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Mo koHkypca ca npegcmaBeHu 06wo 37 HayuHU nybaukauuu u 224 yumupaHus, BkalouBauwju:
o [Mokazamen B4 - xabBunumauyuoHeH mpyg

o 11 HayuHu ny6aukauyuu B u3zgaHusa, koumo ca uHgekcupaHu B Scopus u/uau
Web of Science,
= 7 om koumo ca B u3zgaHua c uMmnakm ¢akmop (Web of Science) u/uau
SClmago Journal Rank (SJR)

e T[lokazameaul7ul8

o 5 HayuyHu ny6aukauyuu B u3zgaHuda, koumo ca uHgekcupaHu B Scopus u/uau
Web of Science,
= 4 o0mkoumo ca B uzgaHua c uMnakm ¢akmop (Web of Science) u/uau
SCImago Journal Rank (SJR)

0 21 HayuyHU ny6aukauuu B HepedepupaHU chucaHus C Hay4yHO peueH3upaHe
uAu B pegakmupaHu konekmuBHu mpygoBe

o [okazameau A12u A13

o 219 uumupaHusa B Hay4yHU u3gaHusda, koumo ca uHgekcupaHu B Scopus u/uau
Web of Science,
= 186 om koumo ca Ha nybAaukauuu om xabuAaumauyuoHHUA Mpyg

o 5 uumupaHusa B MoHozpaduu.

fonama yacm om npegcmaBeHume nybaukauuu ompa3zaBam pe3yamamu om Hskoako
HayuyHou3cAaegoBameacku npoekma no pasaudyHuU npozpamu Ha EBponelickus cblo3z u QoHg
»Hay4Hu uzcaegBaHua“:

e PamkoBa npoepama Ha EC 3a HayuHu u3caegBaHus u uHoBauyuu ,,Xopu3oHm 2020“

o CryoHub - PagpabomBaHe Ha kpuoeceHHO cCbxpaHeHue Ha eHepeuda B
XxAaguaAHUMe  xpaHuAuwa Ha xpaHu kamo uHmepakmuBeH xb6 3a
uHmMeepupaHe Ha Bb306HOBAeMa eHepauAa B xAaguaHama NPoOMULWIAEHOCM U
nogob6paBaHe ycmolivuBocmma Ha enekmpuyeckama Mpexka
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e HauuoHaneH naaH 3a Bb3cmaHoBaBaHe u ycmotyduBocm (NextGenerationEU)

o [logobpsBaHe Ha Hay4yHou3zcnegoBamenckus kanayumem u kayecmBo 3a
Me>kgyHapogHa pazno3HaBaemocm u ycmod4vuBocm Ha TY-CoguA

e MoHg ,,HayuHu u3zcregBaHua“

o Cbp3gaBaHe Ha YHuBepcumemcku HayyHo-u3caegoBamencku komnaekc
(YHUK) 3a uHoBayuu u mpaHcpep Ha 3HaHuA B obpaacmma Ha
Mukpo/HaHOMexXHoAO2UU U Mamepuanu, eHepeulHama epekmuBHocm u
BupmyanHomo uH>keHepcmBo

o [lapamempu4eH aHanu3 3a ouyeHka Ha egpekmuBHocmma Ha npo3payHu
cmpykmypu B cucmemu 3a ononzomBopaBaHe Ha cAbHYeBama eHepauA.

l. XabuaumauuoHeH mpyg

Mybaukauuume B xabuaumauuoHHuAa mpyg npegcmaBam u3caegBaHuAa B obaacmma Ha
pa3npegeneHomo npou3BogcmBo u cbxpaHeHue Ha Bb306HOBAeMa eHepauA, pa3zaaexkgaHo
kamo cbwecmBeH eaemMeHm om u3epakgaHemo Ha no-ycmou4duBa eHepzauliHa
uHppacmpykmypa. W3caegBaHuama o6xBawam pa3AudHU nogxogu 3a BHegpaBaHe Ha
mexHoAoz2uume 3a npeobpalzyBaHe Ha Bb306HOBAeMa eHepausa npu kpaliHume nompebumeau,
u3znon3BaHemo Ha cbomBemHume eHepzonpeobpalzyBawu cucmeMu kamo cpegcmBo 3a
6anaHcupaHe Ha HamoBapBaHemo B enekmpudyeckama mpeXa, a cbwo maka u Bbnpocu,
cBbvp3aHu c oueHka, npozHO3upaHe U onmuManHO onoA3omBopABaHe Ha HaAu4HUA
Bb306HOBAEM pecypc.
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NMpegcmaBeHume nybaukauyuu Mozam ga 6bgam o6o06weHuU B mpu HanpaBAeHus:

A. WN3cnegBaHe Ha nogxogu 3a pa3npegeneHue u koopguHupaHe Ha MOwWHOCMUME 3a
npeobpalyBaHe u cbxpaHeHue Ha Bb306HOBAema eHepausa B MecmHU eHepaulHU
obwHocmu [4.1]

B [4.1] e npegcmaBeHa yacm om npoyudBaHe, ueAawo ga aHaAu3upa Bb3MokHOocmume 3a
u3epakgaHe U opeaHu3upaHe Ha MecmHu eHepaulHu obuwHocmu, cbcmaBeHu om 2oaaM 6pol
akmuBHU nompebumeau, kamo omgeaHu gomakuHcmBa, obuwecmBeHu cepagu, Maaku
mbpeoBcku u npoMuwaeHu npegnhpusamuda. [MpoydyBaHemo e HacoyeHO kbM MecmHu
eHepaulHU obwHocmu, koumo ga pazyumam npeguMHO Ha cobcmBeHu cucmemu 3a
npeobpalyBaHe Ha cAbHYeBa u BambpHa eHepaua — Bb306HOBAeMume u3zmouvHuUUU C Hau-
20AIM homeHuuaA 3a npuaoxkeHue B cucmeMu 3a pa3npegeneHo npou3BogcmBo. Tvl kamo B
makbB cayual eHepauliHUME u3MoYHUUU uMam u3aBeH crmoxacmuyeH xapakmep, 3a ga 6bge
NoHe Yyacmu4yHO aBMmOHOMHa, nogobHa eHepaulHa obwHocm mpabBa ga pa3nonaza C 20AAM
kanauumem 3a cbxpaHeHue Ha eHepausa (paznpegeneH Mexkgy omgeAHUmMe y4dacmHuuu),
kakmo u c nogxogauw,o 6anaHcupaHu npou3BogcmBeHu MOwHOCMU, cCbobpa3eHU C MECMHUME
kauMamuuHu ycnoBus. M3uckBa ce u HaMupaHemo Ha nogxogu 3a ynpaBAeHue Ha pecypcume no
Ha4uH, kolmo He caMo e eHepauliHo edpekmuBeH, Ho u ukoHoMu4ecku cnpaBegauB 3a omgeAHuUmMe
yyacmHuuu B obwHocmma, Bceku om koumo mpa6bBa ga uma gocmambyHO CMUMYAU ga
uHBecmupa B co6cmBeHumMe cu cbopbXkeHua u ga mbpayBa eHepausa c ocmaHaAume.

B nybaukauuama e pa3zaaegaH npuMepeH ka3yc 3a MecmHa eHepzaulHa obuwHocm, cbcmaBeHa
om MHoxkecmBo yd4acmHuuu ¢ pa3audHu xapakmepucmuku Ha eHepeulHOMO nompebaeHue.
3a ueama ca u3noa3BaHu 2onaM 6pol nouvacoBu 2oguwHU npoduau Ha enekmpo-
nompebAaeHUEMO Ha pa3AuYHU egHOdaMUAHU U MHO20daMUAHU XKUAUWHU cepagu, kakmo u Ha
pa3AauvHu BugoBe mbpaoBcku u agMuHUcmMpamuBHU 06ekmu, pa3znoaoXkeHu B egHO U CbWO
HaceAeHo Macmo. NogpobHu noyacoBu MEMEOPOAOZUYHU gaHHU 3a CbW,0MO HaCeAeHO MACMO
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ca u3noan3BaHu 3a cuHme3upaHe Ha no4vacoBu npoduau Ha npouzBogcmBomo Ha
enekmpuuecmBo om pedepeHmeH pomoBoamaudeH Mogyn u pedpepeHmHa Manka BAmMbpHa
myp6buHa, kamo 3a ueama ca npuaokeHU nogxogauwu Mamemamuyecku Mogeau.
Bb3npuemuam nogxog e ga ce maw,abupa npodpunbm Ha enekmponpouzBogcmBomo Ha Bcsaka
om pedepeHmume eguHuyu cnopeg 6poa makuBa eguHuuu, kamo no MO3uU Ha4yuH ce
npegcmaBa obuwomo enekmponpousBogcmBomo Ha MHOXkecmBo ¢omoBoamauyHu MOgyAu
UAU BambpHU myp6buHU, o6cay>kBawu obwHocmma.

Bb3 ocHoBa Ha noAydyeHume npoduau Ha npou3BogcmBomo (om pedpepeHMHUMe eguHUUU) U
Ha nompebaeHuemo Ha enekmpu4decmBo 3a Bceku yac om eoguHama, e HanpaBeH aHaAu3 Ha
onmuManHama kombuHauua om Bb306HOBAeMu MowHoOcmu, koamo ™MoXke ga ocuezypu
edpekmuBHo uznona3BaHe Ha HaanuvyHUMe Bb306HOBAeMuU pecypcu B pamkume Ha obwHOCMMa.
OnmuMu3auuoHHama 3agada e geduHupaHa maka, ye MOMeHMHume HecbomBemcmBus
Me>kgy MecmHomo npou3BogcmBo u nompebaeHue ga 6bgam cBegeHu go MuHumMyM. lMpu
NOAYYE€HOMO ONMUMAaAHO peweHue 3a npuMepHusa kazyc, 73% om eoguwHomo npou3BogcmBo
Ha enekmpuuecmBo B obwHOocmMmMa e om cAbH4YeBa eHepausa, a ocmaHaaume 27% — om
BamwbpHa eHepaua. To3u pe3gyamam e cneyuduveH 3a AokanHume kanumamu4Hu ycnaoBusa, kamo
B nybaukayuama e HanpaBeH aHaAu3 Ha Npu4yuHUME 3a NOAYYEHOMO CbOMHOWEHUE.

B. W3cnegBaHe Ha BauaHuemo Ha ¢pakmopume Ha okoAHama cpega Bbpxy cucmemu 3a
npeobpalyBaHe Ha cAbHYeBa u BambpHa eHepaus [4.2-4.5]

My6aukayuu [4.2-4.5] u3zcnegBam BAauAHuemo Ha pa3audHu dakmopu Ha okoanHama cpega,
koumo umam omHoweHue kbM paznonazaHemo, npoekmupaHemo u noggpbkkama Ha
cucmeMu 3a npeobpaszyBaHe Ha cAbHYeBa U BAmbpHa eHepauA.

B [4.2] e u3cnegBaHo BAauaHuemo Ha gbpBecHume nosacu okono o6pabomBaemMu 3emu, koumo
noBausBam ckopocmHus npodua Ha Bsmbpa B epaHuU4YyHUAa cAol u cbomBemHo
dyHkyuoHupaHemo Ha Manku BambpHU mypObuHuU, paznoaoXkeHu 6au3o go makuBa noscu.
AHanu3bm e ocHoBaH Ha ekcnepuMeHmanHu u3mepBaHua Ha nocokama u ckopocmma Ha
Bambpa Ha pa3AudHU Buco4uHu, npoBegeHu B pamkume Ha noBeue om 2oguHa B 6au3zocm go
makbB nosac, kakmo u Ha YucAeHU cuMyAauuu Ha pa3zpabomeH 3a ueanma CFD mMogen.

YcmaHoBeHo e, ye B HenocpegcmBeHa 6Au3zocm HagoAy no medeHuemo u Manko Hag
gbpBecHus nosAc, ckopocmma Ha Bambpa HapacmBa nopagu cbxpaHeHUEmMOo Ha Macama Ha
nomoka, a mypbyneHuyuama, npegu3BukaHa om nosica, e oepaHu4veHa go BucovuHa om 1.5 go
2 nbmu Buco4duHama Ha gbpBecHus nosac. M3Bogbvm, kolimo moXke ga ce HanpaBu Ha ma3u
OCHOBa, e 4Ye e npenopbYUMEAHO pomopume Ha mypbuHume ga ce no3uuuoHupam Ha
Buco4vuHu Hag okono 2.5 nbmu Buco4duHama Ha gbpBecHua nosac. Npu moBa ycnoBue ce
u3zbszBam zoneMume MexaHudHume HamoBapBaHudA, NPUYUHEHU OmM HaAu4uemo Ha
3HayumeAHo noBuweHa mypbyaeHmMHa uHMeH3uBHocm, kamo cbueBpeMeHHO ce u3non3Ba
epekmbm om nokanHomo yckopeHue Ha ckopocmma Ha Bambpa Hag noaca. Pegyamamume
om npegcmaBeHomo B [4.2] u3cnaegBaHe ca om ocobeHa 3Ha4YuMocm npu u3zpakgaHemo Ha
cucmeMu 3a pagnpegeneHo npou3BogcmBo Ha eHepaua B ceacku pezuoHu, kbgemo
npaBuAHOMO no3uuyuoHuUpaHe Ha MaAku BambpHU MmypbuHu MoXke ga uMa 3HaduM epekm 3a
msaxHomo enekmponpou3BogcmBo.

B [4.3] n [4.4] e uscnegBaHa epekmuBHocmma Ha pomoBoamauvHu MogyAu B peanHu ycaoBus,
npu koumo Bbpxy noBbpxHOCMMa Ha MogyAume ce HampynBa 3HadumenHo koaudecmBo npax,
2eHepupaH om 6au3ko HaMupawa ce BapoBukoBa kapuepa. AHanu3zbm e ocHoBaH Ha
npoBegeHu ekcnepuMeHmMaAHU u3MepBaHusa, obxBawawu nepuog om Hskoako cegmuuu.
MN3mepBaHuama BkalouBam eanekmpuueckume xapakmepucmuku Ha gBa cuauuueBu mMogyaa
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(MoHokpucmaneH u noaukpucmaaeH), meMnepamypume Ha 3agHume uM noBbpxHocmu,
NbAHamMa cAbHUeBa paguayusa Bbpxy Xopu3oHMaAHa noBbpXHOCM U gpy2u MemeopoAO2UYHU
gaHHU, cbbpaHu om AokanHa MemeopoAoz2uuyHa cmaHuusa. [pegcmaBeHu ca pa3AUYHU
nogxogu 3a aHaAu3 Ha BAuAHUEMOo Ha MemeopoAo2UYHUME ycAoBuUsA Bbpxy HampynBaHemo Ha
npax no noBbpxHoCcMumMe.

YcmaHoBeHo e, 4ye Bucokama koHueHmpauusa Ha BapoBukoB npax BbB Bb3gyxa B 6auzocm go
kapuepama Bogu go 6bp3omo My akymyaupaHe Bbpxy noBbpxHocmume Ha 6aAu3ko
pa3nonokeHume ¢omoBoamauyHu naHeau (kamo ca npegcmaBeHu u HabalogeHus om
Hamupauw,o ce B 6auzocm go MAcmomo Ha npoBeXkgaHe Ha ekchepuMeHma pomoBoamauyHo
none), kakmo u go o6bpazyBaHe Ha mBbpg caoll 3amMbpcABaHe npu HaAu4due Ha Baaza.
YcmaHoBeHo e cbw,0 maka, ye mo3u cAaol e ycmoU4uB Ha MemeopoAo2U4HUME ycAoBuUA U He
Moyke ga 6bge npemaxHam no ecmecmBeH nbm 4vpe3 yMepeHu Baaexku uau Bambp cbeC cpegHa
ckopocm om nopagvka Ha 6 go 9 m/s. AHaau3zbm noka3sBa, ue B pamkume Ha Hakoako cegMuuu
epekmuBHocmma Ha uzcaegBaHume pomoBoamauyHume Mogyau HaMmanaBa ¢ Hag 20% [4.3].

B [4.4] - 4pe3 u3non3BaHe Ha Memogu om MawuHHOmMO caMoobyuyeHue — e HanpaBeH no-
3agbAboyeH aHanu3 Ha BausHuemo Ha Baneckume u Bambpa Bbpxy epekmuBHocmma Ha eguH
om Mogyaume. Llenma Ha u3caegBaHemo e ga ce ycmaHoBu gaau HampynBaHemo Ha npax u
eBeHmyanHomMo My noducmBaHe nog Bb3geucmBuemo Ha Bambpa u Banekume Mozam ga
6bgam oueHeHU caMO Ha OcCHoBama Ha u3MepeHume gaHHU 3a enekmpudveckume
xapakmepucmuku Ha Mogyna U MEMEeOPOAO2UYHU gaHHU, cbbpaHu om AokanHama
MemeopoAO2UYHa cmaHuusa u gpyau uzmouHuuyu (Copernicus Atmosphere Monitoring Service u
NASA POWER), 6e3 ga ca HaanudHu npeku HabalogeHus 3a 3aMbpcaBaHemo.

OcHoBeH npuHoc Ha [4.4] e geMOHCMpauuama Ha hpuAoXkuMocmma Ha pa3AudHU mexHuku 3a
u3BAudaHe Ha hoAe3Ha uHdopMauusa ho omHoweHue Ha u3caegBaHume edpekmu, Ha ocHoBama
Ha goHakbge o2paHUYeHU gaHHU, cbbpaHu om pa3AuYHU U3mMoYHuUUU, kamo cbw,eBpeMeHHO
ce mpemupa u Bbnpoca ¢ HeonpegeAneHocmma B me3u gaHHU. AHaAU3bM Ha gaHHUME 4pe3
npunockeHume memogu noka3sBa, ye e Bb3MOXKHO ga ce HanpaBsam u3Bogu N0 OMHOWEHUE Ha
6nazonpuamHomo BausHUe Ha nepuog cbc cmabuaHu Banexku. AeMmoHcmpupaHo e kak moxke
ga ce ycmaHoBu npoMsaHama B xapakmepucmukume Ha MogyAa npu hpoMeHAUBumMe BbHWHU
ycnoBusa, kamo ce uMa npegBug, 4ye ebekmbm om ma3u npomaHa ce HabalogaBa cbc
3akbcHeHue cnpaMo nepuoga, B kolimo ma HacmbnBa. NpegcmaBeHuam nogxog 3a aHaAu3 Ha
gaHHuUme 6u Mo2bA ga 6bge u3znoa3BaH npu pazpabomBaHemo Ha an20puUMMU 3@ MOHUMOPUH2
Ha cbcmosaHuemo u npegukmuBHa noggpb>kka Ha pomoBoamauyvHU cucmemu.

B [4.5] ca npegcmaBeHu pe3lyamamume om AumepamypHO npoyydBaHe, omHacAwo ce go
dakmopume, koumo oka3zBam 3HauuMo BausHue Bbpxy omaazaHemo Ha npax Bbpxy
noBbpxHocmume Ha cAbH4YeBu konekmopu. Pa3zaaexkgaHuam npobaeM uma npsko omHoweHue
kbM epekmuBHocmma kakmo Ha mepmudHume, maka u Ha pomoBoamauvHume koaekmopu.
HanpaBeH e npeaneg Ha npouecume Ha popMupaHe U paznpocmpaHeHue Ha npaxoBu vYacmuuyu
B ammMocoepHusa Bb3gyx, kakmo u Ha ocHoBHUME cuAu, MexaHu3Mu u ABAeHuUs, cBbp3aHu Cbe
3agbprkaHemo, HampynBaHemo U yuMeHmMauyusma Ha me3u Yacmuuu Bbpxy noBbpxHocmume
Ha cAbH4YeBume koaekmopu. B mo3u koHmekcm e pa3enegaHo u BausHuemo Ha
xapakmepucmukume Ha caMume npaxoBu Yyacmuuu, Ha MemeopoAo2UYHUME ycAoBuA u Ha
HayuHa Ha MoHmupaHe Ha koanekmopume. Kamo gonbAHeHue kbM AumepamypHomo
npoyyBaHe, B [4.5] ca noka3zaHu ca u pe3gyaAmamume om Bu3yanHa uHcnekuua Ha
domoBormauyHo noAe, HaMupauw,o ce B HenocpegcmBeHa 6Au3zocm go Macmomo, kbgemo ca
npoBegeHu ekchepumMeHmMaAHume u3zmepBaHua, npegcmaBeHu B [4.3] v [4.4].
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B. W3cnegBaHe Ha nomeHuuana Ha kpuozeHHOMO cbxpaHeHue Ha eHepzauA (KCE) B
NPOMUWAEHU XA@gUAHUUU U XpaHUMeAHU npegnpuamus 3a yBeauyaBaHe Ha gena Ha
Bb306HOBAeMume eHepaulHU U3MO4YHUUU U 6anaHcupaHe Ha HamoBapBaHemo Ha
enekmpuyeckama mpexka [4.6-4.11]

Mybaukauuume om ma3zu epyna npegcmaBam ocHoBHO pe3yaAmamu om HayydHou3cAegoBa-
menckus npoekm CryoHub. B [4.10] ca npegcmaBeHu ocHoBHama ueA u koHuenuuAama Ha mo3u
npoekm. AHaAnu3upaHu ca Bb3MokHOCMuUMe 3a pa3zpbW,aHe Ha nomeHyuana Ha cucmeMume
3a KCE upe3 u3non3BaHe Ha Bb306HoBAeMa eHepzusa 3a BmeuyHABaHe U cbxpaHeHUe Ha
kpuozeHHu 2a3o0Be, koumo BnocaregcmBue ga ce u3znoa3Bam 3a npou3BogcmBo kakmo Ha
cmyg, maka u Ha enekmpuuyecmBo, nokpuBaliku 4Yacmu4yHo cmygonompebHocmma Ha
NPOMUWAEHU XAQgUAHUUU 3a CbXxpaHeHue Ha xpaHu. Mi3noa3BaHemo Ha KCE no mo3u HayuH
Moyke ga gonpuHece 3a npeBpbw,aHemo Ha NpoOMUWAEHUME xAaguAaHUyu B akmuBeH yqacmHuk
B 6anaHcupaHemo Ha enekmpuueckama mpedka. B nybaukauusma e HanpaBeH 0630p Ha
3Ha4yuMu u3caegBaHua B obaacmma Ha cucmemume 3a KCE u Ha Bb3MokHOocmume 3a
u3noa3BaHe Ha pa3audHu BugoBe Bb306HOBAEeMU uzmouyHUUU 3a AokaAHO ocuzypaBaHe Ha
HeobxoguMama eHepaus.

B ocmaHanume nybaukauuu om maz3u epyna ca pa3aaegaHu pa3audHu achekmu om BHegpsaBa-
HEemo Ha ma3u MexHoAO2UA B NpOMUWAEHUME XAagUAHUUU U XpaHUmMeAHUmMe npegnpuamus. B
egHa om maAx ca u3caegBaHu Bbv3MokHocmume 3a u3znoA3BaHe Ha ocmambyHama MonAuHa
om cucmemume 3a KCE 3a ocueypaBaHe Ha napa u 2opeuja Boga, Heob6xogumu 3a OCHOBHU
MeXHOAO2UYHU onepauuu B xpaHumeaHama npomuwaeHocm [4.7]. HanpaBeH e aHaAu3 Ha
yemupu BapuaHma 3a npou3BogcmBo Ha napa u/uau 2opew,a Boga ype3 cucmema 3a KCE: (1)
npou3BogcmBo camo Ha napa (7 bar); (2) npou3zBogcmBo Ha napa (7 bar) u 2opewa Boga (100
°C); (3) npousBogcmBo Ha napa (7 bar) u copeuwa Boga ¢ no-Hucka meMnepamypa (70 °C); u (4)
npou3BogcmBo camo Ha 2opewa Boga npu 100 °C u 70 °C. N3cnegBaHemo noka3Ba, ue
gupekmHomo onon3zomBopaBaHe Ha BucokonomeHuuanHa monAuHa om Bme4vHumena B
cucmemama 3a KCE e mexHoaozuuyHO ocbuwecmBumo, kamo mo3u Bug komMbuHupaHO
npou3BogcmBo (kozeHepauyus) 6u MO2A0 ga gonpuHece 3a 3HadumeAnHo nogobpaBaHe Ha
obwama epekmuBHocm Ha cucmeMama.

Kamo npogbmrkeHue Ha moBa u3cnegBaHe, B [4.6] e HanpaBeH aHaAu3 Ha Bb3MoXkHOCMMa 3a
uznon3BaHe Ha KCE wupe3 BmeuHeH Bb3gyx 3a kombuHupaHo npou3BogcmBo Ha
enekmpuuecmBo, monauHa u cmyg (mpuz2eHepauus) B XpaHUmMeAHO npegnpuamue. 3a
npumepeH kazyc e u3znon3BaHa npou3BogcmBeHa AUHUA 3a 3aMpa3eHu nbpXkeHU kapmododu,
kosmo uma omHocumenaHo Bucoko nompebaeHue Ha monAuHa u cmyg. HanpaBeH e aHaAu3 Ha
eHepeaulHUMe xapakmepucmuku Ha mpuzeHepayuoHHama cucmema u e ycmaHoBeHo, 4e
cbomHoweHuemo Mexkgy BaokeHama u noaydyeHa obpamHO eHepaua cAeg CbXpaHeHuemo
(round-trip efficiency) Mmoxke ga gocmueHe 55%, koemo HagBuwaBa 1.2 nbmu cbomBemHomMo
ChbOMHOWeEHUEe 3a mMunu4Ha cucmeMa 3a KCE 6e3 mpuzeHepauus.

B [4.8] e HanpaBeH o6cmoeH 0630p Ha kpuozeHHUMe monAoobMeHHU anapamu, koumo npeg-
cmaBaaBam HeobxoguMmomo cBbp3Bawo 38eHo Mexkgy cucmemama 3a KCE u npomuwiaeHUmMe
npouecu, koumo 6uxa Mo2Au ga u3znoA3Bam HaauvHusa cmyg. HanpaBeHuam o630p uMa 3a uea
ga 3ano3Hae npodecuoHaaucmume B obracmma Ha eHepzemukama u gpyau 3auHmepeco-
BaHu cmpaHu c Hal-HoBume nocmukeHus, uHoBauuu u meHgeHuuu B obhnacmma Ha
kpuozeHHUmMe monaoobMeHHUUU, kamo ocobeH akueHm e nocmaBeH Bbpxy npuaokeHuAMa
um 3a cucmemume 3a KCE, uznoa3Bawu Bb306HoBseMuU eHepauliHu usmo4Huuu. PazaaegaHu
ca BaxkHu HoBoBbBegeHua B guzaliHa Ha pa3AudHUMeEe munoBe monaocobMeHHU anapamu,
Memogume 3a mAXHOMO MogeAaupaHe U cuMmyAaupaHe, kakmo u mexHono2uume 3a
npou3BogcmBomo um.
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B [4.9] e npegcmaBeH pa3pabomeH om aBmopume onpocmeH HecmauyuoHapeH eHepaueH
MOgeA Ha NpOMUWAEH xanaguaHuk, kolmo e u3znoa3BaH cbBMecmHO ¢ MOgeA Ha cucmema 3a
KCE, pa3pabomeH om cBoa cmpaHa om gpyau napmHbopu B npoekma CryoHub. ABama
kynaupaHu ™Mogena npegcmaBaaBam uudpoB 6auzHak Ha nuaomHa UHCManauus
(gemoHcmpamop) Ha cucmema 3a KCE, kosmo e uHmezgpupaHa kbMm cbwecmByBaw,
NPOMUWAEH XAAgUAHUK 3a cbxpaHeHue Ha 3ampa3eHu xpaHu B beazusa. CumMyaauuume ca
u3noa3BaHu 3a aHaAu3 Ha xapakmepucmukume Ha nuAomHama uHcmaaauus u pazpabomBaHe
Ha aAnzopumMu 3a HellHomo ynpaBaeHue, npegu mA ga 6bge u3zzpageHa. OcHoBHama ueA Ha
pazpabomeHus MOgeA Ha NPOMUWAEHUA XAaguAHUK € ga npog2HO3upa meMnepamypama Ha
oxna>kgaHusa Bb3gyx B ocHoBHama xaaguAHa kamepa, kosmo e BackHa koHmpoaHa npomeHAuBa
3a uanocmHama cucmeMma, kamo omuyuma BauAaHuemo Ha 3HadumeAaHama cmygo-
akymyaupawa cnocobHocm, gbakawa ce Ha z2onamMomo koauuecmBo cibxpaHaBaHu B
XAaguAHuka 3aMpa3zeHu xpaHu.

MocnegHama nybaukauus om ma3u epyna npegcmala obwupeH npeaneg Ha Bb3MokHocmume
3a uHmMezpupaHe Ha pa3Hoobpa3HU MmexHoAo2uu 3a npeobpalzyBaHe Ha eHepausma om
Bb306HOBAEeMU uzmouHuuu B koHmekcma Ha npoMuwAeHume xaaguaHuuu [4.11]. O630pbm
obxBawa kakmo mexHonO2UUMeE, upe3 koumo eHepauAama Ha CAbHUEmMoO, Bamwbpa,
6uozopuBama u ezeomepManHUMe uzmo4vHuUUu MoXke ga ce npeobpazyBa B enekmpuuecmBo,
monAuHa u cmyg, maka u Bb3MokHocmume 3a gupekmHo u3noa3BaHe u 3a akmuBHo u
nacuBHO cbxpaHeHue Ha npeobpalzyBaHama eHepauda B npoMUuwAEHUME XAagUAHUUU. AageHu
ca MHokecmBo npuMepu om pas3AudHU Mecma no cBema 3a u32pageHu kbM XnaguAHU
cbopbXkeHuda cucmeMu 3a ononzomBopaBaHe Ha Bb3o6HoBAeMa eHepausAa, kamo e HanpaBeHo
o606uweHue Ha mexHume mexHudecku u ukoHoMuyecku xapakmepucmuku. B gonbAHeHUE e
HanpaBeH o0630p Ha npuaazaHume B MH020 cmpaHu noAumuku u ukoHoMuuecku
uHcmpyMeHmu, koumo ueasm cmumyaupaHe Ha BHegpABaHemo Ha Bb306HOBAeMU eHepauliHU
U3MOoYHUUU U uMam omHoweHue kbM ukoHoMuyeckama epekmuBHocm Ha o6xBaHamume B
nybAaukauusma mexHOAO2UU U cucmemu.

lMy6baukayuume om ma3u epyna ca o6ekm Ha 3Ha4YumeAeH UHmMepec om Hay4Hama obujHocm
u go mo3u MmoMmeHmM umam Hag 180 yumupaHusa B Web of Science u Scopus.

I. Apyau nybaukauuu, npegcmaBeHu no koHkypca

OcmaHanume nybaukauyuu — npegcmaBeHu no nokazameau '7 u '8 — ompa3zsaBam pe3gyaAmamu
om pas3AudHU u3cnegBaHus B obhnacmma Ha eHepzonpeobpalyBawume MmexHOAO2UU U
cucmemMu. lNMybaukauyuume 3acazam ocHoBHO cucmeMu 3a npeobpalzyBaHe U cbXxpaHeHUe Ha
Bb306HOBAeMa eHepausa, kakmo u cucmeMu 3a omonaAeHue, oxaaxkgaHe u kaumamu3zauus.

MpegcmaBeHu nybaukauuu no nokazamena I'7 (B o6pameH XxpOHOAO2UYEH peg):

7.1. lvanov, M., Stankov, B., Dimchey, I., & Terziev, A. (2026). The role of passive building
envelope elements in facilitating the adoption of HVAC systems employing natural
refrigerants: A case study. In C. Zilio, F. Busato, L. Mazzarella, & M. Noro (Eds.),
Proceedings of the 15" REHVA HVAC World Congress - CLIMA 2025 (pp. 834-844). Lect.
Notes Civ. Eng., vol 762. Cham: Springer. doi:10.1007/978-3-032-06806-4_80

7.2. Terziev, A., lvanov, M., Vassilev, M., & Stankov, B. (2025). Technical and economic
analysis of a specific spruce wood material drying process, E3S Web Conf., 608, 01016.
do0i:10.1051/e3sconf/202560801016
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7.3. Fikiin, K., Akterian, S., & Stankov, B. (2020). Do raw eggs need to be refrigerated along
the food chain?: Is the current EU regulation ensuring high-quality shell eggs for the
European consumers? Trends Food Sci. Technol., 100:359-362.
doi:10.1016/j.tifs.2020.04.003

7.4. Kaloyanov, N., Stankov, B., Tomov, G., & Penkova, N. (2018). Efficiency of transparent
structures in Trombe walls. J. Chem. Technol. Metall., 53(6):1157-1166.

7.5. Stankov, B., Kaloyanov, N., & Tomov, G. (2017). Solar walls for high-performance
buildings. Int. J. Energy Prod. Manag., 2(4):339-351. doi:10.2495/EQ-V2-N4-339-351

MpegcmaBeHu nyb6aukauuu no nokazamea '8 (B 06pameH xpoHoAO2UYEH peg):

8.1. AumueB, . u CmaHkoB, Bb. (2024). MN3MeHeHUe Ha 20QUWHUA U CE30HHUSA
koeduyueHm Ha npeobpazyBaHe Ha cucmemu ¢ gBycmeneHHO onoAn3omBopABaHe Ha
monAuHa Ha u3xBbpaaHuAa Bb3gyx B bbazapus B pezyamam om npoMsaHama B
kaumama. C6. goka. XXIX MexkgyHapogHa HayyHa koHpepeHyua Ha EM®-2024, 9-15.

8.2. CmaHkoB, Bb. (2024). MogeaupaHe Ha xapakmepucmukume Ha domoBormaudeH
MOgyA Nnpu nocmosHeH cbnpomuBumeneH moBap. C6. goka. XXIX MexkgyHapogHa
Hay4Ha koH¢pepeHyus Ha EM(®-2024, 81-87.

8.3. AumueB, . u CmankoB, b. (2023). EbekmuBHocm Ha mepMonoMmnume Bb3gyx-Boga
npu pasAudHU kauMamuyHu ycaoBuA u  BauAaHuemo U Bbpxy eHepaulHume
xapakmepucmuku Ha egHodaMuaHU kuauwiHU cepagu. C6. goka. XXVl
Me>kgyHapogHa Hay4yHa koHpepeHyua Ha EMQ-2023, 38-43.

8.4. BacuneB, M. u CmaHkoB, b. (2023). OmHocHO 3aMbpcABaHemo Ha pabomHama
noBbpxHOCM Ha MOgyAu 3a eHepzonpeobpalyBaHe Ha cAbHYeBa eHepaua. C6. goka.
XXVIII MexkgyHapogHa Hay4YHa koHpepeHyusa Ha EM(®-2023, 44-52.

8.5. AumueB, . u CmankoB, b. (2023). HeecamuBHu edekmu Bbpxy BeHmMuAauuoHHUME
cucmeMu BcaegcmBue Ha noBuwaBawama ce koHueHmpauua Ha BbaaepogeH
guokcug B ammocdepama. C6. goka. XXVIII Me>kgyHapogHa HayyHa koH@pepeHyus Ha
EM®-2023, 97-102.

8.6. Baawku, C.uCmaHkoB, b. (2019). MogeaupaHe Ha pabomHume xapakmepucmuku Ha
XAaguaeH komnpecop ¢ yecmomHo ynpaBaeHue Ha obopomume. C6. goka. XXIV
HayuHa koHpepeHyusa c mexkgyHapogHo yyacmue ‘EM® 2019°, mom |, 150-158.

8.7. MonoB, A., ®ukuuH, K. u CmaHkoB, B. (2018). MogenHo u3caegBaHe Ha npexogHUMe
ekcnaoamauyuoHHU pexkuMu Ha cepus om mypbozeHepamopu B cucmeMa 3a
kpuozeHHO cbxpaHeHue Ha eHepausa. C6. goka. XXIlI HayuyHa koHpepeHyua c
mexkgyHapogHo yyacmue ‘EM® 2018’, mom |, 15-21.

8.8. TomoB, I, CmaHnkoB, Bb. u KanoaHoB H. (2018). YucAaeHo u3caegBaHe Ha mepMuYHama
epekmuBHocm Ha omBopeHa cmeHa Ha Tpom6 B npekbcHam pexkum Ha ecmecmBeHa
BeHmunauus. C6. goka. XXl HayuHa koHpepeHyusa ¢ mexkgyHapogHo yyacmue ‘EMQ®
2018’, mom |, 91-98.

8.9. CmaHkoB, b. u QukuuH, K. (2018). MogeAupaHe U CuMyAUpaHe Ha MONAUHHOMO
noBegeHue Ha NPOMUWAEH xAaguUAHUK B guHamuueH ekcnaoamauuoHeH pexkum. C6.
goka. XXIll HayuHa koHpepeHyua ¢ mexkgyHapogHo ydacmue ‘EMQ 2018°, mom |,
107-115.

8.10.KanosaHoB, H., CmaHkoB, b., TomoB, I'. u lNeHkoBa, H. (2017). TepMmuuHO HamoBapBaHe
npu npo3padHu cmpykmypu B cmeHa Ha Tpom6. HayuyHu mpygoBe Ha PyceHcku
yHuBepcumem-2017, 56(1.2): 36-41.

8.11.CmaHkoB, b. u BacuneB, M. (2017). MampuueH Memog 3a aHaAu3 Ha cucmeMu om
monAoobMeHHU anapamu. C6. goka. XXIl HayuyHa koHpepeHyua ¢ meXkgyHapogHO
yuacmue ‘EM® 2017’, mom |, 134-141.
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8.12.TomoB, I., CmankoB, b. u KanoaHoB H. (2017). EkchepuMeHmanHo u3caegBaHe Ha
mepMuyHama epekmuBHocm Ha omBopeHa cmeHa Ha Tpomb B HenpekbcHam pe>kum
Ha paboma —-Yacm 1. C6. goka. XXIl HayuHa koH¢epeHyuAa c MmexkgyHapogHo y4acmue
‘EMQ® 2017’, mom |, 148-154.

8.13.TomoB, I, CmaHkoB, b. u KanoaHoB H. (2017). EkcnepumeHmanHo u3cnegBaHe Ha
mepmMuyHama edbekmuBHocm Ha omBopeHa cmeHa Ha TpoM6 B HenpekbcHam pexkum
Ha paboma—-Yacm 2. C6. goka. XXIl Hay4yHa koHpepeHyua c MmexkgyHapogHo y4acmue
‘EMQ® 2017’, mom |, 155-159.

8.14.QukuuH, K. u CmankoB, Bb. (2017). Kpuoz2eHHO cbxpaHeHuUe Ha eHepausa 3a
Bb306HOBAeM u3kycmBeH cmyg u eanekmpo3zaxpaHBaHe. C6. goka. XXl HayuHa
koHpepeHyusa c MexkgyHapogHo ydacmue ‘EM® 2017°, mom |, 167-174.

8.15.AkmepsH, C., QukuuH, K. u CmankoB, B. (2017). AgekBamHocm Ha eBponelickus
pezaaaMeHmM OmMHOCHO meMnepamypHo-BaaxkHocmHusa koHmMpoA B xpaHumeAHama
Bepuea 3a aliua. C6. goka. XXIl HayuHa koHpepeHyua ¢ mexkgyHapogHo yyacmue ‘EMQ
2017’, mom |, 175-180.

8.16.CmankoB, B., Brawku, C. u CmosaHoB, V. (2016). Codmyep 3a Uu34ucAeHue U
Bu3yanuzauua Ha mepMoguHaMu4dHUME CbCMOAHUA U npouecu npu obpabomka Ha
BrarkeH Bb3gyx. C6. goka. XXI HayyHa koHpepeHyus c mexkgyHapogHo yd4acmue ‘EMQ
2016', mom |, 234-241.

8.17.TomoB, I, CmaHkoB, b. u KanoaHoB H. (2016). YucAaeHo u3caegBaHe Ha mepMuYHama
edpekmuBHocm Ha omBopeHa cmeHa Ha TpoM6 B HenpekbcHam pe>kuM Ha NnpuHygeHa
BeHmunauus. C6. goka. XXI HayuHa koHpepeHyus ¢ mexkgyHapogHo ydacmue 'EMQ
2016', momMm |, 242-247.

8.18.TomoB, I, CmaHkoB, b. u KanoaHoB H. (2016). YucAaeHo u3caegBaHe Ha mepMuYHama
epekmuBHocm Ha omBopeHa cmeHa Ha TpomM6 B HenpekbcHam pekum Ha
ecmecmBeHa BeHmuaayua. C6. goka. XXI HayuyHa koHpepeHyua c mexkgyHapogHO
yuacmue ‘EM® 2016', mom |, 248-254.

8.19.0ukuuH, K, CmankoB, B. u MapkoB, A. (2016). CbBpeMeHHa aozucmuka 3a
epekmuBHa ekcnaoamauus Ha NPOMUWAEHU XxAaguAaHuUuu. C6. goka. XXI Hay4Ha
koHpepeHyusa ¢ MexkgyHapogHo ydacmue ‘EMQ® 2016', moM |, 262-269.

8.20.KanoaHoB H., TomoB, I, CmankoB, Bb., LlokoB, A. u 3nameBa, M. (2015). YucaeHo
u3cnegBaHe Ha monAonpeHocHUMe npouecu B omBopeHa cmeHa Ha Tpomb B pexkum
"BeHnmunauus". C6. goka. XX HayuHa koHpepeHyua ¢ mexkgyHapogHo yyacmue ‘EMQ@
2015’, mom |, 258-265.

8.21.3nameBa, M. u CmaHkoB, b. (2008). AHaAau3z Ha mexHu4yeckume u ukoHoMuuecku
nokazameAu Ha mpuzeHepauyuoHHa cucmema B MeguuuHcku ueHmbp. C6. goka. Xl
HayuHa koHpepeHyusa c mexkgyHapogHo ydyacmue ‘EM® 2008°, mom |, 390-398.

My6aukauyuume no nokazamenu I'7 u '8 Mozam ga 6bgam o606uwieHu B Hakoako HanpaBaeHus:

A. AHanu3z Ha edekmuBHocmma Ha eHepaochecmaABawu Mepku u aamepHamuBHU
peweHuUsa npu cucmeMu 3a omonaeHue, oxaaxkgaHe u knaumamu3zauus [7.1, 7.2, 8.14,
8.19, 8.21]

B [7.1] e 3aceeHam npobaeMbm cbC 3aMAHama Ha cbwecmByBawume cucmeMu 3a
omonaeHue, BeHmuaauusa u kaumamu3zauua (OBK), uznoa3zBawu dayopcbgbpkauwu XAagUAHU
azeHmMuU, ¢ anmepHamuBHuU cucmeMmu, u3znoa3Bawu ecmecmBeHu makuBa (kamo nponaH), B
cbomBemcmBue ¢ uguckBaHuama Ha PeanameHma Ha EC 3a dayopcbgbprkawume napHukoBu
2a3o0Be. Tl kamo nogobHa 3aMsHa yecmo MoXke ga 6bge cBbp3aHa c HaManeHa epekmuBHocm
Ha eHepaonpeobpazyBaHe Ha cbomBemHume OBK cucmemu, e Heobxogumo B makuBa cayyau
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ga ce mbpcAm gonbAHUMEAHU Mepku, upe3 koumo ga ce uzbezHe 3Ha4YUMEAHO yBeanudeHue Ha
koHcyMmauusama Ha eHepzudA (koemo no cbuwiecmBo 6u Moz2ra0 ga ob6e3cMucAu ueama Ha
peenaMeHma). B mo3u koHmekcm, B [7.1] e pa3enegaH npumepeH kazyc, upe3 kolimo e
u3cnegBaHa Bb3mokHocmma 3a uznon3BaHe Ha nacuBHU cepagHu eneMeHmMuU — B koHkpemHus
cayyal ocueypaBaHe Ha HenogBu)kHO BbHWHO 3aceH4BaHe — kamo cbnbmcmBaw,a Mapka 3a
HamanaBaHe Ha oxrnagumenHua moBap npu 3aMaHa Ha munu4Ha cbBpemeHHa OBK cucmema ¢
makaBa, uznon3Bawa nponaH kamo xAnaguAeH azeHm.

AHanuzbm B [7.1] e ocHoBaH Ha pa3pabomeH B TRNSYS gemalineH HecmauuoHapeH MOgeA Ha
cbwecmByBaw,a AnekyuoHHa 3ana cbC 3Ha4YUMEAHU CAbHYEBU MONAUHHU npumouyu, kamo B
Mogena e BkaloueHa u OBK cucmema c ocuaypsaBaHe Ha npeceH Bb3gyx. C nomow,ma Ha TRNSYS
ca HanpaBeHu 20guWwHU noYacoBu cuMynaayuu Ha eHepaulHOMO noBegeHue Ha AekuuoHHama
3aAna npu gBa cueHapusa —6e3 (cbwecmByBauw,o nonoXkeHuUe) U cbe 3aceHuYBaHe —kamo 3a Beceku
om gBama cueHapusa ca cuMyaupaHu gBa BapuaHma 3a OBK cucmemMa - cmaHgapmHa VRF
cucmemMma, uznon3Baw,a R410A, u anmepHamuBHa uHgupekmHa mepMonoMneHa cucmema,
uznon3Bawa nponaH. AHaAu3bm noka3Ba, uye z2oguwHUAM pa3xog Ha eHepausa npu
anmepHamuBHama OBK cucmema, uznoa3Baw,a mepMonoMnu ¢ nponaH, e MHo20 no-Bucok om
mo3u Ha cmaHgapmHama VRF cucmema, gopu ako 3amAaHama e cbnpoBogeHa c
ocuzypsaBaHemo Ha npegnoXkeHOmMo HenogBuykHO BbHWHO 3aceH4BaHe. [NpegcmalBeH e aHaAu3
Ha npuduHUMe 3a moBa u ca HanpaBeHu u3Bogu N0 OMHoOWeHUe Ha gonbAHUMEAHUME Mepku,
HeobxoguMu npu nogobHu kazycu. lybaukauuama e npegcmaBeHa Ha 15-musa cBemoBeH
koHepec Ha REHVA (CLIMA 2025) B MuaaHo.

B [7.2] e npegcmaBeH mexHu4ecku u MKOHOMMYECKM aHaAu3 Ha koHkpemHa uHcmanauus 3a
cyweHe Ha uznoaucmHa gbpBecuHa. HanpaBeHa e oueHka Ha cbwecmByBawama
UHCmManauuna, uznon3Bawa komen Ha gbpBa, kakmo u Ha mpu BapuaHma Ha Mepku 3a
nogobpsaBaHe Ha eHepzulHama u edekmuBHocm nocpegcmBoM nogMaHa Ha
cbwecmByBawua uzmoyHuk Ha monAuHa: (1) ¢ komena Ha npupogeH 2a3, (2) c enekmpuuecku
komena u (3) c BucokomeMnepamypHa mepMmonoMneHa cucmema. OuyeHeHU ca HeobxogumMume
uHBecmuuuu, pazxogume 3a eHepauA U HemHama HacmosAw,a cmolHocm Ha npegAaoXkeHUmMe
BapuaHmu. HanpaBeH e u3zBog, 4ye om pazanegaHume Mepku eguHcmBeHO mepMonoMheHama
cucmema npegcmaBaaBa peHmabuaHa anmepHamuBa Ha cbuwecmByBauwua uzmoyYHuk.

B [8.14] e npegcmaBeH kpambk 0630p Ha mexHono2uume 3a kpuoz2eHHO CbxpaHeHue Ha
eHepeaua (KCE), kamo e npegnokeHa koHuenuua 3a npunokeHue Ha KCE B npomuwneHu
xaagunHuyu. KoHuenuusma BkalouBa akymyaupaHemo Ha Bb3o06HoBsaema eHepaua kamo
kpuozeHHa me4yHocm — Bme4HeH Bb3gyx, kolmo BnocaegcmBue ce u3noa3Ba 3a Yacmu4HO
nokpuBaHe Ha cmygonompebHocmma Ha xAaguaHume cbopbykeHus, kakmo u 3a 2eHepupaHe
Ha eAekmpuuecmBo. lMpou3zBegeHomo enekmpuuyecmBo ce u3pa3zxogBa Ha MACMO UAU
3axpaHBa enekmpocHabgumenHama cucmema B nepuogu Ha nukoBo nompebaeHue. Mo mo3u
Ha4yuH egHO cbopbKeHUEe 3a XAAgUAHO CbXpaHeHUe Ha xpaHu MoXke ga 6bge npeBbpHamo om
obukHoBeH koHcyMamop Ha eHepzauda B akmuBeH ydyacmHuk npu 6anaHcupaHemo Ha
enekmpocHabgumeaHama cucmema.

B [8.19] e HanpaBeH 0630p Ha cucmemume 3a Ao2ucmuka u BbmpewHa opzaHu3auyus Ha
CbBpeMeHHU NPOMUWAEHU XAagUAHUUU 3a CbXpaHeHUue Ha oxAageHU UAU 3aMpa3eHu XpaHu,
kamo e obbpHamo cneuyuanHO BHUMaHuUe Ha 3HadyeHuemo U BAuAHUEMO Ha XxAaguAHama
Aroecucmuka Bbpxy eHepaulHama edpekmuBHocm Ha cbopbXkeHuama. 3HadyumMocmma Ha
npobaema e ualocmpupaHa nocpegcmBom npakmuuecku kazyc om ¢abpuka 3a caagoneg,
npuaazawa nowu npakmuku B MuHanomo, kbgemo Manbk 6poll om AecHO u3znbAHUMU Mepku
Bogam go cbuwecmBeHu nogobpeHus B eHepauliHomo hompebaeHue.

Pe3lome Ha HayuHUmMe mpygoBe no koHkypc 3a 3aemaHe Ha akageMu4dHa gabXkHOCM ,,goueHmM*
2A. ac. g-p bopucaaB HukoanoB CmaHkoB



B [8.21] e npegcmaBeH mexHu4ecku U MKOHOMUYECKM aHaAu3 Ha cucmema 3a kombuHupaHo
npou3BogcmBo Ha enekmpudyecmBo, monAuHa u cmyg (mpuzeHepauus), kosmo 6u Mozaa ga
ce u3non3Ba 3a ocueypABaHe Ha omonaeHue, oxnaxkgaHe u 6umoBa ezopewa Boga 3a
MeguuuHcku ueHmbp. HanpaBeH e cpaBHUMeAeH aHaAu3 Ha eHepaulHUMe pa3xogu npu 6a3oB
BapuaHm — cbC CMaHgapmMHuU peweHus 3a cucmemMume 3a OmMONAEHUE U oxAaXkgaHe — U Ha
pa3xogume, koumo 6uxa ce NoOAy4YUAU NpuU u3noA3BaHe Ha mpuzeHepayuoHHama cucmemMa. Ha
ma3u ocHoBa e HanpaBeH u aHanu3 Ha ukoHoMuueckama epekmuBHocm Ha npegaockeHama
mpuzeHepayuoHHa cucmemMa, nokazBaw, ue B koHkpemHua caydyal BbmpewHama HopMa Ha
Bb3Bpawaemocm Ha nogobHa uHBecmuyus e 6%.

b. KpumuueH aHanu3z Ha cbwecmByBawume u3uckBaHua nO OmMHOwWeEHUE Ha
meMnepamypHo-BaaxkHocmHua koHmpoa BbB Bepuzama 3a gocmaBku Ha Alua
[7.3, 8.15]

B [7.3] u [8.15] e HanpaBeH kpumuuyeH aHanu3z Ha cbwecmByBawua PeanameHm Ha EC,
omHacAaw, ce go CbXxpaHeHUemo Ha npecHu Aluua BbB Bepuszama Ha gocmaBku om
npou3Bogumens go kpalHua nompebumen. AkueHmbm e Bbpxy u3zuckBaHuama 3a
meMnepamypama u BaakHocmma npu cbxpaHeHuemo Ha atuyama. MigeHmuduuyupaHu ca
Hegocmambuu B peznaMeHma, cBbp3aHu cbc cBpbxakueHmupaHe Bbpxy Bb3amModkHama
noBbpxHocmHa koHgeH3auusa Ha Baaza u cbomBemHume 3gpaBHu puckoBe, 3a cMemka Ha
gpyau cbuwiecmBeHu acnekmu Ha 6e3onacHocmma u kadecmBomo, koumo u3uckBam
HaAU4dUEemMoO Ha XxAagunaHa Bepuza ¢ nogxogaw, memnepamypeH u BaakHocmeH koHmMpoA.
HanpaBeHo e cpaBHeHue mexXkgy u3zuckBaHuama B EBpona u B gpysau yacmu Ha cBema.
HanpaBeH e u aHaAu3 Ha pazAaudHuUmMe kauMamu4Hu ycaoBusa B omgenHu peauoHu Ha EBpona u
Ha npakomo omHoweHue Ha me3u pa3audusa kbMm edekma Ha gageHume B pesnamMeHmMa
usuckBaHus. QopMyAupaHu ca npenopbku NO OMHOWEHUE Ha poAama Ha XAaguAHUME
cucmemu npu akmyaauzupaHe Ha BbnpocHume u3uckBaHua. O6ocHoBaHa e Heobxo-
gumMocmma mo3u pezaaMeHm ga 6bge BHUMameAHO npepa3aAaegaH u akmyaausupaH.

B. W3cnegBaHe Ha monAonpeHOCHUME nNpouecu U eHepauliHume xapakmepucmuku npu
cmeHa Ha Tpom6 [7.4,7.5, 8.8, 8.10, 8.12, 8.13, 8.17, 8.18, 8.20]

Ta3u 2pyna om nybaukauuu npegcmaBa peyamamume om ekcnhepuMeHmanHu u3caegBaHus
Ha pa3AudHu koHdueypauuu Ha cmeHa Ha Tpom6 B peanHu ycaoBus, kakmo u om 4ucaeHu
cuMyAauuu c pa3AudHu codmyepHu npogykmu. HamypHume u3caegBaHua ca npoBegeHu
Bbpxy koHCcmpyupaHa 3a ueama ekcnepuMeHmaAHa cucmeMa, BkalouBawa 3amBopeHa
(HeBeHmMuAupyemMa) u omBopeHa (BeHmuAupyeMa) cmeHa Ha TpoM6, uHmezpupaHu B lockHama
dacaga Ha omonadeMo noMeuweHue, kakmo u pa3nonoxkeHa B HenocpegcmBeHa 6au3ocm
MemeopoAozuyHa cmaHuua. Mpu ekchepumMeHmume ca u3MepBaHu meMnepamypHume u
ckopocmHume nonema B cmeHume Ha TpomM6, meMnepamypama Ha Bb3gyxa B nomeweHuemo,
napamempume Ha BbHWHUA Bb3gyx, ckopocmma u nocokama Ha BAmdbpa, u nbAHama u
gudy3zHama caAbHueBa paguauud. YucaeHume u3cnegBaHua BkalouBam MHozodpakmopHu
ekcnepuMeHmu, ocbuwecmBeHu nocpegcmBoM guHaMudHuU cumyaauyuu ¢ TRNSYS, kakmo u
CFD cumyaauuu npu cmauuoHapHuU ycaoBusA.

B [7.4], [7.5] u [8.10] ca u3caegBaHu monAonpeHocHUmMe npouecu B 3amBopeHa cmeHa Ha
Tpom6, npu kosmo ce u3znoA3Ba eguHUYHO uAu gBoUHO ocmbkAeH npo3padeH eneMeHm.
Ookycbm Ha [8.10] e Bbpxy oueHka Ha epekma Ha uzcaegBaHumMme MONAONPEHOCHU npouecu
Bbpxy MexaHu4HOomMo noBegeHue u HagexkgHocmma Ha koHcmpykuyuama, koeamo ce u3znoa3Ba
gBoeH cmbkaonakem. 3a ueaume Ha aHaAu3a e pa3pabomeH CFD Mogea, npu koumo
2paHU4YHUMe ycaoBua ca 3agageHu Ha 6a3ama Ha pe3yaAmamu om HamypHUme u3zmepBaHus.
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CuMynaauuume ¢ mo3u Mogen ca u3noa3BaHu 3a nogpobeH aHaAu3 Ha meMnepamypHUMe noAema,
mepMu4yHuUme HamoBapBaHua B cmbkaama, u MexaHu4HUMe HamoBapBaHus B cmbkaonakema,
Bb3HUKBaw,u Nnpu memMmnepamypHuU pa3wupeHus u pa3auku mexkgy BbmpewHOMoO u BBHWHOMO
HanszaHe. M3caegBaHu ca gBa BapuaHma Ha ¢dukcupaHe Ha cmbkaonakema B npo3payHama
koHcmpykuust Ha cmeHama Ha TpoMb — okaueHa dacaga u omBapaeMa npo3opeyHa cucmema,
yuamo pamka e cbc cpaBHumenHo Bucoko mepMu4HoO cbnpomuBaeHue. NpobaeMbm ¢ mepMo-
MexaHU4YHomo noBegeHue Ha cmbkaonakema e pa3aaegaH u B8 [7.4].

Kamo gonbaHeHue kbM CFD Mogena, B [7.4] e pa3pabomeH u onpocmeH MOgeAn Ha
monAonpeHocHUMmMe npouecu B cmeHama Ha TpoM6, kolimo e uMmnaemeHmupaH B MATLAB. Ype3
Heeo ca u3cAegBaHu eHepaulHumMe xapakmepucmuku Ha cucmeMama 3a UeAus nepuog Ha
u3zMepBaHuama. YcmaHoBeHo e, Ye u3znon3BaHemo Ha gBoeH cmbkaonakem kamo npo3payeH
eneMeHmM HaMandaBa monauHHUMe 3a2ybu cpegHo ¢ okono 35% cnpamo BapuaHma ¢ egUHUYHO
ocmbkaaBaHe npu cmeHa ¢ o6ukHoBeH abcopbep (YepHa 605), u ¢ okono 20% npu abcopbep
cbec cenekmuBHo nokpumue (npu koemo monAuHHUMe 3a2ybu ca 3Ha4YUMEAHO no-HUcku).

B [7.5] e HanpaBeH aHaAu3 Ha ¢akmopume, Bauseuwu Bbpxy eHepauliHumMe xapakmepucmuku
Ha 3amBopeHa cmeHa Ha TpoM6, kamo ca npegcmaBeHu cmpamezuu 3a YyChewHOMmMo
BHegpAaBaHe Ha makbB mun nacuBHuU cAbHYeBu cucmeMu B cepagume. AHaAu3zbmMm e ocHoBaH
Ha pe3yamamu om HamypHume u3MmepBaHua u om guHaMu4vHume cuMyaauuu ¢ TRNSYS.
MocnegHume ca u3noA3BaHu 3a u3cnegBaHe Ha eHepaulHume xapakmepucmuku Ha
pa3Hoobpa3Hu koHcmpykuyuu Ha 3amBopeHama cmeHama Tpom6 npu pa3AuyHU KAuMamuuHu
ycnoBus u 3a pazpabomBaHemo Ha onpocmeH kBa3zucmauuoHapeH MogeA 3a u34vucaaBaHe Ha
MONAUHHUME NPpUMOUU U MonAUHHUME 3a2ybu npe3 3amBopeHa cmeHa Ha Tpom6 Ha MeceYHa
6a3a. Pegynamamume om npegcmaBeHomo u3caegBaHe noka3Bam, ue pa3zaaekgaHume
koHduzypauuu Mozam ycnewHo ga 6bgam uHmezpupaHu B cepagu, pa3znono>keHu B palioHu ¢
yMepeH U monbA kauMam, ¢ ueAn HaManaBaHe Ha MAXHOMO eHepa2ulHOo nompebaeHue.
My6aukayusma e npegcmaBeHa Ha MexkgyHapogHa koHpepeHuua B CeBuns.

B ocmananume nybaukauyuu om ma3su gpyna ca u3cAaegBaHu eHepaulHume xapakmepucmuku
Ha omBopeHa cmeHa Ha TpoM6 npu pa3AuvHU pexkumMu Ha BeHmuaupaHe. B [8.17] u [8.20], c
noMow,ma Ha guHamMu4HuU cuMmyaauyuu ¢ TRNSYS, e uzcaegBaHo noBegeHuemo Ha omBopeHama
cmeHa Ha Tpomb6 B ycaoBusma Ha HenpekbcHam peXkuM Ha npuHygeHa BeHmuaauusa, npu
kolimo BeHmuAayuoHHUMe omBopu ca BuHazu omBopeHU u npeceH Bb3gyx npemMuHala npe3
cmeHama Ha Tpomb kbM noMeuweHuemo. M3caegBaHo e HecMayuoHapHOMO MeMnepamypHo
noae B akymyAaupaw,us eneMeHmM Ha cmeHama Ha TpoM6 npu pa3AaudHU gebumu u ckopocmu Ha
Bb3gyxa, kakmo u npu pa3auuHu koHcmpykuyuu Ha cmeHama. HanpaBeHa e koanudecmBeHa
oueHka Ha ocHoBHume Bausewu d¢akmopu Bbpxy mepMuyHama edpekmuBHocm Ha
cucmemama: Buga u onmu4yHume xapakmepucmuku Ha abcopbepa, 6poa Ha cmbkaama u
ckopocmma Ha Bb3gyxa npe3 BeHmuaupyeMama kyxuHa. lNogxogbm, npuaodkeH B [8.17] u
[8.20], e uznoa3BaH u 3a aHaAu3 Ha xapakmepucmukume Ha omBopeHa cmeHa Ha TpoM6 npu
ocbwecmBaBaHe Ha ecmecmBeHa BeHmuaauusa, kamo B [8.18] e pa3aaegaH HenpekbcHam
pe>kuM Ha BeHmuAaupaHe, a B [8.8] — pa3audHu npekbcHamu pexkumu, npu koumo cmeHama Ha
Tpom6 e omBopeHa camo B onpegeneHu YacoBu guana3zoHU 0m geHoHow,uemo.

B [8.12] u [8.13] ca aHaAnu3upaHuU pe3yaAmamume om HamypHume u3zmepBaHusa, NoAyYeHU nhpu
ycaoBus Ha HenpekbcHamo nogaBaHe Ha BbHweH Bb3gyx kbM noMeweHuemo npe3
omBopeHama cmeHa Ha Tpom6, kamo ca u3caegBaHu pexkuMu Ha ecmecmBeHa U NpuHygeHa
BeHmuaauua. AHaAu3upaHo e BAuaHUemo Ha BbHWHUMe ycaoBua u pexkuma Ha BeHmuAupaHe
Bbpxy meMnepamypama Ha abcopbepa u meMnepamypama u gebuma Ha nogaBaHus Bb3gyx.
HanpaBeHo e cpaBHeHue MeXkgy pe3yaAmamume om HamypHume u3MepBaHua u me3u om
yucAaeHume cumMyaauuu ¢ TRNSYS.
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. W3cnegBaHe Ha ekchanoamauuoHHUMe pe>XkuMu Ha eHepzonpeobpa3zyBawu cucmemu
u cbopbkeHuda u BauaHuemo Ha ¢akmopume Ha okonHama cpega Bbpxy mexHume
xapakmepucmuku [8.1-8.5,8.7]

B [8.1] u [8.5] e 3acezHam npobaeMbm Cc Bb3MokHUMe HezamuBHU nocAeguuu om kauma-
muyHuUmMe npoMeHu Bbpxy pabomama Ha BeHmuAauyuoHHUMe cucmemu B cepagume. B [8.1] e
u3cnegBaHo BausHuemo Ha noBuwaBaHemo Ha meMnepamypume u yBeaudyaBaHemo Ha
koHueHmpauyuama Ha BbanepogeH guokcug B ammocdepama Bbpxy epekmuBHocmma Ha
cucmemMmu ¢ gBycmeneHHO onon3omBopsaBaHe Ha monAuHama Ha u3xBbpaaHudA Bb3gyx, kamo ca
B3emu npegBug cneuyudpuyHume ocobeHocmu Ha pa3audHUMe kaAuMamuyHu 30HU B bbazapus.
AHanuzbm noka3Ba, ue HabalogaBaHume go MoMeHmMa kauMamuyHu npoMeHu Bce ouwje umam
cnabo BauaHue Bbpxy epekmuBHocmma Ha nogobHU cucmeMu 3a ymepeHus kaumam, B kolimo
nonaga bbazapus. B [8.5] e uzcaegBaH edpekmbvm om noBuwaBaHe Ha koHUeHMpayusma Ha
BbanepogeH guokcug B amMocdepama Bbpxy pabomama Ha BeHmuAayuOHHUME cucmeMmu,
kamo e u3caegBaH npuMepeH kalyc 3a BeHmuaauua Ha oduc. Pegyamamume nokazBam
HeobxoguMocmma om yBeaudaBaHe Ha gebuma Ha nogaBaHua kbM noMeuweHUEMO nNpeceH
Bb3gyx cnpAMo npoekmHus, 3a ga ce komneHcupa epekmbm om noBuweHama koHueHmpauus
Ha BbanepogeH guokcug BbB BbHWHUA Bb3gyx, kosmo B gageHusa cayyau Bogu go
HagBuwaBaHe Ha HopMume 3a koHueHMpauyusama B noMeweHUEemMo.

B [8.2] ca npegcmaBeHu pelyamamume om ekchepuMeHmManAHO U YucAeHO u3caegBaHe Ha
xapakmepucmukume Ha MoHokpucmaneH ¢omoBoamaudeH Mogyn, kolimo e cBbp3aH kbM
nocmosaHeH cbnpomuBumeneH moBap. EkchepuMeHmanHume gaHHU ca NOAyYEeHU NpuU peanHu
ycaoBuA, a 3a u3ducAeHuama e u3noA3BaH wecm-napaMempudeH egHoguogeH MOgeA.
HanpaBeHo e cpaBHeHue MeXgy noAydyeHUmMe pe3yamamu om HamypHume u3mepBaHus u
CuMyAauuume C YuCAeHUA MOgeA, YUMo UeA e ga ce oueHam npegukmuBHume Bb3ModkHoCcmMu
Ha MogeAa npu gageHume ycaoBua. AHaau3zbm noka3Ba, 4ye npu u3non3BaHe Ha xapakme-
pucmukume, gageHu B mexHu4veckama cneuudpukayua Ha domoBoamauvHua MOgyA, wiecm-
napamMempu4HUAM egHOgUOgeH MogeA uMa gobpa npegukmuBHa cnocobHocm npu no-Hucku
HuBa Ha uHMeH3umema Ha cAbHYeBama paguauuda, HO cucmemMamuyHO hogueHsaBa
edpekmuBHocmma Ha MogyAaa npu no-Bucokume u3zmepeHu cmoliHocmu, koeamo pabomHama
mouka Ha MogyAa ce Hamupa BgacHo no P-V kpuBama om mouykama Ha MakcuMaAHa Mow,HOCM.

HanpaBeH e aHaau3 Ha 4yBcmBumeaHocmma Ha u3noa3BaHus egHoguogeH MogeA no
OmHoweHuUe Ha memnepamypHume koeduyueHmMu Ha M™Mogyaa. [lpu mo3u aHanu3z e
ycmaHoBeHo, 4e MogeaAbm MoXKe ga gage 3HadyumeAHO no-6au3ku pe3yamamu go
uzMepBaHuama npu u3noA3BaHe Ha pa3AudHU om npegcmaBeHume cmolUHOCMU Ha
meMnepamypHume koedpuuyueHmu. HanpaBeH e u3zBog, ye B cneyudukauuume Ha MOgyaume
me3u koeduuueHmu yecmo Mozam ga 6bgam onpegeneHU HEMOYHO U CbC 3HAYUMEAHO
nogueHeHa HeonpegeAeHocM.

B [8.3] e uscnegBaH Bbnpocbm gokonko gekanapupaHume om npou3Bogumeaume cmolHocmu
Ha ce30HHUA koeduuyueHmM Ha npeobpalzyBaHe (SCOP) Ha mepmonomnu Bb3gyx-Boga ce
pa3AudaBam om me3u, NOAYYEHU Npu npeu3ducadaBaHemo My ¢ u3non3BaHe Ha AokaaHU
knumamuuHu gaHHU. Pa3aanegaH e npuMepeH ka3yc ¢ egHodaMuaHa >kuauwiHa cepaga, hoc-
maBeHa B ycnoBuama Ha Beaka om geBemme knumamuuyHu 30HU B Bbazapusa. YemaHoBeHo e,
ye 3a HAakou om kauMamuuHume 30HU pa3aukume MeXkgy gekaapupaHus u npeu3ducAeHuUsA
koeduyueHm ca 3Ha4YUMEAHU.

B [8.4] ca pa3aznegaHu ocHoBHume Bbnpocu, cBbp3aHu cbC 3amMbpcABaHemo Ha
noBbpxHocmume Ha pomoBoamaudHuU MogyAu U gpyau munoBe konekmopu 3a npeobpa3lyBaHe
Ha cAbHYeBama eHepaud, NPUYUHEHO oM HampynBaHemo Ha npax U gpyau 3aMbpcumenu.
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Pa3enegaHu ca HavyuHume, no koumo pa3audHume BugoBe 3amMbpcumenu Bausam Bbpxy
xapakmepucmukume Ha cabH4YeBume konekmopu, kakmo u uzmo4dHuuume Ha aepo30AU,
npeHocbm um BbB Bb3gyxa, npouecume, MexaHu3Mume u cuaume, gelcmBawu npu
HampynBaHemo Ha npax Bbpxy noBbpxHocmume Ha konekmopume.

B [8.7] e npegcmaBeHo MogenHo u3cAaegBaHe Ha npexogHume ekcnaoamauuoHHU peXkumu Ha
cepua om myp6oazeHepamopu, u3noa3zBaHu B cucmema 3a kpuoezeHHO CbxpaHeHuUe Ha eHepaus.
AHanu3upaHu ca gBe mexHoaoz2uu 3a nyckaHe u cnupaHe Ha myp6ozeHepamopume — C
NOCMOAHHO U C ,,NbA3AW0" HanAzaHe Ha pabomHomo BewecmBo caeg napozeHepamopa. [pu
u3cnegBaHemo e uznon3BaH Mogen, pa3zpabomeH B codomyepa Thermoflex. YcmaHoBeHo e, ve
mexHoAo2uUAma C ,,NbA3AWO HandzaHe" B no-2onamMa cmeneH wagu o6opygBaHemo npu Yecmo
cnupaHe u nyckaHe Ha myp6uHume, kakBomo ce o4yakBa npu pa3aaekgaHama cucmema.

A. PagpabomBaHe Ha MoOgeAu, U3HYUCAUMEAHU aA2opumMu U npuaoXkeH codpmyep 3a
aHaAu3 Ha pabomHume xapakmepucmuku u eHepzuliHOmo noBegeHue Ha
eHepzonpeobpalzyBawu cucmeMu u cbopbXkeHus [8.6, 8.9, 8.11, 8.16]

B [8.6] e npegcmaBeH nogxog 3a onpegensiHe Ha pabomHume xapakmepucmuku Ha XAagUAEH
koMnpecop ¢ yecmomHo ynpaBaeHue Ha obopomume. Tol ce ocHoBaBa Ha onucBaHe Ha
obeMHama u obwama epekmuBHocm Ha komnpecopa kamo ¢yHkyuu om HanszaHuAmMa Ha
3acmykBaHe u HaszHemsaBaHe u om o6opomume Ha BbpmeHe, 6e3 ga e Heobxoguma
uHpopmauus 3a koHcmpykmuBHume napamMempu Ha komnpecopa. QyHkuuoHaAHume
3aBucuMocmu ca NOAyYeHU upe3 pezpecuoHeH aHaau3, 6a3upaH Ha ozpaHuyeH Habop
mabAu4yHuU gaHHU, npegocmaBeHu om npou3BogumeAn Ha makuBa komnpecopu.
PazpabomeHuam anzopumbM e uMnaemeHmupaH B MATLAB. lNMogxogbm e yHuBepcaneH u moxke
ga 6bge npuaazaH npu pa3audHuU no koHcmpykyua u pabomeH guana3oH xaaguAHU komnpecopu
C yecmomHo ynpaBAeHue Ha obopomume.

B [8.9] ca npegcmaBeHu Hakou acnekmu Ha pa3zpabomeH om aBmopume guHaMu4veH MOgeA,
NpuAo>kuM 3a cuMyAupaHe Ha eHepaulHomo noBegeHue Ha cbulecmByBaw, NPOMUWAEH XAa-
guAnHuk 3a cbxpaHeHue Ha 3aMpaseHu xpaHu. Mogeabm e umMnaeMeHmupaH B8 MATLAB kamo
eneMeHmM om no-o6w, MogeA 3a eHepaulHU CuMyAauuu Ha cucmemMma 3a kpuoz2eHHO CbXxpaHeHue
Ha eHepauda, kbgemo memnepamypama Ha Bb3gyxa B xaagunHuka e BakHa koHmMpoAaHa
npomMeHAuBa 3a uanocmHama cucmemMa. XapakmepHa ocobeHocm Ha Mogeaa e nogxogbm 3a
omuyumaHe Ha cmygoakyMyAaupaw,ama cnocobHocm Ha 2oanaMomo koaudecmBo cbxpaHAaBaHU
B xnagunHuka 3aMpa3zeHuU xpaHu. Te3u npogykmu ca ocHoBHuUAM ¢pakmop, om kolimo 3aBucu
mepMuYHama UHepuua Ha xaaguAaHuka, mbU kamo nbAHUAM UM MONAUHEH kanauumem e
MHO20 n0-20AIM OM Mo3u Ha Bb3gyxa B kamepama u ozpakgaujume eneMeHmu.

B nybaukauusma ca nokazaHu peayanmamume om Hakonko cuMyaauyuu Ha MogeAa, upe3 koumo
e unlocmpupaHo BAusHUemO Ha MmepMu4YHama uHepuua Ha xaaguaHuka Bbpxy cpegHama
meMnepamypa Ha Bb3gyxa B He20 npu pa3AuYHU HayaAHU u ekcnaoamauyuoHHU yeaoBuda. Om
anegHa modka Ha gelicmBumeAnHOMO HecmauuoHapHO noBegeHue Ha xAaguAHuka,
npegcmaBeHuam nogxog e cpaBHUMEAHO onpocmeH, Ho gaBa gocmambyHo UHdopMauua 3a
ueama Ha cumyaayuume — npubauzumenHa oueHka Ha ¢yHkuuoHUpaHemo u yarocmHama
ebekmuBHocm Ha cucmeMama 3a kpuoz2eHHO CbxpaHeHuUe Ha eHepaud Nnpu pasAuYHU
cmpameauu 3a ynpaBaeHue.

B [8.11] e npegcmaBeH pa3pabomeH om aBmopume Mampu4yeH Memog 3a u3ducaaBaHe Ha
cmamuy4eH 6anaHc Ha cucmeMu om monAaocobMeHHU anapamu. MNMpegcmaBeHusm nogxog ce
ocHoBaBa Ha Mampu4yHO pewaBaHe Ha cucmeMu om AuHelHuU ypaBHeHusd, 6a3upaHu Ha e-NTU
Memoga 3a onpegensaHe Ha epekmuBHOoCcMmMa Ha mMonAcOBMeEHHUUUME U meMnepamypume Ha
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nomouume, u e peanuzupaH kamo nompebumencku copmyep B npozpaMHama cpega Ha
MATLAB. B anzopummume 3a geduHupaHe, cbcmaBaHe Ha Mampuuume u ezpaduyHo
u3zobpa3aBaHe Ha cucmemama e npuaokeHa meopusma Ha epadpume. [Mpouegypama 3a
BbBerkgaHe Ha cucmeMama om MONAOCOOMEHHU anapamu om cmpaHa Ha nompebumensa e
MakcuManHo onpocmeHa, hopagu koemo pa3pabomeHuam copmyep e AeceH 3a u3noa3BaHe u
no3BonsBa 6bpP30 MogeAupaHe U pewaBaHe Ha cmamuyHuda 6anaHc Ha cucmeMu, npu koumo
cneuuduyHUME mMONAUHHU kanauumemu Ha nomouume Moz2am ga ce npueMam 3a
NOCMOAHHU. 3a gONBAHUMEAHO yAeCHeHue Ha nompebumend, cobmyepbm pa3nonaza C
BepageHa 6bubauomeka om e-NTU ypaBHeHusa u koepuyueHmu 3a onpegensaHe Ha kopekuyuoHHuU
dakmopu 3a 2onaMo pazHoobpa3zue om cAoXkHU cxeMu Ha gBuykeHue Ha nomouume, 6a3upaHu
Ha gaHHuU om VDI Heat Atlas.

B [8.16] e npegcmaBeH pa3zpabomeH om aBmopume codpmyep 3a uzducaaBaHe Ha mepMo-
guHaMu4yHUMeE CbCMOAHUA U npouecu npu obpabomkama Ha BaakeH Bb3gyx, kakmo u 3a
BugyanuzupaHemo uM B uHmepakmuBHa h-x guazpama (guaecpama Ha MoaAuep 3a BaaykeH
Bb3gyx). Codmyepbm e Ha 6ba2apcku e3uk u npegcmaBaaBa caMocmosmeAHo npuAoXkeHue,
pa3pabomeHo B npozpaMHama cpega Ha MATLAB. N3uucaumenHume anzopummu ca 6a3upaHu
Ha mepMoguHaMu4yHume 3aBucuMocmu 3a cMecu om ugeanHu 2a3oBe. B nybaukauusma e
npegcmaBeHa u Baaugauua Ha codmyepa, 3a ueama Ha kosmo ca u3noa3BaHu gaHHU 3a
peanHUMe mepMoguHaMu4Hu cBoticmBa Ha BaaxkHua Bb3gyx om ASHRAE RP-1485.
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Summary of the Scientific Publications Submitted with the
Application for Associate Professorship

Asst. Prof. Borislav Nikolov Stankov, PhD

A total of 37 publications and 224 citations are submitted with the application, including:
e Habilitation work

o 11 scientific publications in journals indexed in Scopus and/or Web of Science,
= 7 of which are published in journals with an impact factor (Web of
Science) and/or SCImago Journal Rank (SJR)

e Other publications

o b scientific publications in journals indexed in Scopus and/or Web of Science,
= 4 of which are published in journals with an impact factor (Web of
Science) and/or SCImago Journal Rank (SJR)

o 21 scientific publications in peer-reviewed but non-indexed journals or
conference proceedings

e C(Citations

o 219 citations in scientific journals indexed in Scopus and/or Web of Science,
= 186 of which refer to publications included in the habilitation work

o bcitations in monographs.

Most of the submitted publications present results from several research projects funded
through various programmes of the European Union and the Bulgarian National Science Fund:

e EU’s Horizon 2020 Research and Innovation Programme

o CryoHub - Developing Cryogenic Energy Storage at Refrigerated Warehouses
as an Interactive Hub to Integrate Renewable Energy in Industrial Food
Refrigeration and to Enhance Power Grid Sustainability

e EU's Recovery and Resilience Facility (NextGenerationEU)

o Improving the Research Capacity and Quality to Achieve International
Recognition and Resilience of TU-Sofia (IDEAS)

e Bulgarian National Science Fund

o University Research Facility for Innovation and Knowledge Transfer in the
Fields of Micro/Nanotechnology and Materials, Energy Efficiency and Virtual
Engineering

o Parametric Analysis for Estimation of the Efficiency of Transparent Structures
in Solar Energy Utilization Systemes.
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[ Habilitation work

The publications included in the habilitation work present research in the field of distributed
generation and storage of renewable energy, viewed as an essential component in the
development of a more sustainable energy infrastructure.

Submitted publications (in reverse chronological order):

4.1. Stankov, B., Niknezhad, S., Egieya, J., & Pistikopoulos, E. N. (2025). Allocating small-
scale production capacities for a balanced and resilient renewable energy mixin a local
energy community. IOP Conf. Ser.: Earth Environ. Sci., 1532(1), 012001.
do0i:10.1088/1755-1315/1532/1/012001

4.2. Terziev, A., Bode, F,, Zlateva, P., Pichurov, G., lvanov, M., Deney, J., & Stankov, B. (2025).
Numerical study on tree belt impact on wind shear on agricultural land. Appl. Sci.,
15(13), 7450. d0i:10.3390/app15137450

4.3. Zlateva, P., Terziev, A., Yordanov, K., lvanov, M., & Stankov, B. (2025). Influence of
limestone dust on PV panel efficiency in a small solar park in Bulgaria. Eng, 6(1), 10.
do0i:10.3390/eng6010010

4.4. Stankov, B., Terziev, A., Vassilev, M., & lvanov, M. (2024). Influence of wind and rainfall
on the performance of a photovoltaic module in a dusty environment. Energies, 17(14),
3394. doi:10.3390/en17143394

4.5. Vassilev, M., & Stankov, B. (2024). Soiling and dust deposition on solar panels —
Technical review. 2024 5" International Conference on Communications, Information,
Electronic and Energy Systems (CIEES), Veliko Tarnovo, Bulgaria, 1-10.
doi:10.1109/CIEES62939.2024.10811347

4.6. Popov, D., Akterian, S., Fikiin, K., & Stankov, B. (2021). Multipurpose system for
cryogenic energy storage and tri-generation in a food factory: A case study of producing
frozen french fries. Appl. Sci., 11(17), 7882. doi:10.3390/app11177882

4.7. Popoy, D., Fikiin, K., Stankov, B., & Zlateva, M. (2020). Cryogenic energy storage systems
as a synergistic contributor to the cooling and heating supply of a refrigerated
warehouse or food factory. Refrig. Sci. Technol., 2020-August:473-481.
doi:10.18462/iir.iccc.2020.298915

4.8. Popov, D., Fikiin, K., Stankov, B., Alvarez, G., Youbi-ldrissi, M., Damas, A., Evans, J., & Brown,
T. (2019). Cryogenic heat exchangers for process cooling and renewable energy storage: A
review. Appl. Therm. Eng., 153:275-290. doi:10.1016/j.applthermaleng.2019.02.106

4.9. Stankov, B., Fikiin, K., Garcia, G., Kalms, A., Estevez, M., & Garde, R. (2019). Dynamic
energy model of a refrigerated warehouse operating synergistically with a cryogenic
energy storage system. Refrig. Sci. Technol., 2019-August:3558-3565.
do0i:10.18462/iir.icr.2019.1794

4.10.Fikiin, K., Stankov, B., Evans, J., Maidment, G., Foster, A., Brown, T., Radcliffe, J., Youbi-
Idrissi, M., Alford, A., Varga, L., Alvarez, G., lvanoy, I. E., Bond, C., Colombo, I., Garcia-
Naveda, G., lvanov, l., Hattori, K., Umeki, D., Bojkov, T., & Kaloyanov, N. (2017).
Refrigerated warehouses as intelligent hubs to integrate renewable energy in industrial
food refrigeration and to enhance power grid sustainability. Trends Food Sci. Technol.,
60:96-103. doi:10.1016/j.tifs.2016.11.011

4.11.Fikiin, K., & Stankov, B. (2015). Integration of renewable energy in refrigerated
warehouses. In P. Gaspar & P. da Silva (Eds.), Handbook of Research on Advances and
Applications in Refrigeration Systems and Technologies (pp. 803-853). IGl Global
Scientific Publishing. doi:10.4018/978-1-4666-8398-3.ch022

Summary of the scientific publications submitted with the application for associate professorship
Asst. Prof. Borislav Nikolov Stankov, PhD


https://doi.org/10.1088/1755-1315/1532/1/012001
https://doi.org/10.3390/app15137450
https://doi.org/10.3390/eng6010010
https://doi.org/10.3390/en17143394
https://doi.org/10.1109/CIEES62939.2024.10811347
https://doi.org/10.3390/app11177882
https://doi.org/10.18462/iir.iccc.2020.298915
https://doi.org/10.1016/j.applthermaleng.2019.02.106
https://doi.org/10.18462/iir.icr.2019.1794
https://doi.org/10.1016/j.tifs.2016.11.011
https://doi.org/10.4018/978-1-4666-8398-3.ch022

The presented research can be grouped into three thematic areas:

A. Allocation and Coordination of Renewable Energy Conversion and Storage
Resources in Local Energy Communities [4.1]

Publication [4.1] is part of a study aimed at investigating how a local energy community—
consisting of numerous independent, small-scale interacting units (e.g., individual households,
public buildings, and small commercial or industrial enterprises) employing various energy
conversion and storage technologies—can be organised and operated in a way that is not only
energy-efficient but also economically fair, ensuring that all participants have sufficient
incentives to invest in their own facilities and to trade energy with one another. The study focuses
on energy communities that rely primarily on locally harnessed solar and wind energy—the
renewable sources with the greatest potential for distributed applications. Due to the stochastic
nature of these sources, an energy community that is at least partially autonomous must possess
substantial energy-storage capacity (distributed among the individual units), as well as
appropriately balanced generation capacities tailored to the local climatic conditions.

The publication examines a case study of a synthesised local energy community with a diverse
building stock. An annual hourly electricity-load profile for the community was aggregated from
the energy consumption profiles of different types and models of residential and commercial
buildings. On the generation side, a reference photovoltaic (PV) module and a reference wind
turbine were selected to represent typical small-scale distributed generation units that can be
installed near the point of use. The annual hourly power-generation profiles of the PV module and
the wind turbine were simulated using the same weather data as the load profiles, applying
appropriate mathematical models. The adopted approach was to scale the power-generation
profile of each unit by the number of such units, thereby representing the total electricity output
of multiple PV modules or wind turbines serving the community.

The objective is to find the optimal combination of renewable capacities that ensures efficient
use of the locally produced electricity within the community, such that the discrepancies
between local production and demand are minimised. For the case study, the optimal solution
consists of 73% solar-produced and 27% wind-produced electricity. This outcome is location-
specific, and the publication provides an analysis of the factors underlying this result.

B. Influence of Environmental Factors on the Performance of Solar and Wind Energy
Conversion Systems [4.2-4.5]

Publications [4.2-4.5] investigate various environmental factors relevant to the allocation,
design, and maintenance of solar and wind energy conversion systems.

The study presented in [4.2] investigates the impact of tree belts on agricultural land, which affect
the boundary-layer wind profile and thereby influence the performance of small-scale wind
turbines installed nearby. The analysis is based on experimental measurements of wind speed
and direction at different heights, conducted over more than a year in the vicinity of such a tree
belt, as well as on numerical simulations performed with dedicated CFD model.

The results show that immediately downstream and slightly above the tree belt, wind speed
increases due to the mass flow conservation, whereas the turbulence induced by the belt is
confined to a region of approximately 1.5 to 2 times its height. The conclusion is that the hub
height of a wind turbine situated near a tree belt should preferably be positioned at roughly 2.5
times the height of the belt, as this placement avoids substantial increases in turbulence
intensity and benefits from the local wind acceleration above the belt.
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Publications [4.3] and [4.4] investigate the performance of PV modules under real operating
conditions in which significant amounts of dust, generated by a nearby limestone quarry,
accumulate on the modules’ surfaces. The analysis is based on experimental measurements
conducted over several weeks. The measurements include the electrical characteristics of two
silicon modules (monocrystalline and polycrystalline), their rear-surface temperatures, the
global horizontal solar irradiance, and additional meteorological data collected from a local
weather station. The findings show that the high concentration of limestone dust in the air near
the quarry leads to its rapid deposition on the surfaces of nearby PV panels—supported by
additional observations from a PV field located close to the test site—and to the formation of a
solid soiling layer in the presence of moisture. It was also established that this layer is highly
resistant to weathering and cannot be removed naturally by moderate rainfall or by wind with an
average speed of about 6-9 m/s. The analysis demonstrates that within a few weeks the efficiency
of the examined PV modules decreases by more than 20% [4.3].

In [4.4], machine-learning methods are employed to conduct a more thorough analysis of how
wind and rainfall influence the performance of one of the modules. The aim of the study is to
determine whether the presence of soiling on the module’s surface—and its potential removal
under the influence of wind and precipitation—can be inferred solely from the measured data
and supplementary weather datasets (Copernicus Atmosphere Monitoring Service and NASA
POWER), without direct observations of the soiling itself. A key contribution of [4.4] is the
demonstration of the applicability of various techniques for extracting useful information about
the investigated effects from somewhat limited data, assembled from multiple sources, while
also addressing the issue of uncertainty within these data. The analysis indicates a persistent
deterioration in performance due to soiling, followed by a subsequent improvement triggered by
a favourable weather event. It is demonstrated how changes in the module’s performance can be
identified under variable external conditions, taking into account that the effect of these changes
is observed with a time lag. The proposed approach could serve as a foundation for developing
algorithms for condition monitoring and predictive maintenance of photovoltaic systems.

A literature review of the factors that significantly influence dust deposition on the surfaces of
solar collectors—both thermal collectors and PV modules—is presented in [4.5]. The review
examines the formation and transport of dust particles in ambient air, as well as the main forces,
processes, and phenomena associated with the adhesion, accumulation, and cementation of
these particles on collector surfaces. In this context, the influence of the properties and
composition of airborne dust, prevailing weather conditions, and the mounting configuration of
the collectors is analysed. The results of a visual inspection of a PV field—located near the site
where the experimental measurements in [4.3] and [4.4] were conducted—are also presented.

C. Potential of Cryogenic Energy Storage at Refrigerated Warehouses for Enhancing
Power Grid Sustainability [4.6-4.11]

The publications in this group reflect mainly results from the EU-funded CryoHub project. The
concept and the objectives of this research project are presented in [4.10]. This publication
explores the possibilities for unlocking the potential of cryogenic energy storage (CES) systems
by using renewable energy to liquefy and store cryogenic gases, which can subsequently be used
for both cooling and power generation—partially meeting the cooling demand of industrial
refrigeration facilities—while also recovering waste heat from their equipment and components.
The study argues that deploying CES in this manner can help transform industrial refrigeration
facilities into active participants in balancing the power grid. It also provides an overview of key
research on CES systems and examines the possibilities for using various types of renewable
sources to locally supply the required energy.

Summary of the scientific publications submitted with the application for associate professorship
Asst. Prof. Borislav Nikolov Stankov, PhD



The remaining publications explore various aspects of implementing this technology in industrial
refrigeration facilities. One of them investigates the possibilities of utilizing waste heat from CES
systems to provide steam and hot water heating for key unit operations in the food processing
and preservation industry (e.g., washing, blanching, concentration, pasteurisation, cleaning-in-
place, etc.), thereby substituting fossil fuel boilers [4.7]. Four scenarios for producing steam
and/or hot water using the CES system are investigated: (1) production of steam only (7 bar); (2)
production of steam (7 bar) and hot water (100 °C); (3) production of steam (7 bar) and hot water
at lower temperature (70 °C); and (4) production of hot water only at 100 °C and 70 °C. The study
shows that the direct utilization of high-grade heat from the liquefier in the CES system is
technologically feasible and could contribute to a significant improvement in the overall
efficiency of the energy storage system.

As an extension of this research, [4.6] examines the potential for using a CES system for
combined cooling, heat, and power generation—i.e., trigeneration—in a food-processing facility.
A production line for frozen french fries, characterised by relatively high heating and cooling
demands, is used as a case study. An analysis of the energy performance of the trigeneration
system shows that the ratio between recovered and input energy—i.e., the round-trip efficiency
of the system—can reach 55%, which is approximately 1.2 times greater than the round-trip
efficiency of a typical CES system without trigeneration.

Publication [4.8] presents a comprehensive review of cryogenic heat exchangers, which serve as
the necessary interface between CES systems and the industrial processes that can utilize the
available cooling capacity. The review aims to familiarize energy-sector professionals and other
stakeholders with the latest advancements, innovations, and trends in the field of cryogenic heat
exchangers, with particular emphasis on their applications in CES systems powered by
renewable energy. The analysis covers important innovations in the design of different types of
heat exchangers, the methods used for their modelling and simulation, as well as the
technologies employed in their manufacturing.

Publication [4.9] presents a simplified dynamic energy model of a refrigerated warehouse,
developed by the authors and used in conjunction with a counterpart model of a CES system
created by other partners in the CryoHub project. Together, these coupled models constitute a
digital twin of a pilot CES plant (demonstrator) integrated into an existing refrigerated warehouse
for frozen foods in Belgium. Simulations of the coupled models were used to analyse the
performance of the pilot plant and to develop control algorithms for its operation prior to its
construction. The model of the warehouse is used to predict the temperature of the refrigerated
air—an important control variable for the integrated CES-warehouse system—while accounting
for the substantial thermal inertia resulting from the large quantity of frozen food stored inside.

The last publication in this group provides a comprehensive review of the possibilities for
integrating a wide range of renewable energy technologies into industrial refrigeration facilities
[4.11]. Several aspects of this integration are examined: (i) state-of-the-art renewable energy
technologies applicable to refrigeration systems, including their technical and economic
performance; (ii) strategies for efficiently incorporating these technologies into the energy supply
of refrigerated warehouses, encompassing both direct utilization and active or passive energy
storage; (iii) practical examples, pilot projects, and ongoing research involving renewable energy
utilisation in cold-storage facilities; and (iv) government incentives that can facilitate investment
in renewable energy projects and are relevant to their economic efficiency. The primary purpose
of [4.11] is to serve as guidance for cold store operators and refrigeration stakeholders who are
unfamiliar with the developments in renewable energy technologies and the opportunities to
employ them in the food refrigeration industry.
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I. Abstracts of the Other Publications Submitted with the Application

The remaining publications reflect results from various studies in the field of energy conversion
technologies and systems. The presented research can be grouped into several thematic areas:

e Analysis of the effectiveness of energy-saving measures and alternative solutions in
heating, ventilation, and air-conditioning (HVAC) systems

e Critical analysis of the existing requirements for temperature and humidity control in the
supply chain for shell eggs

e |nvestigation of the heat transfer processes in Trombe walls and their energy performance
under different operating modes

e Investigation of the operating regimes of energy conversion systems and equipment and
the influence of environmental factors on their performance

e Development of models, computational algorithms, and application software for
analysing the operating characteristics and performance of energy conversion systems
and equipment.

Publications indexed in Scopus and/or Web of Science (in reverse chronological order):

7.1. lvanov, M., Stankov, B., Dimchey, I., & Terziev, A. (2026). The role of passive building
envelope elements in facilitating the adoption of HVAC systems employing natural
refrigerants: A case study. In C. Zilio, F. Busato, L. Mazzarella, & M. Noro (Eds.),
Proceedings of the 15th REHVA HVAC World Congress - CLIMA 2025 (pp. 834-844). Lect.
Notes Civ. Eng., vol 762. Cham: Springer. doi:10.1007/978-3-032-06806-4_80

According to the EU Directive on the energy performance of buildings, by 2030 all new buildings
must be zero-emission buildings, and by 2050 the existing building stock should be entirely
decarbonized. The goal is partly to be achieved through electrification, with heat pumps playing
a significant role in this shift. Meanwhile, the refrigerants used by most heat pumps today are
characterized by high carbon footprints, which is the reason for their gradual replacement with
environmentally neutral ones. However, this replacement is often associated with a trade-off—
diminished seasonal and annual performance of the respective heating and cooling systems.
This study investigates the possibility of utilizing passive building envelope elements—in the
presented case, the provision of fixed external shading—as an accompanying measure to reduce
the energy demands and to facilitate the replacement of a typical present-day HVAC system,
employing a refrigerant with high global warming potential, with a natural refrigerant-based
alternative. The analysis involves dynamic simulations with TRNSYS and is based on a case study
of an existing lecture hall with substantial solar heat gains.

7.2. Terziev, A., lvanov, M., Vassilev, M., & Stankov, B. (2025). Technical and economic
analysis of a specific spruce wood material drying process, E3S Web Conf., 608, 01016.
doi:10.1051/e3sconf/202560801016

This work provides a technical and economic analysis of a specific installation used for drying spruce
timber with an initial moisture content of 60% and a target equilibrium moisture content of 12%. The
analysis considers the existing system, which employs a wood-burning boiler, alongside three
alternative heat source options: a natural gas boiler, an electric boiler, and a high-temperature heat
pump system. The performance of each option was evaluated at a heat output of 100 kW and a drying
temperature regime of 90/75°C. The results indicate that only the heat pump option yields lower
annual energy costs compared with the base case, yielding a payback period of 9.5 years.
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7.3. Fikiin, K., Akterian, S., & Stankov, B. (2020). Do raw eggs need to be refrigerated along the
food chain?: Is the current EU regulation ensuring high-quality shell eggs for the European
consumers? Trends Food Sci. Technol., 100:359-362. doi:10.1016/j.tifs.2020.04.003

EC Regulation No. 589/2008 on the handling of eggs contains several inconsistencies and gaps,
which create confusion among EU food-chain operators and consumers The major
inconsistencies addressed in this commentary article arise from: (i) an overemphasis on the risk
of eggshell condensation and Salmonella-related safety concerns, while other significant safety
and quality hazards remain overlooked; and (ii) obscure or missing temperature and humidity
controlrequirements, which inspire an unwarranted fear of chilled storage but tolerates handling
at high temperatures. The regulation's effectiveness is examined with respect to its geographical
coverage and applicability under natural and artificial conditions in various climatic regions
across Europe. A brief outline of published scientific evidence clearly demonstrates that a
continuous and ubiquitous cold chain, along with proper humidity control and anti-condensation
measures (where necessary), dramatically improve egg safety, quality and shelf-life. Several
alternative legislations around the world are also recapped in this context. Considering the
evidence presented, this commentary article argues that the applicable EU egg-handling
regulation should be carefully reconsidered and updated by introducing temperature and
humidity requirements that are directly linked to egg safety, quality, and shelf life. It further
emphasises that substantial efforts should be made to harmonise the huge discrepancies
between relevant codes and practices in Europe, USA and the rest of the world.

7.4. Kaloyanov, N., Stankov, B., Tomov, G., & Penkova, N. (2018). Efficiency of transparent
structures in Trombe walls. J. Chem. Technol. Metall., 53(6):1157-1166.

The transparent element forming the external boundary of a Trombe wall is one of the most
important factors influencing its energy performance. This paper presents an analysis of the
energy performance of unvented Trombe walls using two commonly applied glazing types: single
glazing and double insulating glass units (IGUs). The assessment is based on physical
measurements obtained from a test site, complemented by numerical simulations of the heat
transfer processes within the system. In addition to the energy performance evaluation, an
analysis of the temperature fields in the more efficient configuration (i.e., the IGU) is carried out
to predict the influence of the heat transfer processes on the thermo-mechanical behaviour and
the reliability of the construction.

7.5. Stankov, B., Kaloyanov, N., & Tomov, G. (2017). Solar walls for high-performance
buildings. Int. J. Energy Prod. Manag., 2(4):339-351. doi:10.2495/EQ-V2-N4-339-351

Passive solar design can reduce building energy demand for heating, cooling and ventilation,
while also contributing to the comfort, well-being and productivity of the building’s occupants.
The successful application of passive solar systems, such as solar walls (i.e., Trombe walls),
requires a good understanding of the factors influencing their energy performance and a correct
assessment of this performance during the design process. This paper discusses some basic
design strategies for successful application of solar walls and the factors with the most
significant impact on their efficiency. It summarizes the principal results and findings of an
experimental study, encompassing dynamic simulations and test site measurements. Based on
the dynamic simulations, the energy performance of various configurations of unvented solar
walls was investigated under different climatic conditions. The outcomes were used to develop a
simplified quasi-steady-state model, which can be used for approximate evaluation of the heat
gains and heat losses through an unvented solar wall in a manner compatible with the monthly
method of EN ISO 13790.
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Publications in hon-indexed journals and proceedings (in reverse chronological order):

8.1. Dimchey, I., & Stankov, B. (2024). Variation in the annual and seasonal coefficient of
performance of two-stage exhaust-air heat recovery systems in Bulgaria due to climate change.
Proceedings of the XXIX International Scientific Conference FPEPM-2024, 9-15. [In Bulgarian]

This study examines the impact of climate change on the seasonal coefficient of performance
(SCOP) of two-stage exhaust-air heat recovery systems under the climatic conditions of Bulgaria.
It focuses on two key climate-related factors: the rise in global temperature and the increase in
atmospheric CO, concentration. Overall, the findings indicate that the climate changes observed to
date have limited impact on the performance of such systems in the temperate climate of Bulgaria.

8.2. Stankov, B. (2024). Modelling the performance of a photovoltaic module under a
constant resistive load. Proceedings of the XXIX International Scientific Conference
FPEPM-2024, 81-87. [In Bulgarian]

This work presents an experimental and numerical investigation of the performance of a
monocrystalline photovoltaic module connected to a constant resistive load. The experimental
data were collected under real operating conditions, while the numerical simulations were
performed using a six-parameter single-diode model. A comparison between the measured data
and the simulations is carried out to evaluate the model’s predictive capability under the given
conditions, as well as the key factors that influence its accuracy. The analysis shows that when
the parameters provided in the module’s technical specification are used, the numerical model
exhibits good predictive performance at lower levels of solar irradiance but systematically
underestimates the module’s output when the operating point lies to the right of the
maximum-power point on the P-V curve. A sensitivity analysis of the single-diode model with
respect to the module’s temperature coefficients is also presented. This analysis demonstrates
that the model can yield results much closer to the measurements when values for the
temperature coefficients other than those provided in the module’s technical specification are
used, as the latter are often unreliable and with substantially underestimated uncertainty.

8.3. Dimchey, ., & Stankov, B. (2023). Performance of air-to-water heat pumps under
different climatic conditions and its impact on the energy performance of single-family
residential buildings. Proceedings of the XXVIII International Scientific Conference
FPEPM-2023, 38-43. [In Bulgarian]

This study examines the extent to which the seasonal coefficient of performance (SCOP)
declared by heat pump manufacturers differs from the corresponding value recalculated using
local climate data. A case study of a single-family house is assessed under the conditions of all
nine climatic zones in Bulgaria. The results indicate that, in some cases, the differences between
the declared and recalculated SCOP values can reach up to 25%. These findings have direct
implications for the reliability of building energy-performance assessments.

8.4. Vassilev, M., & Stankov, B. (2023). On the soiling of solar collector surfaces. Proceedings
of the XXVIII International Scientific Conference FPEPM-2023, 44-52. [In Bulgarian]

This paper provides an overview of the key issues related to the soiling of solar collector surfaces
caused by the accumulation of dust and other contaminants. It examines the formation and
transport of dust particles in the ambient air, along with the principal forces, processes, and
mechanisms governing their adhesion, accumulation, and cementation on such surfaces.
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8.5. Dimchey, ., & Stankov, B. (2023). Negative effects on ventilation systems resulting from
the increasing atmospheric carbon dioxide concentrations. Proceedings of the XXVIII
International Scientific Conference FPEPM-2023, 97-102. [In Bulgarian]

This study investigates the negative impacts of rising atmospheric CO, concentrations—driven
by climate change—on the performance of ventilation systems. The climate data currently used
for sizing HVAC systems, which underpin numerous European standards, are 20-25 years old and
do not reflect these changes. Consequently, many buildings may soon be equipped with
ventilation systems that are unable to fully meet the requirements for maintaining acceptable
indoor CO, concentrations. A case study of an office ventilation system is presented. According
to the findings, maintaining the required indoor CO, concentration will require the system to
operate with an airflow rate that is 12% higher by 2035 and up to 21% higher by 2050.

8.6. Vlashki, S., & Stankov, B. (2019). Performance mapping of a variable-speed refrigeration
compressor. Proceedings of the XXIV International Scientific Conference FPEPM-2019,
vol. 1, 150-158. [In Bulgarian]

This work presents an approach for performance mapping of a variable-speed refrigeration
compressor under different operating conditions. The method uses a regression model, derived
from tabulated data, to estimate the compressor’s volumetric and overall efficiencies as
functions of suction pressure, discharge pressure, and rotational speed, without requiring
knowledge of its construction parameters. The resulting algorithm is implemented in MATLAB.

8.7. Popoy, D., Fikiin, K., & Stankov, B. (2018). Model-based study of the transient operation
modes of a series of turbogenerators in a cryogenic energy storage system. Proceedings
of the XXIIl International Scientific Conference FPEPM-2018, vol. 1, 15-21. [In Bulgarian]

This study investigates the transient operating modes of a series of turbines in a cryogenic energy
storage system. Based on numerical simulations, two switching approaches are analysed and
compared: operation under constant pressure and operation under “sliding” pressure of the
working fluid. The results indicate that the sliding-pressure approach is preferable, as it reduces
mechanical and thermal stress on the equipment during frequent start-ups and shutdowns.

8.8. Tomoy, G., Stankov, B., & Kaloyanov, N. (2018). Numerical study of the thermal efficiency
of avented Trombe wall operating in interrupted natural ventilation mode. Proceedings of
the XXlll International Scientific Conference FPEPM-2018, vol. 1, 91-98. [In Bulgarian]

This numerical study examines the energy performance of a vented Trombe wall operating in
interrupted natural ventilation mode, whereby it supplies fresh outdoor air to the building during
suitable hours of the day, with the airflow driven solely by buoyancy forces. The influences of the
absorber type, vent area, and hours of operation are examined. The airflow rates and supply-air
temperatures are evaluated for several operating regimes, defined by the periods during which
the vents remain open.

8.9. Stankov, B., & Fikiin, K. (2018). Modelling and simulation of the thermal behaviour of a
refrigerated warehouse in dynamic operation mode. Proceedings of the XXl
International Scientific Conference FPEPM-2018, vol. 1, 107-115. [In Bulgarian]

This publication presents key aspects of a numerical model developed by the authors, which is
used for dynamic simulation of the thermal behaviour of an existing refrigerated warehouse. The
modelisimplemented in MATLAB as part of a broader modelfor energy simulations of a cryogenic
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energy storage system, where the temperature of the air in the warehouse in an import control
variable. A characteristic feature of the modelis the approach used to account for the substantial
cold storage capacity of the large quantity of frozen products stored in the warehouse. These
products are the main factor determining the thermal inertia of the system, as their total heat
capacity is significantly greater than that of the refrigerated air and the building envelope. The
publication presents results from several simulations of the model under various operating
modes and initial conditions.

8.10. Kaloyanov, N., Stankov, B., Tomov, G., & Penkova, N. (2017). Thermal loading at
trimming structures in a Trombe wall. Proceedings of the University of Ruse-2017,
56(1.2): 36-41. [In Bulgarian]

This paper investigates the thermo-mechanical behaviour of insulating glass units (IGUs)
integrated into unvented Trombe walls. The analysis is carried out through simulations using a
dedicated CFD model, with boundary conditions defined on the basis of experimental data
obtained from a test site. Two IGU mounting configurations are examined: a curtain-wall facade
and an operable window system with a frame that exhibits relatively high thermal resistance. The
temperature fields and the resulting thermal and mechanical stresses in the construction are
evaluated under winter conditions.

8.11.Stankov, B., & Vassilev, M. (2017). Matrix method for analysis of heat exchanger
networks. Proceedings of the XXlI International Scientific Conference FPEPM-2017, vol.
1, 134-141. [In Bulgarian]

This publication presents a method for steady-state analysis of heat exchanger networks
developed by the authors. It is implemented in MATLAB and can be used as a stand-alone
application. The method employs the matrix and network analysis algorithms of MATLAB to
define and solve systems of linear equations that describe the system’s behaviour based on
conservation principles and the e-NTU method for heat exchanger analysis. It also generates a
graphical representation of the network in the form of a directed graph. The developed application
is user-friendly and enables rapid modelling and simulation of heat exchanger networks in which
the specific heat capacities of the flows can be assumed constant. To further assist the user, it
includes a built-in library of e-NTU equations and correction-factor coefficients for a large variety
of complex flow arrangements, based on data from the VDI Heat Atlas.

8.12.Tomov, G., Stankov, B., & Kaloyanov, N. (2017). Experimental study on the thermal
efficiency of a Trombe wall operating in continuous ventilation mode - Part 1.
Proceedings of the XXII International Scientific Conference FPEPM-2017, vol. 1, 148-
154. [In Bulgarian]

This paper presents the first part of an experimental study of a vented Trombe wall operating
under real conditions. The investigated system is a purpose-built Trombe wall integrated into the
south facade of a heated room. It comprises two vertical sections equipped with different
absorber coatings—black acrylic paint and a selective coating. The vents are open in a way that
ensures a continuous supply of fresh air to the room. The analysis focuses on the temperature
fields within the structure, the temperature and flow rate of the ventilation air, and the thermal
efficiency of the system, defined as the ratio of the heat transferred to the ventilation air to the
total solarradiation incident on the external surface of the Trombe wall. The effect of the absorber
coating on the system’s performance is quantified. The operating regime examined in the first part
of the study is uninterrupted natural ventilation, in which the airflow is entirely buoyancy-driven.
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8.13.Tomov, G., Stankov, B., & Kaloyanov, N. (2017). Experimental study on the thermal
efficiency of a Trombe wall operating in continuous ventilation mode - Part 2.
Proceedings of the XXII International Scientific Conference FPEPM-2017, vol. 1, 155-
159. [In Bulgarian]

This paper presents the second part of the experimental study described in [8.12] and examines
the behaviour of the system under uninterrupted forced (fan-assisted) ventilation.

8.14. Fikiin, K., & Stankov, B. (2017). Cryogenic energy storage for renewable refrigeration and
power supply. Proceedings of the XXII International Scientific Conference FPEPM-2017,
vol. 1, 167-174. [In Bulgarian]

This paper presents a brief overview of cryogenic energy storage (CES) technologies, along with a
proposed concept for the application of CES in industrial refrigeration facilities. The concept
involves storing renewable energy in the form of a cryogenic liquid—liquefied air—which is
subsequently boiled at very low temperatures to generate electricity for on-site use or for feeding
the power grid during peak-demand periods. The cooling effect produced during the boiling process
is employed to partially meet the cooling demand of refrigeration facilities. The presented concept
aims to facilitate the integration of renewable energy in refrigerated warehouses while transforming
them from conventional energy consumers into active participants in balancing the power grid.

8.15. Akterian, S., Fikiin, K., & Stankov, B. (2017). Adequacy of the European regulation concerning
the temperature and humidity control in the supply chain for shell eggs. Proceedings of
the XXII International Scientific Conference FPEPM-2017, vol. 1, 175-180. [In Bulgarian]

This paper presents a critical viewpoint on EC Regulation No. 589/2008 dealing with the handling
requirements in the supply chain for shell eggs. Specifically, it argues that the regulation’s
temperature and humidity control provisions should be carefully reconsidered and updated. The
publication also provides a brief overview of alternative standards and codes from around the
world, highlighting the discrepancies between prevailing practices in Europe, the United States,
and other regions.

8.16. Stankov, B., Vlashki, S., & Stoyanov, J. (2016). Software for calculation and visualization
of the thermodynamic states of moist air and the psychrometric processes in air-
handling systems. Proceedings of the XXI International Scientific Conference FPEPM-
2016, vol. 1, 234-241. [In Bulgarian]

The presented software allows for calculation of the thermodynamic properties of moist air and
the psychrometric processes in air handling systems, along with their visualization in an
interactive Mollier (h-x) diagram. It is a stand-alone application developed by the authors in the
MATLAB programming environment. The underlying algorithms are based on the ideal gas model.
They have been validated through comparison with thermodynamic property data for real moist
air from ASHRAE RP-1485.

8.17.Tomoy, G., Stankov, B., & Kaloyanov, N. (2016). Numerical study on the thermal efficiency
of a Trombe wall operating in continuous forced ventilation mode. Proceedings of the XXI
International Scientific Conference FPEPM-2016, vol. 1, 242-247. [In Bulgarian]

This paper presents the first part of a numerical study on the energy performance of a vented
Trombe wall, in which the vents remain open to ensure a continuous supply of fresh air to the room.
The study is based on simulations of a dynamic model of the Trombe wall developed in TRNSYS. It

Summary of the scientific publications submitted with the application for associate professorship
Asst. Prof. Borislav Nikolov Stankov, PhD



examines the influence of absorber type, number of glass panes, and air velocity through the wall
on the thermal efficiency of the system, defined as the ratio of the heat transferred to the ventilation
air to the total solar radiation incident on the external surface of the Trombe wall. The operating
regime examined in the first part of the study is uninterrupted forced (fan-assisted) ventilation.

8.18. Tomoy, G., Stankov, B., & Kaloyanov, N. (2016). Numerical study on the thermal efficiency
of a Trombe wall operating in continuous natural ventilation mode. Proceedings of the XX|
International Scientific Conference FPEPM-2016, vol. 1, 248-254. [In Bulgarian]

This paper presents the second part of the numerical study described in [8.17] and examines the
behaviour of the system under uninterrupted natural ventilation, in which airflow through the
Trombe wall is entirely buoyancy-driven.

8.19. Fikiin, K., Stankov, B., & Markov, D. (2016). Contemporary logistics for efficient
operation of refrigerated warehouses. Proceedings of the XXI International Scientific
Conference FPEPM-2016, vol. 1, 262-269. [In Bulgarian]

This publication presents a review of logistics and internal organization systems in refrigerated
warehouses for chilled and frozen commodities, with a focus on their importance for the energy
performance of such facilities. The significance of this issue is demonstrated through a case
studyin anice cream factory, where several simple logistics-related measures lead to substantial
energy savings.

8.20.Kaloyanov, N., Tomoyv, G., Stankov, B., Tsokoy, L., & Zlateva, M. (2015). Numerical study
of the heat transfer processes in a vented Trombe wall operating in ventilation mode.
Proceedings of the XX International Scientific Conference FPEPM-2015, vol. 1, 258-265.
[In Bulgarian]

This paper presents a preliminary investigation into the factors influencing the energy
performance of a vented Trombe wall under different operating regimes. The study is based on a
factorial experiment conducted through simulations of a numerical model developed in TRNSYS.
Several performance indicators are defined and evaluated for each operating regime examined.

8.21.Zlateva, M., & Stankov, B. (2008). Analysis of the technical and economic performance
of a trigeneration system in a medical center. Proceedings of the Xl International
Scientific Conference FPEPM-2008, vol. 1, 390-398. [In Bulgarian]

This publication presents a technical and economic analysis of a combined cooling, heating, and
power (trigeneration) system for a medical centre. A comparative assessment is carried out
between the energy costs of a baseline configuration, which employs conventional heating and
cooling technologies, and those associated with the implementation of the trigeneration system.
An economic assessment of the proposed system indicates that, for the specific case examined,
the investment yields an internal rate of return of 6%.
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