI Ta
30BHILlWHI BNAMBK K enemeHT baraTtopakToOpHOro aHanisy.
[na ouiHKM 3anponoHOBaHO MaTpULIO PU3MKiIB, Nobyao-
BaHy 415 06’eKTiB eHepreTMUHOT iIHPPACTPYKTYpU 3 ypaxy-
BaHHAM ocobamBocTelt GyHKUiOHYBaHHSA 061agHaHHA, sKke
€ NOTeHLiMHO Hebe3neyHnm. OuiHKa 34iACHIOETbCA 3a MMO-
BipHicTIO BiamMOBM (N'ATMBaNbHA WKana) Ta CTyNeHem TaX-
KOCTi HacNigKis 3 ypaxyBaHHAM MOX/IUBOCTI BigHOBNEHHA
cuctem. [locnigrKeHHA TAKOXK MPOMNOHYE ABi CTAaTUCTUYHI
mogeni ANA OUiHKM napaMeTpiB HaiMHOCTI A0 Ta mican
KPUTUMYHOT Mogii, Wo [A€ 3MOry BpPaxoBYyBaTW PU3MKKU 3
ornAdy Ha TeXHiYHUI cTaH obnafHaHHA Ta eKoNoriyHi acne-
KTV ANA CTaNoro yNpaBAiHHA.

Y niAcyMKy NpoBefeHOro aHanily MOXHA CTBEPAKYBaTw,
YA0CKOHANEeHHA NPOLLeCy KepyBaHHA eHepreTMMHUMK pu-
3MKaMM B CUCTEMAX eHepromeHeaKMeHTy opraHisaui €
aKTyanbHOW 3ajavelo. Ii po3s’A3aHHA BUMarae po3pobku
meTogonorii ineHTndiKauii Ta OUiHIOBaHHA eHepreTUYHUX
PU3MKIB 3 ypaxyBaHHAM PisHMX HeGEe3NEeYHUX YNHHUKIB, AKI
BPaxoByloTb cneundiky ranysi, TexHonoriyHi ocobamnsocTi
Ta HOPMaTMBHI BUMOTW.

MeTta po60oTu. YA0CKOHaNeHHA NpoLecy KepyBaHHA eHepre-
TUYHUMW PU3MKAMWN B CUCTEMAX EHEPTOMEHEAXKMEHTY opra-
Hisauii 3 ypaxyBaHHAM Hebe3neuyHWx UYMHHMKIB, LIO A€
3MOry NiABULWMTU SOCTOBIPHICTb OTPUMAHMX Pe3y/bTaTiB.

Marepianu i metogu. HannowmpeHiwmm nigxoaom ao Ke-
pyBaHHA pU3MKamMK pisHoro Tuny € metog BOWTIE. Moro
3aCTOCOBYHOTb ANA BUAB/IEHHA PiBHA PU3MKY BiJ BCTaHOB/e-
HUX Hebe3nek, 3arpo3 Y HeBiZNOBIAHOCTEM HA OCHOBI NPU-
YMHHO-HacnigKoBoro 38’A3Ky [18, 19]. TakoX 3a Moro gono-
MOroH MOXHa BU3HAUUTH pe3ynbTaTUBHICTb
3anponoHoBaHUX «bap’epis» (3aN0BiIKHUX UM 3aXUCHUX 3a-
X0AiB) ANA 3MeHLEeHHA MMOBIPHOCTI HacTaHHA Hebesney-
HOI noaii, a TaKOXX BM3HAYEHHA BAXKOCTi Hacniakis nicna
HacTaHHA Hebe3neyHoi Nogji. 3arasiom nNpeacTaBAEeHUI Mme-
Toa, nepenbavae AnA BU3HAYEHHA BEANYMHU eHepreTuy-
HOro PU3MKY: NPOBEAEHHA iAeHTUDIKALLIT eHepPreTUYHUX He-
6e3neK ana po3pobKu ix peecTpy B opraHisauii Ha OCHOBI
LOCNIAKEHHA [XKepen eHepreTMYHOro pPU3uKy; BUBYEHHA
MeXxaHi3miB po3BUTKY Hebe3neyHoi nogii Ha ocHOBI Npwu-
YMHHO-HACNILKOBOrO 3B’A3KY; BCTAHOBNEHHA BEAUYUHU
MMOBIPHOCTI HacTaHHA Hebe3neyHoi NoAii — 3a paxyHOK 06-
PO6KM CTaTUCTUYHMX JAHUX LWOA0 BCiX HeBigmnosigHocTeln,
Hebe3neyHux nogili (360iB, NOJIOMOK, BiAMOB, LLO Bigby-
nnck byab-ge 8 CEHM opraHisauii); BU3HaYeHHs BayKKOCTi
€HepreTMYHUX BTPAT Ha OCHOBI pPO3paxyHKy iHaHCOBMX
36MTKiB; 06pPaxyHOK eHepropusmky — byap-AkMM npuaat-
HUM MmeToaoM, Bu3HayeHum B |EC 31010:2019 Risk
management — Risk assessment techniques.

Ha »kanb, BigoOma iHTEepnpeTaL,ifa onMcaHoro meToay He Bpa-
XOBYE BM/ANB Ha MMOBIPHICTb HacTaHHA Hebe3neyHoi nogii

BHYTPILWHIX i 30BHilIHIX Hebe3ne4yHMUX YMHHWUKIB cepeno-
BMLLA OpraHisauii, BioMOCTi Npo AKi NOCTiNHO NOBUHHI 36U1-
paTuca ans aHanisy i NPUUHATTA BiANOBIAHMX yNpaBAiHCb-
KMX pilleHb. AK HacnifoK — nosABa 3HAYHUX NOXMOOK npwm
BM3HaAYeHHi MMOBIPHOCTI HacTaHHA Hebe3sneuyHoi noaii M
CTyneHs 1i TAXKKOCTi, 0co611BO B pasi 3acTocyBaHHA AKICHUX
i HaNiBKINbKICHMX MmeToAiB OuiHIOBAaHHA pu3uKy. Chig Big-
3HauYMTK, Wo B ctaHaapTi ISO 50001:2018 iaeTbca npo He-
0b6XigHiCTb BU3HAYEHHA BMJIMBY Ha PiBEHb PU3NKY 30BHILU-
HiX | BHYTPIWHIX YUHHUKIB cepeoBMLLA OPraHi3au,ii, ogHaK
MeXaHi3M BMKOHAHHA Uiel npoueaypw BigcyTHin [20]. 3ri-
AHo 3i ctaHgaptom IEC 31010:2019 y meTtoai BOWTIE ansa
BM3HAYEHHA PiBHA eHepropusmnky HeobXiZHO BCTAHOBUTU
NPUYMHO-HACNIAKOBUIA 3B'A30K: «Hebe3sneka (Hesignosia-
HicTb — Hebe3neyHa noajia — Hacnigku». Mpu Lbomy AnA
AKICHOro OLiHIOBaHHSA pPiBHA pM3MKY NoTPibHO chopmyBaTh
LWKaAM MMOBIPHOCTI HacTaHHA Hebe3neyHoi nogii Ta cTy-
NeHA TAXKKOCTI.

[ns 36inblieHHA [OCTOBIPHOCTI BU3HAYEHHA piBHA EP npo-
NMOHYETbCA YAOCKOHanntn moaens BOWTIE, B AKy poaa-
€TbCA HEOOXiAHICTb BU3HAYEHHA B3aEMO3B’A3KY MiK Hebe-
3NeKol i Hebe3neyYHUMM YMHHUKAMU, fKi 36iNblUyOTb
iMOBIpHICTb UM BaKKiCTb HaCNiAKiB HacTaHHA Hebe3neyHoi
eHepreTU4YHOI NoAii, a TakoX 3anobixKHi UM 3axXMCHi 3axoan,
LLLO 3MEHLLUYIOTb iIMOBIPHICTb HAacTaHHA Hebe3neyHoi eHep-
reTMYHoI nogji.

B ocHOBI yaockoHaneHoro metoay BOWTIE nexuTb po3pa-
XYHOK BenuumHu EP Big cyKynHoro Bnamey BCix Hebesneu-
HUX YMHHWUKIB: Qi3UUYHUX, XIMIYHUX, KNiIMATUYHMX, Bionoriu-
HUX, NCMXOPi3i0NOrYHNX, EpProHOMIYHUX, TEXHIYHMX,
opraHisauiiHMX Ta iHWMX —a TaKoXK Hebe3neuHux ain i bes-
A npaLiBHUKIB (NOMWUNOK, 31010 ymucAy, npodeciiHoi He-
BiZ4NOBIAHOCTI TOLWO) B OpraHisauii 3a popmynoto [21]:

n n n
Rji=B"jixT"ji,

ne R"ji —enepropusnk HebesneyHoi nogii sig Hebesnekmn —

j 3 ypaxyBaHHAM Hebe3neuHnx YnHHUKiB — i; B"ji — imoBip-
HiCTb HacTaHHA Hebe3neyHoi nogii Big Hebesnekn — j nig,
BM/IMBOM Hebe3neyHoro YnHHmKa —i; T ji — CTyMiHb TAMXKKO-
CTi HacnigKie Big Hebe3sneyHoi noaiji Big Hebesnekn —j nig,
BNIMBOM Heb6e3MeyHOro YNHHUKA — i.

Mpouec KepyBaHHA eHEepPropmManKaMmn CKNaJAETbCA 3 aHa-

Ni3y, OUiHKKN Ta 3HUXKEHHA €HEepPropusnKy 40 NPUNHATHOTO

PiBHA 33 paxyHOK BMPOBaMKeHHA 3anobiXKHMX i 3aXMCHUX

3axo4is; nepernAagy Ta akTyanisauii KapT eHepropusukis;

NnpoBeAEeHHA ayauTiB NpoLecy KepyBaHHA eHepropusu-

KaMu; nosinweHHA (B4OCKOHANEHHA) NPOLECY KepyBaHHSA

eHepropvankamu. Moro MoxHa npeAcTaBUTH Ha OCHOBI 11

eTanis (pwuc. 1):

1. Bu3Ha4YeHHA XapaKTepUCTUK iHPpPACTPYKTYPU, NapameT-
piB 061aAHAHHA eNEeKTPUUHUX MEepPEeX.

2. loeHTudikauia eHeproHebesnek Hebe3nNeYHUX YMHHU-
KiB, Hebe3neyHunx NoAil Ta X HacniaKiB.

3. Bu3HauyeHHA Ta aHani3 pPiBHA PU3UKY (BCTAHOB/IEHHA Ya-
CTOTW HacTaHHA Hebe3neyHOoI NoAii Ta CTyNeHA TAXKKOCTI
eHeprosTparT).
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OujiHKa eHepropusuKy (MPUUHATHUIN, HENPUINHATHUIA).
Po3pobKa 3axoaiB 41A 3HUKEHHA eHEePropu3nKiB.
JOKYyMeHTYBaHHA KapT KepyBaHHA pM3MKaMu.
Mepernag Ta akTyanisauia KapT eHEPropmsmnKis.

© N o un oA

MpoBeseHHA ayauTiB NPOLLECY KepyBaHHA eHepropusm-
Kamu.

Eran 9. Anani3 pesynstatis ayauty
CHCTEMMW eHEPTETUYHOTO
MEHEMKMEHTY 3 METOIO NOAINWEHHA
NPOLECY KEPYBaHHA EHEPTOPH3MKAMN

ETanu npouecy
KepyBaHHs
EHepreTHYHUMH
PpHU3HKaMK

4

Eran 8. NpoBegeHHA ayauTia npouecy
HEPYBaHHA eHepreTU4HMMU pU3MKamK
CUCTEMMU eHepreTU4yHoro

PU3UKaMHK

MEHEAMMEHTY

AwHaniz ETan 1. BU3HaueHHA iHPaCcTPYKTYPH,

Eran 10. Po3poBineHHa
npono3uuii ana
NONINWEHHA KEPYBaHHA
EHepreTU4HMMH pU3IMKamMK

Etan 11. PozpobneHHA
BAOCKOHANEHOTO NpoLecy
KepyBaHHA eHEPreTUdHUMMU

-
3minu B pobodomy
Eran 7. Nepernag Ta aktyanizaujia Evan 6. [JoOKyMeHTyBaHHA KapT <] DOpMK LOKYMEHTYBAHHA
KapT KepyBaHHA PU3MKamin KEpYBaHHA pU3UKammn KapT pU3KKie | peecTpis

cepenosm

9. AHania pesynbraTiB ayguTy CUCTEMM EHEProMeHeH-
OXXMEHTY.

10. Po3pobka npono3uuin 4na noninweHHA npouecy Kepy-
BaHHA eHepropmsMKamum.

11. Po3pobka 3axogiB 3 MOANiMWeHHs (BAOCKOHA/NEHHSA)
npouecy KepyBaHHA EHEPropuU3nKamu.

=
S
g3
= ®
2 x
23
V53 i
g J[OKYMEHTYBaHHA pU3MKiB
R
Ely A
£z
g
JorymeHToBaHa iHbopmaLia:

- KapTH eHEePropu3nKis;

- PEECTP EHEProPU3HKIB;
- NAAH 3] 3HUMEHHA EHEPTOPUINKIB

M
pobouoro oBnagHaHHA TOWO, Ha AKMX HeobxigHO
cepefoBULLa MNpPOBECTH O EHEProp13MKIE
. . ﬁ MpuiAHATHWA
ETan 2. |geHTndikavia (onumc) Knacudixarop exepreruunmx EHEePropusmk
eHeproHebesnex, HebesneyHnx YWHHMKIB, Hebeanex, Hebe3neuHUX YUHHUKIB
HebesneyHux noaji i ix Hacniakie Ta HeBeaneunux noaii
Eran 4.
OuiHka
Eran 3. BU3Ha4eHHA Ta aHania pisHA Etan 5. Po3po6ka 3axogis ana EHEepropuamnKy: MaTpHLA OLiHKM
EHEepropuanky 3HUKEHHA EHEPrOPU3HKIB NPUAHATHWIA 4K EHEPropu3nKie
Awanis HenpiHATHURA HENPUHHATHWI
EeHEepropusuky < G & 1N J eHepropuauk EHEPIOPH3NK?.
BME:::H::LR EeIEL)
AMoBipHOCT N Obpabia OuiHioBaHHA
CTYMeHA TAXKOCTI
(4acToTH) HacTaHHA S—— EHEpropHauKy eHepropusmkie
HeGesneyHoi noail >
!
BusHayeHHs piBHA EHEPropM3MKY |
J
~

Puc. 1. lpoyec Kepy8aHHA eHepaopu3uUKamu

Ons ineHTndikauii eHepropusmnkis aHanisyeTbca NOTEHLN-
HWIM BNAUB Hebe3neYHUX YNHHUKIB BHYTPILHbOrO 1 30BHi-
LWHbOrO CepesioBULLLA opraHisauii. [»kepenamun HeobxigHoT
iHpopmaLii 4n1a NpoBeAEHHS OLHKM eHEePropu3mKiB €:

iCHYtOUMIA ONUC CUCTEMM EHEPronoCTaYaHHA Ta eHepro-
CMOXXMBAHHA OpraHisauii;

[0CTynHa iHbopMaLia Npo BHYTPILWHE Ta 30BHILLHE ce-
peaoBuLLEe opraHisay,ii;

iHpopMaLia Npo HeBigNOBIAHOCTI, BUABNEHI paHile;
pe3ynbTaTh BHYTPILLHIX ayauTiB;

pes3ynbTaTh 30BHIlWHIX ayauTiB (iHpopmauis Big npea-
CTaBHWKa KepiBHULUTBA — BianosiganbHoro 3a CEHM);
iHWi gaHi Ta iHbopmaLisa Npo HeBiANOBIAHOCTI y cMCTe-
Max eHepronoctayaHHA.

Pe3ynbtati igeHTUdIKaL i eHepropmnsnKie 4OKYMEHTYIOTbCA
(tabn. 1). Oani BU3HAYAETLCA PiBEHb EHEPrOPUBUKY i 3ane-
YKHO Bif, OTPMMAHOro pe3ynbTaTy 33 KOXHUM 3 Hebesneuy-
HUX YNHHMKIB PO3IIAHYTUX EHEPTOPU3HKIB, Y pasi NoTpebun
NnoTpibHO BCTaHOBWUTM 3aN0biXKHi Ta 3aXUCHI 3axo4An ANA Ke-
PYBaHHA LLUM €HEepPropusnKom.

Ons eHepropusuky Hebesnek BM3HAYEHHS YacTOTU Ha-
CTaHHA Hebe3ne4yHoi nogji, BENIMYMHU PiBHA HEraTUBHOIO

HacNiaKy —eHeprosTPaTh Ta piBeHb eHepropusuky. [ina su-
ABNEHHA Hebe3neyHUXx YMHHMKIB aHaNi3yeTbCA BUKOPUC-
TaHHA, CMOXKMBaAHHA | BTPATN eHepreTMYHUX pecypcis 3a Mu-
HYAWIA nepiod 3a Nigpo3AinomM Ta Mpouecom (HasBHICTb
BE/INKOI KiIbKOCTi CTaTUCTMYHOI iHbOopMaLLii NiaBULLYE AK-
icTb aHani3y). Hanpuknaga, BNAMB TemnepaTypy HaBKOULL-
HbOro cepenoBuLLa, BUA NPOAYKLIi, KiAbKICTb NpaLuiBHUKIB
Towo. AKWO BMABNEHUIN Hebe3neyHUin YMHHUK, AKNIN He
Ma€ [O0CTAaTHbOI KiNbKOCTi CTAaTUCTUYHUX AAHWUX (HEMOXK-
/IMBO BUKOHATM PO3PaxyHOK NiHIAHOT perpecii), 3a LM YmH-
HUKOM NOTPIBHO NpoBecTM BUMIptOBaHHA, WO6 3'acyBaTu
piBeHb BNAMBY Ha MMOBIPHICTb HacTaHHA HebesneyHoi no-
Aii Ta T TAXKKICTb BTPAT.

MpPOnNOHYETbCA BBECTU TaKi KpUTepil NPUAHATHOCTI 3aranb-
HOro eHepropusuky [23]:

NPUAHATHUI eHepPropusmnk — e Konu He binbwe 5%
€HeproBTPaT 3a PiK 33 NPOLLECOM YM 0B1IagHAHHAM, YK
32 opraHisauieto B LiioMy;

NPUNHATHUI eHepPropm3mnK 3 NepeBipKoto — Le Koau bi-
nbwe 5 %, ane meHwe 10 % eHeprosTpaT 3a PiK 3a Npo-
uecom un obnagHaHHAM, UM 33 OpraHisaLi€eto B Linomy;

HENPUNHATHWUIA eHepropusuk — ue Konu binbwe 10 %
€HeprosTpaT 3a piK 3a NPOLECOM Yn 0bnagHaHHAM, Ym
3a OpraHisaui€to B LiioMy.
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Ta6nuua 1. laeHTudikauia eHeproHe6esnek, HY, aHani3 Ta ouiHka EP He6e3nekun
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Pe3synbTatu AocnigKeHHA. Po3rnaHemo KepyBaHHSA eHep-
ropusnKamm Ha NpuKnagi ribpuaHoi cuctemm geueHTpani-
30BaHOr0 XWUBJIeHHA Ha 6a3i GoToeNeKTPMUHOI cTaHL|i Ta
Smart-cuctemMun HaKoONUYEHHA eNneKkTpoeHeprii.

LocnigxyBaHa Aitoya ribpuagHa cuctema enektposabesne-
YeHHA 06’eKTa ABNsAE cObolo AaxoBy GOTOENEKTPUUHY CTa-
HLLIO 3 MOHOKPUCTAaNIYHUMM MOAYNAMMU CYMAPHOI NOTYXK-
HicTio 135 KBt DC / 100 KBt AC y noeaHaHHi 3i cmapT-
CUCTEMOIO HAKOMWYEHHA EeNEeKTPUYHOI eHeprii EMHICTIO
200 KBT-roa. Po3rnfHemMo NpPWYMHHO-HAC/IAKOBUI B3a€E-
MO3B’I30K MiXX Hebe3neKow (MOXKAMBICTIO 3YNMUHKU UM

CYTTEBOrO 3MEHLIEHHA eHeproreHepaujii ribpuaHoi cuc-
TEMM), HacTaHHAM Hebe3neyHoi nogii (3ynnMHKo 4um cyTTe-
BMM 3MeHLUEHHA eHeproreHepadji ribpugHoi cuctemmn) Ta
HacnigKamu — He3HerepoBaHOI efiekTpoeHeprielo doToe-
JNIEKTPUYHOI cTaHLiT (puc. 2) [24].

Y Tabn. 2 HaBeAeHO Knacudikal,ito 30BHILLHIX Ta BHYTPILLHIX
Hebe3neyHNX YNHHMKIB, LLLO BMNANBAIOTL HAa PiBEHb eHepre-
TUYHOTO PU3MKY FiBPUAHOI cUCTEMM AeueHTpanisoBaHoOro
e/1eKTponocTayaHHA Ha 6a3i GoToeNneKTPMYHOI CTaHLi 3 Cu-
CTEMOLO HAaKOMUYEHHA eHeprii.
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HEBE3MEYHI EHEPTETUYHI YAHHUKN
3YNUHKa YX 3MEHLLEHHA eleKTporeHepawii COHAYHOI cTaHuii

WMoBipHIicTb HacTaHHa
HebesneyHoi
eHepreTu4Hoi noaii, Im

TAXKicTb Hachipkis Big
HacTaHHA Hebe3neyHol
eHepreTu4HoI nogii, T

HEBE3MNEYHA
EHEPTETUMHA |
EHEPTETUYHA noaia ’ EHEPTETUYHI
HEBE3MEKA 3YNMHKa YU CyTTEBE BTPATU

3MEHLUEeHHA
enexkrporeHepauii
COHAYHOI CTaHuii

MO/MBICTb 3YNUHKK YU
CYTTEBOTO 3MEHLIEHHA
enekrporeHepauii
COHAYHOI CTaHUii

He3reHepoBaHa
eNeKTPOoeHepria COHAYHOI
enexkTpocraHuii

3axoAm 3i 3HWIKEHHA
WmoBipHocTi
HaCTaHHA
Hebe3neyHoi
eHepreTu4Hoi noail

EHepreTMyHuit pusnk Hebesnekn, R=Im x T

Puc. 2. Modenb 830eM038°A3Ky 3 HeOE3MeKoo (MOXUBICMIO 3YMUHKU YU CYMMEBO20 3MEHWEHHA eHepaozeHepauii 2ib-
pUdHOi cucmemu) ma HaCMaHHAM Hebe3rne4vyHoi Mooii (3ynUHKO YU CymmesumM 3MeHUWEHHAM eHepao2eHepauyii 2ibpuod-
Hoi cucmemu) ma HacnioKamu — He3He2epoB8AHOK ef1eKMpoeHep2ieto homoeneKkmpuyHoi cmaHuii

3axoam 3i 3HWIKEHHA
TAMKKOCTI HAacNiAKiB Big
HacTaHHA Hebe3neyHol

eHepreTu4HoI noail

Tabnuua 2. He6e3neyHi YNUHHUKUN eHepreTUYHUX pU3MKiB Hebe3neyHoi NoAii BTpaTM enekTpo3abesneyeHHA CNoXKu-
Baya Bif, cuctemu posnogineHoi reHepauii Ha 6a3i CEC ta Y3E

3Ha4YeHHA TAXKKOCTI
YacroTa O/ mi i
Ne BTpaT, % BipA, piy-
Onuc Hebe3neyHoro YNHHUKaA npossy
HY 33 biK HoOro BMpo6aeHHsa
P eneKTpoeHeprii
30BHiWHi Heb6e3neyHi YNHHUKMH
H4Y: | MoroaHi ymoBu: XMapHicTb, A0LL, CHIiF, TYMaH TOLLO. 131 0,015
HY2 | Yac gobu: Beuip Ta Hiu. 365 0,011
HY3 | Ce30HHi KONMBAHHA: IHTEHCUBHICTb COHAYHOIO BUNPOMIHIOBAHHA 3MiHIOETLCA 12 0,400
NPOTAFOM POKY; B3MMKY, KOW AHi KOPOTLWIi, @ COHAYHE BMMPOMIHIOBAHHA
MEHLL iIHTEHCUBHE, BUPOOHULITBO E/IEKTPOEHEPTIiT 3HUKYETLCA
H4Y4 | FeorpadiuHe po3TawlyBaHHA: KibKiCTb COHAYHOI eHeprii, 4OCTYNHOI ANA reHe- 365 0,007
pau,ii, 3Ha4YHO BAPItOETLCA 3aNEXKHO Bif, LUMPOTM Ta KNiMaTy MiCLEBOCTi; Tak, pe-
rioHM 3 6iNbLWOIO KiNbKICTIO COHAYHMX AHIB i BULLO iHCONALLIEID MAtOTb Hinb-
WKW noTeHuian ansa ebeKTUBHOT pOOOTU COHAYHUX ENEKTPOCTAHLiN
H4Ys | EKcTpemanbHi NOroaHi ymoBU: CU/bHI BITPU, rpaj, CHironagy MoXyTb MOLIKO- 5 0,040
OMWUTU COHAYHI MaHeni Ta iHWi enemeHTH CTaHui
H4Ye | 3anuneHHA Ta 3abpyAHEHHA nNaHenen: HakonuuyeHHA nuay, bpyay, nTawu- 15 0,033
HOro nocnify Ha NOBEPXHi COHAYHUX MAHENEeN 3HUNKYE NOTPANAAHHA COHAY-
HOTO CBIiT/1a, L0 3HAYHO 3HUMKYE IXHIO ePEKTUBHICTb
HY7 | 3aTiHeHHA: 3aTiHEHHA COHAYHUX NaHenel Big aAepes, byaisenb, CTOBNIB TOLLO 155 0,010
NPW3BOANTb A0 3HUNKEHHS BUPOOHULLTBA eNleKTPOeHeprii BCiE0 cuctemoto
H4Yg | MigBuweHa TemnepaTypa NOBITPA: ePEKTUBHICTL GOTOENEKTPUYHUX NAHeNe 48 0,042
3HMXKYETHCA 33 NiABULLIEHHA TeMnepaTypu. Y CNEKOTHI NiTHI AHI reHepaLia ene-
KTPOEHeprii Moxe ByTN HUKYO 32 OYiKyBaHy
BHyTpiWwHi He6e3neuyHi YNHHUKKN
HYs | 3HMKeHHA epeKTUBHOCTI pPO6OTH COHAYHUX NaHen el 3 Yacom: GOTOENEKTPU- 365 0,001
YHi MaHeni 3 Yacom AerpagyoTb, WO NPU3BOAUTL A0 MOCTYMOBOrO 3HUMNEHHA
IXHbOT ePEeKTUBHOCTI
H4Y1o | TexHiuHe 06cnyroByBaHHA 061aAHaHHA: TeXHIYHE 061aaHAHHA, KOMMOHEHTH 2 0,003
COHAYHOI eNleKTPOoCTaHLii (iHBEPTOP, CMapT-KOHTPOIEP, KOHTAaKTOPW, KOMYHI-
KaujiiHe ob6n1aHaHHA) MOXKYTb BUXOAMTU 3 afy Yepes TEXHIYHMI CTaH
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3HaYeHHA TAXKOCTI
Yacrora Al
Ne BTparT, % Bipg, piy-
Onuc Hebe3ne4yHOro YUHHUKa npossy
HY 3a piK HOro BMpO5nEHt!H
eneKTpoeHeprii
BHyTpiWHi He6e3neyHi YAHHUKKU
H4Y11 | Buxig 3 nagy um BiamoBa o61agHaHHA: TeXHIYHE 061aAHAHHA, KOMMOHEHTH 2 0,040
COHAYHOI eNeKTpoCTaHLji (iHBEepTOpKM), YCTAaHOBKM 36epiraHHA eHeprii YM pos-
NoAiNbHOI MepeXki MOXyTb BUXOAUTM 3 Nafy Yepes HenpaBuabHy eKcnayara-
Ljilo, opraHisauito pobiT, HU3bKY KOMMETEHTHICTb MepcoHany nig yac Ajin y He-
CTaHAAPTHUX CUTYaLLIAX
HY12 | BiacyTHicTb OHNaliH-KepyBaHHA Yyepe3 360i B iHTepHET-3B'A3KY: BiACYTHICTb 10 0,020
iHTepHeT-3’e4HaHHA 3i CMapT-rpig cMCTEMOLO NPU HaKNaAaHHI e/1eKTPOMarHiT-
Horo 360t0 06/1aiHAHHA He A03BONAE BUKOHYBATU AWUCTAHLiHE KepyBaHHSA
CMCTEMOIO, L0 MOKe MPU3BECTU A0 Ti HENpaBUIbHOI poboTH, BUXOAY 3 Naay,
3HUMKEHHSA HaZiMHOCTI enekTpo3abesneyeHHs

PO3yMiHHA UMX YNHHUKIB € KPUTUYHO BaXKJAUBUM A8 Mpa-
BU/IbHOTO MPOEKTYBAHHA CUCTEMMU, PO3POOKK CTpaTeriin mi-
Himisauii pusukiB, 3abesnevyeHHA CTiIMKOCTI Ta HagilHOCTI
€IeKTPOonocTavyaHHA O6’eKTIB KPUTUYHOI iHOPACTPYKTYpU.
[o ocHOBHUWX rpyn Hebe3neyHMUX YNHHUKIB BiLHOCATL: KAi-
MaTUYHi yMmoBU (TemnepaTypa, onaau, 3anuneHicTb), Koau-
BaHHA COHAYHOI pagjauii, pU3nKM NolwKoaKeHHs obnaa-
HaHHA 4epe3 CTMXIilHI ABWUWA, TEXHIYHi HecnpaBHOCTI,
perpagauia GoToenekTpUYHUX MOAYNIB, NepeBaHTANXKEHHA
NiHIA, NOMWNKM B HaNAWTYBaHHI CUCTEMMU HAKOMUYEHHA
eHeprii. [1na 3abe3neyeHHA edpeKTUBHOI Ta 6e3neyHoi po-
60TM OnMcaHMX eneKTPOCTaHLiM HeobxigHO peanisyBaTu
KOMMNJIEKC 3aXOAiB: pe3epByBaHHA MOTYKHOCTI (BMKOpUC-
TaHHA CUCTEM HAKOMMUYEHHA eHeprii AK NigTpUmytoyoro
OKepena Ans CoHAYHOI reHepauii), TexHiuHe obcnyrosy-
BaHHA (perynspHa nepesipka o6i1agHaHHSA, ounLLEeHHA do-
TOENIeKTPUYHMX MOAYNIB Big, Ny Ta 3abpyAHEHb), MOHITO-
PVHT HaBaHTaXKeHb (KOHTPOAb BiAMNOBIAHOCTI €1EKTPUYHMX
HaBaHTaXKeHb 3aXMCHiN KOMyTaLiMHi anapaTypi Ta nepepi-
3aM KabenbHUX NiHil), cucTema KOHTPOAO (BMPOBAAMKEHHS
aBTOMATW30BaHOIO MOHITOPUHIY NapameTpis poboTu ans
PaHHbOrO BUABNEHHA BiAXWAeHb). Peanisauia 3a3HayeHmx
3ax04iB AacTb 3MOry NiABULLUTK CTiliKICTb cMCTEMM [0 308-
HiLLHIX | BHYTPILWHIX pU3KKiB, 3abe3neunTn HagiliHiCTb ene-
KTPOMOCTa4YaHHA CMOXKMBaYiB Ta CNPUATU CTAJIOMY PO3BU-
TKY eHepreTuyHoi iHppacTpyKtypu. Y 1abn. 3 HaseneHo
NPUKNAA KepyBaHHA eHepropmMsMKaMu Mig 4ac ekcnayaTta-
Lii oTOENEeKTPUYHOI CTaHLii 3 CUCTEMOID HAKOMUYEHHA
eneKTpoeHepri.

OTpuMaHi pe3ynbTaTv NiATBEPANKYOTb ePEKTUBHICTD yaA0-
CKOHA/IEHOro MpoLecy KepyBaHHA eHepreTMYHUMU PUsn-
Kamu, AKnit 6asyetbca Ha moamdikoBaHiin mogeni BOWTIE
Ta BPAxOBYE BM/MB 30BHILWWHIX i BHYTPiWHIX Hebe3neyHnx
YMHHMKIB. Ha BigMiHY Big TpaaMLUiMHMX NiaxoAis, WO 3acTo-
cosytoTbca B mexkax 1ISO 31010 ra IEC 31010, 3anponoHo-
BaHa MeToAMKa Aa€ 3MOry AeTasli3yBaT BHECOK KOXHOro
YMHHWKa Yy GOPMYBaHHA 3araibHOro PiBHA PU3UKY eHepro-
BTpaT. LUe cyTTeBO nigBuMLLye AOCTOBIPHICTb OLLHKM, OCKi-
NIbKM KNacu4yHi mogeni 34eb6inblioro onepyoTb AKICHUMMU

LWIKanaMmn MMOBIPHOCTI Ta TAXKKOCTI HAcNiAKiB, Wo obmexye
TOYHICTb NPOrHO3yBaHHA.

0O6roBopeHHA pe3yabTatiB. AHani3 ribpuaHoi cuctemu ge-
LEeHTPanisoBaHOro KMBNEHHA Ha 6a3i doToenekTpuyHoi
CTaHUii noTy»HicTio 135 kBT DC / 100 kBT AC Ta Smart-cuc-
TEMM HAaKOMMYEHHA eHeprii NoKasas, Wo Ha ii poboTy Bnau-
BalOTb BiCiM 30BHILLHIX i YOTUPW BHYTPILWHIX He6e3ne4yHmx
YMHHUKK. CymapHi eHeprosTpaTh 3a pik ctaHoBmAn 18 %,
Lo nepesuLLye noporose 3HavyeHHA 10 % Big 3aranbHOi No-
TYXKHOCTI CTaHUii Ta KNacudikyeTbcA AK HENPUNHATHUI pi-
BEHb pU3MKY. Lle y3roaKyeTbca 3 BUCHOBKaMM [25], sKi nia-
KPECNIoTb  KPUTUYHICTb  BPaXyBaHHA  TEXHIYHMX i
KNIMaTUYHUX YNHHUKIB AN1A 3abe3nevyeHHs HagilHOCTI eHe-
preTmyHmx cuctem. BogHouac peanisauisa Komnaekcy 3ano-
6iXKHMX 3axoAiB (pe3epByBaHHA MOTYXKHOCTi, aBTOMaTU30-
BaHE OYMLLEHHSA NaHeNei, MOHITOPUHT CTaHy 0b6a1agHaHHA)
Jana 3mory 3HU3uTu pusnk ao 9,9 %, Wo BignoBigae pisHo
KNPUMHATHUIA 3 nepeBipkoto». OTXKe, 3anpPONOHOBaHMUM
niaxiz 3abesnevye LOCATHEHHSA LLibOBUX MOKA3HMKIB eHep-
roedpeKTMBHOCTI 6e3 3HayHOoro 36inblueHHA BUTPaT.

Y niacymKy Biabynock ya0CKOHaNIEHHA NPoLEecy KepyBaHHA
eHepreTMYHUMM pusnkamu 8 CEHM opraHisau,in 3a paxyHoK
BUAB/IEHHA YaCcTOTU BMNMBY Ta CTYMEHA TAXKOCTI Bif, Npo-
ABY Pi3HUX rpyn Hebe3neyHMX 30BHILLHIX | BHYTPILLHIX YMH-
HUKIB Ha CymapHi eHeprosutpatu. Lle no3sonnae aertanisy-
BATM €HeproBuTpaTW Bif BM/MBY KOXKHOFO HebesneyHoro
YMHHWKA, BUSBMTU 3 YCIi€T CYKYNHOCTI HalinAMBOBIWI Ta 3a-
NPOMOHYBaTM BIAMOBIAHI 3axoAn [A1A 3MEeHLIEeHHA
BnauBYy [26]. MpaKTUYHA 3HAYYLLICTb AOCNIAXKEHHA NONATAE
B MOXX/IMBOCTI 3aCTOCYyBaHHA PO3p0obaEHOT METOANKMN A5
06’€EKTIB KPUTUYHOT iHOPACTPYKTYPU, A€ HAZIMHICTb eHepro-
MOCTAYaHHA € KNOYOBUM YMHHMKOM Be3neku. Kpim Toro,
CTBOPHOETLCA MiArPYHTA 4N1A aBTOMATM3aL,ii npoueciB eHep-
reTMYHOro MOHITOPMHIY Ta adanTaLii BiTYM3HAHKMX Nignpu-
EMCTB A0 BUMOT MiXKHapoaHoro ctaHaapty I1SO 50001, wo
B [LOBFOCTPOKOBIN NnepcnekTnai 3abesneyye NocTiHMI po3-
BMTOK Ta 36iNbllEHHA eHepreTMYHOro noTeHujiany ribpua-
HOI cTaHU,i.
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Tabnuua 3. MpuKknag KepyBaHHA eHepropusnkamm GoToeNneKTPUUHOI CTaHLil 3 CUCTEMOIO HAKONUYEHHA eNleKTpoeHeprii
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PUHKIB NiABULLLEHHA CTIMKOCTI CMCTEM AeLLeHTpani3oBaHoOro
KMBNEHHA HabyBae ocobamBoi aKTyanbHocTi [27]. Kpim

(£5 % — npuiAHATHWIA; 5-10 % — NPUIRHATHWUIA 3 NEPEBIPKOIO;
>10 % — HEenpUUHATHUI) MOXYTb BYTU BMKOPUCTaHI Ans
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CTaHAapPTM3aLii NpoLEeciB eHEProMeHeAXMEHTY Ha nignpu-
EMCTBaAxX Pi3HUX ranysen.

BayKNMBOK YMOBOIO Ai€BOCTI NPOLLECY KepyBaHHsA eHepro-
pU3NKaMU €:

CBOEYACHWUI PO3rNAag, pesynbTaTiB BUSHAYEHUX eHepro-
pu3nkis Hebesnek Ta moxknmeocten y CEHM;

KOPEKTHICTb NPUNHATTA PilleHb LoA0 BUKOHAHHA 3aX0-
[iB 3 KepyBaHHA eHeprop1sMkammn Hebesnek i MoXKu-
BOCTeM, BU3HAUYeHUX y «KapTax igeHTudikaLii Ta oLiHKK
eHepropusunkis y CEHM»;

HagaHHA iHpopMaLii NPo BUABAEHHA EHEepPropusuKis
Hebe3snek i moxamnsocten y CEHM go cnyx6u ronos-
Horo eHepreTuKa (CIE) npu nepBUHHIN Ta nepioanyHin
OL,HL,i eHepropusukie, Ha AKi NOTPiIOHO BigpearysaTy,
wob oTpUMaTN pe3yabTaT CTOCOBHO 3aTBEPANKEHUX 3a-
BOAHb ANA NOANINWEHHA eHepPreTUYHOI pe3ynbTaTUBHO-
CTi.

BucHoBKMU

1.

BoockoHaneHo npouec KepyBaHHA eHepreTMYHUMU pu-
3Mkamn B CEHM opraHisauiin, AkuiA gae amory nigsu-
LWMTN JOCTOBIPHICTb pe3ynbTaTiB PO3PaxyHKy PiBHA pu-
3MKYy eHeprosuTpaT 3a paxyHoK ¢opmyBaHHA HoOro
BE/IMYMHU AK CYMU PU3UKIB €HEpProBTpaT Bif, KOXHOro
30BHIWHbOrO 4YM BHYTPILWHLOrO Hebe3neyHoro YWH-
HUWKa, AKi BNIMBAOTb HA BE/IMYUHY 3ara/ibHUX eHepros-
Tpar.

3anponoHOBaHO NpoLec KepyBaHHA EHEPropusnKamm,
AKMI CKnapaetbes 3 11 eTanis, WO B LLiJIOMY A3OTb Ha-
rogy OLiHUTN €HEepPropm3nKM Ha OCHOBI BU3HAYEHHA Xa-
paKTepucTMK iHGPACTPYKTypW, napameTpis obnaa-
HaHHA  EeNeKTPUYHUX Mepex Ta  iaeHTudikauil
eHeproHebesnek Hebe3neyHNX YNHHUKIB, Hebe3neyHnx
nogain, a TakoK 3abe3neunT Npouec NOIMNWEHHS Kepy-
BaHHA EHEPropmsnKom Yyepes NpoBeSeHHA ayanuTis i pe-
TeNbHWI aHani3 iX pe3yabTaTiB Ta PO3P06Ky Npono3unLin
ONA NONINWEHHA CUCTEM KEPYBAHHA EHepPropusnKkamm.

Po3rnAaHyTO NpuKNaz KepyBaHHA eHepropmsMKamu Ha
npuKnagi ribpuaHoi cMcTeMM AeLEHTPANI30BAHOTO XKN-
B/IEHHA Ha 6a3i poToeNeKTPUYHOT CTaHLii Ta Smart-cuc-
TEMW  HAKOMWYEHHA  e/IeKTPOEeHeprii  MOTYXKHICTIo
135 kBt DC / 100 kBT AC, Ha po60Ty AKoi BniuBae 8 30-
BHILLHIX i 4 BHYTPIiLWHiIX He6e3ne4yHMX YUHHUKMK, AKi Npu-
3B04ATb A0 CyMapHUX eHeprosuTpar 18,25 % 3a pik, wo
€ HENPUNHATHUM PIBHEM PU3MKY, OCKINbKM NEPEBULLYE
10 % Big, 3aranbHOi NPOrHo3oBaHoi reHepau,ii oToene-
KTPOCTaHLi.
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Abstract. The research focuses on improving the process of energy
risk management within organizational energy management sys-
tems. This improvement enhances the reliability of calculations
used to determine the level of energy loss risk by identifying the fre-
quency and severity of the influence exerted by groups of hazard-
ous external and internal factors on total energy losses. To assess
the level of risk associated with the identified hazards, threats, or 1Inte'rnational Management Institute, Kyiv,
nonconformities based on cause-and-effect relationships and con- Ukraine

sidering the effect of hazardous factors, the BOWTIE method was ~ *>** Dnipro University of Technology,
applied. An eleven-step process for managing energy risks is pro- Dnipro, Ukraine

posed, which consists of two blocks: energy risk analysis and im- ~ ° National University of Water and
provement of its management. The first block includes procedures Environmental Engineering, Rivne, Ukraine
for defining the characteristics of the infrastructure and parame-

ters of electrical network equipment; identification of hazards, hazardous factors, hazardous events, and their
consequences; determination and analysis of the energy risk level, as well as its evaluation. The second block in-
cludes the development of measures to reduce energy risks, conducting audits of the energy risk management
process, analysis of the results of the energy management system audit and development of proposals for improv-
ing energy risk management. The distinguishing feature of the proposed energy risk management process is the
need to build a model of cause-and-effect relationships among various hazards that lead to energy losses, hazard-
ous factors that increase the probability of energy losses, hazardous events, and possible consequences of their
occurrence. The model of cause-and-effect relationships between hazards, hazardous factors, and hazardous
events allows for providing high-quality expert assessments regarding the determination of the frequency of man-
ifestation of the hazardous factor and the severity of consequences from its impact. The scientific novelty of the
study lies in identifying the regularity of total energy loss risk formation in energy management systems as the
sum of individual risks of energy losses arising from each external or internal hazardous factor. The practical value
of the research involves identifying the criteria for acceptability and unacceptability of energy risk levels and de-
veloping new criteria for energy risk assessment, which differ from the existing methods by introducing three dis-
tinct energy risk levels. They are as follows: acceptable energy risk, which involves established monitoring and
additional control operations; acceptable risk subject to verification, which requires mandatory control operations,
with further steps allowed only after obtaining positive verification results; unacceptable energy risk, which ne-
cessitates the elimination of energy hazards or reduction of the risk level to at least the “acceptable energy risk
with verification” category.

Keywords: risk, energy losses, management system, hybrid power plant, solar panels.

List of used designations and abbreviations:

ER — energy risks HF — hazardous factor
SEnM — system of energy management .

AER — acceptable energy risk;
SCEE — service of Chief Energy Engineer

SPP — solar power plant AVR — acceptable with verification energy risk;

EES — equipment for energy storage UER — unacceptable energy risk.
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Introduction. Reliable energy supply, energy independence,
and energy security are the basis of sustainable development
of any organization [1]. The stability of enterprises depends
on the energy efficiency of the energy management system,
and the main thing is the absence or small number of various
failures, accidents and catastrophes associated with unex-
pected or predicted interruptions. That is why the introduc-
tion of energy risk management (hereinafter energy risks)
into energy management systems is a necessary condition
for achieving the energy goals set by the organization [2]. To
build such a system, you can use the 1ISO 50001:2018 stand-
ard, which indicates the need to create appropriate planning
processes (analysis of energy use and consumption, determi-
nation of the basic level of energy consumption, assessment
of energy risks and opportunities), implementation (develop-
ment and implementation of energy management pro-
grams, establishment of procedures for controlling opera-
tions that affect energy consumption), verification
(monitoring and measurement of key indicators, conducting
internal audits systems) and improvements (corrective and
preventive actions).

The basis of the energy management system is the process
of system management of energy consumption, which in-
cludes the assessment of risks and opportunities for achiev-
ing energy efficiency goals [3, 4]. At the same time, existing
energy risk management processes used in energy manage-
ment systems are characterized by low reliability of fore-
cast results [5]. Risk calculations are mostly based on expert
assessments and the experience of the employees involved
[6]. Qualitative models are often used, which do not pro-
vide a clear definition of the probability of the occurrence
of catastrophic events, due to the lack of sufficient statisti-
cal data [6]. The use of powerful mathematical models for
assessing energy risks requires the involvement of highly
qualified specialists, which complicates the process. At the
same time, one of the key conditions for the effective func-
tioning of the energy management system is the participa-
tion of all employees in the process of risk management [7].
This determines the urgency of developing and improving
the process of energy risk (ER) management, which would
ensure the given reliability of the results [8, 9].

By the way, a number of specialists were involved in solving
the task of improving the efficiency of the energy manage-
ment system. In particular, in the work [10], the authors
proposed advanced practices in energy efficiency, such as
energy saving, energy audit, use of energy indicators and
base levels, and others. At the same time, the paper states
the ineffectiveness of some tools to achieve the set goal,
for example, energy saving. Organizations often face chal-
lenges such as global warming, excessive use of resources
and their irrational consumption, which cannot be man-
aged by existing patterns. According to the authors, this
leads to a constant increase in energy supply costs. In con-
tinuation of their own research [11], the authors proposed
an improved ER management process, which differs from
the existing one proposed in ISO 31010: 2018 by the pres-
ence of a block of strategic decision-making regarding busi-
ness directions and institutions, decisions in project

planning and development, decisions in the management
of processes, products and services, as well as decisions in
the interaction of people with their environment and stake-
holders. In addition, the crisis and incident management al-
gorithm, as well as business continuity, have been added to
the ER management process. At the same time, in the work,
insufficient attention is paid to modern tools for monitoring
energy consumption and ER.

Another paper [12] proposed an approach to energy audit
based on the risk management process. Its feature is the
determination of energy efficiency, energy intensity, spe-
cific energy consumption, and intensity of energy use on
the example of treatment plants in accordance with 1SO
50001:2018 and the PDCA methodology ("Plan-Execute-
Check-Act"). The developed approach makes it possible to
quantitatively determine both permanent and temporary
inefficiency of energy use. At the same time, the authors
use qualitative methods to determine the phenomena of
inefficiency, which requires clarification of the conclusions
drawn. In another publication [13], it is proposed to use the
statistical criterion ¥? in energy management systems to
test hypotheses regarding the development of emergency
events. The authors note that in this way they increase the
reliability of the ER calculation, which requires the pro-
cessing of a significant amount of input data on the influ-
ence of hazardous factors on the SEnM. Therefore, the data
collection process should be continuous, and the results
should be regularly reviewed and refined. An interesting
toolkit for assessing employees' understanding of the es-
sence of implemented energy management processes is
proposed in [14]. It is interesting that the planning process
is the most problematic, while the SEnM showed high va-
lidity, which indicates its effectiveness. At the same time,
the authors emphasize that the conclusions pertain only to
the current state and require regular updating. Interest-
ingly, the most problematic part turns out to be the plan-
ning process, while energy risk management demonstrated
high validity, indicating its effectiveness. At the same time,
the authors emphasize that these conclusions apply only to
the current situation and require regular updating.

In work [15], based on the study of municipal energy man-
agement systems, it was established that the biggest chal-
lenges for managers are organizational and resource con-
straints.  Organizational  challenges include  risk
management, which requires the involvement of a consid-
erable number of employees with distinct experience and
knowledge, and requires decisions to consider all opinions
and filter out non-constructive ones. The authors empha-
size the need for continuous training of personnel and the
use of modern online platforms for data systematization
and analysis.

In [16], an improved method for assessing energy risks
based on the theory of reliability is proposed, which in-
volves the establishment of relationships between energy
sources and the combination of various parts of the equip-
ment. This enables efficient quantification of ER in real
time. The proposed strategy considers both economic and
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security aspects. At the same time, the issue of determining
the relationship between the probability of equipment fail-
ure and the cost of damages, which affects the reliability of
the results, remains open.

The work [17] presents a comprehensive approach to risk
assessment, where qualitative assessment considers inter-
nal and external influences as an element of multifactorial
analysis. For assessment, a risk matrix is proposed for en-
ergy infrastructure facilities, considering the peculiarities of
the potentially hazardous equipment's operation. The eval-
uation is carried out according to the probability of failure
(five-point scale) and the degree of severity of the conse-
guences, considering the possibility of restoring the sys-
tems. The study also proposes two statistical models for the
assessment of reliability parameters before and after a crit-
ical event, which allows considering risks from the technical
condition of equipment and environmental aspects for sus-
tainable management.

As a result of the analysis, it can be stated that improving
the energy risk management process within the energy
management systems of organizations is an urgent task. Its
solution requires the development of a methodology for
the identification and assessment of energy risks consider-
ing various hazardous factors that consider the specifics of
the industry, technological features, and regulatory re-
quirements.

Aim of the paper. Improvement of the energy risk manage-
ment process in the energy management systems of organ-
izations, considering hazardous factors, which allows for in-
creasing the reliability of the obtained results.

Materials and methods. The most common approach to
managing risks of diverse types is the "BOWTIE" method. It
allows detecting the level of risk from established hazards,
threats or non-conformities based on a cause-and-effect
relationship [18, 19]. It can also be used to determine the
effectiveness of the proposed "barriers" (precautionary or
protective measures) to reduce the probability of a hazard-
ous event on the one hand, and on the other - the severity
of the consequences after the occurrence of a hazardous
event. In general, the presented method provides for de-
termining the amount of energy risk: identification of en-
ergy hazards for the development of their register in the
organization based on the study of sources of energy risk;
study of the mechanisms of the development of a hazard-
ous event based on a cause-and-effect relationship; deter-
mination of the probability of occurrence of a hazardous
event - due to the processing of statistical data on all non-
conformances, hazardous events: failures, breakdowns,
failures - that occurred anywhere in the organization SEnM;
determining the severity of energy losses, calculating finan-
cial losses; calculation of energy risk - by any suitable
method, which is defined in IEC 31010:2019 Risk manage-
ment - Risk assessment techniques.

Unfortunately, the well-known interpretation of the de-
scribed method does not consider the influence of the in-
ternal and external hazardous factors in the organization's

environment on the probability of a hazardous event, infor-
mation about which must be constantly collected for anal-
ysis and making relevant management decisions. As a re-
sult, significant errors occur when determining the
probability of a hazardous event and its severity, especially
with qualitative and semi-quantitative methods of risk as-
sessment. Note that ISO 50001:2018 requires determining
the impact of external and internal factors in the organiza-
tion's environment on the risk level, but there is no mecha-
nism for this procedure [20]. According to the standard IEC
31010:2019, in the "BOWTIE" method, to determine the
level of energy risk, it is necessary to establish a cause-and-
effect relationship: "hazard (non-conformity) - hazardous
event - consequences". At the same time, for a qualitative
assessment of the level of risk, it is necessary to develop
scales for the probability of a hazardous event and the de-
gree of severity.

To increase the reliability of determining the level of ER, it
is proposed to improve the "BOWTIE" model, which adds
the need to determine the relationship between the hazard
and hazardous factors that increase the probability or se-
verity of the consequences of the occurrence of a hazard-
ous energy event, as well as preventive or protective
measures that reduce the probability of the occurrence of
a hazardous energy event.

The basis of the improved "BOWTIE" method is the calcula-
tion of the value of ER from the combined influence of all
hazardous factors: physical, chemical, climatic, biological,
psychophysiological, ergonomic, technical, organizational,
and others, as well as hazardous actions and inactions of em-
ployees (errors, malicious intent, professional inadequacy,
etc.) in the organization according to the formula [21]:

n n n
RYji=B"jixT"ji,

where R"ji stands for energy risk of a hazardous event
from a hazard - j taking into account hazardous factors — j;
B"ji stands for the probability of the occurrence of a haz-
ardous event from a hazard - j under the influence of a haz-
ardous factor —i; T"ji stands for degree of severity of the

consequences of a hazardous event from hazard - j under
the influence of a hazardous factor — .

The energy risk management process consists of analysis,
assessment, and reduction of energy risk to an acceptable
level due to the implementation of preventive and protec-
tive measures; reviewing and updating energy risk maps;
conducting audits of the energy risk management process;
improvement of the energy risk management process. It
can be represented based on 11 stages (Fig. 1):

1. Determination of infrastructure characteristics,
electrical network equipment parameters.

2. ldentification of energy hazards, hazardous factors,
hazardous events, and their consequences.
3. Determination and analysis of the level of risk

(establishing the frequency of the occurrence of a
hazardous event and the degree of severity of energy
losses).
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4. Assessment of energy risk (acceptable, unacceptable). 9. Analysis of the audit results of the energy management
5. Development of measures to reduce energy risks. system
6. Documentation of risk management maps. 10. Development of proposals to improve the energy risk
7. Review and updating of energy risk maps. management process.
8. Conducting audits of the energy risk management 11.Development of measures to improve the energy risk
process. management process.
Stage 9 Analysis of the audit results of Stage 10 Development of a ﬁ
energy management systems in order to proposal to improve energy ;
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Fig. 1. Energy risk management process

To identify energy risks, the potential influence of hazard-
ous factors in the internal and external environment of the
organization is analysed. The sources of necessary infor-
mation for energy risk assessment are:

existing description of the organization's energy supply
and energy consumption system;

available information about the internal and external
environment of the organization;

information about previously identified inconsistencies;
results of internal audits;

results of external audits (information from a repre-
sentative of the management - responsible for SEnM);

other data and information about inconsistencies in en-
ergy supply systems.

The results of energy risk identification are documented
(Table 1). Next, the level of energy risk is determined, and
depending on the obtained result for each of the hazardous
factors of the considered energy risks, if necessary, it is
needed to establish preventive and protective measures to
manage this energy risk.

For the energy risk of hazards, determining the frequency
of occurrence of a hazardous event, the magnitude of the
level of negative consequences - energy losses and the level

of energy risk. To identify hazardous factors, the use, con-
sumption, and loss of energy resources over the past period
by division and process is analysed (the availability of a
large amount of statistical information increases the quality
of the analysis). For example, the influence of the temper-
ature of the surrounding environment, the type of prod-
ucts, the number of employees, etc. If a hazardous factor is
identified, and it does not have a sufficient amount of sta-
tistical data (it is impossible to perform a linear regression
calculation), it is necessary to measure this factor in order
to find out the level of influence on the probability of the
occurrence of a hazardous event and the severity of losses.

Itis proposed to introduce the following acceptance criteria
for the general energy risk [23]:

acceptable energy risk means no more than 5% of en-
ergy consumption per year by process or equipment, or
by the organization as a whole;

acceptable energy risk with verification means more
than 5%, but less than 10% of energy consumption per
year by process or equipment, or by the organization as
a whole;

unacceptable energy risk means more than 10% of en-
ergy consumption per year by process or equipment, or
by the organization as a whole.
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Table 1. Identification of energy hazards, hazardous factors, hazard analysis, and energy risk assessment — j
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Research results. Let's consider the management of energy
risks using the example of a hybrid decentralized power
system based on a photovoltaic plant and a smart electric-
ity storage system.

The operating hybrid power supply system under study com-
prises a rooftop photovoltaic plant with monocrystalline
modules with a total capacity of 135 kW DC / 100 kW AC in
combination with a smart system for storing electrical en-
ergy with a capacity of 200 kWh. Let us consider the cause-
and-effect relationship between the hazard (the possibility

of stopping or significantly reducing the power generation of
the hybrid system), the occurrence of a hazardous event
(stopping or significantly reducing the power generation of
the hybrid system) and the consequences - the ungenerated
electricity of the photovoltaic plant (Fig. 2) [24].

Table 2 shows the classification of external and internal
hazardous factors affecting the level of energy risk of a hy-
brid system of decentralized power supply based on a pho-
tovoltaic plant with an energy storage system.
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Fig. 2. Model of the relationship between a hazard (stopping or significantly reducing the power generation of the hybrid
system), event occurrence (actual stopping or significantly reducing the power generation of the hybrid system), and the
resulting consequence — ungenerated electricity by the photovoltaic plant

Table 2. Hazardous factors of energy risks in case of power supply failure from a distributed generation system based
on SPP and ESS

Ne Frequency of | 0 e of
- Description of the hazardous factor manifestation v ' 0
HF the annual production
per year .
of electricity
External hazardous factors
HF1 | Weather conditions: cloudiness, rain, snow, fog, etc 131 0.015
HF2 | Time of day: evening and night; 365 0.011
HFs; | Seasonal variation: The intensity of solar radiation varies throughout the 12 0.400
year, in winter when the days are shorter and solar radiation is less in-
tense, electricity production is reduced.
HFs | Geographical location: The amount of solar energy available for genera- 365 0.007
tion varies greatly with latitude and local climate, so regions with more
sunny days and higher insolation have greater potential for efficient solar
power generation.
HFs | Extreme weather conditions: intense winds, hail, snowfall can damage 5 0.040
the solar panels and other elements of the plant.
HFs | Dust and contamination of panels: the accumulation of dust, dirt, bird 15 0.033
droppings on the surface of solar panels reduces the penetration of sun-
light, which significantly reduces their efficiency.
HF; | Shading: The shading of solar panels by trees, buildings, poles, etc. leads 155 0.010
to a decrease in the electricity production of the entire system.
HFs |Increased air temperature: the efficiency of photovoltaic panels de- 48 0.042
creases with increasing temperature. On hot summer days, power gen-
eration may be lower than expected.
Internal hazardous factors
HFs | Decreasing efficiency of solar panels over time: Photoelectric panels 365 0.001
degrade over time, which leads to a gradual decrease in their efficiency.
HF10 | Equipment maintenance: technical equipment, solar power plant com- 2 0.003
ponents (inverter, smart controller, contactors, communication equip-
ment) can fail due to poor technical condition.
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Ne Description of the hazardous factor ri?n'?li?:sr;g‘tligi J:r?tza;?fog:‘:geyfi}
HF P er vear the annual production
pery of electricity
Internal hazardous factors
HF11 |Failure of equipment: technical equipment, solar power plant compo- 2 0.040
nents (inverters), energy storage installations, or distribution network
can fail due to improper operation, organization of work, low compe-
tence of personnel when acting in non-standard situations
HF12 |Lack of online control due to failures in the Internet connection: the 10 0.020
lack of an Internet connection with the smart grid system in the event
of an electromagnetic failure of the equipment does not allow remote
control of the system, which can lead to its incorrect operation, failure,
and a decrease in the reliability of the power supply.

Understanding these factors is critically important for
proper system design, development of risk minimization
strategies, and ensuring stability and reliability of power
supply to critical infrastructure facilities. The main groups
of hazardous factors include: climatic conditions (tempera-
ture, precipitation, dustiness), fluctuations in solar radia-
tion, risks of damage to equipment due to natural phenom-
ena, technical malfunctions, degradation of photovoltaic
modules, overloading of lines, errors in setting up the en-
ergy storage system. To ensure the efficient and safe oper-
ation of the described power plants, it is necessary to im-
plement a set of measures: power reserve (use of energy
storage systems as a supporting source for solar genera-
tion), maintenance (regular inspection of equipment,
cleaning of photovoltaic modules from dust and pollution),
load monitoring (control of compliance of electrical loads
with protective switching equipment and cross-sections of
cable lines), control system (implementation of automated
monitoring operating parameters for early detection of de-
viations). The implementation of the mentioned measures
will increase the system's resilience to external and inter-
nal risks, ensure the reliability of electricity supply to con-
sumers, and contribute to the sustainable development of
the energy infrastructure. The table 3 shows an example of
energy risk management during the operation of a photo-
voltaic plant with an electricity storage system.

The obtained results confirm the effectiveness of the im-
proved energy risk management process, which is based on
the modified "BOWTIE" model and considers the influence
of external and internal hazardous factors. Unlike the tradi-
tional approaches used within ISO 31010 and IEC 31010,
the proposed method allows detailing the contribution of
each factor to the formation of the overall level of energy
loss risk. This significantly increases the reliability of the as-
sessment, since classical models mostly operate on qualita-
tive scales of probability and severity of consequences,
which limits the accuracy of forecasting.

Results discussion. The analysis of the decentralized power
supply hybrid system based on a 135 kW DC / 100 kW AC
photovoltaic plant and a Smart energy storage system
showed that eight external and four internal hazardous fac-
tors affect its operation. Total energy losses for the year

amounted to 18%, which exceeds the threshold value of
10% of the total plant’s power and is classified as an unac-
ceptable level of risk. This is consistent with the findings
[25], which emphasize the criticality of considering tech-
nical and climatic factors to ensure the reliability of energy
systems. At the same time, the implementation of a set of
preventive measures (power reserve, automated cleaning
of panels, monitoring of the condition of the equipment)
made it possible to reduce the risk to 9.9%, which corre-
sponds to the "acceptable with verification" level. Thus, the
proposed approach ensures the achievement of energy ef-
ficiency targets without a significant increase in costs.

As a result, the process of managing energy risks in SEnM
organizations was improved through the identification of
the frequency of impact and degree of severity from the
manifestation of various groups of hazardous external and
internal factors on total energy costs. This makes it possible
to detail the energy costs attributable to each hazardous
factor, to identify the most influential ones from the entire
population, and to propose appropriate measures to re-
duce their impact [26]. The practical significance of the
study lies in the possibility of applying the developed meth-
odology to critical infrastructure facilities, where the relia-
bility of energy supply is a key safety factor. In addition, the
foundation is created for the automation of energy moni-
toring processes and the adaptation of domestic enter-
prises to the requirements of the international standard
ISO 50001, which, in the long-term perspective, ensures the
constant development and increase of the energy potential
of the hybrid plant.

In the conditions of martial law and instability of energy
markets, increasing the stability of decentralized power
supply systems becomes especially relevant [27]. In addi-
tion, the proposed risk acceptability criteria (<5% — ac-
ceptable; 5-10% — acceptable with verification; >10% — un-
acceptable) can be wused to standardize energy
management processes at enterprises of various industries.

An important condition for the effectiveness of the energy
risk management process is:

— timely consideration of the results of identified energy
risks, hazards, and opportunities in the SEnM;
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— the correctness of decision-making regarding the im-
plementation of energy risk management measures
of hazards and opportunities defined in the "Maps for
the identification and assessment of energy risks in
SEnM";

providing information on the identification of energy
risks and opportunities in SEnM to the service of the chief
energy engineer (CEE) during the initial and periodic as-
sessment of energy risks that need to be responded to in
order to obtain a result regarding the approved tasks for
improving energy performance.

Table 3. Example of energy risk management for a photovoltaic plant with the energy storage system
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Conclusions

1.

The process of managing energy risks in SEnM organiza-
tions has been improved, which allows for increasing
the reliability of the results of calculating the level of en-
ergy consumption risk due to the formation of its value
as the sum of energy consumption risks from each ex-
ternal or internal hazardous factor that affects the
amount of total energy loss.

. The energy risk management process is proposed,

which consists of 11 stages, which in general allow as-
sessing energy risks based on the determination of in-
frastructure characteristics, electrical network equip-
ment parameters and identification of energy hazards,
hazardous factors, hazardous events, as well as ensur-
ing the process of improving energy risk management
by conducting audits and carefully analysing their re-
sults and developing proposals for improving energy
risk management systems.

An example of energy risk management is considered
using the case study of a hybrid decentralized power
supply system based on a photovoltaic plant and a
smart electricity storage system with a capacity of 135
kW DC / 100 kW AC, the operation of which is affected
by 8 external and 4 internal hazardous factors that lead
to a total energy consumption of 18.25% per vyear,
which is an unacceptable level of risk, since it exceeds
10% of the total projected generation of the photovol-
taic plant.
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