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1. OBIIA XAPAKTEPUCTUKA HA JMCEPTALIMOHHMUSA TPY ]

AKTYaJIHOCT Ha npodJiema

Hacrosmuar nucepranmoHeH TpyJd € IOCBETEH Ha HM3CIEIBAHETO Ha IPOLECUTE IO
IOBITOCPOYHO EHEPrUilHO IUTaHMpaHE U pa3pabOTBAHETO Ha METOJOJOTMYEH IOAXOHA 3a
MOJICJIMpaHE M OLICHKa Ha CIEHapMM 3a pPa3sBUTHE Ha HalMOHAJIHATA CHEPrUiHA CUCTEMA.
AKTyaJlHOCTTa Ha HU3CJIEABAHETO C€ ONpenesss OT IUHAMUYHUTE IPOMEHU B €BpOIEHCKaTa U
CBETOBHATa eHepreTuka, He0OX0AMMOCTTA OT U3IIbJIHEHNE Ha 1eauTe Ha EBponelickara eHepruiina
MIOJINTUKA, YCKOPEHHUs MPEXOJ KbM HUCKOBBIVIEPOJHA MKOHOMMKA, IIOBHUILIABAHETO HA €HEpruiiHaTa
CUT'YPHOCT ¥ HE0OXO0/AMMOCTTa OT B3€MaHe Ha HAyYHO 0OOCHOBAHM CTPATETHYECKH PEIICHUs IPHU
Pa3BUTHETO HA HALMOHAIHUA CHEPrHEH CEeKTOp. 3a IOCTUIraHe Ha I0CTaBeHaTa IeJl Ha
AMCEPTALMOHHUS TPYA € MPOBEIEHO MOCIE0BATEIHO HAYYHO U3CeIBaHe, 00XBAIall0 BCUUYKU

OCHOBHH €TaIlh HAa CTPATCTUYCCKOTO CHGpI‘HfIHO IJIaHUPAHC.

B navanHus eram Ha HaydHOM3CieAoBaTelcKaTa paboTa € MpeACcTaBeH aHajiu3 Ha
EBpomeiickara eHepruiiHa MOJIUTHKAa MO TEMaTHYHHU OOJIacTH B cucremMHaTta Qumiocodus u
MOJINTHKAaTa 3a ChBPEMEHHO ympaBileHue Ha EHepruitHus cpro3 Ha EBpoma, kakto W Ha
eHepruiiHaTta nojauTuka Ha PemyGnuka bviarapus or mpuemanero u B EBpomeiickust cpio3 10
HacTosuuss MoMeHT. IlpeacraBeH e W aHaiW3 HAa HAMOHAIHHUTE U CBETOBHUTE MOCTHXKECHHS B
00J1acTTa Ha €HEPIUHHOTO IJIAaHUPAHE, KaTO C€ aKLEHTHPa BbPXY UICHTU(GULIUPAHETO HA KIIOYOBU
obnactu 3a OpaemI0 pa3BuTHE. [I[poydBaneTo 0O0XBaIla CHCTOSHUETO HA EHEPTUHHOTO TIaHUPAHEe
BBB BOJCIIU AbpKaBHU B EBpona u cBeTa, KaTo pasriieka TEXHUTE IPUOPUTETH, CTPATETHIECKU
HOAXOMU M YCHEUIHW MNPAKTUKU IpPU YINPaABICHUETO M TpaHchopMmauusTa Ha €HEPruiHHTE
CHUCTeMHU. M3BBPIICHUAT aHAIU3 MO3BOJSABA J1a OBJAT ONPENCIICHU OCHOBHUTE HAlpaBlEHUs, B
KOUTO HALlMOHAJIHOTO E€HEPruiHO IUIaHUpaHe cieiBa Aa ObJe YCHhBBPLUICHCTBAHO C OrJIejA Ha
CbBPEMEHHUTE MIPEAN3BUKATEICTBA MIPE]] CHEPTUWHUS CEKTOP.

Cnen W3BBPIICHHS aHAIU3 € HANPaBEHO MOAPOOHO HM3CIEABaHE HAa MaTEMaTHYECKHUTE
MOJIEJIH, U3MOJI3BAaHU OT MEKYHApOAHU UHCTUTYLHH, BOACIIH CIIELUATU3UPaHU OpraHUu3aluy U
Hay4yHU LIEHTPOBE 3a IJIAHUPAHE, IPOTHO3UPAHE U ONTUMU3UPAHE PAa3BUTHETO HA €HEPrUUHUTE
cucteMd. Upe3 chIOCTaBsIHE HA PA3JUYHUTE MOJAXOAM M HATPYHNAHUS MEXKIYHApOAEH ONMT Ce
04YepTaBaT Bb3MOXKHOCTUTE 3a MOAOOpPEHHE W HANpaBIICHHUATA, B KOUTO HAIIMOHATHOTO €HEPTHITHO
NJaHUpaHe MOXe /1a 0b/ie YChBBPIUICHCTBAHO, TaKa Y€ J]a OTTOBOPU Ha ObJACIINUTE TEXHOJIOTUYHH,
WKOHOMHYECKH, EKOJIOTMYHU U F€ONOJIMTUYECKH NPEIU3BUKATEICTBA.

CEIH@CTBeHa JaCT OT AUCCPTAUMOHHUA TPYHd € ITOCBCTCHA Ha OIMPCACIIIHECTO Ha (baKTOpI/ITC,
BJIMACHIN BBPXY PAa3BUTHUCTO HAa HAIlMOHAJIHATA eHeerﬁHa CHUCTCMA, KaAKTO U Ha 000CHOBaBaHETO
W U3rpax1aHCTo Ha CUCHAPHUH 3a HEMHOTO 6’])[[6]].[0 Pa3BUTHUC. OHGHKaTa Ha CHepFHﬁHH CCHApUuHn
CC pasricxaa Karo KpPHUTHYCH Nponcc IMpHu IIJIaHUPAHCTO Ha CHCpFHfIHHTe CHUCTCMU,
(bopMmepaHeTo Ha INOJIMTHUKHU U p33pa6OTBaHCTO Ha CTpaTeruu 3a CMCK4YaBaHC Ha U3MCHCHUCTO
Ha knuMmara. Thit kaTto CHCpFHﬁHHTe CUCTCMHU CC BJIUAAT OT MHOXKCCTBO JUHAMUYHHU q)aKTOpI/I,



BKJIFOYMTEIHO TEXHOJOTMYHUS HaIpeabK, Ia3apHUTE KoyieOaHMs, peryjlaTopHaTa paMmkKa MU
IeONOIUTHYECKUTE MPOMEHHU, € HEeoOXOJUMO Cbh3[aBaHETO Ha SICHU HACOKM IpH HM300pa Ha
CIeHapuMu 3a IMPOrHO3UpaHe Ha OBACLIOTO pa3BUTHUE Ha eHepreTukara. B Tasu Bpb3ka ca
dbopmynupaHu €T OCHOBHM HM3HMCKBAHMS INpU HU300pa HAa €HEPruiiHM CIEHAapUM — SICHOTa Ha
JOMyCKAHUATA, U3II0JI3BaHE HA U3YEPIIATEe/IHU JaHHU U OAXOU 33 MOJEIUpaHe, aHTAKUPAHE Ha
3aMHTEPECOBAHUTE CTPAaHM, aAANTUBHOCT KbM HECUT'YPHOCTTa M CHOTBETCTBUE C LIEJIIUTE Ha
eHepruiiHata nojauTuka. Te3W W3UCKBAaHUSA TrapaHTUpaT, 4e pa3pabOTeHUTE CLEHapuu ca

HaJCXKJIHU, pCAJIUCTUYHU U MPUIIOKUMHU IIPU CTPATECTHUICCKOTO eHeerﬁHo IJIaHUupaHe.

Onenkara Ha €(EKTMBHOCTTA Ha Pa3jIM4YHUTE BapUaHTH 3a Pa3BUTHE HA €HepruiiHara
CHCTEMa IIPE/CTaBIISIBA CIOXKHA 3aJlaya, M3UCKBaIlA €AHOBPEMEHHOTO OTYUTAHE Ha MHOXECTBO
nokaszarenu/kpurepuil. [lopagum Tazu npuymMHa B JUCEPTALMOHHMS TPYA € INPEACTaBEeH o001
nperiyie]] Ha Bb3MOXHHUTE MOAXO0/AU 32 MHOTOKPUTEPHAJIEH aHAJIU3 MPU OLIEHKAaTa HAa €HEePrUWHU
creHapuH. AHaIM3UpPaHU ca 3HAYEHMETO, KiIacu(uKanuara, BUJOBETE U OCHOBHHMTE €TallM Ha
METOAMTE 32 MHOTOKPUTEPHAIHO B3eMaHe Ha pemeHus. Bp3 ocHOBa Ha o0UIMpPEH IUTEpaTypeH
IperJie]] € MOKa3aHo, Y€ IbJITOCPOUYHOTO EHEPrUiiHO TUTAaHUPAaHEe 3HAYUTEIHO ce o0orarsBa upes
pasriexJaHeTo Ha TIOBeYe aJITepHATHBU, OTYMUTAHETO HA BBHIIHUTE HECUTYPHOCTH U

H3II0JI3BAHCTO HA pas3/IMd4HU KPpUTCPUHU 3a OILICHKA.

OcHoBHaTa 1] Ha JUCEPTAlMOHHHUS TPYyI CE€ pealu3upa Ype3 H3BbpIIBAHE Ha
KOJIMYECTBEHA OIlEHKA Ha yemupu pa3pabOTEHU W MOJACIHpaHU upe3 MojaenHara cpena LEAP
crieHapuH. 3a MPOBEXKIAHETO HA CPABHUTEIHUS aHAIN3 Cca aJJalTUPaHU U MPUJIOKEHH TPH OT Hail-
e(eKTUBHUTE METOAM 32 MHOT'OKPHUTEPHUATHO B3€MaHe Ha PEUICHUS — AHanumuueH tiepapxuyen
npoyec (Analytic Hierarchy Process — AHP), Teopus na nonesnocmma no muodxcecmeo ampubymu
(Multi-Attribute Utility Theory — MAUT) u Memoowvm 3a knacupane na npeonovyumanusma npu
oyenka Ha oboeamssanemo (Preference Ranking Organization Method for Enrichment Evaluation
— PROMETHEE Il). IlpeacraBeHn ¥ CpaBHCHH ca KOJIMYCCTBEHUTE OLICHKH IO €IUHAIECET
MOAKPHUTEPHs 32 OLEHKA HAa CHEPTUWHHUTE CLEHAPUU, TPYNHPAHH B TPU OCHOBHU KAaTETOPUH —
COLIMAJIHA, MKOHOMHYECKH U eKoNoruyHH. COoIMaaHuTe KpUTEPUHU BKIIOUBAT OpYMmMeH 6bmpeuleH
npoOyKm, Hacelenue U UHOEKC HA YOBEUKOMO paseumie; NKOHOMUYECKUTE — KPAUHO eHepeUHO
nompebnenue, OpPYMHO NPOU3BOOCMBO HA eleKMpuyecKka eHepaus, OpYMHO 6bMPEUHO
nompebieHue, eHepeutina UHMeH3UBHOC, eHepeUiHA eeKMUBHOCT, 3A8UCUMOCT OM HOC U OS]
Ha eHepeusma om 6b300HO8SeMU eHePSULIHU USMOYHUYY; A SKOJIOTUYHHUAT KPUTEPHH € MpecTaBeH
upe3 emucuume Ha @veaepooern ouoxkcuod (COz). OnpeneneHu U CpaBHEHU Ca YETHUPU OCHOBHHU
aNTepHaTUBH (CIEHApWH) 3a pa3BUTHE Ha HAIMOHalHaTa eHepruiiHa cuctema — Cyenapuil c
ovneocpouen npexood oo 2050 e. (LTT), Cyenaputi ¢ donvanumentu noaumuxu u mepku (WAM),
Cyenapuii cvc 3acuneno usnoizeane Ha 6v300Hossiemu enepeutinu uzsmounuyu (SUP) u Cyenapuii

C U3noa38ane Ha pasnpvchamu (Oeyenmpanusupanu) npouseoocmeaenu mownocmu (DPC).

B 3akmrounTtenHara yacT Ha JucepTalMATa € W3BBPIIEH aHAIU3 HAa 3HAYMMOCTTA Ha
MOJIYYCHUTE PE3YNITAaTH U ca HOPMYIHPAHU TPETOPHKU OTHOCHO TSIXHOTO €()EKTHBHO MPHIIOKEHHE
B KOHTEKCTa Ha EHEePruiHOTO IJIaHMpaHE U CTPAaTernuyeckoTo ympasiaeHue. OleHeHa €
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MpakTUYeCcKaTa CTOWHOCT HAa HANPaBEHUTE M3BOJHU, KAaTO € MOAYEPTAHO TSIXHOTO 3HAUYCHHE 3a
noao0psIBaHe Ha MPOIECUTE 110 B3EMaHE Ha PEUICHUs, ONITHMHU3UPaHE HA EHEPTUHHHUTE CTPATEruu
U YKpelBaHe Ha HallMOHaJHaTa eHepruiiHa cucteMa. ®opMynupaHuTe NpenopbKu UMaT 3a 11eJ1 Ja
MMOANOMOIr'HAT IMPUJIaraHeTo Ha I[O6pI/I IMPpaKTHUKH, Aa CTUMYJIUPAT BHCAPABAHECTO HA MHOBATUBHHU
MOAXOAM W Ja Ch3JajaT TMPEANOCTaBKH 3a OBACHIM HAydYHH pa3paboTku B obiacTra Ha

YCTOMYMBOTO Pa3BUTHE HA EHEPTUHHHUS CEKTOP.

HpeI[CTaBCHI/ISIT I[PICCpTaIII/IOHCH Tp}’I[ € 4acCT OoT YCI/IJ'II/IHTa 34 BB3CTAHOBSIBAHC U pa3BI/ITI/Ie
Ha Hay4YHOHM3CJIeJOBaTelcKaTa JEWHOCT B 00JacTTa Ha CHEPrUUHOTO IUIaHMpPaHE B bwiarapus.
Pa3pa6OTCHI/ITe MCTOOOJIOTMYHU ITOCTAaHOBKH, I/I?)B'I)pIHeHI/ITe AHAJIN3HU U HOJIyIICHI/ITe pe3y.HTaTI/I
Ch3JaBaT MPEANOCTABKU KAKTO 33 MO-e()EKTUBHO CTPATErHYCCKO YIPABICHUE HA HAI[MOHAIHATA
eHeerﬁHa CHUCTEMA, TaKa M 3a IMOAroTOBKAaTa Ha HOBO ITOKOJCHHUEC CIICHUAJIMCTHU B Ta3u OT Haﬁ-
Ba)KHAa O00JaCT Ha YCTOHYMBOTO pa3BHTHE, OIpeesila HaluoHATHATa CUTYPHOCT H
01aroChCTOSTHHE.

e v 3a1a4u HA JUCEPTALMOHHUSA TPYI

IlenTa Ha qUCEpPTAIMOHHUS TPYX € CH3JABAHETO Ha ISUIOCTEH METOJOJOTHYEH TMOIX0/ 32
pa3zpaboTBaHe, MOJEIMPAHE U OLIEHSIBAHE HA CIICHAPUH 32 Pa3BUTHE HA HAI[MOHAIIHATA CHEPrUiiHa
CUCTeMa, OCHOBAaH Ha CBBPEMEHHH METOAM 3a CHEPruiHO TUTAaHWpaHe, MaTeMaTHYEeCKO

MOJIEJIUPaHe U MHOTOKPUTEPUAIIHO B3€MaHE HA PEIICHMUS.

KbM HacTosmusg MOMEHT B bbarapus 1uncBa enHHA METOOJIOTHS, KOATO Aa o0eTnHsABa
aHalM3a Ha eBpOIeiickaTa M HallMOHAIHATAa €HepTHilHA MOJIUTHKA, Pa3pabOTBaHETO Ha CIICHAPUHU
3a pa3BUTHE HA EHEPTHITHATA CUCTEMA U TSIXHATa MOCIEABAIIA OIlEHKA Ype3 CbBPEMEHHU METOIU
3a MHOTOKpUTEpHAJeH aHajdu3. Pa3paboTBaHETO M OLCHSABAHETO HAa CHEPTrUUWHM CICHApHH Ha
HallMOHAJTHO HUBO Yy HAc He ce u3BBpIIBAa. JIOKOIKOTO € HEeoOXOJMMO 3a H3NBJIHEHHE Ha
€BpPOMNEHCKUTE aHTAKUMEHTH HAa CTpaHaTa, TO CE JOroBaps ¢ JIOBEpeHH Ha EBporelickaTa KOMHUCHS
paspaboruuninu. 3aToBa y Hac HAMa (GopMyJIHpaHe Ha HAYYHO 0OOCHOBAHW HAIIMOHAIHU PEIICHUS
3a CTpATErM4ecKo HepruifHO IUIAHMpaHe, a EHEPTUHHOTO pa3BUTHE € Pe3yJTaT €IMHCTBEHO Ha
CONBCHK Ha MHTEPECUTE HA MEKIYHAI[MOHAIHU M HAIIMOHAIHU OJIUTAPCH.

Hpe,I[J'IO)KeHI/IHT B OgUcCCpTauiaTa MCECTOAOJOTHMYCH IIOAXO0H OTYHTa Cl'IeLII/I(i)I/I‘-IHI/ITe
0CO0€EHOCTH Ha CbBPECMCHHOTO Pa3BUTUC HaA CHCpFHﬁHHTe CHUCTCMHU, BKIIOYUTCIIHO BJIMAHHUCTO HA
TCXHOJOTMYHUA HaIllpCaAbK, HMKOHOMHUYCCKHUTC npouecu, CKOJIOI'M4YHUTC N3N CKBAaHUA,
peryjlaropHaTta paMKa n T'COIIOJIMTUYCCKUTC (baKTOpI/I. MeTogomorusta 06CI[I/IH}IBa
p3.3p3_60TBaH€TO Ha QaJTCpHAaTHBHU CLHCHApPHH, ONPCACIAHCTO HaA CHCTCMa OT COLMUAJHH,
HUKOHOMUYCCKHU U CKOJIOTMYHU KPUTCPHUH 3a TAXHATA OLICHKA U ITPUJIAaraHCTO Ha JOKAa3aHW MCTOAU
3a MHOTOKPUTCpPHUAJIHO B3CMAHC Ha PCHICHHA C LCJI U3BBPIIBAHC Ha 00EeKTHBECH CPaBHUTCIICH
AHAaJIU3 Ha Bb3MOXHHUTC BAPUAHTHU 34 pa3BUTHUC HA HAlMOHAJIHATA CHepFHﬁHa CHUCTCMaA.



PaspaborBanero Ha 1nog00€H METOAONOIMYEH IOAXOJ Cb3JaBa MPEANOCTaBKH 3a
MOBUIIaBaHE HA 0OOCHOBAHOCTTA MPU U3TOTBSIHETO HA CTPATETMUECKU JOKYMEHTU M €HEepruiiHu
NOJIMTUKY, 32 MOAOOpsiIBaHE Ha IPOLECUTE IO B3€MaHE Ha pEeUIeHUs M 3a IOANOMaraHe Ha
IBJITOCPOYHOTO Pa3BUTHE HA HALlMOHAJIHATA €HEPrUiiHA CUCTEMA B CHOTBETCTBHE C HALIMOHAJIHUTE
U €BpOINEHCKUTE LN 3a YCTOMYMBOCT, KOHKYPEHTOCIIOCOOHOCT M €HEpPTrUiHa CUTYPHOCT.

3a mocTUraHeTo Ha meJrTa ca moCTaBeHU CJICJHUTE 3aJa4un:
1) Awnanu3 Ha HAMOHAJTHHU M CBETOBHHU MOCTH)KEHHS M HaOeIsI3BaHE HA 00JIACTH 3a pa3BHTHE.

2) OmnpenensiHe Ha BiausemuTe (GakTopH, 000CHOBaBaHE M HW3TpakJaHe (OmpeensHe Ha
OTpaHUYMTEJIHM IapaMeTpH) Ha CLICHapUM 3a pa3BUTHE HAa HallMOHAJIHATa E€HepruiiHa
cucTeMa.

3) OrmpenensiHe HA KPUTEPUH U TIOJKPUTEPHH 33 CPAaBHEHUE Ha CIICHAPHUTE.

4) MogenupaHne Ha CIEHapUHTe (aNTEpHATHBHTE) M IOJydyaBaHE Ha CTOHHOCTHTE Ha
KpUTEPUUTE M TOKPUTEPUHUTE 3a OLEHKA; MPOBEPKH 3a JOCTOBEPHOCT; MOJOOpEeHUs B
MO/JIEJIUTE.

5) H3nbiHCHHWE HA MHOTOKPHUTEpUAIHA OIICHKA MO 0OOCHOBAHO MOJOPaHH METOJIH.

6) AHamu3 ¥ MPenopbKH OTHOCHO 3HAYMMOCT M M3IIONI3BAaHE Ha Pe3yNTaTuTe.

MeTtoau 3a u3cjaeaBaHe

3a mocTUraHe Ha IIOCTaBEHATa LieJl M PEIIaBAaHETO Ha HU3CJIEOBATEICKUTE 3aJadyd B
JUCEPTALIMOHHUS TPYZ € NPHIIOKEH KOMIUIEKC OT B3aMMHOJOIIBJIBAIIM CE€ HAyYHOU3CIEI0BATEICKU
Meroau. IIpoBeneH € HaydHO-TEOPETHYEH aHAIM3 Ha CIELHAIM3MpaHa JIUTepaTypa, 3HaAYUMH
nyOoJuKaly, HOPMAaTUBHU U CTPATETHYECKH JOKYMEHTH B 00JlacTTa Ha €HepreTHkara, ¢ el
W3ClIeJBAaHE HAa CHBPEMEHHUTE TEHJCHIHH, MOJIXOAW M JOOpPH MPAKTUKH HPH EHEPTHUHHOTO
nJaHUupaHe ¥ pa3paboTBaHETO Ha CIEHAPUU 32 Pa3BUTHE HA EHEPTUHHUTE CUCTEMU.

3a MozenMpaHe Ha AITEPHATHBHUTE CIICHAPUU 33 Pa3BUTHE HA HAI[MOHATHATA CHEPrHiTHA
cuctema ¢ umsmoi3BaHa MonenHara cpena LEAP (Low Emissions Analysis Platform), xosto
MO3BOJIsIBA pa3paboTBaHe, aHAIN3 U CPAaBHCHUE HA IBITOCPOYHH CIICHAPUHM B CHEPTHHHHS CEKTOP.

OueHkaTa ¥ CPaBHUTEITHUAT aHAJIM3 HAa pPa3pabOTCHHTE CIICHAPUHU Ca U3BBPIICHU 4Ype3
NPUJIATAHEeTO HA MPU3HATH METOAM 33 MHOTOKPHTEPUAIHO B3€MaHE Ha PEUICHHUS — AHAIUTHYCH
repapxuueHn mporec (Analytic Hierarchy Process — AHP), Teopust Ha mONe3HOCTTa MO MHOXKECTBO
atpubyTtu (Multi-Attribute Utility Theory — MAUT) u MeToabT 3a opranu3aiius Ha KJIaCHPaHETO
Ha MpEeINOoYUTaHMATA IPU OlleHKa Ha oOoratsBaneTo (Preference Ranking Organization Method
for Enrichment Evaluation — PROMETHEE II). Ilpunaranero Ha Te3u METOAM € OCHUTYPHIIO
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BB3MOXHOCT 3a KOMIIJICKCHAa OLICHKA U 00EKTHBHO CPaBHCHHUC HA AJITCPHATUBHUTEC CHCHAPHUHU BbH3
OCHOBA Ha ConralHU, HMKOHOMHWYCCKHN U €KOJOTMYHU KPUTCPUHU, KAaTO ITOoAIIOMara 1/1360pa Ha Hall-
NOAXOAIIUTEC PCIICHUSA 3a PA3BUTUCTO HAa HAllMOHAJIHATA eHCpFHﬁHa CHUCTECMaA.

Hayuna HoBoOCT

[Ipennara ce uHTErpUpaH METOOJIOTMYEH MTOAXO0/ 32 OLIEHKA HA CLIEHApUU 3a pa3BUTHE HA
HallMOHAJTHATa €HEepruiiHa cucTeMa, KOWTO OOeIuHsIBAa aHalM3a Ha EHEepruiiHaTa MOJHUTHUKA,
MOJEJIIMPAaHETO Ha CIEHApUU M MHOTOKPUTEPHUAIHOTO B3€MaHE Ha pEUIeHUs B €JAUHHA
nociegoBarennoct. [Ipennoxenn u 000OCHOBaHHM Ca COIIMATHU, HKOHOMUYECKH M €KOJOTHYHHU
KPUTEPUH 32 KOMIJIEKCHO OLIEHSIBAHE HA aJITEpPHATUBHU CLIEHAPUH 32 pa3BUTHE Ha HAI[MOHAJIHATA
€HEepruiiHa  CUCTeMa, KOWUTO  OCHTYpsBaT  TIXHOTO  OOEKTHBHO  CpaBHEHHE W
Kiacupane/moapexaane. [logxoasT 3a oneHsIBaHe Ha PE3YATATUTE OT EHEPTrUUHOTO MOJIETUpaHe
(m3Bbpmieno B cpena LEAP) e ockmiecTBeH upe3 mpuigaraie Ha METOAUTE 32 MHOTOKPUTEPUAITHO
B3emane Ha pemieaus AHP, MAUT u PROMETHEE II, no3BonsiBaiy KOMIJIEKCHA OlIEHKA Ha
pa3paboTeHUTE CIIEHAPHH.

JlokazaHa € MPHJIOKUMOCTTA Ha pa3pabOTeHHUs] METOJOJOTHYEH MOJXO0J Ype3 HETOBOTO
M3MOJ3BaHe 3a OIEHSBAaHE HAa CIEHAPUHU 3a pa3BUTHE HA HAIIMOHAJIHATa €HEpruiiHa CUCTEeMa.
[TonydenuTe pe3ynraTd Morar jaa MOANOMOTHAT MPOLECUTE MO CTPATErHYecKo TUIaHWpaHE U
B3E€MAaHE Ha PEUICHUs B €HEPTUITHUS CEKTOP.

I[IpakTHYecKa NPUIOKUMOCT

Pazpaborenara cTpyKTyprupaHa paMKa 3a OIIeHKa W CpaBHEHHE Ha ITEPHATHBHU CIICHAPHU
3a pa3BUTHE HA CHEPTrUHHUS CEKTOp € MPUIIOKHUMa IpH pa3pabOTBAHETO HAa CTPATErHYECKU
JOKYMEHTH M IUIAHOBE 3a pa3BUTHE Ha HAlMOHATHATa eHepruiiHa cucrema. [IpemmoxeHusT
MOJIXOJT MOJIOMAra MpoIEeCcCUTe MO CTPATErHYeCKO €HepruifHO IUIaHWpaHe, CPABHUTEIICH aHAIN3 Ha
ITepHATUBHU CIICHAPHH W B3eMaHe Ha 0OOCHOBAaHHU DEIICHUS IPU ONpEeesHEe Ha TbJITOCPOYHUTE
HAaCOKHU 3a pa3BUTHE Ha €HEPTUWHHS CEKTOp, T.€. IPU CHCTABSIHETO HA HAIMOHAJHA €HepruiiHa
CTpaTerus.

Anpobdauus

Pesynrature oT M3cineqBaHUATA ca MpeNCTaBeHH Ha MexayHapoaHa KoH(pepeHUHs 3a
eJIeKTPUUYECKH MAalllWHU, 3aJBWKBaHus W eHepruiiau cucremu ELMA 2023 r., XIV Hayuna
koH(pepennus "bynE® 2022", XVI Hayuna kondepennus "bynE® 2024", 24-tu mexxnyHapoaeH
CHUMITO3UYM IO ejeKkTpudecku anapatu u texnonorun SIELA 2023 u Hanmonaiina KoHpepeHus
Ha Aconmanusita Ha bearapckute Enepruitnn Arennuu (ABEA) 2018 1.



Myoankanun

OcCHOBHUTE pPe3yJITaTH BB Bpb3Ka C TeMaTa Ha AUCEPTALIMOHHUS TPY/, ca NyOJIUKYBaHH B
5 craTtuu B pelieH3upaHu u3aanus, Kato 4 ot Tax ca pedepupanu u uaaekcupanu 8 SCOPUS/Web
of science. Exqna ot Ts1x uma 4 nuutupanus ot uzganus B SCOPUS/Web of science.

CTpykKTypa Ha IMCEPTALIMOHHUSA TPYJ

JlucepTauMOHHUAT TPyA € B 00eM oT 224 cTpaHULM, KaTO BKJIIOYBA YBOJ, 5 TJIaBM 3a
pemaBaHe Ha (OpMyJNIHMpPAaHUTE OCHOBHM 3aJauM, CIUCHK Ha OCHOBHUTE NPUHOCH, CIHUCHK Ha
nyONMMKaMUTe 10 JUCepTalusATa ¥ H3MOoJ3BaHa nureparypa. Lutupanm ca obmo 262
JUTEPAaTypHU U3TOYHMLHM, KaTo 199 ca Ha naTuHMIA U 58 Ha KUPWINLA, & OCTAHAINTE CA UHTEPHET
anpecu. PabGorata BrutouBa obuio 18 ¢urypu n 27 tabnunu. Homepata Ha ¢urypure u tabiumure
B aBTOpe(depaTa CbOTBETCTBAT HA TE3H B AMCEPTALMOHHHUS TPYA.

JucepTaiMOHHUAT TPyA € CTPYKTYpUpPaH B 5 OCHOBHHM TJIaBH, KaTo BKJIIOYBA YBOJ H
3akiarodeHue. KbM Hero ca npuioKeHu pe3roMe, CIUChK Ha N3II0JI3BaHAaTa JINTEPATypa, CIIMUCHK Ha

Ta6J'II/IIlI/ITe u (i)I/IprI/ITe, KaKTO U CIIMCHIU Ha UBNTOJI3BAHUTEC ChbKpAaIllCHUA, O3HAYCHNUA U TCPMUHHU.

2. CbABPKAHUE HA JTUCEPTALHIMOHHUA TPY ]
00630p BBHpXY npodJiema

Pa3zBuTHeTo Ha HAMOHAIHUTE EHEPTUHHU CHUCTEMH Ipe3 IOCIEIHUTE AECETUIIETUS
npeMHHaBa Ipe3 AbI00oKa TpaHchopmaius, o0ycloBeHa OT MKOHOMHUYECKH, TEXHOJOTHYHH,
MOJIUTUYECKH W eKOJIOTMYHHM (akTopu. JluHammkara Ha EeHEprulHHUTE Na3apu, pacTsliaTa
riobanHa KOHKYPEHIHsI, CTPEMEXbT KbM YCTOHYMBO HKOHOMHYECKO Pa3BUTHE U HApacTBAIUTE
M3UCKBAHMS 32 KIMMAaTH4YHAa HEYTPATHOCT IOCTaBAT IbP)KaBUTE INpelr HEoOXoaAuMocTTa [1a
pedopMupaT cBOS €HEprUeH CEKTOpP. B TO3M KOHTEKCT OLIEHSIBAHETO Ha CIICHAPHUH 32 Pa3BUTHE HA
HallMOHAJIHATA €HEepruiiHa CUCTEMa C€ IPEBPBIIA B KIIOUYOB AHATUTUYEH MHCTPYMEHT, KOWTO
MoJroMara CTpaTern4eckKoTo IUIaHUpaHe, YIPABICHUETO Ha PUCKAa W B3€MaHETO Ha WH(GOPMHUPAHU
peuieHuss OT CTpaHa Ha [pPaBUTEICTBAaTa, CEHEPIrUMHUTE pPEryjJaTopd, WHBECTUTOPUTE,
CHELHAINCTUTE U OOLIECTBOTO.

EHeerﬁHaTa CUCTEMaA Ha €Ha OAbpiKaBa € KOMIIJICKC OT B3aMMOCBBP3aHU NOACUCTCMHU —
MIpou3BOACTBO, IIPEHOC, pPa3npcCACICHHUC, 3allaCiBaHC U HOTpe6H€HI/I€ Ha CHCPrusa — KOHTO
(bYHKL[I/IOHI/IpaT Ioa B’E>3,ZLCI>'ICTBI/Ie Ha TCXHOJIOTMYHHU OIpaHUYCHUA, IIa3apHHU YCJIOBUA,
PEryJIaTOPHHU paMKU U COLIMAJIHU (1)aKTOpI/I. BaJ’IaHCI/IpaHeTO MCKAY HAACKAHOCT, AOCTBIIHOCT U
HCYBpPCKAAHEC Ha PCCYPCHUTC 3allaCu M OKOJIHAaTa cpeaga ¢€ CIOHO OT HaMl -roJIEeMUTE
NpCaAU3BHUKATCICTBA B KOHTCKCTAa Ha CbBpPEMCHHATA CHCpFHﬁHa IOJHUTHKA. CLHICBpCM@HHO,
OpoucCchT HAa NPECMHUHABAHC OT CUCTEMA, U3I1I0JI3Balllda OCHOBHO U3KOIIAa€MH I'OpMUBa, KbM CUCTCMA,



JAOMHHHpAaHa OT BBH300HOBsIEMU CHCpFHfIHPI HU3TOYHHUIU W HUCKOBBIUVICPOJHHU TEXHOJIOIHHU, €

CJIOKECH, MHOT'OCTAIICH U U3UCKBAa BHUMATCIIHO CTPATCTUICCKO MOJCIINPAHEC.

B TO3u cMHCBI OLIEHSBAaHETO HA CHEPIUIHU CLEHAPUU IPEICTABISIBA METOAOJOIMYECH
MOJXO0J, KOWTO IO3BOJISIBA CHUMYJIMpAaHE Ha PA3JIMYHU BB3MOKHM BAapUaHTH HAa pa3BUTHE Ha
eHepruiiHaTa cucremMa B 3aBUCHUMOCT OT KOMOMHauus oT (pakTopu — TEXHOJOTMYHU WHOBAIUH,
MOJINTUYECKH IeJIM, €HEePruilHu pecypcu, LIEHM Ha ropuBara, MOBEIEHHE Ha MOTpeOUTeNuTe,
MEXIyHApOJIHU (BKJIIOUUTEIHO TICONOIUTUYECKHM TIOBIUSHUTE) TEHACHUUM U KIMMAaTHUYHU
u3uckBanus. CleHapuuTe HEe ce CTpPeMsAT Ja MPOTrHO3upar ObJeueTo ¢ abCoIITHA TOYHOCT,
HaIlpOTUB, TE€ CIIYXKaT 3a CUCTEMATU3UpPaHE HAa HECUT'YPHOCTTA 4Ype3 U3CIEABAHE HA MHOXKECTBO
Bb3MOXXHHM OBbJeIM CbCTOSHUA. ToBa TI'M NpeBpbIla B HE3aMEHUM HHCTPYMEHT NpH
pa3pabOTBaHETO HA CTpPaTerdd B YCIOBUS Ha CIOXXHOCT, HENPEICKa3yeMOCT U JAUHAMHYHHU
MIPOMEHU.

Ha mexayHapoaHO HUBO IpOLIECHT HA OLICHABAaHE HA CHEPIrUMHU CLIEHApUU BeEye €
HEM3MEHHA YacT OT KJIMMAaTHYHUTE AaHTAKUMEHTH Ha JbpXKaBuTe. EBpPONEHCKUAT ChHIO3,
HalpuMep, W3UCKBA BCSIKa CTpaHa YieHKa Ja pa3paboTH HAIMOHAIHU IUTAaHOBE B o0OJacTTa Ha
enepretukara u knumara (HITEK), ocHoBanuM Ha KoIM4YeCcTBEHH CIleHapuu. MeXayHapoIHaTa
arenius o enepreruka (International Energy Agency — IEA) u MexaynpaBUTEICTBEHUSAT MaHe
no kaumarnuHute npomenu (Intergovernmental Panel on Climate Change — IPCC) cpbmo
M3MOJI3BAT CIIEHAPUIHO MOJCIMpPAaHE 3a aHAIW3 Ha TJIO0ATHUTE CHEPTHIlHW TEeHICHIMH. ToBa
nojuepTaBa HEOOXOIUMOCTTa OT HAJISKIHH MHCTPYMEHTH W METOIOJIOTHH, KOUTO J1a MO3BOJAT Ha
IbpIKaBHUTE J1a TJIAHUPAT a/IeKBATHO CBOMTE CTPATETHH B KOHTEKCTA Ha TJIO0ATHUTE KIMMAaTUIHU
LEIIA.

CpIIEeBpEMEHHO, 32 HALIMOHAIHO HUBO € BaXXHO MOJEIIMTE U aHAJIN3UTE Ha CLIEHApUUTE Aa
ObAaT aganTHpaHH KbM MECTHHUTE OCOOCHOCTH — HAJIMYHU W M3IMON3BAaHU PECYpPCH, HKOHOMHYECKA
CTPYKTYpa, MOTPEOUTENCKN HABUIHU, AeMorpadus, KIMMATHIHU YCIOBUS M MHPPACTPYKTYPHU
orpannueHus. Te3u pakToOpu 4eCTO ONpPeaAessAT pa3IuyHU Bb3MOKHOCTH 32 PA3BUTHE U PA3IUIHU
MpeIU3BUKATEICTBA B CPAaBHEHUE C APYTrH AbpkaBu. Hanmpumep cTpaHu ¢ rojisiM nOTEHIHUAN 3a
BB300HOBsieMU eHepruitnu m3rounuim (BEW) moraT na pa3BuBar cTpaTeruu, OCHOBaHU Ha MAacOBU
WHBECTULIMYU BBB BATHPHA U CIIbHUEBA €HEPIHUs, JOKATO CTPAHU C OrPaHUYEH MMOTEHIMAT OT TO3H
XapakTep MOXe€ Jla pa3yuTaT Ha BHOC Ha EHEprus, sJpeHa eHepreTuka WU BOJOPOJIHHU
TEXHOJIOTUH.

EHepFI/II\/'IHI/ITC cucTeMH obade cTaBaT BCe MMO-TPYAHHU 3a MOJCIIHpPAHEC. Bucokusar gsan Ha
MNPpOMCHJIMBH BEU — cibHYEBU U BATBPHHU MOIIHOCTH — BBbBCIK A 3HAYUTCIIHA HCOMPCACICHOCT U
HU3MCHCHUC B CUCTCMATA, KOCTO U3UCKBA II0O-BHUCOKA BPpEMEBaA pE30JI0IUA U IMO-CJIOKHU MCTOAU 3a
6aJIaHCI/IpaH€. EHeKTpI/Iq)I/IKaL[I/ISITa Ha TpaHCIIOPTa U OTOIIJICHHUCTO, U3ITOJI3BAHCTO HAa U3KYCTBCHA
HUHTCIIUICHTHOCT W T.H. CbhIIO YBCIHWYAaBAaT HCIIPCACKA3yCMOCTTAa HA HATOBAPBAHCTO, KAKTO U
HYy)XaAaTa OT I'bBKABHM U MHTCIUICHTHU MPCKOBU PCUICHUA. ITo To3um HauMH OLICHSIBAHETO Ha



CHCHapu M3UCKBAa MHTCIPUPAHU MOJACIN, KOUTO Aa MOraT Aa CBBPXKAT MHOXCECTBO IMOACUCTEMH U
npouecu B €AMH JUHaAMUYCH, TIOCTOAHHO IMMPOMEHANL CE KOHTCKCT.

IIpe3 mocnegHuTe TOOUMHU 3HAYUTEIHO CE€ pPAa3lIMpPsiBA HM3MOJI3BAaHETO HA MOJEIH 3a
onTuMH3anus Ha eHepruiiHata cuctema (Energy System Optimization Models — ESOMS), kouto
MI03BOJIABAT U3YEPIATEIIHO KOIMYECTBEHO OILIEHsBAaHE HA CIIEHApUU. Te3u MOoJeNn BKJIHYBAT TOJSM
Opoll TEXHOJOrMYHM ONIMHM (BUCOKAa CTENEH Ha Je3arperupaHe Ha IOTPEOUTENICKH U
NPOU3BOACTBEHU TEXHOJOTHM), OTPAaHUYEHUS M JUHAMHUKH M 4eCTO PabOTAT C IBITOCPOUYHU
BpemeBu xopu3oHTH 10 2050 mim 2100 r. Te mo3BonsiBaT na ObJaT OLEHEHHN PA3IMYHH MOJIUTHKH
U TEXHOJOTMYHM BapUaHTHU/IIBTUINA, KAKTO M Ja CE€ ONpEeesAT Hal-peHTaOMIHUTE WU Haii-
exonornyHute pemieHusi. ESOMS onpenenar onTuManHus MHUKC OT TE€XHOJIOTHH (TIPOM3BOJICTBEHU
U MOTpeOuTeNcKu), OanaHca Ha €HEpruiHM MOTOLH, MOTPEOJIEHHETO B PA3IMYHU CEKTOPH U
BB3MOKHOCTUTE 32 HAMaJIIBaHE Ha €eMUCUUTE, KaTO C€ B3eMaT MpeABU]I MHOXKECTBO ITapaMeTpu —

pasxony, MOTEHIHANI 32 Pa3BUTHE, €EKTUBHOCT, I'bBKABOCT, OIPAHUYEHUSI B MH(]pacTpyKTypara u
ApyTH.

Kiacudeckusar momxoa KbM OIEHSABAHETO HA PA3BUTHUETO 4Ype3 CIEHApHH Tpeiaroiara
CpaBHEHUS MEXIy TPU OCHOBHH BHJA CIIEHAPUH:

- ,,O0unuaitno moBeaenue", ,,busnec kakro oOMKkHOBEHO , ,,Pedhepenten cuenapuii”, ,,bazon
X149

cuenapuii* (Business as usual), koeTo onucBa ObIemIEeTO MPH 3aMa3BaHe Ha HACTOSIIUTE
TEHJICHIUN U TOTUTHKH;

- basupanure Ha menum cueHapum (meneBu crenapuu) (Target-based), ce orHacsaT 10
orpenessHe Ha MOJXOAM 3a JOCTUTaHe HAa KOHKPETHM LeNM, HAaIpUMep MOCTUTaHe Ha
HyneBu emucuu 70 2050 r. wim nocturane Ha onpejaeneH jasu1 Ha BEU;

- Onrtumusanuonaute cueHapuu (Cost optimal), KOUTO onpeaeIAT HKOHOMUYECKH HIIH 1O
ApyT KpuTepuil eQeKTHBEH HAYMH 33 MOCTUTAHEe Ha JaJ(eHa Il WIH rpyma Ielu.

Bcekxu ot te3u BHOOBE CLI€CHAPUU MMa CBOCTO 3HAYCHUC. bazoBute COCHAapHUH MmoKa3BarT
KaKBO OH ce CJIy4uio 0e3 HOBU IMOJIUTUKHU, HCJIECBUTEC CHUCHAPHUH OIMMCBAT Bb3MOXHUTE IIbTHUIA 3a
MMOCTUI'aHC Ha MPECABAPUTCIIHO 3adaACHU LCJIN, a OIITUMU3AIIUOHHUTC COUCHAPUU — KOU PCIICHUA
ca Haﬁ-HOHXOHHHIH 34 IMOCTUTAaHC Ha LCIUTEC I10 Hafl-e(i)eKTI/IBHHHT Ha4YuH. EI[HO OT KIKOYOBHUTC
npeauMCTBa Ha TO3U THUIT CIIeHapI/ICH/BapI/IaHTeH nmoaxona €, 4 TOH MO3BOJISIBA Ha INOJIUTHIHUTC Oa
HallpaBAT OLICHKA Ha ,,lICHATa Ha 6€3H€ﬁCTBHeTO“, T.C. IMOCJICACTBUATA OT JIHIICATa Ha pe(i)OpMI/I,
KaKTO U Ia CPaBHAT eq)eKTI/IBHOCTTa Ha pa3jiIn4Hu MCPKH.

OHCHKaTa Ha CHCHApHH 3a pa3BUTHUC HAa HAlMOHAJIHATa eHCpFHﬁHa CHUCTCMaA € CJIOXKCH,
MHOIrOIjaCToB M HHTCPAUCHUIINIMHAPCH IIPOLECC, KOUTO KOM6I/IHI/Ipa JaHHHU, aHaJIUTUYHHU
HUHCTPYMCHTHU, TCXHOJIOIrMYHU MOACIHN, MKOHOMHUYCCKH aHAJIM3W U MOJIUTUYCCKU BHU3UU. Toii
ocUurypsBa OCHOBATa 3a CTPATCIUUCCKU PCUICHUA, KOUTO ONPCACIAT ABJTroCpodHaTa eHeprm”IHa
CUTYPHOCT, MKOHOMHWYCCKOTO Pa3BUTHUC U KIIMMATUYHUTC YCUJINA Ha BCIAKaA CTpaHa. B ycCi1oBudATa
Ha YCKOpsBalll C€ CHEPIrucH MNpexod, HCO6XO,Z[I/IMOCTT3 OT Ka4€CTBCHU CHeHapHﬁHH OLICHKH CTaBa
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BCE MO-TOJSIMA, a pOJisiTAa UM — BCE MO-IIEHTPAJHA 32 YBEPEHOTO OMpEJeIIsiHe Ha MpaBUJIHATA
MOCOKA 32 YKPEIBaIllo Pa3BUTHE.

B nporuBoBec Ha HHTEH3UBHOTO PA3BUTHE B UKOHOMHYECKHU HAIlPpEIHAJIUTE CTPAHHU, Y Hac
JIMIICBAT JOCTaThU€H HAy4Y€H NOTCHUHWAN W M3CIEABAHUS 110 pPa3BUTHE HA CEHEPreTHKATa.
beirapckata eHepreTuka € H3IpaBeHa IpeJ MHOXKECTBO INPEAU3BUKATEICTBA: BUCOKA
€HEepProeMKOCT Ha OpyTHHUS HAIMOHAJIEH MPOJIYKT, BUCOKA CTENEH Ha €HepruifHa 3aBUCHUMOCT,
HeJoCTaThyHa AMBEpCcHUKALMS HA JOCTABKUTE HAa MBbPBUYHHU €HEPTOHOCHTENIH, MPOLECH Ha
CTPYKTYPHHU CTONAHCKU pedOpMHU, KOUTO HE OTUUTAT aI€KBATHO KOMIUIEKCHUTE B3aUMOJIEH CTBUS
€HepreTnka — MKOHOMHMKA — TEXHOJIOTUHU — OKOJIHA Cpesia — 00IIeCTBO — CUT'YPHOCT — KJIIMMaT U Jp.
OcHoBHAaTa L€l Ha NpeJJaraHusT AUCEPTALUOHEH TPy € Ja JOIPHUHECE 3a 3al'bJIBAHE HA Ta3H
IIpa3sHUHA.

OOmiecTBeHO MKOHOMHYECKAaTa 3HAYMMOCT Ha JOKTOpCKara TeMa € OOyCIIOBeHa OT
BaXHOCTTA Ha OI[EHKAaTa 3a €(peKTHBHOCTTA HAa YKPETBAI[OTO/ IbPKEIUBOTO EHEPTUHHO pa3BUTHE,
T. €. OIIPEJICJITHETO Ha ONTHMAHUTE CIICHAPHH KbM KOHUTO 1a ObJe HacOUeHO pa3BUTHETO. ToBa €
CIIO)KHAa W TpeIu3BUKATeNIHAa 3aJada, W3MCKBalla BHHUMAaTElIHA IPELHEHKa B CHOTBETCTBHE C
MHOXECTBO KpI/ITepI/II/I/HOKaBaTeHI/I. OHpC}ICJ’IfIHeTO Ha KpUTCpuun n moaxoan 3a
MHOTOKPpHUTEpUAJICH aHalIu3, KOUTO HAJACKIHO OLCHABAT ll"bp)KeJ'II/IBOCTTa/YCTOﬁqHBOCTTa (B
CMHCBHJIa Ha sustainability, a He Ha stability) e mpenmocTaBka 3a nmpaBuiIHa OIIEHKA MPU H300p HA
Haif-no0pus cueHapuii, ChOTBETHO ONpEIENISHE HA HEIbPIKEIHUBU/HEYCTOWYHBH PELICHHS IIO0
OTHOIICHHUE 3a10BOJISIBAaHE HA EHEProMOTPEOICHUETO U TAXHOTO eNMMUHUpPaHe, NHPOPMHUpaHE Ha
NPOCKTAHTHUTE 32 WHAWUBHIYaTHUTE XapaKTEPUCTUKH Ha AITCPHATHBUTE M 33 BIMSHHUETO UM BBPXY
OKONHaTa  cpema. 3a  ga  OTpa3AT  NPAaBWIHO  TNpoOJIeMHTe,  CBBp3aHH  C
YCTOMYMBOCTTA/ABPIKEIMBOCTTa HA CHCTEMaTa, KPUTEPHHUTE TPSOBAa 1@ c€ OTHACAT A0 IsIaTa
cucTeMa B HEHHOTO €IMHCTBO U CHIIEBPEMEHHO JJa OTYUTAT B3aUMOJCHCTBHETO MEXy HEHHUTE
HOJCHCTEMH.

I'nasa 1. IllmanupaHe HA HAIMOHAJIHATA €HEPrUMHA CHCTEMA: MEXKAYHAPOIHH
NMOCTH/KEHHSl, CTPATErH4eCKN MOAXOAH H KJY0BH 00JacTH 3a ObAeuo
pa3BuTHe

|.1. Possi M 3HAUEHHUE HA EHEPIUHHOTO IVIAHMPAHE

[InanupaneTo Ha HallMOHAJIHATA €HEPIrUiHA CUCTEMa MPEACTABIsABA CIOXKEH, IBJITOCPOUYEH
U MHOTOM3MEpPEH Mpolec, ype3 KOWTO IbprKaBaTa OINpeless NOCOKAaTa Ha pa3BUTHE Ha CBOSA
€HEPTrUeH CEKTOp C IeJ OCUTYpsIBaHE Ha yCTOWYMBO, HAJAECKIHO M MKOHOMHUYECKH €(PEKTUBHO
eHeprocHabasBane. B Hall-IIMPOKHUS CM CMUCHI HAlMOHAIHOTO €HEPTUITHO NJIaHupaHe oOxBalia
aHaju3a ¥ yIpaBJIEHUETO Ha BCUUKH €JIE€MEHTH Ha eHepruiiHaTta cucTeMa — OT 100MBa U BHOCA Ha
'bPBUYHU EHEPTrUMHU pecypcu, MNpe3 TIXHOTO mpeoOpa3syBaHe U MPEHOC, A0 KpPaWHOTO
notpebyieHre Ha eHEprHsi BbB BCHUKH CEKTOPU Ha MKOHOMHKaTa. HayuHara nutepaTypa pasriexnia
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TO3HU IIpoHeC KAaTO KIIOYO0B MHCTPYMCHT 3a HU3I'pa’XKaaHC Ha yCTOfI‘IPIBO, KOHKypeHTOCHOCO6HO u

HHUCKOBBIJIEPOJHO EHEPTUITHO Obaele.

ExepruilHusAT npexof, OT CBOS CTpaHa, U3UCKBA CTPATETMYECKO U IBITOCPOUHO IIJIaHUPaHE
Yype3 CIEeHapUU, KOUTO MOIIoMaraT B3eMaHeTo Ha MH()OPMUPAHU PELICHUS U OLICHKaTa Ha PUCKOBE
U BB3MOXKHOCTH B €[JHa BCE I10-CJIO’KHA €HEPrUiiHa CUCTEMA ¢ MHOT'O HOBU YYaCTHULIU. Y CIIEXBT
Ha €HEPrUMHUTE MOJIUTUKYU 3aBUCU OT BKJIKOYBAHETO U aHIaXXUPAHETO HA BB3MOYKHO Hal-IIMPOK
KpbI' 3aMHTEPECOBAaHU CTPaHHM, KAKTO Ha HAIMOHAJIHO, Taka M Ha OOIMMHCKO HHMBO, U OT
U3M0JI3BaHETO Ha TEXHUTE 3HAHUS U ONHUT B Mpolieca Ha HEMHOTO GopMynHpaHe U U3I'bIHEHHE.
3aToBa aHTaXUPAHETO 3a 3AMHTEPECOBAHUTE CTPAHU CE Pa3IJIekJa KaTO KIKYOB UHCTPYMEHT B
€HEePruiHOTO IJIaHUPAHE U IIPU YIPABIECHUETO HA CHEPTUHHUS IPEXOL.

.1.1. Knacuduxanus Ha MoaenuTe 3a eHepruiiHo IIaHupaHe

MarteMaTu4ecKuTe MOJZECJINU Ca OCHOBCH MHCTPYMCHT IIPpU IJIAHUPAHETO W aHaAJIM3a Ha
SHEePrUuHUTE CUCTEMHU. Te ce KiIacu(PUIMPAT OCHOBHO CIIOPE] BPEMEBHsI XOPU30HT, MOIX0/1a Ha
MOACIMpPAHE, U3M0JI3BaHaTa TEXHUKA U IMMPOCTPAHCTBCHUA O6XBaT. OcHOBHUTE nmoaxoau ca OT rope
Hajony (top-down) u ot mony Harope (bottom-up).

Mopenute OT TOpe HaJIoJNy aHaJU3UpaT Bpb3KaTa MEXIy CEHEepreTukara W
MaKpOMKOHOMHKATA, KaTO OIEHSIBAT €(EKTUTE OT CHEPTUHHH U KIMMATUIHU TMOJUTHKH, HO UMaT
OrpaHMYeHa TEXHOJOTHYHA JeTaliaHocT. Mopenute OT 1oy Harope ce (OoKycHpaT BBPXY
TEXHOJOTMUTE, WHBECTULMUTE M pPa3XOguTe€ B EHEpruiiHaTa CHCTEMa M  BKJIKOYBAT
ONTUMH3ALMOHHY, CUMYJAllMOHHHU, YACTUYHO PABHOBECHU U MHOT'OareéHTHU MOJEIN.

CpBpeMEHHHUTE TEHJEHLIMH Ca HACOYEHH KbM XHOPHUIHU MOJENH, KOUTO ChYETaBaT
NKOHOMHYECKHU U TEXHOJOIMYHU NoAX0a1. OCHOBHHU IPEAU3BUKATEICTBA OCTABAT YIIPABICHUETO
Ha HECUT'YpPHOCTTA, KadyeCTBOTO Ha BXOAHUTE JAaHHU, W3UYHCIUTENHATA CIOXHOCT H
HEOOXOAMMOCTTa OT IMO-TOJsIMAa MPO3pAadyHOCT Ha Moxenute. EHepruitHOoTo Mozenupane
nojarnomara pazpaboTBaHETO HA YCTOMYMBY €HEPTUUHU CTPATErUH Ype3 aHalU3 Ha MOTPeOIeHHETO,
TEXHOJOTMYHOTO Pa3BUTHE U BB3AEHCTBUETO HA PA3IMYHU OJIUTUKH.

.1.2. CpaBHHUTeJIeH aHAJIU3 HAa MEXKAYHAPOJAHHUTE MOJAXOAHM 3a IJIAHHMPAaHEe Ha

€HepruifHu CUCTEeMH

B To3u pasznen Ha qucepTallMOHHUS TPYHA € MPEACTABEH aHajIu3 Ha HAUUMOHAIHUTE U
CBETOBHUTE IMOCTH)XCHHS B 00JacTTa Ha €HEPrUMHOTO IUIaHHpaHE, KaTO CE aKIEHTHUPA BBPXY
UICHTU(ULIHMPAHETO HA KIIOYOBH obOinactu 3a Obaemo pasButue. lIpoyuBaHero oOxBarmia
CbCTOSSHUETO HAa EHEPruilHOTO IJIaHMpaHe BBB BOJECIIM AbpkaBu B EBpoma u cBerta, KaTo
pasriiexxa TEXHUTE NPUOPUTETH, CTPATETHMYECKH MOAXOAM M YCHEUIHW NPaKTHUKU NpHU
yOpaBJIEHHUETO U TpaHC(HOpPMALUATA HA EHEPTUHHUTE CUCTEMH.

HanpaBenusT o0cToeH nperiea Ha ONuTa Ha BOACIIN CBETOBHU U €BPOINEHCKHU AbpKaBH, B
munero Ha CAIL, Kutait u I'epmanus, nmoguepraBa, 4e KIHOYOBHTE (pakTopu 3a e(peKTHBEH
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€HEepPrueH Mpexoj ca ABJTOCPOYHA BHU3Ms, CTPATErHUYECKO IUIaHMpaHe, 3aKOHOJATelHa paMKa,
aKTHMBHO y4YacTHE Ha BCUYKHM 3aUHTEPECOBAHM CTPAHU M MPO3PAYHOCT B npoueca. HanpaBeHust
aHaJM3 10Ka3Ba, Ye HE ChIIECTBYBA YHHUBEPCAIEH MOJEJ 3a YCHEUIHO €HEepruiiHO IIaHUpaHe.
HeszaBucumo ot pasznuumsita MeXIy OTICTHHUTE IbpPXKaBH, YCICIIHUTE CTPATeruu Cce
XapakTepu3upar ¢ SCHU ABJTOCPOYHHU IETH, W3MOJI3BaHE HA HAJCKIAHM aHATUTHUYHH MOJEIH,
cTabuiIHa HOpMAaTMBHA paMKa M aKTHUBHO ydyacTHE Ha 3aMHTEPECOBaHUTE CTpaHU. bbaemoro
pa3BUTHE HAa CEHEPrUMHWUTE CHUCTEMHU e 3aBUCH OT CIOCOOHOCTTa 3a HHTErpupaHe Ha
TEXHOJOTMYHU WHOBAIIMU, UKOHOMUYECKH (PAaKTOPH, COLIMATHU ACTEKTH M KIMMATUYHU LIEJIH B

CAWHHA CTpAaTCTUYCCKA paMKa.

|.2. Enepruiina mosutuka Ha EBponeiickus cbi03 (EC) u moanTukara Ha
bbarapus

BropusT paznen na 'maBa 1 ananusupa eHepruiinata nmoiuTuka Ha EBpomeiickus cbio3 u
eHepruiiHata nonutuka Ha bbarapus xaro crpana or EC. AHanu3bT npeacTaBs CTPyKTypUpaH
Mperjiael Ha pa3BUTHETO U ChIBP)KAHUETO HA EBPOIEMCKATA EHEPTUHA MOJUTHKA 10 HACTOS U A
MOMEHT W pas3riiekJa €BOJIONWIATA Ha CHEPrUilHaTa NMOJWTHKAa Ha bbarapus cien HEWHOTO
yiaeHctBo B EC, kaTo mpociejsiBa HAa4YMHA, MO KOWUTO €BPONEWCKUTE M3UCKBAHUS U LENH ca

MOBJIMAJIIA HAINUOHAJTHUTC CTPATCTUUCCKU JOKYMEHTHU U PCryJIaTOPHU OAXOAU.

EnepruitHata nonutuka Ha EBporeiickus cp103 NpeacTaBisiBa JUHAMUYHO pa3BUBAaIla ce
cuCTeMa OT CTPATErMyecKu IeJId, HOPMATUBHU MHCTPYMEHTH M MEXaHU3MH 3a YIpPaBJIEHHUE,
HACOYEHH KbM TapaHTHpaHE HA CUTYpHA, YCTOMYMBA U KOHKYPEHTOCIIOCOOHA €HEpruiiHa cucTema.
Cnen 2000 r. EC mocreneHHO mpeMHUHaBa OT CEKTOPEH MOJXO0J KbM HHTETpUpaH MOJieNl Ha
€HEPTrUeH MPEexoJ], KOUTO 00eANHIBa NUKOHOMHYECKH, TEXHOJOTUYHHU, €KOJOTUUYHU U COLUATHU
n3mepenusi. Cmopen EHepruiiHus chbio3 MEeTTE OCHOBHU IIeJIM Ha eHepruiiHaTta nmonutuka Ha EC
ca: (1) Husepcugurayus na esponetickume u3mMoyHUYU Ha eHepeus, OCucypsaeane Ha emepeulina
CUSYPHOCM Upe3 COTUOAPHOCH U cobmpyOHudecmseo mexncoy cmpanume om EC; (2) I'apanmupane
Ha QYHKYUOHUpAHEMO HA HANBIHO UHMeZPpUpAH 6bmpeuilen eHepeueH nazap, Nno360.46auy
c80000en nomok na enepeus npez EC upe3 nooxooawa ungpacmpykmypa u 6e3 mexHuvecku uiu
pezynamopuu oapuepu, (3) Ilooobpseane na euwepeutinama epekmusHocm u HAMAASABAHE HA
3a8UCUMOCMIMA OM 8HOCA HA eHepeusl, HAMANA8aHe HA eMucuume u CMuMyaupane Ha padomuu
mecma u pacmedic; (4) dexapbonuzupane Ha UKOHOMUKAMA U NPEMUHABAHE KbM HUCKOBb2LEPOOHA
uxoHomuxka 6 cvomeemcmeue c¢ Ilapusickomo cnopazymenue, (5) Hacvpuasane na nayunume
uzcneo8anus 8 061acmma Ha HUCKOBbEAEePOOHUME U YUCTU eHepeUUHY MeXHOI02Ul U 0asane Ha
npuopumem Ha HAyYHUMe U3C1e08aHUs U UHOBAYUUME 3 CIMUMYTUPAHE HA eHepeULHUS NPeX00 U

noo0obpasane Ha KOHKYPEHmMOoCnocoobHocmma.

CHCTeMaTHYHOTO pas3rjicKaane Ha TCMATUYHHUTC objacTu Ha CHCpFHﬁHHH CbIO3,
H,Z[CHTHq)HHHpaT KIIIOYOBUTC (baKTopI/I W HaIlpaBJICHHA, OIPCACIIAIIU YCTOﬁqHBOTO Pa3BUTUC HaA
eHepFHﬁHHTe CHUCTCMMU. BT»J'IFapI/ISI CJICABa eBpOHCﬁCKaTa eHepFHﬁHa INOJIMTHKA, HO CC OTKJIOHsBA B
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HAKOM KIIO4YOBU oOnactu. bwp3oro passutue Ha BEW u wu3octaBanero B eHepruiiHara
e(peKTUBHOCT C€ JbJKaT Ha OJMIFAapXU4YHM BIMSHUSA M HEAOCTAThYHO aJanTHpaHe Ha
€BpPOIEHCKUTE MEXAaHU3MU KbM HALlMOHAJIHUTE YCIOBHs. JIuncara Ha CUCTEMHO MHCIEHE U
HHUCKaTa eHepruiiHa KyaTypa BOJAT A0 NPOINYCKH B YCTOWUMBATA, MHTEJIEKTyallHa U puoO1aBama
€HEepruiiHa MOJIMTHKA, BKIKOYUTEIHO JELECHTPAIU3alUs Ha YINPABICHUETO MU HOBU MOJACIH 3a
norpebienue. CTpUKTHOTO mnpuiaraHe Ha aupektusute Ha EC He rapaHtupa ycTOWUYHBO
pa3BUTHE, KaTO CTpaHaTa M30CTaBa MO0 MHTErPUPAHU MKOHOMMYECKH, CHEPTMHHHU U COLUAIHU

mokasare€ijii, KO€TO CC€ Hajiara aa 6'LII6 IIOIIPpaB€HO YPE3 HOBA HAIMOHAJIHA eHeerﬁHa CTpaTerus.

Mexnynaponnata areHuus mno ereprus (MAE), MexnyHaponHa areHuus mo aToMHa
enepruss (MAAE) u npyru Bonmemu MeXIyHapOJHU OpTraHHU3alMU ca pa3padoTmim Habop OT
TeXHUKO-UKOHOMUYECKH ITO0Ka3aTelld 3a YCTOWYMBO EHEpPruiiHO pa3BUTHE. Te3n MokazaTenu
MpEeACTaBIsIBAT CTAHIAPTU3UPAH MHCTPYMEHT 3a OLIEHKAa HAa ChbCTOSHMETO U €(EKTHUBHOCTTA Ha
HallHOHAJTHUTE CHEPrUiHM CHUCTEMH M II03BOJSABAT IMpOCIEIsiBaHE Ha HaIpexbka IpHU
M3MBJIHEHUETO Ha HallMOHAJTHUTE 11NN U IIeJINTE 32 YCTOWYUBO eHepruitHo pa3Butue. B Tabnuna
2 e mpeAcCTaBeH aHaIW3 Ha HM30paHM WHIUKATOPU 3a YCTOWYMBO pa3BUTHE. 3a MBPBH IBT
aHAJIOTUYHU HMHIMKATOpPH ca MYyOJMKYBaHM B W3CIEABAHMUATA. 3a LEIUTE HA HACTOSIIHI
JIUCePTAllMOHEH TPYyA T€ ca aKTyaJIW3UpaHH BbB3 OCHOBA HA IOCIEJHUTE HAJIUYHHU ITBJIHU
cTaTUCTUYEeCKH naHHu 3a 2024 T., KaTo € U3BBPIICHO CPAaBHEHHE MEXYy bbirapus u cbCeIHUTE
ctpanu. [lpn aHanm3a ce mpuemMa, 4ye yCTOWYHUBOTO Pa3BUTHE € PA3BUTHE, KOETO YIAOBJIECTBOPSBANKHU
NOTPpeOHOCTUTE U OYaKBAHMITA HA HACTOSIIOTO MOKOJIEHHUE, IPEOCTAaBs TAKWBA Bb3MOKHOCTHU U
3a OBACIINTE MOKOJICHHUS.

Pesynrarure oT aHanm3a moka3BaT M30CTaBaHe HAa bbarapus ¢ 1eceTKH rOAMHYU 110 OCHOBHU
€HEPrOMKOHOMHYECKH ITOKA3aTeNd 3a YCTOMYMBO pa3BUTHE. HW3NbIHABAaWKH €HEprUilHaTa
nonutuka Ha EO, Hapen ¢ mbTsA, KOMUTO TpsiOBa 1a M3BBHPBU B MKOHOMHUYECKOTO CH Pa3BHUTHE,
brvarapus cineasa 1a HaCO4YM yCUIIUATA CH M KbM HIKOJKO B3aMMOCBBP3aHHM HAllMOHAIHU LIEJIH U
npoOjeMHU 00JIaCTH: CMTYPHOCT HA (PDYHKIMOHHPAHETO M Pa3BUTHETO HA eHePreTHUKAaTa;
OrpaHUYABaHe HA BB3ACHCTBMETO BbPXY KJIMMATA M YHUCTA eHeprusi; e()eKTUBHOCT Ha
eHepruiiHust 0aJIaHC; pecypcHA M TEXHOJOrMYHA ONTHMH3AUUsd W HWHOBALUM B
eHeprerukara; pa3puTHe Ha EBpomeiickusi eHeprueH mnaszap M Ju0epaju3anusi Ha
BbTPEUIHUTE CHEePruiiHU Na3apu; paspeuliaBaHe HA MHCTUTYUHMOHAJHHTE NMPO0JeMH Ha
YIPaBJICHHETO B eHepreTuKara, AeTailyiIHO aHAJu3upaHu B I'1aBa 1 Ha aucepTrauUuOHHUA

TpyA.
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Tao6auua 2. Kbae e brarapus?

Crpana/ Ilokazarten 3a 2024 1. ABcTpHst Jlanus Dpannus Tepmanus Wranus I'bpuus Boarapus Pymbuus YHrapus
Hacenenne, M. 9,159 5061 68,467 83,456 58,971 10,401 6,445 19,067 9,585
BBIL mapx. espo o rexyuu 494088 | 302401 | 291989 | 4328970 | 2199620 | 236,736 | 104,767 353,633 | 206,040
uenu 3a 2024 r.

BBII Ha KuTeJ, eBPO/KUTE] 53 946 65 828 42 647 51781 37 300 22761 16 255 18 547 21 496
Hotpebaenne ua nopsiuina 203 155 211,0 232,0 131,3 21,0 166 296 222

€Heprus, MJH. T.H.e.
IoTpedaenne Ha NbPBHYHA

3,20 2,60 3,08 2,78 2,23 2,02 258 155 232
eHepF"ﬂ Ha JKUTeJ, T.H.e./)lﬂ/l'leﬂ
3asucumoct o1 BitoCa HA 53,322 38,229 40,060 66,802 73,854 77,714 41,936 30,356 48,997
ropusa u eHeprus, % 65,673**
EdexTnBHOCT Ha eHepruiiHus
Saanc, KEIVTIEIL, % 82,9 85,2 61,8 798 83 786 59,6 791 76,1
Enepruiina WHTeH3nBHOCT, 73,86 57,85 84,79 65,17 61,85 83,81 101,51 51,73 83,83
Kr.H.e./1000 eBpo
OTtHomenne "enepruiina
HHTeH3UBHOCT HAa Bharapus" /
"eHepruiiHa HHTEH3MBHOCT HA 137 175 119 1,56 164 121 1,00 1,96 121
cTpaHa"
BpyTHo 1POH3BOACTBO HA CJ1. 82 407 33 733* 570713 511 881* 264 716* 49 917* 38535 57 983* 35 546*
eneprusi, Bty
BpyTHO Npou3BoACTBO HAa eI
CHEpTIs Ha suredd, 8997 5 659 8336 6133 4489 4799 5979 3041 3709
KBTu/KuTeNn
Enexrpoenepruiina 0,018 0,014 0,029 0,001 0,002 0,020 0,057 0,008 0,018
MHTeH3uBHOCT, 'BT4/MIIH. eBpo
OTHOMIEHHE
"eJleKTpoeHepruiina
untensupHoct Ha Brarapus” / 3,167 4071 1,965 57 285 285 1 7,135 317
"eJleKTpoeHepruiina

MHTEH3MBHOCT HAa cTpaHa'

JIs1 Ha KOMOMHMPAHOTO
TPOM3BOJACTBOB 06LIOTO
NPOM3BOACTBO HA 513 6,11* 1,56 5,63* 13,22* 5,44* 1,63 2,562 2,27
eJeKTpoeneprus, %

Jlsin Ha npupoaHus ra3 B

TOTPEICHUETO HA L PBHHA 16,95 851 12,88 24,89 35,03 21,01 14,32 26,91 31,87

eneprus, %

Emucun va CO: , T/KuTeN 6,213 4,373 4,085 7,115 5,310 4,998 5,353 3,559 4,209
HW3TOUHUK: Espocrar, https://ec.europa.eu/eurostat/home?; https://ourworldindata.org/grapher/gas-share-

energy?tab=table
*T1o mocneanyu HamuuHK nanuu 3a 2023 .

** TIpe3 2024 r., cniopen naHHu Ha EBpocTart, eHepruiiHaTa 3aBUCMMOCT Ha CTpaHaTa oT ropusa u eHeprus ¢ 41.936
% [nrg_ind id] Energy imports dependency, kKoeTo e 3HaYMTETHO MO-HHCKO OT CpPeIHATa CTOMHOCT 3a CTPAHUTE

yienkd Ha EC. ToBa ce IBIDKM Ha METOMOJIOTHMATA, BB3IPUETa OT EBpocTar, criopen KOSTO sApeHaTa eHEprus ce
OTYMTA KATO MECTEH €HEPrUeH M3TOYHMK. Upe3 METOMONOrMsATa 3a M3UMCIIEH)E HA eHepruiiHaTa 3asiucuMoct Energy
imports dependency (nrg_ind_id) u mpu oTuwTaHe Ha sApeHaTa eHeprus Kato BHoC OOIIL eHeprieH bananc, pearHara

eHepruifHaTa 3aBHCHUMOCT Ha CTpaHaTa OT ropusa u eHeprus 3a 2024 r. e 65,673 %.

I'nasa |l. U3nckBaHusi 0OTHOCHO N300pa HA eHepruiiny cueHapun. Kpurepum 3a
OIIEHKA HA CIIEHAPUM 32 Pa3BUTHE HA HAIIMOHAJIHATA eHEePruiiHa cucTemMa

1.1 3HaYeHHe HA CHIEHAPUITHOTO NJIAHMPAHe

Pa3paboTBaneTo Ha ABITOCPOYHH EHEPrHIHU CICHApUM € Hai-IOOpHAT HAYMH Ja ce
obenuHAT AemMorpadcKi, MKOHOMHYECKH, COIMAITHA U TEXHOJIOTMYHH 3HAHUS C pa3OupaHeTo 3a
€KOJIOTMYHUTE CUCTEMHU U CBBP3aHUTE C TAX npodsiemu. CLeHapuuTe CllyKaT KaTo HHCTPYMEHT 3a

15


https://ec.europa.eu/eurostat/home
https://ourworldindata.org/grapher/gas-share-energy?tab=table
https://ourworldindata.org/grapher/gas-share-energy?tab=table
https://ourworldindata.org/grapher/gas-share-energy?tab=table
https://ec.europa.eu/eurostat/databrowser/view/nrg_ind_id/default/table?lang=en&category=nrg.nrg_quant.nrg_quanta.nrg_ind
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https://ec.europa.eu/eurostat/cache/metadata/en/nrg_ind_id_esmsip2.htm
https://www.nsi.bg/index.php/statistical-data/77/281

uJaeHTUGULIHpPaHEe HA IPOMEHH U 3a aHAJIU3 Ha B3aUMOBPB3KUTE MEXK1Y Pa3IUYHU MEPCIEKTUBU U
BBb3MOXXHOCTU. Te TO3BONSABAT MPOBEXKIAHETO Ha CTPYKTypUpaHH JebaTu  Mexay
3aMHTEPECOBAHUTE CTPAHU U MHCTUTYIMUTE, 3a J1a CE U3CIEABAT AJITCPHATUBHUTE ITbTHUINA HA

€HEepruiiHUs NMPeXoJl U TEXHUTE MOCIEAULH.
1.2. Kaacupukanus Ha cueHapuu

Crenapuute ce pa3In4aBaT 3HAUUTEIHO 110 HAYMHA Ha TSAXHOTO pa3pabOTBaHE U MOrar Ja
npugobusar MHoro gopmu. Te morar ga ce paznuuaBar o reorpadcku o0OXBarT, CEKTOpEeH 00XBart,
BpEMEBU XOPU3OHT U II0 0Oa3ara Ha H3IIOJI3BAHUTE MO/JICJIN UJIW CKCIICPTHU OILICHKH. CHeHapI/II/ITe
Ce pas3aMuYaBaT OCHOBHO CIIOpE] JEKJIapupaHaTa Leld Ha TAXHOTO pa3ButHe. CleHapuurte 3a
Pa3sBUTHUC HaA eHepI‘HﬁHHTC CUCTCMU Bapupar 1o 06XB3T, MCTOOOJIOTUA U LCJIN U BCE OIIC HAMA
YHUBEpCaTHA THIOJOTHUS, KOATO Ja 00XBalla BCHYKK oaxoau. Haii-uecto e ce kinacuduuupar
CTIOpEe]] OCHOBHUTE BBIIPOCH, HA KOUTO OTIOBApAT — KAKBO II[€ CE CIyYH, KAKBO MOXE Ja C€ CIy4H
¥ KaK MOXe€ J1a ce IOCTUTHE OIpe/esieHa 1ei. B Ta3n Bpb3ka ce pasrpaHnYaBaT TPU OCHOBHHU THIIA
CIICHapUU: MPOTHO3HU, MU3CIETOBATEICKM U HOPMATHBHH. [IpOTHO3HUTE CIEHApWUU aHAIU3UpaT
BEPOSATHOTO OBbJelle, H3CIeTOBATEICKUTE CLHEHAPHH pa3riIekIaT BB3MOXKHH BApUAHTH IIPU
pasjiMuHu JOIMyCKaHHA, a HOPMATUBHHUTC CHCHApPHUU ONPEACIAT MNbTHIA 3a IIOCTUIaHC Ha
KOHKPETHHM LIeJIM, KaTO HampuMmep JekapOOoHH3anus Ha eHepruiiHus cexrop. CrieHapuuTe morar jaa
6'blIaT Ka4Y€CTBCHHU, 6331/IpaHI/I Ha HapaTUBU U CKCHOCPTHHU OUCHKHU, WJIN KOJUYCCTBCHU, U3IOJI3BAIIUA

MOJACIN U YUCJICHU aHaJIM31, KaTO BCCKU MOJAXO0J MMa CBOUTC MPECAUMCTBA U OTpaHUYCHUA.
1.3 N3uckBanus 3a U300p HA eHEPTUHM CIIEHAPUU

N360pbT HA CHEPTHITHU CIIEHAPUU € KPUTHUYEH NPOIIEC TIPH MPOIECUTE HA TUIaHWpaHEe Ha
SHEePTUHHHUTE CHCTEeMH, (OPMYIMpPAHETO Ha IOJUTHKA W CTPATeTHUTE 3a CMEKYaBaHE Ha
W3MEHCHHETO Ha Kiaumara. Thi KaTro CHEPrUUHHUTE CUCTEMH ca IOBJIHUSHH OT MHOXECTBO
TMHAMHYHU (aKTOPH, BKIFOYUTEITHO TEXHOJOTWYCH HANpENbK, Ma3apHU KoJeOaHUs, peryJaTOpHH
PaMKH ¥ T€ONOJUTHYECKH MPOMEHH, OT CHIECTBEHO 3HAYCHHE € J1a UMa SICHU HAaCOKHU IpHu u3bopa
Ha CIIEeHAapWH 3a MPOTHO3UpPaHe Ha OBJACIICTO HAa eHepreTuKaTa. Ta3u riraBa ouepraBa meT OCHOBHU
M3UCKBaHMS 32 U300p HA CHEPTHITHU CIICHAPHU: ICHOMA HA OONYCKAHUAMA, U34epnametnu OaHHu
U CbOMBEMHO NOOX005UU NOOXO0U 3a MOOEIUPAHE, AH2ANCUPAHE HA 3aUHMEPecOo8anume CMpani,
a0anmueHoOCm KbM HeCU2ypHoCmma u CbOmeemcmeue ¢ yeiume Ha noaumukama . Te3n
W3UCKBAaHMS TapaHTHpAT, 4e W30paHUTE CIEHApUHM ca HAACKIHU, YMECTHH M CIIOCOOHU aa
HacOYBAaT CTPATETUYSCKUTE PEIICHUS B CHEPTHIHHOTO IJIAHUPAHE.

1.4 Kpurepumu 3a oueHka Ha CUeHAPUH 32 Pa3BUTHE HA HAIIMOHAJIHATA
eHepruiiHa cucreMa

OHpCH@J’IHHCTO Ha KPUTCPUHUTEC 3a OLCHKA € IIbpBaTa CTHIIKA B YCTOﬁqHBOTO Pa3BUTHUC,

MNPOCKTUPAHCTO U MOHUTOpPHUHIA. KpI/ITepI/II/ITe Ca MHCTPYMCHTH 3a KOMYHUKaAIIUA Ha eHCpFHfIHH

BBIIPOCHU, CBBP3aHHU C YCTOI>'I‘IPIBOT0 Pa3BUTUC U 3a HACbpPUYABAHC HAa HHCTUTYUUOHAJIHUA OAUAJIOT.
Te TpHGBa Ja 0Tpa3sdaBaT UAJTOCTHOCTTA Ha CUCTCMATA, KAKTO U B3aHMOﬂeﬁCTBHCTO Ha HEHHHUTE
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MOJICUCTEMH; B IPOTUBEH ClIy4yail T€ HE ChOTBETCTBAT HA CIIOKHOCTTA Ha MPOOJIeMUTE, CBbP3aHU
C YCTOMYHMBOCTTA Ha pa3MYHUTE CUCTeMH. M3Mon3BaHUTe KPUTEPUH 3a OLIEHKA HAa CUCTEMUTE 3a
eHeprocHabAsiBaHe B JIMTepaTypara ce pa3[essaT IVIaBHO Ha YETUPH acleKTa:

v Texnuuecku kpumepuu. VI3mon3Ba ce 3a OLEHKAa HAa HAIMYHETO U aJCKBATHOCTTA Ha
WHCTUTYIIMOHAIHATA paMKa 3a MOJAbpXKaHe Ha e()eKTUBHA CHEPrUiiHA CUCTEMA.

v Hrxonomuueckume kpumepuu. VI3Mon3BaT ce 3a Ol[EHKA Ha MOJICIMTE HA TPOM3BOJCTBO H
norpebsaeHne Ha eHeprusl ¥ KayeCTBOTO Ha CHEPIrUHHUTE YCIYTH.

v Exonoeuunume kpumepuu. VI3MON3BaT ce 3a OIIEHKA HA BH3JCHCTBUETO HAa EHEPrUUHHUTE
CUCTCMU BBPXY OKOJHA Cpc€aa, MNOJOKUTCIHUTEC WM OTPULATCIHUTEC TCHACHIUU B
KayecTBOTO Ha 3eMsTa, BOJaTa M Ha Bh3yXa.

v Coyuannume xkpumepuu. VI3mo0n3BaT ce 3a OICHKA HA BH3JCHCTBHETO HA CHEPrHUHUTE
CUCTEMHU BBPXY YOBCIIKOTO 0JIArOoChCTOsIHME. HalnuneTo Ha eHepruiiHu yciayru okasBa
BIIMSIHUE BBPXY OCTHOCTTA, BB3MOXKHOCTUTE 3a paboTa, 00pa3oBaHHETO, Pa3BUTHETO Ha
OOIIHOCTTA U KyNTypara, 1eMorpadCKus IPexol, 3aMbpPCIBAHETO Ha 3aKPHUTO U 3APABETO.

[IpuopuTeTUTE NI UHTEPECUTE HA PA3IMYHUTE 3aMHTEPECOBAHU CTPAHU MOraT aa ObaaT
B3€TU OpPEABUT YPE3 HO]I60p Ha KOHKPCTHUTC KPUTCPHUH OT CbCTaBa HA BCiAKaA Ipylma, KOUTO Aa
ydyacTBaT IIpHU OlCHKAaTa. Haan/IMep, MNPOAB/KUTCIIHOCTTA Ha XHUBOTAd, WHBCCTUIUOHHHUTE
pa3xonu, pa3sXxoJuTe 3a eKCILIoaTalHs W MOAAPHKKAa MOXE J1a ca Hai-BaXHHUTE (QakTopu 3a
WHBECTUTOPHUTE. MEXIYBPEMEHHO EMHCHHTE Ha BBIVIEPOJEH IHOKCHJ, 3EMEMOI3BAHETO H
MOTpeOICHNEeTO Ha BOJIA Ca Hai-Ba)KHUTE BBIIPOCH 3a MPABHUTENICTBATA, a Ch3AaBaHETO HA PabOTHH
MecTa ¥ 0e30MMacHOCTTa Ca Hai-TOJIEeMHUTE MPOOJIEMHU 32 MECTHUTE OOMIHOCTH. B Ta3m rimaBa ot
IMCEePTAIMOHHUAT TPYJ € MPEeACTaBeH MOAPOOCH CHUCHK W HM3YCPIATEIHH MOSCHEHHS Ha
3HAYMMOCTTa Ha KPUTCPHHTE 32 OICHKA Ha CHEPrHWHUTE CHCTEMH, KATO OTYATAME BCHYKH TJICIAHU
TOYKH Ha KIFOYOBUTE 3aMHTEPECOBAHU CTPAHHU.

I'masa III. Mogenupane Ha CHeHApUM 32 Pa3sBUTHE HA HANUOHAJIHATA
€HepruiiHa cucreMa

Ta3m riaBa Ha AUCEPTAIMOHHHS TPY NMPEACTaBsl MOAPOOHO ONMHMCAHWE HA ONMPEJCICHUTE
BapyaHTU (aJITepHATUBHM) 32 Pa3BUTHE HA CHEpruiHaTa cucTeMa. ANTepHAaTHUBUTE (CIIEHApUHUTE) ca
pa3pa60T€HI/I CbC CTPCMCIK 3a NPCACTABUTCIIHOCT, T.C. H3X0)K):[al>iKPI OT TCKYIIOTO CbCTOAHUC HA
HallMOHAaJIHATa eHeerﬁHa CUCTCMaA [a CC NMpCABUIAAT 3HAYNMMUTEC Bb3MOXHHU IMOCOKH 3a pa3BUTHC,
KOHUTO OHM MOTJIO Ja 6’B,I[aT pean3nupaH B 3aBUCUMOCT OT ChbIICCTBYBAIlKN U 6’[:,[[6HII/I ChbUYCTaHUA
Ha (I)aKTopI/IZ BBHIIHAU (FGOCTpaTCFI/I‘-IGCKI/I U THBPrOBCKU HHTCPECH HaAa CBCTOBHUTC CHUHIIN U
KOpropanuu) U BBTPEIIHU (MOJUTUYECKH PEIICHUS M MHTEPECH Ha HAI[MOHATHUTE HUIPavM).
CpaBHeHI/ICTO Ha COCHAPHUHUTC 110 TO3U HAYMH AaBa Bb3MOXHOCT 3a I/1360p Ha Hal-)KeIaHus OT TIX
n 3ajlaran€to My B HaAllMOHAJIHa CHCpFHﬁHa CTparteru4d. Bb3MokHUTE OTKIIOHEHUS npu
HeﬁCTBHTCHHOTO Pa3BUTUC CC OTPA3ABAT U KOHKPCTU3UPAT B IMO-KPATKOCPOYHUTC IJIAHOBC. Tas3u
riaBa npezacrassi paspaborenure B mozenHa cpena LEAP u onenenn mo o6ocHOBaHO moaOpaHu
KpUTCpUU HeﬁCTBHTeHHO BB3MOKHHU CLHCHAPHUHU 3a PAa3BUTUCTO HA HAITMOHAJIHATA CHECPIrCTHUKA. 3a
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OCJIUTC Ha JUCCPTAHMOHHHUAT TpyAd Ca OHNpEACIICHHU CICAHUTC OCHOBHHM M IMMOIAJICKAIIW Ha
uscneaBane cuenapun: Crienapuii 3a gparocpouet npexon (long-term transition scenario (LTS));
Cuenapuii ¢ qonsaHUTEeTHU nonuTuku u Mepku (With additional policies and measures (WAM));
Cuenapuii cbhc 3acuieHO u3Moi3BaHe Ha (oroBonTauiu (scenario with strong utilization of
photovoltaics (SUP)) u Cuenapuili ¢ wu3non3BaHe Ha pasnpbCHATH (JELEHTPAIU3UPaHU)
npou3BoACTBeHH MomHocTh (a scenario with the use of dispersed (decentralized) production
capacities (DPC)).

I'naBa IV. Iloagxoam 3a MHOrOKpUTEpPHAJIEH AHAJIM3 HA CLEHAPHUM 32 pa3BUTHE
HAa eHepruHaTa cucremMa

[Moxxonute 3a Muorokpurepuanen ananus (Multi-criteria analysis approaches —- MCAA) ce
o4ycpTaBaT KaTO HEHHU MHCTPYMCHTH 3a NOAINIOMAaraHe Ha npoueca Ha IjlaHupaHe Ha Pa3BUTUCTO
Ha EHEPrUiHUTE CUCTEMHU, IPEOCTABSANKU CTPYKTYpHUpAHA PAMKA 3a B3EMAHE HA PELICHUs, KOSITO
oTyuTa pegmua q)aKTOpI/I 158 HepCHeKTI/IBI/I. B Ta3m rimasa Ha JII/ICGPTaI_II/IOHHI/ISI pr,[[ € HpG}ICTaBeH
06111 nmperjca Ha 3Ha4YCHUCTO U KJ'IaCI/I(bI/IKaLII/IS[Ta Ha MCTOAUTC 3a MHOTOKPHUTCpHUAJICH aHAJIU3,
KaKTO BUAOBCTEC U OCHOBHUTE CTHIIKKM Ha OCHOBHATA MpOoUCAypa 3a MHOTOKPUTCPUAJIHO B3EMAHC Ha
peuicHus. Pa3rneﬂaH0 € U KaK IMOAXOJUTE 34 MHOI'OKPUTCPUAJICH aHAJIU3 MOrat Ja CC M3MOJI3BAT 3a
OllCHKa Ha CcCHOE€Hapuu 3a pa3sBUTHC Ha CHEPreéTukara, KaTo mnmoAdYepTaBaMe€ IMOJ3UTEC OT
JI'LJ'IFOCpO‘-IHOTO eHepFHﬁHO nnaHHpaHe 1 B3€MAHCTO Ha pCIHeHI/ISI 110 MHOFOKpI/ITepI/IeH Imoaxomd.
Upes orpassBaHe Ha BBHIIHM HECUT'YPHOCTH M INPWIAraHe HA pa3jIndHU KPUTEPHUU 3a OLCHKA,
TEXHUKUTE 3a MHOTOKPUTEPUAJICH aHaJIM3 MOrart Ja oborarir Imponeca Ha B3CMaHC Ha PCUICHUA,
MPEOCTaBINKH IIeHHAa WHpOpMaIus 3a Hall-71o0pHs MbT HANpPEea B Pa3BUTHETO HA CHEPTHITHATA
CHUCTEMa.

V.1 Onncanue Ha NMOAX0/1a 32 MHOTOKPUTEPHAJIEH AHAJIN3

Muorokputepuanausatr a"aiu3z (MCA) mnpencraBisiBa CHBKYIMHOCT OT METOAH U
WHCTPYMEHTH, MpEeJHAa3HAUYCeHH 32 (OPMATHO BKIIOUYBAHE HA MHOKECTBO LEIH M KPUTEPHH TIPU
aHanu3a M OIeHKara Ha antepHaTUBH. OCHOBHOTO MYy MPEIUMCTBO € BB3MOXKHOCTTA
€HOBPEMEHHO J]a OTYHTA TEXHUYECKH, HKOHOMHYECKH, EKOJIOTHYHHU U COLUATTHU aCIIEeKTH, KOETO
ro MpaBU HIMPOKO NPHJIOKUM IPU PEIIABAHETO Ha CIOXHHU 33/Jaud B pa3IUYHU OO0JACTH,
BKJIIOYHTEIIHO €HEePruiHOTO IMiuaHupaHe. HesaBucumo OT pa3HooOpa3weTo Ha H3IOJI3BAHUTE
METOAM, MOBEYETO MOAXOAM cleaBaT o0Ila MOCIeIOBATEIHOCT OT CThIKH: OmnpenesnasiHe Ha
onuus (AJTepPHATHBA): IPEUIOKEH AITEPHATUBEH KypC Ha IS CTBHE 3a CIIPaBsiHE C Bb3IpHEeMaH
npobiem; OnpenelisiHe HA LeJI: KOHKPETHA 1€, COPSIMO KOATO Ce OIEHsBA BCSIKA MPEII0KeHa
antepHatuBa; M300p Ha kpuTepmii: uamepum (akTop, KOHTO ompenens epEeKTHBHOCTTa Ha
aJITepHATUBATA IO OTHOIICHHE Ha JaJIeHa I1eJl, MO3BOJIABAI U3MEPBaHE HA TOBA O KaKBa CTEIEH
JajZieHa alTepHaTUBA OTroBaps Ha Taszu uell; OueHkKa Ha e(peKTUBHOCTTA: YUCIICHO IIPEACTaBsHE
Ha eEeKTUBHOCTTA Ha JaJeHa ONLHMs CIPSMO KOHKpETHa Iies Wik Kputepuid. Ta3u oueHka ce
orpeness Mo AajieHa cKkaia (HampuMmep AUana3oHbT OT CKalld, KOUTO MOraT Ja ce€ M3MOJN3BaT 3a
n3MepBane, Moxe Ja Bapupa npumepro ot 0 1o 1, ot 1 go 100 wm ot -5 g0 +5). Onpenensine Ha
TEerJI0BUs Koe(HIUEHT HA Ja/ieH KPUTePHii — KpUTEPHH, ONpeessil HUBOTO Ha BaXXHOCT Ha
JajicHa 1eJl ¥ CbOTBETHHS KPUTEPHI CIPSIMO IPYTUTE Pa3riekIaHu 1IeJId U Kputepuu;. [IbaHusr
MpoIleC Ha MHOTOKPUTEPUAIIHUSI aHAJIN3 OOMKHOBEHO Hayara BKJIIOYBAHETO Ha JIBE JIONBIHUTEIHU
crenku. lllecTara cTbka € KOMOMHHPAaHe Ha TEerJIOTO M pPe3yJTaTa Ha BCAKa aNTepHaTHBa, 3a Jia
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ce monyun obma omeHka. [locmennara crtbnka Ha MCA e u3BbpIIBaHE HaA aHAIU3 Ha
YYBCTBUTCIIHOCTTA Ha PE3YJITATUTE CIPAMO IMMIPOMEHHU B OLCHKHUTE HUJIU TCrjara.

bnarogapenue Ha cBOsITa I'bBKABOCT M BH3MOXKHOCTTA 3a afalTHpaHE KbM KOHKPETHU
3anauu, MCA ce yTBbpKIaBa KaTo €IWH OT Hal-IIMPOKO M3MOI3BAHUTE MOAXOAM 3a MOANOMAaraHe
Ha [IpoLeca Ha B3EMAHE Ha PEIICHUS.

V.2 MeToaM 32 MHOTOKPUTEPHAJICH AHAJIN3

[IpernenbT Ha JMTEpaTypaTa IOKa3Ba I[IUPOKO MPUIOKEHHE HA METOIUTE 3a
MHOTOKpHUTEepUaNHO B3emane Ha pemenus (Multi-Criteria Decision-Making — MCDM) npu
OLICHKA W M300p Ha AITCPHATHBHU YPE3 CIHOBPEMEHHO OTUUTAHE HA KOJIMYECTBCHH U KaUE€CTBCHU
MOKA3aTeNIM C IeJ ONpeJieNiTHe Ha HAW-TOAXOMANIO PElIeHHe, CTPaTerus WM MOJUTHKA. Te3u
MCTOJAU HaMupaTr MNPUJIOXKCHHUC B HIHPOK CIIEKTHP OT O6HaCTI/I, BKJIFOUUTCJIHO CHCPIreTUKaA,
TPAHCIOPT, YIpaBJI€HHE Ha BOJHUTE pPECYpCH, OKOJIHA Cpela, MKOHOMHKAa U IYOINYHO
ynpaBieane. OnucaHWTe METOAW BKJIIOYBAT: AHAIMTHYCH HepapxudeH mpomec (Analytic
Hierarchy Process — AHP), ananutuyen mpexoB mporec (Analytic network process — ANP),
METOJl 3a OpraHU3WpaHe W KIacMpaHe Ha MPEeANOYHTAHHATA 3a oOoraTsBaHe Ha OIEHKAaTa
(Preference Ranking Organization Method for Enrichment Evaluations — PROMETHEE),
SIMMUHUPAHE M celieKuus, npeodpasysamu peannoctra (Elimination and choice translating
reality — ELECTRE), monen Ha npereriaeno npousseacnue (Weighted product model — WPM),
Mozen Ha npeteryiena cyma (Weighted sum model — WSM), TexHuKa 3a OpOCTEHO MOAPEIKIAHE
mo mHoro arpubyrtu (Simple multi attribute rating technique — SMART), ananu3 upe3s
obrpwiane/o6xBamane Ha nanHu (Data envelopment analysis — DEA), ornieHka Ha cuMyiupaH
nuarna3oH Ha HeomnpeneneHoct (Simulated uncertainty range evaluations — SURE), Texauka 3a
noApeXxJaaHe Ha MPEANOYUTAHUATA 10 KPUTEPUU Ha CXOJCTBO C MJeaidHu pemeHus (preference
order technique by similarity to ideal solutions — TOPSIS), komnpomucHo nporpamupasne (trade-
off programming) u Teopusi Ha TOJE3HOCTTa MO MHOXXecTBO arpubytu (Multi attribute utility
theory — MAUT) u np.

Pa3nuunute MeTOoAM ce XapakTepU3Hpar ChC CHeNuUYHU TMPOLEAypU 3a OLEHKA,
oIpe/essiHe Ha Terjia Ha KPUTEPUHUTE U KIIacHpaHe Ha aJTepHATHUBUTE, KOETO MMO3BOJIIBA N300p Ha
MOAX OIS MOAXO CIIOpe]] KOHKPETHHUS U3CIIeI0BaTeNICKH IpobiaeM. B 3aBUCMMOCT OT HauWHA Ha
o0paboTka M OIEHKa Ha WH(pOpMAIUATa METOAUTE CE Pa3NeNsiT Ha (OpMaTHH U ONPOCTECHH
noaxoau (durypa 16). @opmanHuTe METOAM H3IOJ3BAT CTPOTM MaTEMaTHYECKH HPOLEAYPH,
QITOPUTMH 32 CPaBHEHHE U KJIIACHUpPAaHE Ha aNTEepPHATUBU U OOMKHOBEHO M3MCKBAT KOMIIOTHPHA
MOMOL] MpU TAXHOTO HpuiaraHe. BbOpeku mo-Bucokata CU CIOXKHOCT, T€ OCUTypsIBaT IO-
CTPYKTYpPHpPaH M aHAJIUTHYEH MOAXOJ IpPHU B3E€MaHETO Ha pelleHus. biaromapenue Ha cBofATa
I'bBKaBOCT M Bb3MOKHOCT 32 MHTErpupaHe Ha paznuunu kpurepur, MCDA ce yTBbpiKJaBa KaTo
e(eKTHBEH HHCTPYMEHT 3a aHaJU3 Ha CJIIOXHHU CUCTEMHU, BKIIOYUTEIHO MPU OIIEHKA U CpaBHEHUE
Ha EHepruitHu CLUEeHapUH.
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Metopu 3a
MHOTOKpUTEpHane
H aHanus

Ddopmantiu metoau OnpocTeHn meTtoau

=Simple Additive
Weighting Model
=*Simple Summery
charts

HenpekscHatn

. [McKpeTHN meTopu

*Checklists

I *Basic Lexicographic
Orderings

nporpamupaqe
nbAHO

obegvHABaHe

YacTU4HO
=Lleneso obeauHABaHE

nporpamupase

MeTogu upes ’

=/lnHeitHo
MeToam upes

*MAUT Methods

*SMART/SMARTS/S
MARTER

=ELECTRE Methods
=PROMETHEE Methods

=REGIME
=EVAMIX

=AHP
BWM

®urypa 16. Knacupukanus Ha MeToANTe 32 MHOTOKPUTEpHAIeH aHAJIU3

I'naBa V. MHoOrokputepuajeH aHAJIU3 HA CIeHAPMUTE 32 pPa3BUTHE HA
HALIMOHAJIHATA EHEePruiiHa cucremMa

V.1. BLBenenue

IlenTa Ha Ta3u ri1aBa Ha AUCEPTALMOHHUS TPYJ € Aa MPEICTaBH U CPAaBHU KOIMYECTBEHHU
OLICHKHU Ha HAKOM OT T€3U BB3MOKHU KPUTEPUU 32 OIICHKA HA CLIEHAPUU 32 EHEPTHITHO pa3BUTHE,
[pU MpUjaraHe Ha TPU LIMPOKO M3MOJI3BAHM MHOT'OKPHUTEPHATIHH MeToAa: TeopHs Ha MOJIEe3HOCTTa
Ha MHOXkecTBo aTtpuOytTn (MAUT), Ananutuuen iepapxuden mnpomec (AHP) m MeronsT 3a
opraHu3aius Ha KJacCHPaHETO Ha MpeANoYMTaHusATa 3a oleHka Ha oborarsBaneto (PROMETHEE
I) (Preference Ranking Organization Method for Enrichment Evaluation).

V.2. N300p Ha KpUTEPUH 32 KOJNYECTBEHA OL[EHKA

IlenTa Ha TO3WM pasznen OT AMCEPTALMOHHUS TPYH € Ja TNPEICTaBH OIpeIeTCHUTE
KOJINYECTBEHHU CTOMHOCTHM Ha KpUTepuute (MOAKPUTEPUMTE M aJNTEPHATUBUTE) 3a OLIEHKA Ha
CLEHApHUs 3a pa3BUTHE HA €HEpPreTUKaTa, KOUTO ca MOJIYyYEHU KaTO pe3ysTaT Ha €HEPruiHOTO
nnanupane upe3 LEAP 3a Bcexu croTBeTeH cuenapuii (Tabnuna 26).
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Tadauna 26. CTOHHOCTH HA KPUTEPUHTE, U NOJKPUTEPUNTE 32 CbOTBETHUTE AJITEPHATUBH
(Moaeaupanure ype3 LEAP eHepruiinu cueHapun)

Kputepun 3a oueHka Ha clieHapuii AJTepHATHBH
Toaxpurepuii MepHau Cuenapuii Cuenapuii Cuenapuii Cuenapuii
Kputepuu (IK) - Cumsox WAM SUP LTS DPC
€BpO Ha IlaBa
BBII O HACEICHHETO K1 15553 33 707 15 465 15133
Hacenenue MJIH. JyIII IK2 6 89 54 5.65
ConuajaHu
Wupexe Ha
YOBEIIKOTO or0nol IK 3 0.894 0.935 0.935 0.915
pa3BHTHE
Kpaitro enepruiitio XUILTH.e. 1K 4 10 667 6992 4089 9120
noTpebieHne
BpyrtHo
TPOH3BOICTEO Ha XUILT.H.C. K 5 4362 5192 4558 4660
eNIeKTpUYecKa
CHeprus
IIspBUUHO
CHEpruitHO XUJLT.H.C. I1IK 6 17 561 9 965 8747 13710
noTpedienne
Hikonommaeckn Encpruiina T.4.¢/1000 MK 7 17.56 9.97 875 13.71
HWHTEH3UBHOCT eBpO
Eexmsroct na % MK 8 61 70 a7 67
eHepruiiHus OajaHc
3aBUCHMOCT OT BHOC % IIK 9 39 0 0 35.19
Jlsn Ha eneprus oT
Br300HOBACMH % IK 10 33 100 100 a2
E€HEPruiHn
U3TOUHHMIIH
Exonoruasaun Emucun Ha CO2 MJIH. TOHa K11 10.79 0 4.65 25
V.3. MHorokpurepuajHa OLEHKA Ha Pa3jJMYHUTE U3CJIeABAHU
CIeHApHH

[enta Ha TO3M pa3gen B AUCEPTALMOHHUSA TPyZA € Ja NPEACTaBU NPUI0KEHUETO Ha
M30paHUTE METONIM 3a MHOTOKpHTEpHadHO B3eMaHe Ha pemeHus (MCDM) npu cpaBHUTENTHA
OIlCHKa Ha YETUPUTE EHEepruiiHu cueHapus, mojeiaupanu upe3 LEAP. Pasmenst ommca
MOCJIEIOBATETHOCTTAa HAa M3MBJIHEHUTE MNpPOUeaypu (CTBIKH), HW3IOJI3BAHUTE KPUTEPH U
MOJKPUTEPHH 3a OLIEHKA, KAKTO U MOJIYyYEHUTE PE3YIATATH OT HPHJIAraHeTO Ha OTJEIHUTE METOIH.
Bb3 ocHOBa Ha wu3BBpIIEHATa MHOIOKPUTEpPUAJIIHA OLEHKA CE€ AaHaJIM3UpaT U CpaBHABAT
pe3yaTaTUTe OT PA3JIMYHUTE CLIEHAPHM C LI ONpeeisiHe Ha HAl-MOAXOIAIIMS U3MEXKIY TIX KaTo
OTIIPABEH MO0 OTHOIIEHHE OBJEIIOTO Pa3BUTHE HA €HEPTrUiHATA CUCTEeMA.

PaznenpT mompuHacs KakTo 3a WIACHTHQUIIMPAHETO HA HaW-TIOAXOAAN] CIICHApUH 3a
pa3BUTHE, TaKa U 3a OIIEHKATa Ha MPUJIOKUMOCTTA Ha Pa3JTUUYHUTE MHOTOKPUTEPUATHUTE METOAN
B MIPOIIECUTE HA €HEPTUIHO MJIAHUPAHE U B3€MaHE Ha PEIICHUS.
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A. MHOrokpuTepuajgHa OUeHKa 4Ype3 AHAJMTHYEH fiepapXu4eH mpouec
(AHP)

To3u MeTon € CTpyKTypuUpaH OKOJIO HepapXH4Ha AbPBOBHUJHA CUCTEMA, KOSTO BKJIKOYBA
ey (B3eMaHe Ha pelleHus), KpUTepuu, NoAKpUTepun U antepHatusu. Meroast AHP BkirouBa

HSKOJIKO Ba)KHU eTara (CThIKH):

1. OpraHu3upane KOMIOHEHTHUTE Ha pasriekIaHus MpoOJieM 3a B3eMaHE Ha PElIeHUs B
nepapxus (Purypa 3):

a) OmpenensiHe Ha OCHOBHATa I1e€J HAa B3€MAHETO Ha pEIlIeHHEe, KOATO TpsiOBa aa Obae
MOCTUTHATA;

6) [ledunupane Ha KpUTEpUUTE U MOAKPUTEPUNTE, HA KOUTO CE OCHOBABA PELICHUETO;

B) UnenTudunupane Ha anTepHaTUBUTE.

2. Cp3naBaHe Ha MaTpulla 3a CpaBHEHHE IO JABOMKM C OTHOCHTENIHAaTa BAXXHOCT Ha
pa3iauYHUTE KpUTepHH (IMOAKPUTEPUH) W AITEPHATHUBU IO OTHOIICHHWE HA IIeNTa Ha
pelIeHNeTo, Ype3 U3MO0I3BaHeTO Ha OCHOBHATA ckana Ha Caaru. /luaroHanHuTe eJI1eMEeHTH
Ha Mmarpumata ca 1. Koraro croiiHoctra Ha enementa (i, j) € mo-roisma ot 1, ToraBa
(GakTopbT (KPUTEPHSAT) B pe 1 € MO-3HAYMM OT (paKkTopa B KOJIOHA j, B IPOTUBEH CIIy4yal
(akTOpBT B KOJIOHA | € MT0-3HAYMM OT To3H B pef i. KoraTo eaun kpurtepuii J e mo-manko
B)XEH OT JIPYT i, TOraBa €JIeMEHTHT (j, 1) HA MaTpHUIlaTa € PEIUIPOYHATA CTOMHOCT Ha
enemenTa (i, j), T.e. UMaMe ChOTHOIIECHHS OT | (,,eHAKBO BaXHW/MaToBaXHH ) 1m0 1/9

,»I3KITIOUATEITHO MaJIOBAXKHU ).

KpuTepwuit

[pyna KpuTepuun

MNoaKpuTepuit

AnTtepHaTuBa

®urypa 17. Mepapxnuna crpykrypa na AHP merona

3. Hopmanusupane Ha maTpwulia 3a CpaBHEHHs 1O JBOWKH. Hopmanusupanara marpuna 3a
CpaBHEHUS 110 JBOMKH C€ U3YUCIABA KaTO: BCEKH OT €JIEMEHTUTE Ha KOJIOHATAa Ce JIeJIM Ha
cymara OT BCUYKHU €JIEMEHTH B KOJIOHATA.
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4. V3uucnsBaHe Ha TeryiaTa Ha KpUTepuuTe. Ternara Ha KPUTECPUUTE CE€ M3UYUCISIBAT 4Ype3
OCpC€AHsABAaHC Ha BCUYKU CICMCHTHU B €AWH PEA U PA3ACIAHEC Ha IMOJTYYCHOTO YHCIIO Ha 6p0$[
KPUTEPUH.

5. OueHka Ha cbriaacyBa”ocTTa. ChriiacyBaHOCTTa NpeArojara NpereHka OT CTpaHa Ha
B3€Malus pCHieHUusd IO OTHOIICHUME Ha CpaBHCHHATA IIO ﬂBOﬁKH. KOC(bI/IIII/IeHTT)T Ha
ceriuacyBanoct (CR), koliTo u3MepBa ChIrilacyBaHOCTTA Ha pe3yJsiTaTa, ce U3UUCIIIBA Ype3
pasnensHe Ha Muaekca Ha cpriaacyBaHocT (Cl) Ha Mnaekca Ha ciyvaiiHa cbhriiacyBaHOCT

(RI).
CR=CI/RI <10 %,

kbaeT0 MugekcsT Ha chriaacyBanocT (Cl) Ha MmaTpuata 3a cpaBHEHUE MO JBOWKH CE M3YHCIIABA

Karo:

Cl = ?\max—n’
n—1

¥ Amax € MakCHuMajHaTa CoOOCTBEHa CTOMHOCT, a N € pa3MephT Ha MaTPHUIIaTa 3a CPABHEHHUE 10
JIBOMKH.

6. OHpCI[CJ'IHHC Ha KOMIUJICKCHATa OLCHKAa Ha BCECKU OT CIICHAPHUHUTE

KommekcHaTta olleHKa Ha CIIEHApUHUTE C€ IoJydaBa 4pe3 mnpuijarane Ha meroxa AHP
BBPXY HEPapXUIHO CTPYKTYPHUPAHUTE KPUTEPUHU U MOAKPUTEPUH, TOCIEIBAHO OT ONpEJIeNsTHEe Ha
TErJIOBUTE KOS(PUIIMEHTH, IPOBEPKA HA CHIIIACYBAHOCTTA M (OpMHUpPaHE HAa KPaWHHOTO KIacupaHe
Ha cueHapuute. JlaHHUTE OT MMOJTy4YeHaTa OIleHKa ca MPEeCTaBeHH B Cie/Baliara Tadmumna:

ANTepHATHBH

Kpurepun Honcpurepun WAM Scenario LTS Scenario SUP Scenario DPC Scenario
BBII
Hacenenne
CouuajaHu MHjieke Ha YOBEHIKOTO 0.121 0.200 0.121 0.121
pasBuTHE

KpaiiHo enepruiino
norpedieHue

BpyTHO IpoU3BOACTBO HA
eJeKTpUYecKa eHeprus
IILpBHYHO eHepruiino
norpeodieHue

Enepruiina uHTeH3HBHOCT

EdexTuBHoct Ha
Hxonomuyeckn eHepruiinus 6ananc

0093 0.028 0.115 0.115

3aBHCHMOCT OT BHOC

Jsi1 Ha eneprusi ot BEM
Exogornunu Emucuu CO2 0.600 0.000 0.259 0.139

O01ma oleHka -0.573 0.172 0.264 -0.133

Kunacupaue / Iloape:xnane 4 2 1 3
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PesynraTtute OT MHOrOKpuTepHajgHaTa OLEHKA MMOKa3BaT SICHO pa3rpaHUYaBaHE MEKIY
pasriaexaanute ciienapun. Cuenapuii SUP nonydasa Haii-Bucoka komiiekcHa orenka (0.264) u
ce Kjacupa Ha MbpPBO MSCTO OJiarojapeHue Ha Hall-IoOpOTO MpEJACTaBsSHE MO EKOJOTUYHUS
KpUTEpPUl, KOMTO UMa pelaBanio BIUsSHUE BbpXY KpaliHOTO Knacupane. Cuenapuii LTS 3aema
BTopo Mmsacto (0.172), kato ce ornuuaBa ¢ A0OpH COLMAIHM M MKOHOMHYECKH IOKa3aTelu.
Cuenapuii DPC ce kiacupa Ha tpeto mscto (—0.133), a Cuenapuiit WAM e nocienen (—0.573).
[Tonyuenure pe3ynTaTd MOKa3BaT, Y€ EKOJIOTMUYHUST KPUTEPUU € ompenessiu] 3a KpallHOTO
KJIacupaHe, JOKaTO pa3juyusTa B COIMAJIHUTE M MKOHOMHUYECKUTE OILEHKH Ca CPaBHUTEIHO
Maiku. Bb3 ocHOBa Ha u3BbpuIeHaTa oneHka upe3 metoga AHP, Cuenapuit SUP ce onpenens
KaTo Hal-mojaxojsiaTa ajJTepHaTuBa.

b. MmHyorokpurepuaiHa ouneHka ype3 Teopuss Ha I10JE3HOCTTA IO
MHO:KecTBO aTpudyTu (MAUT)

Teopuss Ha moneznocrra mo MHOXkecTBO arpulOyr (MAUT) e mupoko H3MOI3BaH
MHCTPYMEHT 3a B3€MaHE€ Ha PEIICHUs MpH ChoOpa3siBaHe Ha MHOXKECTBO KpuTepuHu. B To3m mporec
Ha B3€MaHe Ha pelIeHUs, ONPEaeITHETO Ha 00IIaTa OI[eHKa Ha aITepHAaTHBAaTa Ce MoJydyaBa upe3
OTYHTAHE HA TPEJEITHUTE MPUHOCH HA BCEKHM KPUTEPUH KbM OIEHKaTa Ha aJTepHAaTHUBUTE.
MeroasT MAUT BKiIIOYBA CIEJHUTE OCHOBHU €TAIN:

1) KonctpynpaHne Ha MaTpHIaTa Ha PEIICHUATA.
Xor -+ Xoy -+ X

X=|Xg - Xy *° Xn i=0,m; j=Ln

2) W3umcnsBaHe Ha HOpPMalM3MpaHa MaTpUla Ha penieHusTa. B mpomeca Ha
HOpMalu3UpaHe CTOMHOCTHTE Ha BCHYKH KPUTEPUU IBPBO ce IMpeobpasyear, 3a Ja ce
YIOBIIETBOPSAT U3MCKBAHMATA Hali-mo0paTa M MaKCHUMallHa Bb3MOXHA CTOWHOCT Aa Obae 1, a Haii-
JoIIaTa U MUHUMAJIHO Bb3MOXHA CTOWHOCT Aa O0b1e 0.

a) 3a KpUTepuHTe, KOUTO € HEOOXOIMMO Ja & MAKCHMH3HUPAT

xij—min(xij)

Uij=

max(xij)—min(xij)
0) 3a KpuTEepuUTE, KOUTO € HEOOXOAUMO 33 C€ MUHUMHU3UPAT

max(xij)—xij

Uij - max(xij)—min(xij)’

KLI[CTO Xjj € CbOTBCTHHAT CJICMCHT Ha MaTpullaTa Ha PCIICHUATA, Uij (Xij) € CJICMCHT OT

HOpMalM3UpaHaTa MaTpulla Ha pelIeHHuATa, max (Xjj) ¥ min (X;) NpPeACTaBIABAT ChOTBETHO
MaKCHUMAaJIHHUS U MUHUMAJIHUS €JIEMEHT BbB BEKTOPUTE CTHIO X;j.
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M3uucnagBaHe Ha MOJIE3HOCTTa Ha aJITCpHaTBaTa — arp€rupaHe€ Ha OILICHKaTa 3a

MaKCHMAJIHHU ITOJI3H HA AJITCPHATUBUTC 110 PA3JIMYHUTEC KPUTCPUU.

=y . ..
U; =1 Wi * nij
KBJIETO Uj € MOJIC3HOCTTa Ha alITepHATHBATA |, Njj € HOPMAIN3UPaHa CTOMHOCT Ha KPUTEPHUIl

13a aJTepHaTHUBa J, , @ Wj € TeTJIOTO Ha 1-TUsI KPUTEPHIl.

3) OmpenensiHe Ha TErJIOBUTE KOSPHUIMEHTH HAa HOpMalU3WpaHaTa MaTpula OT
JaHHHU.

4) W360p Ha Haii-nobOpute antepHatuBu: Te ca ¢ Hail-BUCOKAa CTOMHOCT Ha IMOJIE3HOCT

Pesynraturte ot npunoxennero Ha Mmeroga AHP 3a oneHka Ha pasriexJaHUTe CLEHAPUU
ca NIpeACTaBEHU B clieABallaTa Tadbauna:

AnTepHaTHBa nK nK K K K K K K K Cyma Ha
/MoaxpuTepuii 1 2 3 4 5 6 7 8 9 TTK10 TTK11 TIPHOPHTETHOCT Paur
Cuenapuiit WAM 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.06 0.00 0.00 0.00 0.065 4

Cuenapuii SUP 0.16 0.03 0.16 0.05 0.03 0.11 0.03 0.09 0.09 0.03 011 0.892 1
Cuenapuii LTS 0.00 0.00 0.16 0.09 0.01 0.13 0.03 0.00 0.09 0.03 0.16 0.697 2
Cuenapuii DPC 0.00 0.00 0.08 0.02 0.01 0.05 0.01 0.08 0.01 0.00 0.09 0.363 3

Pesynrature or mpunoxenuero Ha Meroga MAUT (Multi-Attribute Utility Theory)
MOKa3BaT SICHO pa3rpaHHYaBaHe MEeXy OIlCHSIBAaHUTE CIICHAPUH MO OTHONICHHE Ha TSIXHATa 00IIa
none3noct. Kpaiitnoro kimacupane e: Cuenapuii SUP — mepBo Mscto ¢ o6ma omenka 0.892,
cnensan ot Cuenapuii LTS (0.697), Cuenapuii DPC (0.363) 1 Cuenapuii WAM (0.065).

SUP CueHapusiT € Hali-moAXoAs1aTa alTePHATHUBA, Thi KAaTO OCHUTYpSBa Hal-BHCOKa
o0Ima IMoJe3HOCT W HaW-mo0Bp OallaHC MEeXIy OTACITHHUTE KPUTCPHUH. PaszuKuTe MEXIy
CIICHApUUTE CE ONPEJIeNIAT OT CTEIEHTA, B KOSATO BCSIKA alITEPHATHBA YAOBIIETBOPSIBA ChbBKYITHOCTTA
OT 3QJI0KEHUTE MOAKPUTEPHH.

B. Muorokpurtepuajna ouenka ¢ meroq PROMETHEE |1
Mertonstr PROMETHEE |l 00nkHOBEHO BKIIIOUBA CIIEAHUTE OCHOBHHU CTBIIKU:

1) KoHucTpyupaHe Ha MaTpHIIaTa Ha pelICHUATA, onpeaensHe Ha kputepuute (j=1,...,k) u
MHO’KECTBOTO OT Bb3MOKHH aJITEPHATHUBH B 3aJ]a4aTa 3a B3€MaHE Ha PEIICHUs;
2) OrmpezensiHe Ha Terjiata Wj Ha KPUTEPHUTE:

k

2wj=1
j=1
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3) Hopmanusupane Ha MaTpHliaTa Ha pELICHUATA
a) 3a olLeHKa Ha ITOJ3M OT AaJieH KPUTEpHil ce U3Moi3Ba cieaHara popmyia
Rij = [(Xij) — min (Xij)}/[max (Xj) — min (Xj)]
0) 3a oleHKa Ha pa3XxOAUTE OT J1aJIeH KpUTEpHl ce U3I03Ba cieiHaTa Gopmyia
Rij = [max (Xij) — (Xij)[/[max (Xj) — min (Xj)],

KbJeTO Xij ca CTOWHOCTHUTE Ha OIlEHKaTa, MOJIYYeH! OT B3eMaluTe pemenus i=1, 2,..., n; u 6post
Ha kputepuute j=1,2,..., k.

4) OmnpenensiHe Ha OTKIIOHCHHUETO Ype3 CPaBHEHHE 110 ABOWKH

dj (a,b) = gj (a) — g (b), xpmero dj (a,b) mpencrass pasznukaTa Mex Ay OLICHKATA HA KPUTEPHUH A U
KpuTepuii b.

5) W3zuucnsiBane Ha obmiata QyHKIMS HA TPEIMTOYUTAHUSTA
P; (a,b) = F; [d; (a,b)] ¢ VXE [—00,0],0 < F(x) < 1,

Ksnero Pj (a,b) mpencraBnsaBa ¢pyHkumaTa Ha pa3nuKuTe MEKIY OLCHKUTE HAa AJITSPHATHBA a 10
OTHOIIICHNE Ha anTepHaTHBa b 1Mo Bceku kputepuii. CToiiHOCTTa € B Arana3ona ot 0 mo 1.

6) OmpenensHe Ha WHIEKCAa HAa MHOTOKPHTEPHAIHOTO  KiacHpaHe (M3MpeBapBaHe,
MPEANOYUTAHE, IPEBB3X0KIAAHE).

7 (8, b) =X_, [W; * P; (b)] /[, W]
KbIeTO W) e Terioro, KoeTo MpecTaBsiBa OTHOCUTEIHATA B)KHOCT HA KPUTEPHH |.

7) M3uncnsiBaHe Ha MOJOKUTEIHUS U OTPULATCIIHUA ITOTOK HAa IIPEBB3XOACTBO HA BCIKA
aJITCpHAaTHBa
a) 3a MOI0KATEITHUS ITOTOK Ha MMPEBB3XOACTBO CEC U3IOJI3BA CII€AHATA Q)opMyna:
+ —
(1) (a) =1 erA T (Cl, .X')
n—1

0) 3a oTpuuaTenHUS MOTOK HA MPEBB3X0JICTBO CE U3MOJ3BA clieJHATa popMyia:

¢ (@ =—L-Yream (x,a)
n—1

8) M3uncnsBaHe Ha HETHHS MOTOK Ha MNPEBB3XOACTBO HA BCAKA AJITCpHATHBA
b@=09"@-d (@=-1-% Fra[Pj(a x) — Pj(x, a)lwj
J

n—1 =1

B Tabnuiara ca npeacTaBeHu pe3yaTaTuTe oT npuiiaraneto Ha metoga PROMETHEE ||
BBPXY M3CIICIBAHUTE CHEPTUHHU CLICHAPUHU U MOTYYEHOTO KIaCHPAaHE Ha allTePHATUBUTE:
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AJTepHaTHBa IHonoxurtenen norok | OtpunareneH norok | Herenmorox | Knacmpane
Cuenapuii WAM 0.039 0.543 -0.504 4
Cuenapmii SUP 0.561 0.081 0.480 1
Cuenapmii LTS 0.327 0.201 0.127 2
Cuenapmii DPC 0.184 0.286 -0.102 3

Pesynratute ot HampaBeHata oueHka c¢ merona PROMETHEE I, Gasupanu Ha
HM3YMCIIEHUTE CTOMHOCTM Ha HETHUS TIOTOK, I[IOKa3BaT SICHO pa3rpaHUyaBaHE MEXAY
pasTiexXIaHuTe clieHapuu. HeTHHSAT MOTOK mpeacTaBisBa OamaHca MEXAY IMOJOKUTEITHHUTE U
OTpULIATETHUTE MPEIINOYUTAHUS U OIPEJEIIs CTENEHTa, B KOSTO BCAKA aJITEPHATHUBA MPEBB3XOXKIA

WK € MPEBB3X0XKJaHa OT OCTAHAJIUTE.

Bb3 ocHoBa Ha kpailHOTO M3uucieHue, usnonspamo meroga PROMETHEE II Bvpxy
npeaenHaTa CTOMHOCT Ha IOJe3HOCTTa, € OmNpeaeieHo, 4e OOEKTHMBHO Haii-moOpara/Haii-
MOJXOIsIIIaTa aTepHATHBA CIIOPE PE3YyITaTUTE OT OLlEHKaTa e antepHaruBa — Cuenapuii SUP.
AntepHaruBa e u30paHa, 3al10TO UMa Hall-BHCOKa CTOMHOCT Ha MOJE3HOCTTa, a ©MeHHOo 0.480.
AntepuaruBu Cuenapuii LTS (0.127), Cuenapuii DPC (-0.102) u Cuenapuii WAM (-0.504)
CJIeZIBAT ITOCIIEI0BATEITHO.

W3BoabT OT TO3M pasfen e, 4e pasiIuyHUTE METOJM 3a MHOTOKPHTEpHallHa OICHKa Ha
CIICHApHH JaBaT €JHAaKBU WJIM MHOTO OJIM3KM pe3ylTaTd, ako ITbpBOHAyaJ HATa OICHKAa Ha
BAXHOCTTA Ha KpUTepuuTe (Teraara) e eanakBa. CiejoBaTeIHO, HE € OT pPellaBalo 3HauYeHue KOl
OT Te3W METOAM ce M3moi3Ba. HamctuHa BakHO 3a mpolenypara Mo €eHepruiiHoO IJIaHHpaHEe €
NpaBUIHUAT M300p HA KPUTEpPUUTE 3a OIEHKa Ha cieHapuurte (O0a3supaHu Ha EKOJOTHYHHTE,
OOIIECTBEHUTE U MKOHOMHMYECKHUTE I€JIM) U MPABHIHOTO ONpeesiHe Ha TSIXHATa OTHOCHUTEIHA
BAXKHOCT. B chbBpeMeHHUs clokeH CBAT o0aye He € JONyCTHUMO Ja Ce B3eMaT PEIIeHHs] CaMO Bb3
OCHOBA Ha €IMH WJIN JIBa KPUTEPHS MM, KAKTO € B CIIydasl C HallMOHAIIHATA HU €HEepPTruiiHa cucTeMa,
BBH3 OCHOBA Ha JKEJAHUETO J1a C€ YrOAiT Ha HAKOU rOJIEMH UT'Payy Ha rmas3apa. 3aAbDKUTETHO € 1a
ce ImpuJiaraT METO/IM 32 OLIEHKA 10 MHOKECTBO KPUTEPHH.

IIpunocu Ha TMCEPTALMOHHUS TPY/

1. Hayuno-npuioxkuu npunocu

1) B PE3YyJITaT HAa aHAJIM3 Ha CIICHHAIN3HUpPaHa JIUTCpaTypa U CTPATCITUHUCCKU NOKYMCHTHU B
obiacrTa Ha CHepFHﬁHOTO IJIaHUpaHe € obocHOBaHa H€06XOI[I/IMOCTT3. OT IPHJIIOKCHUCTO
Ha HATMOHAJICH ITPpOoHEeC 3a CTPATCITHICCKO eHepFHﬁHO IJIaHUpPaHe.

2) CHCTCMaTI/ISHpaHH U aJalTUpaHu cCa MCTO,Z[I/I/HOI[XOI[I/I N KpUTCpHUU 3a OLCHKa Ha
CHepFHﬁHH CCHapuu, MO3BOJJABAIIM KOMIIJICKCHO OTUHMTAHC Ha BLS,Z[CfICTBPISIT& BbpPXY
NKOHOMHNYCCKOTO pPa3BUTHC, CHCpFHﬁHaTa CUTYPHOCT, COLIMAJIHOTO 0J1arochCTOSTHUE U
OIIa3BaHCTO Ha OKOJIHATa Cpcla Npru AbJITOCPOIHOTO CHCpFHﬁHO IJIaHUpaHe.
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3) Ipennoxenu u 060CHOBAHM ca aNTEPHATHBHM CIIEHAPHH 32 Pa3BUTHE HA HAIMOHAJIHATA
eHepruiiHa cucrema, Mmojenupanu upes cpena (LEAP).

4) V3pppumieHa € MHOTOKPUTEpHAIHA KOIMYECTBEHA OIEHKA M CPAaBHMTEJEH aHAIM3 Ha
aJTepHATUBHUTE CIIEHApUM 3a pa3BUTHE Ha HAllMOHAJHAaTa €HepruiiHa cucrema upes
npunarasero Ha meroaute AHP, MAUT u PROMETHEE Il. ToBa no3BossiBa 06eKTUBHO
KJIaCHpaHe/TIoApek1aHe Ha pasriIexJaHUTe BapUaHTH M mojamomara uszbopa Ha
CTPAaTETUYECKU PELICHUsI B EHEPIrUNHHUS CEKTOP.

2. IIpuy10KHU NPHHOCH

1) Cw3aaneHa e CTpYKTypHUpaHa paMKa 3a OLIEHKA M CpaBHEHHE Ha alITepHATHBHH CLICHAPUHU
3a pa3BUTHE HA €HEPTUHHUS CEKTOp, KOSTO MOXe J1a ObJie M3M0I3BaHa MpU pa3paboTBaHe,
aKTyanu3upaHe W O0OCHOBaBaHE Ha HAI[MOHAJHHW EHEPTUWHHM CTpaTeruu, IJIAHOBE M
nporpamu. Pa3paGoTeHUAT mOAXOI, NaBa BB3MOXKXHOCT 3a MHTETPHUpPAHE Ha EKCIEPTHHU
OIIEHKM ¢ TPEANOYUTAHHUS Ha 3aMHTEPECOBAHUTE CTPAHU MPU OMNPEJENSIHETO Ha
OTHOCHUTEIHATa BaXHOCT Ha M30paHUTE KPUTEPUHU, KOCTO M€ MOBHIIH MPO3PAYHOCTTA U
oOmecTBeHaTa Bh3MPUEMUNBOCT Ha PEUICHUSITA IPU CHEPTUIHHOTO TIAHUPAHE.

2) IlpwioxeHW W BalUIUpaHU ca METOAM 3a MHOrokputepuanen ananusz (AHP, MAUT,
PROMETHEE II) xato uHCTpyMEHTapuyM 3a OII€HKa Ha €HEePTHHHH CIICHAPHUH, KOHUTO
MOXe Ja MOANOMara HMHCTHUTYIMHM U eKCIepTH NpH B3eMaHe Ha OOOCHOBAaHU W
WHPOPMUPAHU PEIICHHUS.

Cnuchbk Ha NYOJUKANMUTE MO JUCEPTAUMOHHUS TPYA

[1] Ctuc. atH. [Tnamen 1{Betanos, nnx. Kpuctuna Xamkuiicka, Enepruiinara monutuka Ha EC u
nonuTUKaTa Ha bearapus, Aconuanus Ha OBJITapCKUTE eHepruitHu areHnnu, 2018 T.

[2] K. Hadzhiyska and D. Stoilov, "Criteria for Evaluation of Scenarios for National Energy
System Development,” 2022 14th Electrical Engineering Faculty Conference (BulEF), Varna,
Bulgaria, 2022, pp. 1-5, doi: 10.1109/BulEF56479.2022.10021174.

[3] K. Hadzhiyska and D. Stoilov, "Multi-Criteria Analysis Approaches for Energy System
Development Scenario — Review," 2023 18th Conference on Electrical Machines, Drives and
Power Systems (ELMA), Varna, Bulgaria, 2023, pp. 1-9, doi:
10.1109/ELMA58392.2023.10202557.

[4] K. Hadzhiyska and D. Stoilov, "Multicriterial Quantitative Estimations for Evaluation of
Scenarios for Development of the Bulgarian National Energy System,” 2024 23rd International
Symposium on Electrical Apparatus and Technologies (SIELA), Bourgas, Bulgaria, 2024, pp. 1-8,
doi: 10.1109/SIELA61056.2024.10637808.
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Assessment of scenarios for the development of the national energy
system

PhD Dissertaion

Author: MSc eng. Kristina Hadzhiyska

SUMMARY

The present PhD thesis is dedicated to the investigation of long-term energy planning
processes and the development of a methodological framework for modelling and evaluating
scenarios for the development of the national energy system. The relevance of the research is
determined by the profound transformation of energy systems worldwide, driven by technological
progress, economic changes, geopolitical factors, increasing requirements for energy security, and
the transition towards a low-carbon economy. The need for scientifically based approaches
supporting strategic decision-making in the energy sector defines the importance of developing
reliable methods for analysing and comparing alternative pathways for energy system
development.

The thesis presents a comprehensive study covering the main stages of strategic energy
planning. Initially, an analysis of European and national energy policies is performed, focusing on
the evolution of the Energy Union framework, the objectives of European energy and climate
policies, and the development of Bulgaria’s energy policy after its accession to the European
Union. International experience and good practices in energy planning are examined, with
emphasis on approaches applied in leading countries and their potential adaptation to national
conditions.

A detailed review of mathematical models and analytical approaches used by international
institutions, research centres, and specialised organisations for energy system modelling,
forecasting, optimisation, and scenario analysis is provided. Based on this analysis, the main
factors influencing the development of national energy systems are identified, including
technological, economic, environmental, regulatory, social, and geopolitical aspects. The thesis
emphasises that energy scenarios should not be considered as predictions of the future but as
structured representations of possible development pathways under different assumptions and
constraints.

Four alternative scenarios for the development of the national energy system are proposed
and modelled using the Long-range Energy Alternatives Planning System (LEAP): Long-Term
Transition Scenario (LTS), With Additional Measures Scenario (WAM), Scenario with Enhanced
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Renewable Energy Sources Development (SUP), and Scenario Based on Decentralised Production
Capacities (DPC). The evaluation of the developed scenarios is performed using three widely
applied multicriteria decision-making methods: Analytic Hierarchy Process (AHP), Multi-
Attribute Utility Theory (MAUT), and Preference Ranking Organization Method for Enrichment
Evaluation (PROMETHEE I1). Eleven evaluation indicators are considered and grouped into three
main categories: social, economic, and environmental criteria. The social criteria include gross
domestic product, population, and human development index; the economic criteria include final
energy consumption, gross electricity generation, gross inland energy consumption, energy
intensity, energy efficiency, energy import dependency, and share of renewable energy sources;
while the environmental criterion is represented by carbon dioxide emissions.

The results obtained from the multicriteria assessment provide a comparative evaluation of
the investigated scenarios and identify the most suitable alternatives according to the selected
criteria. Different methods for multi-criteria scenario assessment give the same or very close
results if the initial assessment of the importance of the criteria (weights) is the same. Therefore,
it is not crucial which of these methods is used. What is really important for the energy planning
procedure is the correct choice of the criteria for evaluating the scenarios (based on environmental,
social and economic objectives) and the correct determination of their relative importance.

The developed methodological framework contributes to improving the process of strategic
energy planning by integrating scenario modelling, quantitative evaluation indicators, and
multicriteria decision analysis. The proposed approach can support policymakers, energy planners,
and stakeholders in the formulation of more informed strategies aimed at achieving sustainable
development, energy security, economic efficiency, and compliance with long-term European
energy and climate objectives.

Contributions of the dissertation

1. Scientific and applied contributions

1) As aresult of an analysis of specialized literature and strategic documents in the field of
energy planning, the need for the implementation of a national strategic energy planning
process has been justified.

2) Methods/approaches and criteria for assessing energy scenarios have been systematized
and adapted, allowing for a comprehensive consideration of the impacts on economic
development, energy security, social welfare and environmental protection in long-term
energy planning.

3) Alternative scenarios for the development of the national energy system, modeled through
the environment (LEAP), have been proposed and justified.

31



4)

A multi-criteria quantitative assessment and comparative analysis of the alternative
scenarios for the development of the national energy system has been carried out by
applying the AHP, MAUT and PROMETHEE Il methods. This allows for an objective
ranking/ordering of the considered options and supports the selection of strategic decisions
in the energy sector.

1. Applied contributions

1)

2)

A structured framework for the assessment and comparison of alternative scenarios for the
development of the energy sector has been created, which can be used in the development,
updating and justification of national energy strategies, plans and programs. The developed
approach allows for the integration of expert assessments and preferences of stakeholders
in determining the relative importance of the selected criteria, which will increase the
transparency and public acceptability of decisions in energy planning.

Multi-criteria analysis methods (AHP, MAUT, PROMETHEE Il) have been applied and
validated as a toolkit for the assessment of energy scenarios, which can assist institutions

and experts in making justified and informed decisions.
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1. GENERAL CHARACTERISTICS OF THE DISSERTATION

Relevance of the problem

This dissertation is dedicated to the study of the processes of long-term energy planning
and the development of a methodological approach for modeling and assessing scenarios for the
development of the national energy system. The relevance of the study is determined by the
dynamic changes in the European and global energy sector, the need to implement the goals of the
European energy policy, the accelerated transition to a low-carbon economy, the increase in energy
security and the need to make scientifically sound strategic decisions in the development of the
national energy sector. To achieve the set goal of the dissertation, a consistent scientific study was
conducted, covering all the main stages of strategic energy planning.

In the initial stage of the research work, an analysis of the European energy policy by
thematic areas in the systemic philosophy and policy for modern management of the Energy Union
of Europe, as well as the energy policy of the Republic of Bulgaria from its accession to the
European Union to the present, is presented. An analysis of national and global achievements in
the field of energy planning is also presented, with an emphasis on identifying key areas for future
development. The study covers the state of energy planning in leading countries in Europe and the
world, examining their priorities, strategic approaches and successful practices in the management
and transformation of energy systems. The analysis performed allows to determine the main
directions in which national energy planning should be improved in view of the modern challenges
facing the energy sector.

Following the analysis, a detailed study of the mathematical models used by international
institutions, leading specialized organizations and scientific centers for planning, forecasting and
optimizing the development of energy systems was conducted. By comparing the different
approaches and the accumulated international experience, the opportunities for improvement and
the directions in which national energy planning can be improved are outlined, so asto meet future
technological, economic, environmental and geopolitical challenges.

A significant part of the dissertation work is devoted to the determination of the factors
influencing the development of the national energy system, as well as the justification and
construction of scenarios for its future development. The assessment of energy scenarios is
considered a critical process in the planning of energy systems, the formulation of policies and the
development of strategies for mitigating climate change. Since energy systems are influenced by
numerous dynamic factors, including technological progress, market fluctuations, the regulatory
framework and geopolitical changes, it is necessary to create clear guidelines for the selection of
scenarios for predicting the future development of the energy sector. In this regard, five main
requirements have been formulated for the selection of energy scenarios - clarity of assumptions,
use of comprehensive data and modeling approaches, involvement of stakeholders, adaptability to
uncertainty and compliance with energy policy objectives. These requirements ensure that the
developed scenarios are reliable, realistic and applicable in strategic energy planning.



The assessment of the effectiveness of different options for the development of the energy
system is a complex task, requiring the simultaneous consideration of multiple indicators/criteria.
For this reason, the dissertation presents a general overview of possible approaches for multi-
criteria analysis in the assessment of energy scenarios. The significance, classification, types and
main stages of multi-criteria decision-making methods are analyzed. Based on an extensive
literature review, it is shown that long-term energy planning is significantly enriched by
considering more alternatives, taking into account external uncertainties and using different
assessment criteria.

The main objective of the dissertation is realized by performing a quantitative assessment
of four developed and modeled scenarios using the LEAP modeling environment. Three of the
most widely used multi-criteria decision-making methods were used to conduct the comparative
analysis — Analytic Hierarchy Process (AHP), Multi-Attribute Utility Theory (MAUT) and the
Preference Ranking Organization Method for Enrichment Evaluation (PROMETHEE) II. The
quantitative assessments are presented and compared for eleven sub-criteria for assessing the
energy scenarios, grouped into three main categories — social, economic and environmental. The
social criteria include gross domestic product, population and human development index; the
economic criteria — final energy consumption, gross electricity production, gross domestic
consumption, energy intensity, energy efficiency, import dependence and share of energy from
renewable energy sources; and the environmental criterion is represented by carbon dioxide (CO-)
emissions. Four main alternatives (scenarios) for the development of the national energy system
have been identified and compared — Long-term transition scenario (LTT), Scenario with
additional policies and measures (WAM), Scenario with strong utilization of photovoltaic (SUP)
and Scenario using dispersed (decentralized) production capacities (DPC).

The final part of the dissertation analyzes the significance of the results obtained and formulates
recommendations for their effective application in the context of energy planning and strategic
management. The practical value of the conclusions drawn is assessed, emphasizing their importance for
improving decision-making processes, optimizing energy strategies and strengthening the national energy
system. The formulated recommendations aim to support the implementation of good practices, stimulate
the implementation of innovative approaches and create prerequisites for future scientific developments in
the field of sustainable development of the energy sector.

The presented dissertation is part of the efforts to restore and develop scientific research in
the field of energy planning in Bulgaria. The developed methodological statements, the performed
analyses and the obtained results create prerequisites for both more effective strategic management
of the national energy system as well as for the preparation of a new generation of specialists in
this most important area of sustainable development, determining national securityand well-being.



Purpose and objectives of the dissertation

The aim of the dissertation is to create a comprehensive methodological approach for
developing, modeling and evaluating scenarios for the development of the national energy
system, based on modern methods for energy planning, mathematical modeling and multi-criteria
decision-making.

Currently, Bulgaria lacks a unified methodology that would unify the analysis of European
and national energy policies, the development of scenarios for the development of the energy
system and their subsequent assessment through modern methods of multi-criteria analysis. The
development and assessment of energy scenarios at the national level is not carried out in our
country. To the extent necessary for the implementation of the country's European commitments,
it is negotiated with developers entrusted to the European Commission. Therefore, in our country
there is no formulation of scientifically sound national solutions for strategic energy planning, and
energy development is the result solely of a clash of interests between transnational and national
oligarchs.

The methodological approach proposed should take into account the specific features of the
modern development of energy systems, including the influence of technological progress,
economic processes, environmental requirements, regulatory framework and geopolitical factors.
The methodology combines the development of alternative scenarios, the definition of a system of
social, economic and environmental criteria for their assessment and the application of established
methods for multi-criteria decision-making in order to carry out an objective comparative analysis
of possible options for the development of the national energy system.

The development of such a methodological approach creates prerequisites for increasing
the validity of the preparation of strategic documents and energy policies, for improving decision-
making processes and for supporting the long-term development of the national energy system in
accordance with the European goals for sustainability, competitiveness and energy security.

Toachieve the set goal, the following tasks have been performed:

1) Analysis of national and global achievements and identification of areas for development.

2) Determination of the influencing factors, justification and construction (determination of
limiting parameters) of scenarios for the development of the national energy system.

3) Determination of criteria and sub-criteria for comparing the scenarios.

4) Modeling the scenarios (alternatives) and obtaining the values of the evaluation criteria
and criteria; credibility checks; model improvements.

5) Implementation of a multi-criteria assessment using reasonably selected methods.



6) Analysis and recommendations regarding the significance and use of the results.

Research methods

To achieve the set goal and solve the research tasks in the dissertation, a complex of
mutually complementary scientific research methods is applied. A scientific and theoretical
analysis of the specialized literature, significant publications, normative and strategic documents
in the field of energy was carried out, with the aim of researching modern trends, approaches and
good practices in energy planning and the development of scenarios for the development of energy
systems.

To model the alternative scenarios for the development of the national energy system, the
LEAP (Low Emissions Analysis Platform) modeling environment was used, which allows for the
development, analysis and comparison of long-term scenarios in the energy sector.

The evaluation and comparative analysis of the developed scenarios were carried out by
applying recognized multi-criteria decision-making methods — Analytic Hierarchy Process (AHP),
Multi-Attribute Utility Theory (MAUT) and Preference Ranking Organization Method for
Enrichment Evaluation (PROMETHEE) Il. The application use of these methods provides an
opportunity for a comprehensive evaluation and objective comparison of alternative scenarios
based on social, economic and environmental criteria, supporting the selection of the most
appropriate solutions for the development of the national energy system.

Scientific novelty

An integrated methodological approach for the assessment of scenarios for the
development of the national energy system is proposed, which unites the analysis of energy policy,
scenario modeling and multi-criteria decision-making in a single sequence. Social, economic and
environmental criteria for a comprehensive assessment of alternative scenarios for the
development of the national energy system are proposed and justified, which ensure their objective
comparison and ranking/ordering. The approach to assessing the results of the energy modeling
(performed in the LEAP environment) is implemented by applying the multi-criteria decision-
making methods AHP, MAUT and PROMETHEE I, allowing for a comprehensive assessment of
the developed scenarios.

The applicability of the developed methodological approach has been proven through its
use for assessing scenarios for the development of the national energy system. The results obtained
can support the processes of strategic planning and decision-making in the energy sector.



Practical applicability

The developed structured framework for the assessment and comparison of alternative
scenarios for the development of the energy sector is applicable in the development of strategic
documents and plans for the development of the national energy system. The proposed approach
supports the processes of strategic energy planning, comparative analysis of alternative scenarios
and making informed decisions in determining the long-term directions for the development of the
energy sector, i.e. in the development of a national energy strategy.

Approbation

The research results were presented at the International Conference on Electrical Machines,
Drives and Energy Systems ELMA 2023, XIV Scientific Conference "BulEF 2022", XVI
Scientific Conference "BulEF 2024", 24th International Symposium on Electrical Apparatus and
Technologies SIELA 2023 and National Conference of the Association of Bulgarian Energy
Agencies (ABEA) 2018.

Publications

The main results related to the topic of the dissertation have been published in 5 articles in
peer-reviewed journals, 4 of which are referenced and indexed in SCOPUS/Web of Science. One
of them has 4 citations from publications in SCOPUS/Web of Science.

Structure of the dissertation

The dissertation is 224 pages long and includes an introduction, 5 chapters to address the
formulated main tasks, a list of main contributions, a list of publications on the dissertation and
references. A total of 262 literary sources are cited, 199 of which are in Latin and 58 in Cyrillic,
and the rest are Internet addresses. The work includes a total of 18 figures and 27 tables. The
numbers of the figures and tables in the abstract correspond to those in the dissertation.

The dissertation is structured in 5 main chapters, including an introduction and a
conclusion. It is accompanied by a summary, a list of references, a list of tables and figures, as
well as lists of abbreviations, symbols and terms used.

2. CONTENT OF THE DISSERTATION

Problem overview

The development of national energy systems in recent decades has undergone a profound
transformation, driven by economic, technological, political and environmental factors. The
dynamics of energy markets, growing global competition, the pursuit of sustainable economic
development and the increasing demands for climate neutrality have forced countries to reform
their energy sectors. Inthis context, the assessment of scenarios for the development of the national
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energy system is becoming a key analytical tool that supports strategic planning, risk management
and informed decision-making by governments, energy regulators, investors, specialists and
society.

A country’s energy system is a complex of interconnected subsystems — energy production,
transmission, distribution, storage and consumption — that operate under the influence of
technological constraints, market conditions, regulatory frameworks and social factors. Balancing
reliability, availability and non-damage to resource reserves and the environment is one of the
greatest challenges in the context of modern energy policy. At the same time, the process of
transition from a system based mainly on fossil fuels to a system dominated by renewable energy
sources and low-carbon technologies is complex, multi-stage and requires careful strategic
modeling.

In this sense, energy scenario assessment is a methodological approach that allows
simulating different possible options for the development of the energy system depending on a
combination of factors - technological innovations, political goals, energy resources, fuel prices,
consumer behavior, international (including geopolitically influenced) trends and climate
requirements. Scenarios do not seek to predict the future with absolute accuracy, on the contrary,
they serve to systematize uncertainty by examining multiple possible future states. This makes
them an indispensable tool in developing strategies in conditions of complexity, unpredictability
and dynamic changes.

At the international level, the process of assessing energy scenarios is now an integral part
of countries’ climate commitments. The European Union, for example, requires each member state
to develop National Energy and Climate Plans (NECPs) based on quantitative scenarios. The
International Energy Agency (IEA) and the Intergovernmental Panel on Climate Change (IPCC)
also use scenario modelling to analyze global energy trends. This highlights the need for robust
tools and methodologies to enable countries to adequately plan their strategies in the context of
global climate goals.

At the same time, at the national level, it is important that models and scenario analyses
are adapted to local specificities — available and used resources, economic structure, consumer
habits, demographics, climatic conditions and infrastructure constraints. These factors often
determine different development opportunities and different challenges compared to other
countries. For example, countries with high potential for renewable energy sources (RES) may
develop strategies based on massive investments in wind and solar energy, while countries with
limited potential of this nature may rely on energy imports, nuclear power or hydrogen
technologies.

However, energy systems are becoming increasingly difficult to model. The high share of
variable RES — solar and wind power — introduces significant uncertainty and variability into the
system, which requires higher time resolution and more sophisticated balancing methods.



Electrification of transport and heating, the use of artificial intelligence, etc. also increase the
unpredictability of the load, as well as the need for flexible and intelligent grid solutions. Thus,
scenario assessment requires integrated models that can connect multiple subsystems and
processes in a dynamic, constantly changing context.

In recent years, the use of Energy System Optimization Models (ESOMs) has been
significantly expanded, allowing for comprehensive quantitative assessment of scenarios. These
models include a large number of technological options (high degree of disaggregation of
consumption and production technologies), constraints and dynamics, and often work with long-
term time horizons up to 2050 or 2100. They allow for the assessment of different policy and
technological options/pathways, as well as for the determination of the most cost-effective or
environmentally friendly solutions. ESOMs determine the optimal mix of technologies
(production and consumption), the balance of energy flows, consumption in different sectors and
the possibilities for reducing emissions, taking into account multiple parameters — costs,
development potential, efficiency, flexibility, infrastructure constraints and others.

The classic approach to assessing development through scenarios involves comparisons
between three main types of scenarios:

- “Business as usual”, “Reference scenario”, “Baseline scenario”, which describes the future
if current trends and policies are maintained;

- Target-based scenarios (target scenarios) (Target-based), refer to determining approaches
to achieving specific goals, for example achieving zero emissions by 2050 or achieving a
certain share of RES;

- Optimization scenarios (Cost optimal), which determine an economically or otherwise
effective way to achieve a given goal or group of goals.

Each of these types of scenarios has its own meaning. Baseline scenarios show what would
happen without new policies, target scenarios describe possible paths to achieve pre-set goals, and
optimization scenarios — which solutions are most suitable for achieving the goals in the most
effective way. One of the key advantages of this type of scenario/variant approach is that it allows
policymakers to assess the “cost of inaction,” i.c. the consequences of a lack of reforms, as well as
to compare the effectiveness of different measures.

The assessment of scenarios for the development of the national energy system is a
complex, multi-layered and interdisciplinary process that combines data, analytical tools,
technological models, economic analyses and political visions. It provides the basis for strategic
decisions that determine the long-term energy security, economic development and climate efforts
of each country. In the context of an accelerating energy transition, the need for quality scenario
assessments is becoming ever greater, and their role is increasingly central to confidently
determining the right direction for sustainable development.



In contrast to the intensive development in economically advanced countries, our country
lacks sufficient scientific potential and research on energy development. Bulgarian energy is faced
with numerous challenges: high energy intensity of the gross national product, high degree of
energy dependence, insufficient diversification of primary energy supplies, processes of structural
economic reforms that do not adequately take into account the complex interactions of energy -
economy - technology - environment - society - security - climate, etc. The main goal of the
proposed dissertation is to contribute to filling this gap.

The socio-economic significance of the doctoral topic is determined by the importance of
assessing the effectiveness of sustainable energy development, i.e. determining the optimal
scenarios towards which development should be directed. This is a complex and challenging task,
requiring careful assessment in accordance with multiple criteria/indicators. Determining criteria
and approaches for multi-criteria analysis that reliably assess sustainability (in the sense of
sustainability, not stability) is a prerequisite for a correct assessment when choosing the best
scenario, respectively, determining unsustainable solutions in terms of satisfying energy
consumption and their elimination, informing designers about the individual characteristics of the
alternatives and their impact on the environment. In order to correctly reflect the problems related
to the sustainability of the system, the criteria must relate to the entire system in its unity and at
the same time take into account the interaction between its subsystems.

Chapter 1. National Energy System Planning: International Achievements,
Strategic Approaches and Key Areas for Future Development

I.1. Role and importance of energy planning

National energy system planning is a complex, long-term and multidimensional process
through which a country determines the direction of development of its energy sector in order to
ensure a sustainable, reliable and cost-effective energy supply. In its broadest sense, national
energy planning encompasses the analysis and management of all elements of the energy system
— from the extraction and import of primary energy resources, through their transformation and
transmission, to the final consumption of energy in all sectors of the economy. The scientific
literature considers this process as a key tool for building a sustainable, competitive and low-
carbon energy future.

The energy transition, in turn, requires strategic and long-term planning through scenarios
that support informed decision-making and the assessment of risks and opportunities in an
increasingly complex energy system with many new actors. The success of energy policies
depends on the inclusion and engagement of the widest possible range of stakeholders, both at
national and municipal level, and on the use of their knowledge and experience in the process of
its formulation and implementation. Therefore, stakeholder engagement is considered a key tool
in energy planning and in the management of the energy transition.
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I.1.1. Classification of energy planning models

Mathematical models are a fundamental tool in the planning and analysis of energy
systems. They are mainly classified according to the time horizon, the modeling approach, the
technique used and the spatial scope. The main approaches are top-down and bottom-up.

Top-down models analyze the relationship between energy and the macroeconomics,
assessing the effects of energy and climate policies, but have limited technological detail. Bottom-
up models focus on technologies, investments and costs in the energy system and include
optimization, simulation, partial equilibrium and multi-agent models.

Current trends are towards hybrid models that combine economic and technological
approaches. The main challenges remain the management of uncertainty, the quality of input data,
the computational complexity and the need for greater transparency of the models. Energy
modeling supports the development of sustainable energy strategies by analyzing consumption,
technological developments and the impact of different policies.

1.1.2. Comparative analysis of international approaches to energy system planning

This section of the dissertation presents an analysis of national and global achievements in
the field of energy planning, with an emphasis on identifying key areas for future development.
The study covers the state of energy planning in leading countries in Europe and the world,
examining their priorities, strategic approaches and successful practices in the management and
transformation of energy systems.

The comprehensive review of the experience of leading global and European countries,
represented by the USA, China and Germany, emphasizes that the key factors for an effective
energy transition are a long-term vision, strategic planning, legislative framework, active
participation of all stakeholders and transparency in the process. The analysis shows that there is
no universal model for successful energy planning. Regardless of the differences between
individual countries, successful strategies are characterized by clear long-term goals, the use of
reliable analytical models, a stable regulatory framework and active participation of stakeholders.
The future development of energy systems will depend on the ability to integrate technological
innovations, economic factors, social aspects and climate goals into a single strategic framework.

1.2. Energy policy of the European Union (EU) and the policy of Bulgaria

The second section of Chapter 1 analyses the energy policy of the European Union and the
energy policy of Bulgaria as an EU country. The analysis presents a structured overview of the
development and content of the European energy policy to date and examines the evolution of
Bulgaria’s energy policy since its EU membership, tracing the way in which European
requirements and objectives have influenced national strategic documents and regulatory
approaches.
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The energy policy of the European Union is a dynamically developing system of strategic
objectives, regulatory instruments and governance mechanisms aimed at ensuring a secure,
sustainable and competitive energy system. Since 2000, the EU has gradually moved from a
sectoral approach to an integrated model of energy transition that brings together economic,
technological, environmental and social dimensions. According to the Energy Union, the five main
objectives of the EU energy policy are: (1) Diversification of European energy sources, ensuring
energy security through solidarity and cooperation between EU countries; (2) Ensuring the
functioning of a fully integrated internal energy market, allowing the free flow of energy across
the EU through appropriate infrastructure and without technical or regulatory barriers; (3)
Improving energy efficiency and reducing energy import dependency, reducing emissions and
stimulating jobs and growth; (4) Decarbonising the economy and shifting to a low-carbon
economy in line with the Paris Agreement; (5) Promoting research in low-carbon and clean energy
technologies and prioritizing research and innovation to drive the energy transition and improve
competitiveness.

The systematic examination of the thematic areas of the Energy Union identifies the key
factors and directions determining the sustainable development of energy systems. Bulgaria
follows the European energy policy, but deviates in some key areas. The rapid development of
RES and the lag in energy efficiency are due to oligarchic influences and insufficient adaptation
of European mechanisms to national conditions. The lack of systematic thinking and low energy
culture lead to gaps in sustainable, intellectual and inclusive energy policy, including
decentralization of governance and new consumption models. Strict implementation of EU
directives does not guarantee sustainable development, and the country lags behind in integrated
economic, energy and social indicators, which needs to be corrected through a new national energy
strategy.

The International Energy Agency (IEA), the International Atomic Energy Agency (IAEA)
and other leading international organizations have developed a set of technical and economic
indicators for sustainable energy development. These indicators represent a standardized tool for
assessing the state and efficiency of national energy systems and allow tracking progress in
implementing national goals and objectives for sustainable energy development. Table 2 presents
an analysis of selected indicators for sustainable development. For the first time, similar indicators
have been published in research. For the purposes of this dissertation, they have been updated
based on the latest available complete statistical data for 2024, and a comparison between Bulgaria
and neighboring countries has been made. The analysis assumes that sustainable development is
development that, while satisfying the needs and expectations of the current generation, provides
such opportunities for future generations.
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Table 2. Where is Bulgaria?

Country/ Indicator for 2024 Austria | Denmark France Germany Italy Greece Bulgaria Romania Hungary
Population, million 9,159 5,961 68467 83456 58071 10,401 6,445 19,067 9,585
GDP, billion euros at current 494,088 | 392,401 291980 | 4328970 | 2109,620 | 236,736 | 104,767 353,633 | 206,040
prices for 2024

GDP per capita, euros/capita 53946 65828 42647 51781 37300 22761 16255 18547 21496
Primary energy consumption,

million toe 293 155 211,0 232,0 1313 21,0 16,6 296 222
Primary energy consumption per | 55, 2,60 3,08 278 223 2,02 258 155 232
capita, toe/capita

Dependence on fuel and energy 41,936

mborts. % 53,322 38,229 40,060 66,802 73,854 714 | gedaai 30,356 48,997
Efficiency of the energy balance, | g5 g 85,2 618 798 8 78,6 59,6 79,1 76,1

KEP/PEP, %
Energy intensity, kg.e./1000

s 73,86 57,85 84,79 65,17 61,85 83,81 101,51 51,73 83,83
Ratio "'energy intensity of

Bulgaria™ /"energy intensity of a

country~ 1,37 1,75 1,19 1,56 1,64 121 1,00 1,96 121
g\r,‘\’,f electricity production, 82407 33733 570713 511881* 264716% | 49917* 38535 57983% 35546%
Gross electricity production per | g oq; 5659 8336 6133 4489 4799 5979 3041 3709

capita, kWh/capita

Electricity intensity, 0,018 0,014 0,029 0,001 0,002 0,020 0,057 0,008 0,018
GWh/million euro

Ratio ""Electricity intensity of

Bulgaria® / "Electricity intensity | 5 147 4,071 1,965 57 28,5 285 1 7,135 317
of a country" ! ! ! ! ! ! !
Share of combined heat and

power generation in total 513 6,11% 156 5,63* 1320+ 5,44* 1,63 2,52* 2,27
electricity production, % ' ! ' ! ! ! ! ! !
Share of natural gasinprimary | 1¢ o5 851 12,88 24,89 35,03 21,01 14,32 26,91 31,87
energy consumption, %

CO> emissions, Ucapital 6,213 4373 4,085 7,115 5,310 4,998 5,353 3,559 4,209

Source: Eurostat, https://ec.europa.eu/eurostat/home?; https://ourworldindata.org/grapher/gas-share-energy?tab=table

*According to the latest available data for 2023.

** |n 2024, according to Eurostat data, the country's energy dependence on fuels and energy is 41.936% Energy
imports dependency
(https://ec.europa.eu/eurostat/databrowser/view/nrg_ind_id/default/table?lang=en&category=nrg.nrg_quant.nrg_qua
nta.nrg_ind), which is significantly lower than the average for EU member states. This is due to the methodology
adopted by Eurostat, according to which nuclear energy is reported as a domestic energy source. Using the
methodology for calculating energy dependence Energy imports dependency
(https://ec.europa.eu/eurostat/cache/metadata/en/nrg_ind_id_esmsip2.htm) and reporting nuclear energy as an import
Total energy balance (https://www.nsi.bag/index.php/statistical-data/77/281), the country's real energy dependence on
fuels and energy for 2024 is 65.673%.

The results of the analysis show that Bulgaria is lagging behind by dozens of years in basic
energy-economic indicators for sustainable development. Implementing the EU energy policy,
along with the path it must take in its economic development, Bulgaria should also focus its efforts
on several interrelated national goals and problem areas: security of the functioning and
development of energy; limiting the impact on the climate and clean energy; increasing
energy efficiency; efficiency of the energy balance; resource and technological optimization
and innovation in energy; development of the European energy market and liberalization of
internal energy markets; resolving the institutional problems of energy management,
analyzed in detail in Chapter 1 of the dissertation.
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Chapter Il. Requirements for the selection of energy scenarios. Criteria for
evaluating scenarios for the development of the national energy system

I.1. Importance of scenario planning

Developing long-term energy scenarios is the best way to combine demographic,
economic, social and technological knowledge with an understanding of ecological systems and
their associated issues. Scenarios serve as a tool for identifying changes and for analyzing the
interrelationships between different perspectives and options. They allow for structured debates
among stakeholders and institutions to explore alternative energy transition pathways and their
implications.

1.2, Scenario classification

Scenarios vary considerably in the way they are developed and can take many forms. They
can vary in geographical scope, sectoral scope, time horizon and on the basis of the models or
expert assessments used. Scenarios differ mainly according to the declared purpose of their
development. Scenarios for the development of energy systems vary in scope, methodology and
objectives and there is still no universal typology that covers all approaches. Most often they are
classified according to the main questions they answer —what will happen, what could happen and
how a certain goal can be achieved. Inthis regard, three main types of scenarios are distinguished:
predictive, research and normative. Predictive scenarios analyze the likely future, research
scenarios consider possible options under different assumptions, and normative scenarios define
paths to achieve specific goals, such as decarbonization of the energy sector. Scenarios can be
qualitative, based on narratives and expert assessments, or quantitative, using models and
numerical analyses, with each approach having its own advantages and limitations.

11.3.  Requirements for the selection of energy scenarios

The selection of energy scenarios is a critical process in energy system planning, policy
formulation and climate change mitigation strategies. As energy systems are influenced by
multiple dynamic factors, including technological advances, market fluctuations, regulatory
frameworks and geopolitical changes, it is essential to have clear guidelines for the selection of
scenarios to predict the future of energy. This chapter outlines five key requirements for the
selection of energy scenarios: clarity of assumptions, comprehensive data and correspondingly
appropriate modelling approaches, stakeholder engagement, adaptability to uncertainty and
alignment with policy objectives. These requirements ensure that the selected scenarios are
credible, relevant and capable of guiding strategic decisions in energy planning.

I1.4.  Criteria for Evaluation of Scenarios for the development of the national
energy system

Defining assessment criteria is the first step in sustainable development, design and
monitoring. Criteria are tools for communicating energy issues related to sustainable development
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and for promoting institutional dialogue. They should reflect the integrity of the system as well as
the interaction of its subsystems; otherwise, they do not correspond to the complexity of the issues
related to the sustainability of the different systems. The criteria used for assessing energy supply
systems in the literature are mainly divided into four aspects:

v Technical criteria. Used to assess the availability and adequacy of the institutional
framework for maintaining an efficient energy system.

v Economic criteria. Used to assess energy production and consumption patterns and the
quality of energy services.

v Environmental criteria. Used to assess the impact of energy systems on the environment,
positive or negative trends in land, water and air quality.

v Social criteria. Used to assess the impact of energy systems on human well-being. The
availability of energy services has an impact on poverty, job opportunities, education,
community and cultural development, demographic transition, indoor pollution and health.

The priorities or interests of different stakeholders can be taken into account by selecting
the specific criteria from each group to be included in the assessment. For example, lifetime,
investment costs, operation and maintenance costs may be the most important factors for investors.
Meanwhile, carbon dioxide emissions, land use and water consumption are the most important
issues for governments, while job creation and safety are the biggest concerns for local
communities. This chapter of the dissertation presents a detailed list and comprehensive
explanations of the importance of the criteria for assessing energy systems, taking into account all
the perspectives of key stakeholders.

Chapter Il11. Modeling scenarios for the development of the national energy
system

This chapter of the dissertation presents a detailed description of the identified options
(alternatives) for the development of the energy system. The alternatives (scenarios) have been
developed with the aim of being representative, i.e. starting from the current state of the national
energy system to foresee the significant possible directions for development that could be
implemented depending on existing and future combinations of factors: external (geostrategic and
commercial interests of world powers and corporations) and internal (political decisions and
interests of national players). Comparing the scenarios in this way allows for the selection of the
most desirable of them and its inclusion in a national energy strategy. Possible deviations in actual
development are reflected and specified in the shorter-term plans. This chapter presents the
actually possible scenarios for the development of the national energy system, developed in the
LEAP model environment and evaluated according to reasonably selected criteria. For the
purposes of the dissertation, the following main and researchable scenarios have been defined:
Long-term transition scenario (LTS), Scenario with additional policies and measures (WAM),
Scenario with strong utilization of photovoltaic (SUP) and Scenario using dispersed
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(decentralized) production capacities (DPC).

Chapter IV. Approaches for multi-criteria analysis of energy system development
scenarios

Multi-criteria analysis approaches (MCAA) have emerged as valuable tools to support the
energy system development planning process, providing a structured decision-making framework
that takes into account a number of factors and perspectives. This chapter of the dissertation
presents an overview of the importance and classification of MCAA methods, as well as the types
and main steps of the basic MCAA procedure. It also examines how MCAA approaches can be
used to assess energy development scenarios, highlighting the benefits of long-term energy
planning and multi-criteria decision-making. By reflecting external uncertainties and applying
different evaluation criteria, MCAA techniques can enrich the decision-making process, providing
valuable information on the best way forward in energy system development.

V.1 Description of the multi-criteria analysis approach

Multi-criteria analysis (MCA) is a set of methods and tools designed to formally
incorporate multiple objectives and criteria in the analysis and evaluation of alternatives. Its main
advantage is the ability to simultaneously take into account technical, economic, environmental
and social aspects, which makes it widely applicable in solving complex tasks in various fields,
including energy planning. Regardless of the variety of methods used, most approaches follow a
common sequence of steps: Option definition (alternative): a proposed alternative course of
action to address a perceived problem; Goal definition: a specific goal against which each
proposed alternative is evaluated; Criterion selection: a measurable factor that determines the
effectiveness of the alternative in relation to a given goal, allowing for the measurement of the
extent to which an alternative meets this goal; Performance assessment: a numerical
representation of the effectiveness of a given option in relation to a specific goal or criterion. This
assessment is determined on a given scale (for example, the range of scales that can be used for
measurement can vary from 0 to 1, from 1 to 100, or from -5 to +5). Determining the weight of
a given criterion — a criterion that determines the level of importance of a given objective and the
corresponding criterion relative to the other objectives and criteria considered. The complete
process of multi-criteria analysis usually requires the inclusion of two additional steps. The sixth
step is to combine the weight and score of each alternative to obtain an overall score. The final
step of MCA is to perform a sensitivity analysis of the results to changes in scores or weights.

Due to its flexibility and the ability to adapt to specific tasks, MCA is established as one
of the most widely used approaches to support the decision-making process.

V.2, Methods for multi-criteria analysis

The literature review shows the widespread application of Multi-Criteria Decision-Making
(MCDM) methods in evaluating and selecting alternatives by simultaneously considering
guantitative and qualitative indicators in order to determine the most appropriate solution, strategy
or policy. These methods are applied in a wide range of fields, including energy, transport, water
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resources management, environment, economics and public management. The methods described
include: Analytic Hierarchy Process (AHP), Analytic Network Process (ANP), Preference
Ranking Organization Method for Enrichment Evaluations (PROMETHEE), Elimination and
Choice Translating Reality (ELECTRE), Weighted Product Model (WPM), Weighted Sum Model
(WSM), Simple Multi Attribute Rating Technique (SMART), Data Envelopment Analysis (DEA),
Simulated Uncertainty Range Evaluations (SURE), Preference Order Technique by Similarity to
Ideal Solutions (TOPSIS), Trade-Off Programming, and Multi Attribute Utility Theory (M—
MAUT), etc.

The different methods are characterized by specific procedures for evaluation,
determination of weights of criteria and ranking of alternatives, which allows choosing an
appropriate approach according to the specific research problem. Depending on the way of
processing and evaluating the information, the methods are divided into formal and simplified
approaches (Figure 16). Formal methods use rigorous mathematical procedures, algorithms for
comparing and ranking alternatives and usually require computer assistance in their
implementation. Despite their higher complexity, they provide a more structured and analytical
approach to decision-making. Due to its flexibility and ability to integrate different criteria, MCDA
has established itself as an effective tool for analyzing complex systems, including in the
evaluation and comparison of energy scenarios.

Multi-Criteria Analysis
Methods
Formal Methods Simplified Methods

« Simple Additive
Weighting Model
« Simple Summary

Charts
+ Checklists
= Basic Lexicographic
+ Linear Programming E Oreangs
+ Goal Programming | l
Full Aggregation Partial Aggregation
Methods Methods
[ [
« MAUT Methods + ELECTRE Methods
+ SMART/SMARTS/ « PROMETHEE Methods
SMARTER « REGIME
« AHP « EVAMIX
« BWM e

Figure 16. Classification of multi-criteria analysis methods
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Chapter V. Multi-criteria analysis of scenarios for the development of the
national energy system Figure 16. Classification of multi-criteria analysis
methods

V.1. Introduction

The aim of this chapter of the dissertation is to present and compare quantitative
assessments of some of these possible criteria for evaluating energy development scenarios,
applying three widely used multi-criteria methods: Multiple Attribute Utility Theory (MAUT),
Analytic Hierarchy Process (AHP) and the Preference Ranking Organization Method for
Enrichment Evaluation (PROMETHEE II).

V.2 Selection of criteria for quantitative assessment

The purpose of this section of the dissertation is to present the determined quantitative
values of the criteria (sub-criteria and alternatives) for evaluating the energy development scenario,
which were obtained as a result of energy planning through LEAP for each relevant scenario (Table
26).

Table 26. Values of the criteria and sub-criteria for the relevant alternatives (modeled using
LEAP energy scenarios)

Criteriafor Evaluation of Scenarios Alternatives
o T . WAM SUP LTS DPC
Criteria Sub-Criteria Units Symbol Scenario Scenario Scenario Scenario
GDP euro per capita SC1 15 553 33707 15 465 15133
Social Population million people SC2 6 8,9 54 5.65
Human development from0to 1 sc3 0.894 0.935 0.935 0.915
Final energy thousands t.0.e. sc4 10 667 6 992 4089 9120
consumption,
Gross electricity
production thousands t.o.e. SC5 4362 5192 4558 4 660
Primary energy thousands t.0.e. SC6 17 561 9965 8747 13710
consumption
Economic Energy intensity, t.0.e./1000 euro SC7 17.56 9.97 8.75 13.71
Energy balance
efficiency % SC8 61 70 47 67
Import dependency % SC9 39 0 0 35.19
Share of energy from % sC10 33 100 100 2
renewable sources
Ecological CO; emissions million tones SC11 10.79 0 4.65 25
V.3. Multi-criteria evaluation of the different scenarios studied

The purpose of this section of the dissertation is to present the application of the selected
multi-criteria decision-making (MCDM) methods in the comparative assessment of the four
energy scenarios modeled using LEAP. The section describes the sequence of the procedures
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(steps) performed, the criteria and sub-criteria used for assessment, as well as the results obtained
from the application of the individual methods. Based on the multi-criteria assessment performed,
the results of the different scenarios are analyzed and compared in order to determine the most
appropriate one among them in terms of the future development of the energy system.

The section contributes both to the identification of the most appropriate development
scenario and to the assessment of the applicability of the different multi-criteria methods in the
processes of energy planning and decision-making.

A. Multi-criteria evaluation through Analytical Hierarchy Process (AHP)

This method is structured around a hierarchical tree system that includes goals (decision-
making), criteria, sub-criteria and alternatives. The AHP method includes several important stages
(steps):

1. Organizing the components of the decision-making problem in question into a hierarchy

(Figure 3):

a) Determining the main decision-making goal to be achieved;

b) Defining the criteria and sub-criteria on which the decision is based,

c) Identifying the alternatives.

2. Creating a pairwise comparison matrix with the relative importance of the different criteria
(sub-criteria) and alternatives in relation to the decision goal, using the Saati basic scale.
The diagonal elements of the matrix are 1. When the value of the element (i, j) is greater
than 1, then the factor (criterion) in row i is more significant than the factor in column j,
otherwise the factor in column j is more significant than the one in row i. When one
criterion J is less important than another i, then the element (j, i) of the matrix is the
reciprocal of the element (i, j), i.e. we have ratios from 1 (“equally important/unimportant™)
to 1/9 ("extremely unimportant™).

Goal o
Criteria < L4 .>
Cluster

3

Sub-Criteria G ® O D
Alternatives < o0 00 )

Figure 17. Hierarchical structure of AHP
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3. Normalizing a pairwise comparison matrix. The normalized pairwise comparison matrix is
calculated as: each element of the column is divided by the sum of all elements in the
column.

4. Calculating criterion weights. The criterion weights are calculated by averaging all
elements in a row and dividing the resulting number by the number of criteria.

5. Estimating consistency. Consistency involves a judgment by the decision maker regarding
pairwise comparisons. The consistency ratio (CR), which measures the consistency of the
result, is calculated by dividing the Consistency Index (Cl) by the Random Consistency
Index (RI).

CR=CI/RI<10%,

where the Consistency Index (ClI) of the pairwise comparison matrix is calculated as:

Cl = Amax—n
n-1

and Amax is the maximum eigenvalue, and n is the size of the pairwise comparison matrix.
6. Determining the comprehensive assessment of each scenario

The comprehensive assessment of the scenarios is obtained by applying the AHP method
to the hierarchically structured criteria and sub-criteria, followed by determining the weighting
coefficients, checking the consistency and forming the final ranking of the scenarios. The data
from the obtained assessment are presented in next table:

Alternatives
WAM Scenario LTS Scenario | SUP Scenario DPC Scenario

Criteria Sub-Criteria

GDP
Social Population 0.121 0.200 0.121 0.121
Human development index

Final energy consumption,
Gross electricity production
Primary energy consumption

Economic | Energy intensity, -0.093 -0.028 0.115 0.115
Energy balance efficiency
Import dependency
Share of energy from
renewable sources
Ecological | CO;emissions -0.600 0.000 0.259 0.139
Overall Rating -0.573 0.172 0.264 -0.133
Ranking 4 2 1 3

The results of the multi-criteria assessment show a clear distinction between the scenarios
considered. The SUP Scenario receives the highest complex score (0.264) and is ranked first due
to the best performance in the environmental criterion, which has a decisive influence on the final
ranking. The LTS Scenario takes second place (0.172), distinguished by good social and economic

indicators. The DPC Scenario ranks third (-0.133), and the WAM Scenario is last (-0.573). The
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results obtained show that the environmental criterion is decisive for the final ranking, while the
differences in the social and economic assessments are relatively small.

Based on the assessment performed using the AHP method, the SUP Scenario is
determined as the most suitable alternative.

B. Multi-criteria evaluation using Multiple Attribute Utility Theory
(MAUT)

Multiple Attribute Utility Theory (MAUT) is a widely used tool for decision making when
considering multiple criteria. In this decision making process, the determination of the overall
evaluation of the alternative is obtained by considering the marginal contributions of each criterion
to the evaluation of the alternatives. The MAUT method includes the following main steps:

1) Construction of the decision matrix.

X=|Xg = Xy * Xpn i=0,m; j=Ln

2) Calculating a normalized decision matrix. In the normalization process, the values of all
criteria are first transformed to satisfy the requirements that the best and maximum possible
value is 1 and the worst and minimum possible value is 0.

a) For the criteria that need to be maximized

Uij — xi —min (xy)
max (xi) — min (xij)
b) For the criteria that need to be minimized

max (xi) — xij

U|J —

max (x;) — min (xj)

where xij is the corresponding element of the decision matrix, U; (x;) is an element of the
normalized decision matrix, max (x;) and min (x;) represent the maximum and minimum element
in the column vectors X;, respectively.

Calculation of the utility of the alternative — aggregation of the assessment of the maximum
benefits of the alternatives according to the different criteria.

.=\l
UJ_ZI::]_ Wi * nl]

where ujis the utility of alternative j, njj is the normalized value of criterion i for alternative
j, and wi is the weight of the i criterion.
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3) Determining the weighting coefficients of the normalized data matrix.

4) Selection of the best alternatives: They have the highest utility value U;.

The results of the application of the AHP method for evaluating the scenarios considered
are presented in the following table:

Alternative/ sc1|sc2| sc3| sca|scs| sce| sc7| scs| sco| scio|scit Priority Rk
Sub-Criteria amount an
WAM

Scenario 000 | 001 | 000 | 000 | 000 | 000 | 000 | 006 | 000 | 000 | 0.00 0.065 4
SUP Scenario | 016 | 003 | 016 | 005 | 003 | 011 | 003 | 009 | 009 | 003 | 011 0.892 1
LTSScenario | 0.00 | 000 | 016 | 009 | 001 | 013 | 003 | 000 | 009 | 003 | 016 0.697 2
DPC Scenario | 0.00 | 000 | 008 | 002 | 001 | 005 | 001 | 008 | 001 | 000 | 009 0.363 3

The results of the application of the MAUT (Multi-Attribute Utility Theory) method show
a clear distinction between the evaluated scenarios in terms of their overall utility. The final ranking
is: SUP Scenario — first place with an overall score of 0.892, followed by LTS Scenario (0.697),
DPC Scenario (0.363) and WAM Scenario (0.065).

The SUP Scenario is the most suitable alternative, as it provides the highest overall utility
and the best balance between the individual criteria. The differences between the scenarios are
determined by the degree to which each alternative satisfies the set of set sub-criteria.

C. Multi-criteria evaluation with the PROMETHEE Il method

The PROMETHEE Il method usually includes the following main steps:

1) Constructing the decision matrix, defining the criteria (j=1,...,k) and the set of possible

alternatives in the decision-making task;
2) Determining the weights w;jof the criteria:

k

1) Normalization of the decision matrix
a) To evaluate the benefits of a given criterion, the following formula is used

Rij = [(Xij) — min (Xj;)]/[max (Xij) — min (Xjj)]

b) To estimate the costs of a given criterion, the following formula is used:

Rij = [max (Xij) — (Xij))/[max (Xi) — min (Xjj)],

ZWj =1
J=1

where Xjjare the evaluation values obtained by decision makers i= 1, 2,..., n; and the number of

criteriaj=1, 2,..., k.

2) Determination of the deviation by pairwise comparison
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dj (a,b) = gj (@) — g; (b), where d;j (a,b) represents the difference between the evaluation of criterion
a and criterion b.

3) ofthe general preference function
Pj(a,b) = Fj [dj(a,b)] ¢ ¥X€ [0, ©],0 < F(x) <1,

where P; (a,b) represents the function of the differences between the scores of alternative a with
respect to alternative b on each criterion. The value ranges from 0 to 1.

4) Determination of the index of multi-criteria ranking (outranking, preferring, surpassing).
m (a,b) =X¢, [W + P; (ab)] / DL, W)l
where W; is the weight, which represents the relative importance of criterion j

5) Calculation of the positive and negative outranking flow for each alternative
a) The following formula is used for the positive outranking flow:
b (2) = Yrea 7 (a, x)
n-1
b) The following formula is used for the negative outranking flow:

d@="Yram (x, a)

n-1
6) Calculation of the net outranking flovy for each alternative
b@=0"()-d@)=—"—3%" YulPa x) — Pj(x, a)]w;
n-1 J1
The next table presents the results of applying the PROMETHEE Il method to the studied
energy scenarios and the resulting ranking of alternatives:

Alternatives Positive flow Negative flow Net flow Rank
WAM Scenario 0.039 0.543 -0.504 4
LTS Scenario 0.561 0.081 0.480 1
SUP Scenario 0.327 0.201 0.127 2
DPC Scenario 0.184 0.286 -0.102 3

The results of the PROMETHEE 11 evaluation, based on the calculated net flow values,
show a clear distinction between the scenarios considered. The net flow represents the balance
between positive and negative preferences and determines the extent to which each alternative
outperforms or is outperformed by the others.

Based on the final calculation using the PROMETHEE Il method on the marginal utility
value, it was determined that the objectively best/most suitable alternative according to the
evaluation results is an alternative — Scenario SUP. The alternative was chosen because it has the
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highest utility value, namely 0.480. Alternatives Scenario LTS (0.127), Scenario DPC (-0.102)
and Scenario WAM (-0.504) follow in sequence.

The conclusion from this section is that the different methods for multi-criteria scenario
evaluation give the same or very close results if the initial assessment of the importance of the
criteria (weights) is the same. Therefore, it is not crucial which of these methods is used. What is
really important for the energy planning procedure is the correct choice of criteria for evaluating
scenarios (based on environmental, social and economic objectives) and the correct determination
of their relative importance. However, in today's complex world, it is not permissible to make
decisions based only on one or two criteria or, as is the case with our national energy system, based
on the desire to please some major market players. It is mandatory to apply multi-criteria
assessment methods.

Contributions of the dissertation
1. Scientific and applied contributions

1) As a result of an analysis of specialized literature and strategic documents in the field of
energy planning, the need for the implementation of a national strategic energy planning
process has been justified.

2) Methods/approaches and criteria for assessing energy scenarios have been systematized
and adapted, allowing for a comprehensive consideration of the impacts on economic
development, energy security, social welfare and environmental protection in long-term
energy planning.

3) Alternative scenarios for the development of the national energy system, modeled through
the environment (LEAP), have been developed and formalized.

4) A quantitative estimation and comparative analysis of alternative scenarios for the
development of the national energy system has been carried out by applying the AHP,
MAUT and PROMETHEE Il methods. This allows for an objective ranking/ordering of
the considered options and supports the choice of strategic decisions in the energy sector.

2. Applied contributions

1) Astructured framework for the assessment and comparison of alternative scenarios for the
development of the energy sector has been created, which can be used in the development,
updating and justification of national energy strategies, plans and programs. An approach
has been developed that creates an opportunity for the integration of expert assessments
and preferences of stakeholders in determining the relative importance of selected criteria,
which increases the transparency and validity of decisions in the field of energy planning
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2) Validated methods for multi-criteria analysis (AHP, MAUT and PROMETHEE I1) have
also been applied as a toolkit for the real assessment of energy scenarios, which can
assist institutions and experts in making justified and informed decisions.
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MSc eng. Kristina Yurieva Hadzhiyska

Assessment of scenarios for the development of the national energy
system

SUMMARY

The present PhD thesis is dedicated to the investigation of long-term energy planning
processes and the development of a methodological framework for modelling and evaluating
scenarios for the future development of the national energy system. The relevance of the research
is determined by the profound transformation of energy systems worldwide, driven by
technological progress, economic changes, geopolitical factors, increasing requirements for energy
security, and the transition towards a low-carbon economy. The need for scientifically based
approaches supporting strategic decision-making in the energy sector defines the importance of
developing reliable methods for analyzing and comparing alternative pathways for energy system
development.

The thesis presents a comprehensive study covering the main stages of strategic energy
planning. Initially, an analysis of European and national energy policies is performed, focusing on
the evolution of the Energy Union framework, the objectives of European energy and climate
policies, and the development of Bulgaria’s energy policy after its accession to the European
Union. International experience and good practices in energy planning are examined, with
emphasis on approaches applied in leading countries and their potential adaptation to national
conditions.

A detailed review of mathematical models and analytical approaches used by international
institutions, research centres, and specialized organizations for energy system modelling,
forecasting, optimization, and scenario analysis is provided. Based on this analysis, the main
factors influencing the development of national energy systems are identified, including
technological, economic, environmental, regulatory, social, and geopolitical aspects. The thesis
emphasizes that energy scenarios should not be considered as predictions of the future but as
structured representations of possible development pathways under different assumptions and
constraints.

Four alternative scenarios for the development of the national energy system are formulated
and modelled using the Long-range Energy Alternatives Planning System (LEAP): Long-Term
Transition Scenario (LTS), With Additional Measures Scenario (WAM), Scenario with Enhanced
Renewable Energy Sources Development (SUP), and Scenario Based on Decentralized Production
Capacities (DPC). The evaluation of the developed scenarios is performed using three widely
applied multi-criteria  decision-making methods: Analytic Hierarchy Process (AHP),
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Multi-Attribute Utility Theory (MAUT), and Preference Ranking Organization Method for
Enrichment Evaluation (PROMETHEE II). Eleven evaluation indicators are considered and
grouped into three main categories: social, economic, and environmental criteria. The social
criteria include gross domestic product, population, and human development index; the economic
criteria include final energy consumption, gross electricity generation, gross inland energy
consumption, energy intensity, energy efficiency, energy import dependency, and share of
renewable energy sources; while the environmental criterion is represented by carbon dioxide
emissions.

The results obtained from the multi-criteria assessment provide a comparative evaluation
of the investigated scenarios and identify the most suitable alternatives according to the selected
criteria. The results obtained from the multi-criteria assessment provide a comparative assessment
of the scenarios studied and identify the most suitable alternatives according to the selected criteria.
Different methods for multi-criteria scenario assessment give the same or very close results if the
initial assessment of the importance of the criteria (weights) is the same. Therefore, it is not crucial
which of these methods is used. What is really important for the energy planning procedure is the
correct choice of the criteria for evaluating the scenarios (based on environmental, social and
economic objectives) and the correct determination of their relative importance.

The developed methodological framework contributes to improving the process of strategic
energy planning by integrating scenario modelling, quantitative evaluation indicators, and multi-
criteria decision analysis. The proposed approach can support policymakers, energy planners, and
stakeholders in the formulation of more informed strategies aimed at achieving sustainable
development, energy security, economic efficiency, and compliance with long-term European
energy and climate objectives.
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