Etcaywyn otnv Evepyelakn TexvoAoyia

1° ka 5° e€apnvo ZxoAn¢ MoAtikwv Mnxovikwv

BOGLKEC EVVOLEC EVEPYELAKNC TEXVOAOYLOC

Avépéag Evotpatiadng, Niko¢c Mapaong, ABavaoiog Znoog, Newpyia-Kwvotavtiva Zakkn

Topgac Yoatikwyv MNopwv & MeptBdailovtog, EBvikdo MetooBlo MoAuteyveio
Akadnpaiko €tog 2024-25



OepehMwdelc Evvolec: Evepyela & LoxUC

EVEpYELA: N LKAVOTNTO EVOC CWUATOC /| CUCTAUOTOC Va. TIAPAYEL £pYO
‘Epyo: Suvapn x petatomnion, oplletol kat we:

" TOCOTNTA TNG EVEPYELOC TIOU TIOLPAYETAL 1] KATAVOAWVETAL OO £VO CWHLOL KOTA TN
HETOBOAN TNG KIVNTLKAC TOU KATACTOONG

" N eVEPYELA TIOU PETADEPETAL ATIO EVO CWLLOL OE VA AAAO 1) TTOU LETATPETETAL OO
HLa popdn o€ pLa dAAN

loxUCc: PuBudC petaBoArc TNS EVEPYELAC

dE AE Inueiwon 1: H A&én evépyeta avadepetal
P(t) = FTRY npwtn $opd amo tov AplototéAn (HBwka
NiKOpAXELQ), LE TNV EVVOLA TNG
MopdEg evépyelog «6paoTNPLOTNTAC TTOU QTTAUTELTAL YLaL VO

= Mnxavikd (SuvVapKr, KWwnTikh) vivel mpaén n duvatotnta (duvaulg)»

" HAektpopayvntkn Tnueiwon 2: H mapayopevn eVEPYELD YL

= [upnVvikA TNV KAALU PN TOU CUVOAOU TWV EVEPYELOKWV
" XN avaykwv KaAeital mpwrtoyevng (primary).

" Oepuikn-Bloloykn Znueiwon 3: Movo o avBpwrog

KOTOLVAAWVEL EVEPYELA YLt AANOUC AOYOUC

" EegpupoOTNTO-aKTLVOBOALQ ) , ,
EKTOC aTtO ToV BlomopLopo



Movadec peEtpnong

Avvoun (Newton, N) ‘Epyo (Joule, J)
1N=1kgx1m/s?2=10°dyn 1J=1Nx1m
1dyn=1grx1cm/s?=10>N lerg=1dynx1lcm=10")
1kg* (N 1kp)=1kgx9.81m/s2=9.81N 1 kg*m=9.81)

(kg: xtAoypappo padag, kg* r kp: xthtoypappo Bapoug)

loxug (Watt, W)
1W=11J/s
1 kW =103J/s =10% kg*m/s = 1.36 PS

1 PSR 1hP=746 W =75 kg*m/s (n loxUg evoc aAoyou, OMw¢ eKTLUNONKe armo tov James Watt
Tov 180 alwva, CUYKPLVOVTAC TNV LE TIC ATUOUNXOVEC)

Evépyela (Joule R kWh)

1 kWh =103 W x 3600 s = 3.6 MJ (edappoyn otov NAEKTPLOUO)

1 cal = 4.184 J (amattoupevn evépyela yia va auvénbel n Bepuokpacia 1 g vepou kata 1°C)

1 toe (tones oil equivalent) = 107 kcal = 42 GJ = 40x10° Btu = 11.7 MWh (yLa opuKTA KOWoLpa)
1 Btu (British thermal unit) = 0.252 kcal (yia edappoyec 0€ppavonc/Ppoéncg)



XOpOLKTNPLOTLKAL EVEPYELAKA MEYEDN

= EVEPYELOKEG OLVAYKEG avOpwIOUL:

= H nuepiola evépyela LETOBOALOHOU TTOU XPELALETAL EVOC LECOC AvBpwIToC Elval
nepimovu 8.4 w¢ 10.5 MJ (2000-2500 kcal).

= H wplaia evépyela mou xpetaletal evag avBpwrog palag 75 kg mou TpEXEL YE
taxutnta 13 km/h gival tepimou 3.5 MJ (800 kcal)

=  HxnuKn evépyela mou AapBavetol amno Tig TPoPEC LETATPEMETAL OE KIVNTLKN
(kivnon owpatoc), duvauikn (cvomacn puwv), Geputkn (dtatripnon Bepuokpaaciag)
Kol NAEKTPLKN (ETLKOWVWVLA EYKEPAAOU LIE TOL AOLTTA LEPN TOU CWHATOC)

= Evépyela mou amnodidetal ano tnv kavon VAwyv palac 1 kg:
AvBpakag: 34 MJ Awyvitng: 10 MJ Bevlivn: 44 M)
MNetpeAato: 42 M) Quowo agplo: 47 M) =UMAo: 15 MJ
= loxU¢ KaL evépyela:
= Aoapmtipac toxvocg 100 W ntou Asttoupyel emi pia nuepa amodidet 2.4 kWh (8.6 MJ)
= Kwntipoag avtokivritou 1400 cm?3 €xeL oL 56 kW kot og pia wpa amodidet 200 M)
= Kwntpag agpomnAdvou Boeing 707 €xeL LoxV 21 MW ko o€ 1 s amodidet 21 MJ
=  HALoKA evepyela: H péon nuepriola TLr tne oto e€wTEPLKO OpLo tn¢ atpdodalpac, n

ornola mpoornintel o 1 m? evog Tomou nou Bploketal og yewypadiko mAatog 400,
avepyetal o€ 42 MJ (11.7 kWh) tov louvio kat o 14 MJ (3.9 kWh) tov AeképBplo.



«Mpwtoyeveic» MNyEC eveépyerac & PUCLKEC HLEPYAOLEC

HAlakn oktwoBoAia: Ito efwtepkd 6pLo tne atpudodatpag npooTintouy nepimou 1367
W/m? (nAwokr) otaBepa). H evépyela auth): (a) amoppodatal amo tn yn Kol LETATPEMETAL OF
Beppotnrta, Statnpwvtog tn Beppokpacia neptBariovrog, (B) cuvtnpei tov udpoAoyiLko
KUKAO (g€atpion, Bpoxomtwon), (y) cuvinpel tnv katakopudn petadopd (QLoOALKN EVEPYELQ,
pevpata), kat (6) ouvinpel tnv pwtoocuvOeon.

I'nN: OepULKEC, XNULKEC KOl padLeEvEPYEC TINYEC TTOU Bplokovtal 0To eowTEPLKO TNG YNG, Ol
OTTOLEC TPOKOAOUV Por) EVEPYELOG OTNV eMLdaveLa TnS Taénc Twv 0.063 W/m?2.

Baputnto: Mpoépxetat and tn oxetik 0€on Mg, HAlou kat SeAAvNE Kat SnULoUPYEL TIG
naAippoleg kot Ta Oaddoola pevpata, EVw cuvtnpel tov udPoAoyLko KUKAO. EKTLUATOL OTO
10% tNC ynLvng EVEPYELQG.

Blopala: H xprion tn¢ Eekivnoe ipwv 400 000 £tn (homo erectus) Kot n xprion tTne ya Kawon
TIPOKAAECE «TEXVOAOYLKI] EMAVAOTOONY.

OpuUKTA KowoLpo: AvBpakoc, TTETPEAALO Kot GUOLKO aéPLO TIOU TIPOEPXOVTAL Ao Tal
Aelpava tng apyaiog yYAwpidag kat mavidac. Eival amoBnkevpeva yla 600 ekatoppUpLla €Tn
Kall N Ko on Toug mapayet evepyela ta teAeutaia 300 £tn. O puBUOC KATAVAAWGCAC TOUC Elval
TMOAAQTTAQCLOC aTto TO PUBUO SnULoupyiag Toug, Kot oto PEAAoV Ba e€avtAnBouv.

Znpeiwon: H nAlokn evépyela tou MPOOTILITTEL 0TO £5ad0og TN YNG O€ Eval £TOC £lval
niepinov 14 000 dopeC peyaAlTEPN ATIO TNV TTAYKOOULOL KATOVAAWGOH EVEPYELOLC



TUTTLKA SLAKPLON TTNYWV EVEPYELOLC

Opukta kavopa (avadEpovtal Kot WG oUUBATIKEC TTNYEG EVEPYELOC):

Ytepead (avBpakag, oe dLadopec popdEQ)
Yypad (retp€Aaio Kat mapdaywyo avtou)
Agpla (puaoko agplo, oe dLadopeg HopPEQ)

Mupnvika (oupavio)

AvavewolneC tNYEC evepyeLoa (ANME)

HAlakn (pe kuplapxn texvoloyia ta pwtoBoAtaikd cuotrpata)
ALOALKA

Yo6pauAikn (kupilwe udponAektplki)

Blopala

FewBepuLKA

OaAdootla (KUPATWY, TIAALPPOLWY, PEUUATWVY)

Znpeiwon 1: O 6poc avavewoiun adopd otn Ypovikn KAipaka eravodnulovpylag tneg tnyng
EVEPYELOAC. 2TN YEWAOYLKN KALLOKO, TOL OPUKTA KALUOLLOL ELVOIL AVOVEWCLUAL.

Znueiwon 2: H mapaywyn eVEPyELOC armo opukta kavotua, Blopdla kot yewBeppia €xeL wg
kown Baon tn dlepyaoia tng kavong.



Xpovikn e€€EAEn mpwtoyevouc evépyetac (1800-2023)

Global primary energy consumption by source

Primary energy’ is based on the substitution method® and measured in terawatt-hours®.
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Note: In the absence of more recent data, traditional biomass is assumed constant since 2015.



METATPOTEC EVEPYELOC

Znueiwon 1: Onowadnmote
HeTOBOAN otov dUOLKO
KOOUO OUVOEETAL LE KATIOL
UETATPOTTN) EVEPYELAC

Inueiwon 2: e kaBe
LLETOTPOTIN EVEPYELOC OO
HLa popdn oe karmola AAAN
MpayHaTonolouvIal
QITWAELEC EVEPYELAG

Znueiwon 3: ATtWAELEC
TipOyLaTOTIOLOUVTAL KOl
KOTAL TN UETAPOPA KOl
arto9NKeUON TNC EVEPYELOG

Znueiwon 4: H olyxpovn
Taon eival n xprnon tou
NAEKTPLOUOU WG TOU KUPLOU
LETOTPOTIEN EVEPYELALG.
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[EVIKO OXNMOL LETOTPOTIWYV EVEPYELOC VIO TNV KAAudn
TWV EVEPYELAKWV OVAYKWV

MnyEg evépyeLog AVAYKEC
Steped (AvOpakac) Metadopeg
E §. Yypad (retpéhaio) ATGONELEC <20% Owiakn xpnon
§. 3 | Aépua (duowo agplo) Blounxavia
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8 3 Ga)\aocsLOf (Kuuaw’)v, SUUTIAPAYWYA
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Bepupotntac

Znpueiwon: OL ATE xpnolpomolouvtol Kuplwg yla nAektpormapoywyn
(atoAlkny & udpaUALKA EVEpPYELO = Kivnon, NAlakn = Bepuotnta)



2UOTHHOTO LETATPOTING EVEPYELOG (1)

Mo dedopevn Loxu, Py, n omola ELOAYETOL O€ €va CUOTNUA LETATPOTING, N LOXUG TTOU
g&epyxetal, P, elvat mavrta pkpotepn, oVudwva LE TN oXEoN:

P =n Py
omou 11 < 1 adidotato peyebog mou kaAeital Babpog anodoong (efficiency).
H eloepyopevn oxU¢ elval pat oxéon tng Lopdnc:
Py = Py(x, 4)

OTIOU X 1 PON Tou MECOU/UALKOU TIOU XPNOLMOTIOLE(TOL YO TNV TTapaywyn Loxvocg ko A
HUOLKEC LOLOTNTEG TOU PECOU TIOPOYWYNG KOl YEWUETPLKA XOPOKTNPLOTLKA TOU
OUOCTAMATOC LETATPOTING (TT.X. TTUKVOTNTO AVEUOU Kol SLAUETPOC OLVELOYEVVATPLAC).

2uvnBwg n ouvdaptnon Py(x, A) unopel va mpoodloplotel avaAutikd (Bewpntikn Loxug).
XapaKtnpLloTka tapadelypato Tov peyebouc x elval:

= PuBuoc petaPfolnc paloc Kauoipou ou eloayetal o BepuonAeKTPLKN povada

= PuBuoc petaPfoAng oykou vepou (rmapoxn) mou diEpxetal amno vdpootpoiho

= TaxUTnNTo AVEUOU TIOU TIPOOTILTITEL OE AVELOYEVVATPLA
H pon x, Kol w¢ ek TOUTOU N BewpnTLkn oYU Uopel va eivat:

= EAgyyxopevn (m.x., kavowuo, Blopdda, yewBeppia, ekpon amod TapLELTHPA)

= Mn gAeyyxopevn (m.x., pon motapoU, Avepoc, AALOC, KUpaTa), ouvnOwe emeldn
gCaptatol amno T¢ UETABAAAOUEVEC USPOUETEWPOAOYIKEC OUVINKEC.



2UOTHHOTO LETATPOTING EVEPYELOC (2)

O BaBuoc anodoonc eival YeVIKA EEQPTWHEVOC OO TN PoN LoXVOG, X, KAl XOPOKTNPLOTLKA
LEYEDN TOU CUOTAUATOC LETATPOTING, U, ATOL:

n=nxu
Ye avtiBeon pe TN BewpnTtikn YUY, N oxeon pHetaBoAng tou Babuov anoddoong dev
HUTTopEl va tpooSLopLoTEL AVAAUTLKA, TTOPA OVO LE BACN EPYAOTNPLOKA TIELPAUOTA TTOU
adpopPOUV OTO CUYKEKPLUEVO KOl LOVO UNXAVNOL LETATPOTNC (KapumUAEGg Loyvoc).

J€ OPKETA CUOTHHOTA, OTTALTELTAL PLot EAAXLOTN PON X TIPOKELUEVOU va TtapaxBel Loxug,
EVW OAQ TOL CUCTAMATO £XOUV £Va AVW OPLO TIOPOYWYNG, TTOU KOAELTOL OVOUOLOTLKN LOXUG
(nominal power). H ovopoaotikn Loxu¢ xapaktnpilel to kabe cvotnua (1.X. pwtofoAtaiko
ntavel 200 W, avepoyevvitpla 700 kW, BepponAektpikny povada 400 MW).

Otav n pon x, Kal W¢ €K TOUTOU N BewpnTikn LoXUG, Elval EAEYXOUEVEC, ETILOLWKETAL N
AelToupyila Tou cuoTANATOC 0TN HEYLOTN (ovopaoTikr) Loy Tou, He otaBepr pon X, Kal
ouvakoAouBa pe otaBepo Baduo anodoonc, (oo 1} KOVTA OTO HEYLOTO.
TUTUKEC TLUEC TOU (pEyLoTou) BaBuou anodoonc:

= OgpULKEC povadec: > 0.40 Znueiwon: O Babuog
amnodooncg eival €€ oplopoU
, HULKPOTEPOC TNG Hovadag, EVw
=  Avepoyevvnipleg: < 0.45 VL0l OPLOMEVEC TINYEC EVEPYELOC
= (QwtoBoAtaika maveA: > 0.23 UTTAPXEL BEWPNTLKO Avw OpLO

= Y&ponAektpka €pya: > 0.85 (peyada €pya > 0.90)



Napadelypa: Oswpntikn LOXUC aAVEHOU Kot BoOpoc
oo doonGg AVEHOYEVVNTPLWV

= H BswpnTikn LoXUC TOU OVEUOU
(atoALkn Loxug) e€aptatal armno:
= TNV TOXUTNTO TOU aVEROU (pon
«KQLUGLLOU»)
= TNV TUKVOTNTA TOU aEpa
(puokn WdLoTnTa Kavoipou)
= TN SLAPETPO TNG MTEPWTAG
(YEWHETPLKO HEYEDOC)

BaBuocg anodoong

= 310 vopoypadnua divetal n oxeon
HetoBoAng tou Babuol anodoong
mag A/T epmoplou (Enercon E-
66/18.70), Stapgtpou 70 m Kot
OVOUOOTLKAC Loxuog 1800 kW.

= [ taxutnta avépou 10 m/s, n
BewpnTLKA LOYXUC TOU OVELOU
urtoAoyiletal og 2356 kW, o BaBuog
anodoonc ektipatal os 43.2%, dpa
nopayetol NAeKTpLkn oxug 1018 kW.

050 Inueiwon: To Bswpntikod
0.45 Aavw oplo tou Babuouv

e m oo arnodoong A/T slval iloo
0.40 He 16/27 (59.3%)
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Mnyn: https://en.wind-turbine-models.com/ turbines/135-
enercon-e-66-18.70 (avakataockeun oxeong Babuov anoddoong,
HE BAon TNV KAUTUAN LOXUOC TNG AVELOYEVVATPLOG)



Avti emitAoyou: Moon MPWTOYEVAC EVEPYELA OLTTALTELTOL
yla vot avaPouE Evav AQUITAPO;
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