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Meplexopeva pobnpoatog

AldpOpwaon UANG

"  ELOOYWYLKEC EVVOLEC

= HAektplkn evepyela (mnNYEC, INTNoN, XPOVLKA KATAVOUN, EVEPYELAKO Uiyua)
=  HAwakn evépyela (dwtoBoAtaika kot AAAa cuotAuata)

= ALOALKN EVEPYELO — AVELLOYEVVATPLEC

= OQepUonAeKTPLKN eVEpYELD (OpUKTA KavoLua, Blopala)

= Nepo Kkal evépyela (LOPONAEKTPLKA £pya, AVTALEC, Epya avTAnoLotapievonc)
= AOLEC HOPDEC AVOVEWOLUNG EVEPYELAC (YewBepuia, Baldoola evepyela)
" Alaxeiplong nAekTpLKNC evepyelag (amoBrnkeuon, uBpLOLIKA cuoTApATA,

" OLKOVOULKA TNG EVEPYELOG

=  Evepyelakad ktnpilwv (Beppopovwon, PLOKALLATLIKOC 0XEOLOOUOG)

2ZUMHUETOXLKEC SPOLOTNPLOTNTEC

= YulAtnon — eniluon TPOTUTIWY OLOKICEWV

" AloSLKTUAKA EPWTNHATOAOYL

" [apouoiaon evepyelakou €pyou (epyaocia e€apnvou)



Avtikeipeva MoAttikou MnXovikoU GXETLKA LE TNV
EVEPYELOKN TEXVOAoyia Kal ta cuvadn Epya

Tomoypadikda kaBe eidou¢

Ktnplakd (otaBpot mapaywync, Stddpopec eyKATAOTACELC)

MEeTAAALKEC KATOOKEVEC (ovELOYEVVNTPLEC, OLAO, HETOAALKOL aywyol, mAaiola,
YPAUUEG HETAPOPAG)

OepeAlwoelc (LOLKEC amaltAOELS yLa £pya TTOAU peyaAou uouc)

Odbormoltia (mpoomeAdoslg, aywyol)

FewTexvika (ekokadEg kAOe eidouc, opuxelia, onpayyec, ppayuata)

YopavAika (ppaypata, de€apevec, avtAlootaola, aywyol, Epya udpoAnyiac,
£PYO AVTUTANUMUUPLKAC TIPOOTACLOC, £pya KATAOTPODNC EVEPYELOC)

OaAdootla vdpauAkn (offshore kataokevEc, KUpaTa)

Awaxeiplon €pywv (opyavwon epyotaéiwv, mPoypopUATIONOC £PYWV, TEXVLKO-
OLKOVOULKEC MEAETEC)

MeA£Tn-Kkataokeun oltkodopwv (Beppopovwaon, BLOKALLATIKOG oXeOLACUOC)

MeA£tec MEPLBAAAOVTIKWY ETIMTTWOEWV



2xETWOpMEVO TPOTTUXLAKA poOpota tov Topea Yoatikwy
Nopwv & NepBaiAovtog

" [eptParrovtikn TexvoAoyia (3° koppoU)

= Texvikn Yopoloyia (5° kopuov)

= Y&pauAwkn kat YopauAwkad Epya (5° koppoU)

= QoaAdaoola YopauAlkn ko Atpevikd Epya (7° koppov)
" Y&pavuAikéc Kataokeveg — Qpaypata (8° emAoync)

= YuotApata Mlewypadikwv MAnpodoplwv (8° emtAoync)
= YrtoAoylotikr) Pevotobuvaptkn (8° emthoync)

= Epya Avouytric Oaiaoconc (9° emtAoynig)

= Awoxeipion Yoatwwy Mopwv (9° emhoyng)

" Ytoxootikég MéBodol (9° emthoync)

= [MepBarovrikéc Emuttwoelc (9° emhoync)

=  Avavewolpun Evépyela kat YéponAektpikd Epya (8o €aunvo, KEY, oxedlaopnaoc
USPONAEKTPLKWV TOLULEUTAPWY, LKPWV USPONAEKTPLKWV £PYWV, QLLOALKWV KOl
dwtofoAtaikwv Epywv, UBPLOLKWV CUCTNUATWV)



OepehMwdelc Evvolec: Evepyela & LoxUC

EVEpYELA: N LKAVOTNTO EVOC CWUATOC /| CUCTAUOTOC Va. TIAPAYEL £pYO
‘Epyo: 6Uvopn x peTatomnion, oplletol kat we:
" N OCOTNTA TNG EVEPYELOC TIOU TIOLPAYETAL 1] KATAVOAWVETAL OTTO £VOL CWHLOL KOTA TN
HETOBOAN TNG KVNTLKAC TOU KOTAOTAONG
" N eVEPYELA TIOU PETADEPETAL ATIO EVO CWLLOL OE VA AAAO 1) TTOU LETATPETETAL OO
HLa popdn o€ pLa dAAN
loxUC: PuBuAC petaBoArC TNC EVEPYELAC
dE AE Inueiwon 1: H A€€én evépyela avadeEpetal mpwtn
dt At dopa amno tov AplototéAn (HOA Nikopdxela), He

TNV éwola TG «dpaoTnpLOTNTAC TTOU ATAUTEITOL

Mopoeg evepyerag yla va yivet mpaén n duvatotnta (duvauig)»

= Mnyxaviki (buvaptkn, Kwvntkn)
Znueiwon 2: Kabe petafoln otov Gpuoikd KOOHO

" HAektpopayvnTikn OUVOEETAL [LE KATIOLAL LETATPOTIH) EVEPYELAG

= [lupnvikn
" Xnukn
" Egpukn-Bloloyikn

Znueiwon 3: Y& KABE PETATPOTIN EVEPYELOC OTIO
Hia popdn oe AAAN PAYUATOTIOLOUVTOL OTIWAELEG

Znpeiwon 4: Movo o AvOpwrog KATaAVOAWVEL

" EegpupoTNTO-aKTLVOBOALQ ; , , , , ,
EVEPYELA YLOL AAAOUC AOYOUG EKTOG OO BLOTIOPLOUO



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: xtAwoypappo padag, kg* r kp: xtAtoypappo Bapoug)

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

1PSA1hP=746 W =75 kg*m/s (n 1ox0¢ evog aAoyou, OMwE 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 KavoLua)
1 Btu (British thermal unit) = 0.252 kcal (yia edappoyec O€ppavong/Ppuénc)



XOpOLKTNPLOTLKAL EVEPYELAKA MEYEDN

EvepyeLlaKEG avVAYKEG avOpwmou:

= H nuepriola evépyela LETABOALOHOU TTOU XpELAlETAL EVOC LECOC AVBpwWITOC Elval
nepimovu 8.4 w¢ 10.5 MJ (2000-2500 kcal).

= H wplaia evépyela mou xpetaletal Evog avBpwrog palac 75 kg mou TpEXEL Ue
taxutnta 13 km/h givat mepimou 3.5 MJ (800 kcal)

= HxnuKA evépyela tou AapBavetoal amno Tig TPoPEC LETATPEMETAL OE KIVNTIKN
(kivnon owpatoc), duvauikn (cvomaon puwv), Geputkn (dtatripnon Bepuokpaaciag)
Kol NAEKTPLKN (EMIKOWWViA eyKeDAAOU pE TOL AOUTA LEPN TOU CWHOTOC)

Evépyeila movu amnodidetal ano tnv kavon VAKwyv palog 1 kg:
AvBpakac: 34 MJ Awyvitng: 10 MJ Bevlivn: 44 M)
NetpeAaio: 42 M) Quowo agplo: 47 MJ =0Mo: 15 MJ
loxU¢ KoL EVEpYELAL:
= Aapmtipac toxvocg 100 W rtou Asttoupyetl emi pia npepa amodidetl 2.4 kWh (8.6 MJ)
= Kwntipoag avtokivritou 1400 cm?3 €xeL oL 56 kW kot og pio wpa arodidet 200 M)
= Kwntpag agpomAdvou Boeing 707 €xel LoxV 21 MW ko o€ 1 s anodidet 21 MJ
HAlakn evépyetlat: H péon nuepriota T te oto eEwTEPLKO OpLo tne atpdodalpac, n

ornola poorintel os 1 m? evocg Tomou mou Bploketal og yewypadiko mAatog 400,
avepxetal o 42 MJ (11.7 kWh) tov louvio kat og 14 MJ (3.9 kWh) tov AskeépBplo.



«Mpwtoyeveic» MNyEC eveépyerac & PUCLKEC HLEPYAOLEC

HAlakn oktwoBoAia: Ito efwtepkd 6pLo tne atpudodatpag npooTintouy nepimou 1367
W/m? (nAtakr otaBepa). H evépyela auth: (a) amoppoddtal ano 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'N: OepULKES, XNULKECG KOl padLeEVEPYEC TINYEC TTOU Bplokovtal 0To Eo0WTEPLKO TNG YNG, Ol
OTIOLEC TTPOKOAOUV por eVEPYELOG OoTNV eTtidbavela 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 YNNG EVEPYELOC.

Blopala: H xprion tn¢ Eekivnoe mpwv 400 000 £tn (homo erectus) Kot n xprion tTne yLa kowon
TIPOKAAECE «TEXVOAOYLKI] EMAVAOTOONY.

OpuUKTA KowoLpo: AvBpakoc, TTETPEAALO Kot GUOLKO aéPLO TIOU TIPOEPXOVTAL Ao Tal
Aelpava tnc apyaiog yYAwpidac kat mavidac. Eival amoBnkevpeva yla 600 ekatoppUpLa €N
Kall N Ko on Toug mapayet evepyela ta teAevtaia 300 €tn. O pubBpOC KATAVAAWONC TOUC Eival
TIOAAQTTAQOLOC aTto TO PUBUO SNULoupyiag Toug, Kat oto PEAAoV Ba e€avtAnBouv.

Znpeiwon: H nAtokn evépyela tou nMPooTiinteL oto £5adog Ttn yne o€ €va £€10¢ €ival
niepimovu 14 000 dopeC peyaAlTEPN ATTO TNV TTOLYKOO UL KATAVAAWGN EVEPYELOC



TUTTLKA SLAKPLON TTNYWV EVEPYELOLC

Opukta kavopa (avadEpovtol Kot WG CUUBATIKEC TTNYEG EVEPYELOC):

Ytepea (avOpakac, os dtadopec popdeq)
Yypad (rmetp€Aaio Kot mapaywyo avtou)
Agpla (puaoko agplo, oe dLadopeg HopPEQ)

Mupnvika (oupavio)

AvavewolneC tNYEC evepyeLog (ANME)

HAlakn (pe kuplapxn texvoloyia ta pwtoBoAtaikd cuotrpota)
ALOALKA

Yo6pauAikn (kupilwe udponAektplki)

Blopada

FewBepuLKA

OaAdootla (KUPATWY, TIAALPPOLWY, PEUUATWVY)

Znueiwon 1: O 6pog avavewotun adopd otn Ypovikn KAluaka emovadnuLovpyilog tng
TINYNC EVEPYELAC. 2TN YEWAOYLKN KALLOKO, T OPUKTA KAUGCLUO VOl AVOVEWOCLUAL.

Znueiwon 2: Itnv npan, ot AME ypnotpomolouvtal KUplwg yla TV mapaywyn NAEKTPLKAG
eVEPYELOC (aloAlkn & udpauALkn evépyela = kivnon, nAtakn - Bepuotnta).



Xpovikn e€€EAEn mpwtoyevouc evépyetac (1800-2022)

Global direct primary energy consumption
Direct primary energy consumption does not take account of inefficiencies in fossil fuel production.
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Source: Energy Institute Statistical Review of World Energy (2023); Vaclav Smil (2017)
OurWorldInData.org/energy « CC BY




[EVIKO OXNMOL LETOTPOTIWYV EVEPYELOC VIO TNV KAAudn
TWV EVEPYELAKWV OVAYKWV

Opukta
kaOoLpa

AVOVEWGCLUEC TINYEC

Znueiwon: H mapayopevn eveépyela yLa tTnv KAAUYn Tou GuVOAoU

evépyeroc (ANE)

Mnyec evépyelog

Yteped (avOpakoag)
Yypad (retp€Aaio)

BaBuog
anodoong >80%

AVAYKEC

AgpLa (puoko agplo)
Mupnvika (oupavio)
Aok
YSpauALkn

Blopala

Metadopeg
OwLakn xpnon
Blopnyoavia
TPLTOYEVAC TOUENC
ewpyla-aAieia

A

BaBuog
anodoong

FewBepuULKA

OoaAdoola (Kupatwy,
TIAALPPOLWV, PEUUATWV)

BaBuoc anodoong
15-90%

TWV EVEPYELAKWYV AVOYKWV KAAETOL TpwToyevhic (primary).

HAEKTPLKN EVEpPYELD

[

Juunopoywyn
NAEKTPLOUOUV-
Beppotntag




2UOTHHOTO LETATPOTING EVEPYELOG (1)

Mo dedopevn Loxu, Py, n omola ELOAYETAL O€ €va CUOTNA LETATPOTING, N LOXUG TTOU
g&epyxetal, P, elvat mavra pikpotepn, ouUPwva e TN oXEoN:

P =n Py
omou 71 < 1 adidotato peyebog mou kaAeital Babpog anodoong (efficiency).
H eloepyOpLevn LoYUG lval pat oxeon tng popdnc:
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 OLVELOYEVVTPLAC).

2uvnBwg n ocuvaptnon Py(x, A) pnopei va mpoodloplotel avaAutikd (Bewpntikni Loyug).
XapaKtnplotika nopadeiypoata touv peyebouc x ivat:

= PuBuoc petaPfolnc paloc Kauoipou ou eloayetal o BepuonAeKTPLKN povada

= PuBuoc petafoAng oykou vepou (rmapoxn) mou SdtEpxetal amno vdpootpoBiho

= TayUTNTo AVEUOU TIOU TIPOOTILTITEL OE AVELOYEVVATPLA
H pon x, Kol w¢ €K TOUTOU N BewpnTikn LoXUG Umopel va elvat:

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

= Mn gAeyyxopevn (m.x., pon motapou, Avepoc, NALOC, KUpata), ouvOwc emeldn
gCaptatol amno T¢ UETABAAAOUEVEC USPOUETEWPOAOYIKEC OUVINKEC.



2UOTHHOTO LETATPOTING EVEPYELOC (2)

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

n=nxp)
Y& avtiBeon pe tn BswpnTikn oYU, N oxéon Hetafolnc tov Babuou anodoong dev
UItopel va tpooSLopLloTel aVAaAUTLKA, TToPA LOVO HE 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 OAQL TAL CUCTAMOTA EXOUV £Va AVW OPLO TIAPAYWYNC, TTOU KAAEITOL OVOUOOTLKA LOXUG
(nominal power). H ovopoaotikn Loxu¢ xapaktnpilel to kabe cvotnua (r.X. pwtofoAtaiko
rtavel 200 W, avepoyevvntpla 700 kW, BepponAektpikn 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
ouvakolouBa pe otabepo Baduo anodoong, (oo 1 KOVTA 0TO HEYLOTO.
TUTUKEC TLUEC TOU (pEyLoTou) BaBuou anodoonc:

= OQepULKEG povadeg: > 0.40 Inueiwon: O Babuog
amnodooncg eival €€ oplopou
, HULKPOTEPOC TNG Hovadag, EVw
=  Avepoyevvnipleg: < 0.45 VL0l OPLOMEVEC TINYEC EVEPYELOC
= QuwTtoPoAtaika rmaveA: > 0.20 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 Loxucg) e€aptatal armno:
= TNV TOXUTNTO TOU aVEROU (pon
«KQLUGLLOU»)
= TNV TUKVOTNTA TOU aEpa
(puokn WdLotnTa Kavoipou)
= TN SLAPETPO TNG MTEPWTAG
(YEWHETPLKO HEYEDOC)

BaBuoc anodoong

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

= [ taxutnta avépou 10 m/s, n
BewpnTikA LOYXUC TOU AVELOU
urtoAoyiletan og 2356 kW, o BaBuog
anodoonc eival 43.2%, apa
nopayetal L.oyug 1018 kW.

0.50 Inueiwon: To Bswpntikod
0.45 Aavw oplo tou Babuouv

o arnodoong A/T slval iloo
0.40 ne 16/27 (59.3%)
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MnynA: https://en.wind-turbine-models.com/ turbines/135-
enercon-e-66-18.70 (avakatackeun oxeong Babuov anoddoonc,
HE Baon TNV KAUTUAN LoXUOC TNG AVELOYEVVATPLOG)



