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Hepnym

H kAot odhayh eival odosva kot mo eudovic ta tedeutale ypovia, meloviag thv
avBpwrdTnta Y dreco Hétpa ipog v KatebBuvon tng evepyetakrs perdfaang os o
Bunpuoeg popdéc evépyetag. MNpog auth v KatedBuvan, LK Gelpd HETPLIV KOL TTOALTLKWY
é¢xouv edappootel maykogulwe, yla THY mpowdnan TS XPRong KaBapv TEXVOLOYLIV
pndevikol arotunwiLatod. Ze eninedo EE, n odnyla yia thv evepyeiloky andboon 2018/2002
kaBLEpwoe éva avaAUTKG ToATkKd Ao Yl TRV TTpowbnon TwY QVavEWSILuW THYuV
evépyetag (ATE) evtdg tng EE, Oetovrag otdyo touddyiotov 32,5% guvetodopds twv
QVOVEWOULWY TINYWY EVERYELAC GTO CUVOALKO evepyetako Hepiblo £we To 2030. Enuthéov,
KGOe kpdrog pehog Thc EE £xel BE0EL CUYKEKPLUEVOUG OTOXOUS Kot £XEL ElgaydyeL pLo oslpd
OIKOVOULLKIV KOl GAAWY EUUECWY KIVATPWY YL TV MEpAITEPW Tipowdnon thg Sleloduong
twv ANE. Me Pdon kot ta mapandvw, i napoloo Sibaktopikn Statpif erntkevpwBnke atnv
aflohdynon Twy NAWKWY guoTRudTwy PIKpAG KAlpokag yia Bépupavon, bogn kal/i
rapaywyr evépyelec. H pedétn nepleddpPave tn Aemropepn povigkanoilnan kay, érnov Arav
Suvatov, TV TEWPOHAEKN SLaKPBwon TWY QVOTTUYHIEVWY JLOVIEAWY, TV TEXVO-OLKOVOLILKT
fektiotontoinon T NALGKAG MOpoywyhRe EVEPYELOG KOL TWV NALUKWY EYKOTEOTAOEWY
Béppavong kat WYoEng, tnv afloddynan twv cuatnudtwy tpadodociac e nhakn svépyela
Ko TRV repBaAloviek extipnon twv npoavodepfiviwy cuotnpdtwy.

To Kebddato 1 mapoucidlel o GUVIOUN OVAOKOTNGN Twv Packwv RpokaBopiopévioy
OTOYWY KoL odNnyuDv oe KOWoTIKG kat eBvikd, yia tnv EAAdda, eninsdo. Mpokewévou va
UTTAPEEL PLd TTLO GO ELKAVA TNG TPEXOUONG EVEQYELOKNG KOTAGTAONG, MOPOUTLAZETaL I
ERLKOPOTIOUTEVT] avdAuon tou evepyelakol pelypotog EAAGSag kau EEZ7, n orola
ENLTPETIEL TOV JOCOTLKO TIpacdLloplopd twy Suvartotntwy Sieicduong Twv avovewaLlpwy
nnyow evépyelag. Kabwe moAdés and T efetaldpeves 1ExvoAoyies Spaotnplonolovvial
kuplwe Tig tedeutales 800 Sskoetleg, mapéxetol eniong pia oxetiky ovlitnon v tnv
avtigrowy ayopd. Napd TNy avantugn tng ayopds nALOKAG EVEPYELIC, TA NALOKA CUCTH oI
AMOLTOOY O CEPQ OKOVOMLKWY KIVATPWY VLol Vil KATACTOUV QvTOy@VIGTIKG Evavil 1tla
oupBatikwy Teyvoroyiwv Kot guverw aufnteltol pua Alota pe ta SiaBéoa okovo kG
kivntpa otnv EAAGSa kal, yla Tig avaykeg cOykptong, atv ltedia. Téhog, nopouaidlovral ot
KUPLOL gTOYoL Kat Te ouvolkd TAdvo g SiatpLPric.

Mpoxetpévou va extunfei 1600 TExVo-OlKOVOUKA 600 Kol KepBaihovikd n anddoact Twy
nAlKwWY  guotnpdTwy, eival  arapoitnto va avarntuxBolv L gElpd HOvVIEAWY
npoaopolwang axpifelag, pe Bdon T avdykeg KAOe OTOYEUPEVNS UEAETNG. ZE€ QUTO TO
mAioLo, T0 KeddAato 2 HUpEXEL UL AENTOUERA TEPLYPUPH TWY QVANTUXOEVTWYV HOVIEALY
kay Ty avriotown rewpapatikl Swadwacia yia v Swakpifwon toug. Extog amd 1o
neipdpara Sakpifwong, mpayuoaromoifnke i cEpA SOKUMOV [  KOUVOTOES
EYKOTAOTACELS Y Thv aftoAdynon Twv SuvatoTHTWY Toug Kal tnv aflohdynon twv
TS O0EWY TOUC G TPayLaTIKES TUVONKEG AelToupyiag.

Adyw tou elpous Twv aflodoyolpevwy texvoloywwy atn Swatplfn, URApYE {ia gepd
gfaptnudrwv/unoouatnpdrwv  ywple kopla  SwBsoyn  meEpopatikl  SOKLLACTIKY




mathoppa yo ermudpwan. Ito Kedpddawo 3, ovinrolvial Oha ekelva Ta povidha
Tipocopoiwang mou avartuxBnkay K Bdon tnv Swkplfwon sedopévwv and fLpAoypadia
f ponyolpeves Slatplfec.

MoALg avamtuyBoiiv Kol TepousLaoTeUY AN TA EMUEPOUG JLOVIEAL, QUTA gUVOUATOVTOE YL
vo Sepopdwoouy ta Siadopa nitakd cuathpara npos afloddynan kat fedtatorolnon.
ito Kedpdhaio 4, napousldletal e TEXVOOLKOVOIKA BeAtiotomoinon twv Siabéauuwy
niakwv cuatnpatwy Yoing/Bpuavons. Ta cuothpata aflohoyolviol ywt ¥pnon oe
ouaaky edapuoy yia v meplntwon  undpyovtog Kunplou, evid TR OLKOVOULKA
uToAoyilovral e TNy rapodoxr OTL TO MPOTEWOUEVE GUUTHLOTN Ba QvItKATAOTRGOUY TO
urdpyovta cupPatikd cuotripara Béppavong kot Ying Tou ktnplou. Evag eidikdc
VEVETIKOG aAyopLBpog eduapleletal yia TG AVAYKES TG TEXVOOIKOVOLLKS BekTioTonotnong,
ripoodiopilovrag Tig PeAtioteg mTuxéS ayediaapol kdBe cucTApPATOg yia T Heyatomnoinon
NG QVTOYWYLOTIKOTNTAS Tou. Opciwe e T pehétn niaxig wigng/Bépuavong, oulnreltal
enianc pa Sadwaoia texvootkovopurs BeAtiotonolnong yLo v neplntwon evég niwixkol
cuatipates Opyavuol Kbkhou Rankine {ORC). Auth n Swadwkaola ywpiletal gg Svo uno-
poutivee, pla yia rinyr Bepudtnrag xapnAng Beppokpaoiag kot pia ya nnyn Beppdntag
péonc Beppokpaciog, HE Tr YOH0N CUYKEVIPWTIKWY NALOKILY GUAREKTWY.

H Texvoolkovollkl BeAtiotonolnarn Twv EEXwpLoTY cUTTHATWV KoL T TIOAU UTTOOXO eV
amoTEAEGUOTE Thg, akoiouBalvral and v afoddynon evdg ouotipateg nALGKAS
evépyelag ovvduacpévng Piéng Bépuavong kal woxvog (CCHP), nou napoucidistal oto
KeddAawo 5. Mefixdn peretn oto anpelo Aswoupylag v tov kaBoplopd g féAtiotng
Slaudpdwong npog Ty WPeyloTonoinon g widdoong Tou TpWIoU Kol Tou beltepou
Beppoduvapikot vopou. Ta amoteAdopara onrokdiulav (a kavorouokl onddaacn,
dravovrac oe eepyetarotic Babpolc amodoans £we kat 40%.

AapBdvovrag urtdyin Tig avfavoueves nepPariovireg avnouyleg, ofitel va afiohoynBel n
Buwotpdtnra Twy und Stepeliviion cuotnudtwy ard nepporioviiky okomd kal og Bdbog
oAdKANpou Tou kUkAou {wig tous, kabws to neplfailoviikd anotinwpa tg ddang xpong
glval povo va TUAUG TWV CUVOALKDV EKTIOMIWY Tou ocudathpatog Qg ex Toltou, To
Kedpdhato 6 napoucidet T avoAboelg tou kikhou {whg ot nlakd cuotipora
Pufnc/Béppavong oe olbykplan pE TG SUMBATIKES eVAAAUKTLKES, Yl TOV TPOOSIOMAlLd Tou
BéAtiarou repBarloviikol cuotiparog. ErutAéov, wa mapopola peAETn kikAou fwrig
rapoustaletal yio éva ORC pkpng kAlpakac, pe d0o evodharktikd oxédia, €va nAtaxd kot
éva yut avaxtnon BeppotnTac. Ze 0Aeg TG avaAlael; Tou Kiidhou Jwrig, avadloviat entang
Hio OELPG om0 MEAETEG MEPIMTWOEWYV Yl Ty agloddynon Bactkav mapayoviwy mou
ennpeaouv v repParrovii arddoon twy afLoAoyolleEvWY CUOTNHATWV.

Y10 teAeutalo keddhiao 7, culntolivial Ta PACIKY GUUMEPACHOTO KoL TO YEVIKA anueia
evbladepovioc g SwatpiPrig, axkolouBolpeva amd kdmoieg mOaveg TPOTACELS Y

periovrik epyacia.




PhD Thesis: Thermodynamic analysis and experimental
investigation of solar driven small scale systems for heating,
cooling and/or power production

Summary

Climate change is more and more evident lately, pressing humanity for quick measures
towards the energy transition to a more sustainable basis. Within this context, a number of
measures and policies have been introduced across the world, to promote the use of clean,
zero carban footprint technologies. On EU basis, the Energy Efficiency Directive 2018/2002
established a detailed policy for the promation of renewables within the EU, setting a target
of at least 32.5% renewable energy contribution in the total energy share by 2030,
Moreover, each member state of the EU has set specific targets and has introduced a
number of financial and other indirect incentives to further promote the penetration of
renewables. In this perspective, the present work focused in the evaluation of small scale
solar driven systems for heating, cooling and/or power production. The study included the
detailed modeiling and, whenever possible, the experimental validation of the developed
models, the techno-economic optimization of solar driven power generation and solar
heating and cooling setups, the assessment of solar driven trigeneration systems and the
environmental assessment of the aforementioned systems.

Chapter 1 provides a brief review of key set targets and directives on EU and national, for
Greece, bases. In order to have a clearer view of the energy status quo, an up-to-date
analysis of the Greek and EU27 energy mix is presented, which allows to quantify the
potential for the renewabiles’ penetration. As many of the considered technologies have
drawn attention over the last two decades, a discussion on the respective market is also
provided. Despite the growth of the solar market, solar driven systems require a number of
financial incentives to turn them competitive against more conventional technologies and
therefore a list of the availahle tools in Greece and, for the needs of comparisan, in ltaly is
discussed. Finally, the scope and the outline of dissertation are presented.

In order to assess both techno-economically and environmentally the performance of solar
driven systems, it is necessary ta develop a number of accurate simulation models, based an
the needs of each dedicated study. Within this context, Chapter 2 provides a detailed
description of the developed models and the corresponding experimental procedure to
validate their accuracy. In addition to the validation experiments, a number of tests were
conducted with novel components to assess their potential and evaluate their field
performance.

Owing to the variety of the evaluated technologies in the dissertation, there was a number
of components/subsystems without any available experimental test rig for validation. In
Chapter 3, are discussed all those simulation models that were developed based on data
validation from literature or previous works.

Once all components’ models are developed and presented, they are combined to formulate
the various solar driven systems for evaluation and optimization. In Chapter 4, a techno-
economic optimization of the available solar cooling/heating systems is presented. The
systems are evaluated for use in a residential application for the case of an existing building,




while the economics are calculated under the assumption that the proposed systems will
repiace the existing conventional heating and cooling systems of the building. A dedicated
genetic algorithm is applied for the needs of the techno-economic optimization, identifying
the optimal design aspects of each system to maximize its competitiveness. Similarly to the
solar cooling/heating study, a techno-economic optimization procedure is also discussed for
the case of a solar driven Organic Rankine Cycle {ORC) system. This procedure is divided in
two subroutines, one for a low-grade heat source and one for a medium-grade heat source,
with the use of concentrating solar collectors.,

The techno-economic aptimization of the separate systams and its promising results are
followed hy the evaluation of the solar driven combined cooling, heating and power (CCHP)
system, presented in Chapter 5. A system allocation study was conducted to define the
optimal configuration towards the maximization of the first and second law perfermance. In
fact, the results revealed a satisfactory performance, reaching exergetic efficlencies up to
40%.

Given the growing environmental concerns, it is worth assessing the sustainabiiity of the
investigated systems from an environmental viewpoint and over their entire life cycle, as the
use phase impact is only a margin of the total system’s emissions. Therefare, Chapter 6
presents the conducted life cycle analyses on the solar cooling/heating systems in
comparison to the conventional alternatives, to identify the optimai environmentally
system. Moreover, a similar life cycle study is presented for a smali-scale ORC, with two
alternative designs, one solar driven and one for waste heat recovery. In all life cycle
analyses, a number of case studies is also analyzed to evaluate key influencing factors on the
environmental performance of the evaiuated systems.

In final Chapter 7, the key conclusions and the general highlights of the dissertation are
discussed, followed by some potential recommendation for future work.




