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1. EIZArQrH

1.1. Emwokomnon Ospatoloyiag padnpatog.

MPOZOXH: T0 YAWOOAP!L EVEPYELOKWV KAl TIEPIPAAAOVTIKWVY OpwV (0TO TeAOG TOL PIPAlOV) £xeL
A&ON.

1.2. Evepyslakoi opot
E&Aynon evepyelakwy Opwv:

4 Primary energy production: «... any extraction of energy products in a useable form from
natural sources. This occurs either when natural sources are exploited (for example, in coal
mines, crude oll fields, hydro power plants) or in the fabrication of biofuels. Transforming
energy from one form into another, such as electricity or heat generation in thermal power
plants (where primary energy sources are burned), or coke production in coke ovens, is not
primary production» (https://ec.europa.eu/eurostat/statistics-
explained/index.php?title=Glossary:Primary energy production).

4 Primary energy consumption: «... measures the total energy demand of a country. It covers
consumption of the energy sector itself, losses during transformation (for example, from oil or
gas into electricity) and distribution of energy, and the final consumption by end users. It
excludes energy carriers used for non-energy purposes (such as petroleum not used not for
combustion but for producing plastics)» (https://ec.europa.eu/eurostat/statistics-
explained/index.php/Glossary:Primary energy consumption).

4 Primary energy demand 1 total primary energy supply (TPES): H tpwtoyegvig
gvepyelokn {ntnon mou amokoAeital primary energy demand opietat amnd to International
Energy Agency (IEA) wg evvola LoodUVOUN HE TNV TIPWTOYEVH EVEPYELOKI TIPOTPOPA TIOV
amokoAeital total primary energy supply (TPES). H mtpooBrkn Tou Opou pwTtoyevng
ONMaivel OTL TO PEYEDOG AUTO AVOPEPETAL OTNV TINYH TNG EVEPYELAG, TIPLV YiveL
OTIOLOONTIOTE PETATPOTIN.

4 Final energy consumption: JUPTIANPWHATIKN €lValL N €VVOLA TNG TEAIKNG EVEPYELOKNG
katavaAwong (final energy consumption), ou opiletat wq «Final energy consumption is
the total energy consumed by end users, such as households, industry and agriculture. It is the
energy which reaches the final consumer's door and excludes that which is used by the energy
sector itself» (https://ec.europa.eu/eurostat/statistics-
explained/index.php?title=Glossary:Final energy consumption).

— oeAida 1 og ouvoro 41 —


https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Glossary:Primary_energy_production
https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Glossary:Primary_energy_production
https://ec.europa.eu/eurostat/statistics-explained/index.php/Glossary:Primary_energy_consumption
https://ec.europa.eu/eurostat/statistics-explained/index.php/Glossary:Primary_energy_consumption
https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Glossary:Final_energy_consumption
https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Glossary:Final_energy_consumption

Africa
13.1 EJ

Europe and
former SU North
131.1 EJ America
121.2 EJ

Australia and

New Zealand Central and
6.0 EJ South America
221 EJ

Asia
131.8 EJ

Source: DOE, 2003

Figure 1.5 World Primary Energy Demand by Region in 2001
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U.S. energy consumption by energy source, 2017

Total = 97.7 quadrillion
British thermal units (Btu) Total = 11.0 quadrillion Btu

_~geothermal 2%

e
I = solar 8%

— wind 21%

biomass waste 4%

biofuels 21% bicmass
45%

wood 19%

hydroelectric 25%

Note: Sum of components may not equal 100% because of independent rounding.
Source: U.S. Energy Information Administration, Monthly Energy Review. Table 1.3 /ﬁ
and 10.1, April 2018, preliminary data Cl
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Other renewable 518.2 TWh 2.2%
Solar 253.0 TWh 1.1%
Wind 841.2 TWh 3.5%

Hydro
3946.3 TWh
16.4%

Nuclear
2577.1 TWh

Fossil fuel 10.7%

15961.9 TWh
66.2%

World Electricity Generation by Source (2015)

AkoAouBouv Suo YpaPIKEG TIOPAOTACELG OTIO TN OEA S
https://askjaenergy.com/2016/07/09/iceland-the-greenest-energy-country-in-europe/ pe TitAO
«Iceland is the greenest energy country in Europe».

ITIG YPOAPIKEG TIAPACTACELG ATIELKOVILETAL N EVEPYELOKT KATAVAAWGT TIou ovopdadetat gross final
energy consumption, kat opileTal wg «... the expected energy commodities delivered for energy
purposes to industry, transport, households, services including public services, agriculture, forestry
and fisheries, including the consumption of electricity and heat by the energy branch for electricity
and heat production and including losses of electricity and heat in distribution and transmission ...»
(https://ec.europa.eu/knowledgedpolicy/dataset/jrc-nreaps-gfec-total en).

H Aetovia (Latvia) £xel TO YNAOTEPO TTOGOOTO AVAVEWOCIUWY OTNV EVEPYELOKI KATAVOAWGN (gross
final energy consumption) amo 0Aeg Tng xwpeg tng Eupwing pe e§aipeon t Zkavdwapio.

H Aavia sival yvwoTtn yla To HeYAAn aloToinon avavewoLpwy TINYWVY EVEPYELY, 0AAG N AuaTpia
EXEL YNAOTEPO TIOCOCTO OVAVEWCLUWY OTNV EVEPYELOKH KaTavaAwaon (gross final energy
consumption).
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ICELAND IS EUROPE’S GREEN ENERGY LEADER

1. Iceland 77 %
2. Norway 69 %
3. Sweden 53 %
4. Finland 39%
5. Latvia 39%
6. Austria 33%
7. Denmark 29%
8. Croatia 28%
9. Estonia 27%
10. Portugal 27%
11. Romania 25%
12. Lithuania 24%
13. Switzerland 23%
14. Slovenia 22%
15. Bulgaria 18%
16. ltaly 17%
17. Spain 16%
18. Greece 15%
19. France 14%
20. Germany 14%
21. Czech Republic 13%
22. Slovakia 12%
23. Poland 11%
24. Hungary 10%
25. Cyprus 9%
26. Ireland 9%
27. Belgium 8%
28. UK 7%
29. Holland 6%
30. Luxembourg 5%
31. Malta 5%

EU average 16%

Share of renewable energy (percentage) in gross final energy consumption.
Graph shows top-20 European green countries within EU and EFTA.

A
Gross energy consumption data for 2014.
Sources: Eurostat and NEA.
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Mpo&evel evTuTwon OTL XWPEG OTIWG To Mawpofouvio (Montenegro) kat n AABavia (Albania)
£XOLV YNAOTEPO TIOCOCTO AVAVEWCLUWY OTNV EVEPYELOKH KaTavaAwaon (gross final energy
consumption) oo TG TEPLO0OTEPEG EupwTaikeg Xwpeg ouumepAapufavopevng tng EAAadac.

H F'eppavio, Topd TNV TPpowbnon TwV aVaVEWGCLHWY TIOL £XEL LEPAPXNOEL TA TEAELTALD XPOVLO,
EXEL XOAMNAOTEPN EVEPYELOKN KATAVAAWON (gross final energy consumption) amo tnv EAAGdA.
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ICELAND IS EUROPE’S GREEN ENERGY LEADER

Share of renewable energy (percentage) in gross final energy consumption
in countries of Europe.
N

Energy data for EU and EFTA countries is from 2014,
70% data for other countries is from 2013.
2 Sources: Eurostat, IEA and NEA.
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Share of renewable energy in gross final energy consumption, by country, 2011 and 2016
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Ewdnoeig otig omoieg eotidlovpe otnv EAAGSa
(http://www.greeknewsagenda.gr/index.php/topics/business-r-d/7010-ren21gsr-19):

@ «Greece among top renewable energy countries»

@ «Greece is among the top 9 countries worldwide generating more than 20% of their electricity
using solar PV & wind turbines»
Share of Electricity Generation from Variable Renewable Energy, Top 10 Countries, 2018

Share of total generation (%)
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Tahle 1.3 Desirable Properties and Drawbacks of Renewable
Energy Sources

Desirable Properties Drawbacks

Virtually inexhaustible Some highly intermittent in time

Intrinsically nonpolluting May be distant from populations

Sustainable Very dilute (large footprint)

Fuel is free Upfront costs involved

|deal for off-grid use and May be more costly (ignoring extrinsic costs)
distributed power May involve some degree of environmental issues

1.3. T gpmodilel TNV Swaxvon Twv ANE

Epnodia otnv mepattepw Siaxuon twv AME (https://www.ucsusa.org/resources/barriers-
renewable-energy-technologies)

1.3.1. KéoTog kepalaiov (capital costs)

Ot ATE givat TToAU @Bnveg otn xprnon (Swpedv KAOL0) OAAK £xOVV PNAO KOOTOG KEQaAaiov. MNa
mopadetyua, os Tieg 2017:

€ To PECO KOOTOG EYKATAOTAONG CUOTNUATWY NALOKAG EVEPYELAG KUPALVOTAV OTtO Alyo
mavw amo $2000/ kW yia peydAa cuotipota éwg $3700/kW ylar OIKLOKA CUOTHHATAL.

€ JUYKPLTIKQ, KX VEQ HOVASa UOLKOU aepiov KoaTilel yupw ota $1000/kW.
€ Ol eyKATOOTATELG ALOAIKNG EVEPYELOG KOOTI(OLV yUpw oTta $1200 pe $1700/kw.

To YnAO KOOTOG KEPaAQiOL EKAQUBAVETAL ATIO T XPNUATOTILOTWTLIKA LOPUHATA WG LEYOAVTEPO
pioko, omoTe ol emevdUoeLg AMNE xpnuoatodotouvTal pe YPnAOTEPA ETUTOKLA. AUTO Onpaivel OTL
glval SUOKOAOTEPO VO OTNPLXTEL N OKOTILHOTNTA KATAOKELNG ocuoTnUatwy AlE. Emtiong, emedn to
Koolpo Twv ATE givat Swpeav, givat SUGKOAOTEPO VO TIEPAATOVV QUEOUELWOTELG TNG TLUNAG
KOWOLHOU O0TOVG KATAVOAWTEG (OTIWG YIVETAL e TO TIETPEAXLO KOL TO (PUOLKO QlEPLO).

Ta TIPAYHATIKA KOOTN TWV SLAPOPETIKWY HOPPUWV EVEPYELOG (CUUPATIKWVY KL N)
Tapovaotadovtal oTo mapakatw oxnpa (https://www.lazard.com/perspective/levelized-cost-of-
energy-2017/).
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Unsubsidized Levelized Cost of Energy Comparison

Solar PV—Rooftop Residential :

1 Denotes distributed generation technology.

$187 || s319
Solar PV—Rooftop C&I 585 | | s194
Solar PV—Community $76 | | s150
Solar PV—Crystaliine Utility Scale™ 845 353  @ss
Solar PV—Thin Film Utiity Scale® sa3 ll 48 @sa
Alternative Solar Thermal Tower with Storage™ sgs | 15131 052375‘
(0] i
Energy Fuel Cell * $106 | | 3167
Microturbine * ss9 i $89
Geothermal s77 | | os117
[Biomass Direcd ss5 | | s114
Wind $30 | s60 ®s113°
Diesel Reciprocating Engine 7= $197 _ $281
Natural Gas Reciprocating Engine'* ses [ s106
Gas Peaking s1s6 [ s210
Conventional IGCC. : = 3
Nuciear"™” s112 [ S'c
Coal sco I s+
Gas Combined Cycle s«2 [ s78
30 S50 $100 $150 $200 $250 $300 3350
Levelized Cost (S/MWh)

1.3.2. XwpoOétnon (siting) kal peraopa (transmission)

@@

1.3.3. Eicod0o¢ ot ayopéc (market entry)

O ANE vpiotavTal avTayWVIOHO ATIO TIOLO KABLEPWHEVEG HOPPEG EVEPYELDG
(US Energy Information Administration; https://www.ucsusa.org/resources/barriers-renewable-

enerqgy-technologies)

Natural gas
34%

Other
1%

e g ;:E; Hydro
.-\ }:\,V 6%

Renewables

9%

1.3.4. Avico¢ avTaywvicpuog (unequal playing field)

@@

1.3.5. A@Oo¢ svTuntwoelg ywa Tnv alomictia Toug (reliability
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misconceptions)
@@

1.4. Elcaywyiko Bivteo, TPWTES OKEPELG

Eloaywyikég okéWelg (amd ophia “Why renewables can't save the planet” tou Michael
Shellenberger oe TEDx Danubia):

€ H avBpwnotnTa EEKivnoe oo TINYEG EVEPYELOG XAUNAOU EVEPYELOKOU KAl YNAOU LVALKOU
TIEPLEXOMEVOUL (TL.X. EVAO, KOTIPLA) KOl KATEANEE OE TINYEG YNAOU EVEPYELOKOU KO XOXUNAOU
UVALKOU TIEPLEXOMEVOV (TL.X. TIUPNVLKI| EVEPYELD)

Ot Avavewotpeg MNnyeg Evepyelag (AMNE) kooTiCouv, OTIOTE TO OLKOVORLIKA (VAL ONUOAVTIKAL.
Ytnv mepintwon twv AME, onpavtikol gival ol puaolkol Tap& oL TEXVOAOYLIKOL TIEPLOPLOUOL.

OL ATIE eivau «koootpa» apatd os evepyelako meplexopevo (dilute/diffuse fuels).

* 6 ¢ o

O NALOG KAl O AVEUOG AELTOUPYOUV SLOKOTITOWEVE, 0TIOTE OL ATE xapaktnpilovtal amo
XOUNAR o&lomiotia (reliability).

*

Mo TNV amoBnkevon TnG evePyeLag TIov Ttapayetal ano AME, pa evdlagepouvoa dea sival
Va TNV amoBnKeVOUPE 0 VSPONAEKTPLKA PPAYUATA (TO OTtola Bt XPNOLUOTIOLOUVTOL WG
MTTOTOPLEQ).

@ OLATIE €x0ouv ONPAVTIKEG TIEPLPAANOVTIKEG ETUTITWOELG:
X H aloAKn KoL NALOKT) EVEPYELX OTTAUTOUV UEYAAEG EKTATELG YNG.

X Ol VEUOYEVVNTPLEG ATIAULTOVV VALKQ, TL.X. TOLMEVTO (cement) Kot atadAL (steel), yia va
KOTOOKEVOGTOVV.

X X710 TéA0G TNG (WNG TWV OVEUOYEVVNTPLWY, T VAIKA QUTA (CUUTIEPLACBOAVOUEVWV TWV
HEYOAWV eAikwV) TipeTel va SlateBouv oav atepea amoppippoata (solid waste).

% O kaBapLlopog Kat N amddoaon eKTATEWV ynG o€ £pya AME TTpOKOAEL ONUAVTIKEG
ETUTITWOELG OE OLKOOUOTHHOTA, TIaVIdA (TL.X. XEAWVEC, TIOVALX).

% OL YyATEG OKOTWVOULV TIEPLOGOTEPO TIOUALA ATIO TLG AVEUOYEVVHTPLEG, OAAL OUTEC
ouvvNOwC oKOTWVOULV £L6N TIOV Elval aTtavia 1 VTo e€aavion (rare/endangered
species)

* TO ploko kat n BvnolpotnTa ov TpokaAovvtat amno Tig AlME sival onpavTtikod Ka,
O€ HEPLKEG TIEPLTITWOELG, PEYOAVUTEPO ATIO AUTO CGUUPBATIKWY TINYWV

€ Ag pnv vntofaBpicovpe To TEPPAAAOV TIPOOTIABWVTAG VO AVTLUETWTIIOOVHE TNV KALUXTIKA
oAAayn)!

€ Eivaw evdlagpepov va ouykpivel kavei Tig ATME pe Tnv TTupNVLKL eVEPYELQL

O mivakog TG Té&NG HETA TO TIPWTO PABNO:
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AUTH ATAV YL OKETTTIKLOTIKA/SVOToTN Ttpoogyylon Twv AlE.
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2. TEXNOAOTIEZ ANANEQZIMQN NMHIrQN ENEPTEIAZ

2.1. HAwakn evépysia

HAlokn evépyeta. MabnTikd, evepyntikd kot VRPLOKAE NAaKA cuoTHpaTa. PwWToROATAIKA.
O¢ppavan, Yu&n Kat YWTLOPOG.

X BLOKALPOTIKOG OXESLOOUOC, TIPATLVA KTIPLOL
X Aotk Bepikn vnolda Kal TIPACLVEG OTEYEG.

NALaKOG oLAAEKTNC (solar collector)

(/A
ﬁanthermioa’ (O

2.1.1. EvepynTika@ nAlak@ cucTRHATA
A&lomolovv TNV NALOKNA EVEPYELO HECW TNG XPNONG TEXVOAOYLKWV TIPOIOVTWV.
Xwpidovtal oTIg KATNYOPLEC:

€ AuTOVOPO CUOTAPATA

X xwpic Bonbntikn Ty B<ppavong
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€ YuoThpota tpoBéppavang
% mpoBeppaivouv To veEPO, IOV TPOPOSOTEITAL € CUUPBATIKA CLUOTHHOTA BEPUAVONG

¢ YBpdikd ovotApaTa

2.1.2. NadnTika ALK& CUCTHHATX
XpnotpoTolouv Tov AALO yla TN BEppavaon XWpwv ) VEPOU XWPIG TTAPEUBOAN LNXOVIKWY HECWV.
TomoBeToVVTAL OTO KEAVPOC TOV KTLpiov.
JUOTAPOTA XUECOV NALOKOU KEPOOLG:
4 HAwokol Toixol.
€ Oeppoknma (NAtakol xwpot).
€ HAlokda aibpla

X Opor) pe TCAWL AelToupyouV OTIWG T BEPUOKATILAL.

2.1.3. PwTOoBOATAIKA TTOLXEIX

ITOV XAPTN TNG EMOUEVNG OEAISAG PAETIOUHE OTL N KATAVOMN TNG NALOKNAG EVEPYELAG TTOV KOOHO
glval Lo SNPOKPATIKA POLPACHEVN OTIO EKEIVN TWV OPUKTWV KOVGLHWV.
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SOLAR RESOURCE MAP T — e
MAP
PHOTOVOLTAIC POWER POTENTIAL ST p———— s 1) /A N SOLARGIS
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Long-term average of daily/yearly sum
Daily sum: < 2.0 2.4 2.8 32 3.6 4.0 4.4 4.8 52 5.6 6.0 6.4 >
L /KW
Yearlysum: < 730 876 1022 1168 1314 1461 1607 1753 1899 2045 2191 2337 >

This map is published by the World Bank Group, funded by ESMAP, and prepared by Solargis. For more information and terms of use, please visit http://globalsolaratlas.info.
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2.2. AloAkn evépysix

Ix€0N TOXVTNTOG OVEUOL KAL LOXVOG OVELOYEVVNTPLOG:

500.00

500,00

kW

400.00

ug

\

300.00

lox

200,00

100.00

0.00

T
0 2

T T
4

B
Taxutnra avéuou, m/s

LI T T T T T T T T T T T T T T T T
g 10 12 14 16 18 20 22 24 26
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H StoAeimovoa mopaywyr) aloAKNG EVEPYELOG:

European wind energy generation in 2018

8 December
GW Record in wind production

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

M Onshore wind Offshore wind

Data refers to EU Member States only

Mo 10 2018, 95% Twv VEWV gvepyelokwV eTtevdVoswV atnv Eupwraikn ‘Evwon twv 28 (EU-28)
QPOPOVCE AULOALKN EVEPYELQL
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FIGURE 13

Others
Natural gas 0.7 GW
0.8 GW
4%
Biomass
1.1GW
S%
Solar PV
8.0 GW
39%

Source: Platts, SolarPowerEurope, WindEurope

Ot 0LVOALKEG €TTEVOVOELG O QLOALKN evépyela otnv EupwTaikn Evwon:

FIGURE 12
Others
Hydre [ e
Biomass :
€1.9bn
Biofuels
€0.7bn
Onshore
€16.3bn
Wind
energy
Solar €26.7bn
€10.4bn OF RENEWABLE

ENERGY INVESTMENTS IN
WIND ENERGY

Offshore
€10.3bn

Source: WindEurope
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FIGURE 15
Annual installed capacity and renewable share in EU-28
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To KOOTOC TNG TAPAYWYNG evEpyeLlag amo ANE éxel téoel og 2 cents/kWh, petd amd eva
akpotato 9 cents/kWh oto 2009 (https://www.nextbigfuture.com/2018/09/wind-power-costs-at-
2-cents-per-kilowatt-hour.html).

Wind Prices Remain Low, Competitive with Cost of Operating Gas Plants

$120 /O Interior (26,491 MW, 258 contracts)
) West (7,467 MW, 78 contracts)

$100 - © Great Lakes (4,422 MW, 55 contracts)
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To koaotog Purchasing Power Agreements (PPA) otig HIMA (https://emp.Ibl.gov/wind-technologies-
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market-report/):

A Smoother Look at the Time Trend Shows a Steep Decline in
Pricing Since 2009; Prices Below $20/MWh in Interior Region

W

=

o

(@]
|

$80 -

$60 -

S40 -

$20

Average Levelized PPA Price (2018 $/MWh)

[ Nationwide
== All Other Regions
== |nterior

o)
PPA Year: 96-9900-0102-0304-05 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018
54 22 33 18 15 0.4

GW: 06 12 14 22 24 18 35 40 49 46

U.S. DEPARTMENT OF ENERGY  OFFICE OF ENERGY EFFICIENCY & RENEWABLE ENERGY

2.2.1. AloAka Tapka

1.1

MEAETN TOTILKWY OUVONKWVY YLt XWPOBETNON KAl KATAOKEVT OLOAKWY TIAPKWV:
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Mivakoag 1: NMALOVEKTAPATA KAl HEIOVEKTAHATA TWV S1a@opwv deSOPEVWYV Yid TRV agloAdynon
mMOaAVWY BETEWV EYKATAOTAONS AVENMOYEVVITPIWY

lMAgovekriuara Meiovekriuara
MeTewpoAoyikd MeydAeg xpovooeipég Z1dvia aTmd avTITTPOCWTTEUTIKES BECEIG
oToixeia apyeiou | Eupcia yewypa@ikry kGAuyn MeTpwvtal ota 10m, 6x1 010 UYWOGS TNG
TAAPVNG
AuokoAn n TTapePPoAr] o€ TTOAITTIAOKEG
Hopgoloyieg
EmiTémia Ag@opouv eIdIKG TTpayuaTIkéG BEoelg | Aatravnpr] diadikacia
Sedopéva Aedopéva 01O UYWOC TNG TTARUVNG Ta Bpaxuxpovia dedopéva UTTOpEi va pnv
H karaypagn ytropei va givai gival avTITTPOCWTTEUTIKG
TIPOTAPUOTHEVN VIO EIBIKES MBaveéS PeEYAAES ATTWAEIEC DEBOUEVWV
TIANPOPOPIES, TT.X. TUPRN H kakn To1ro0€tnon Tou E0TTAICHOU
TTAPEXEl UN AVTITTPOCWTTEUTIKA
armoTeAéopara
MovTteAoTtroinon DONvoOTEPN QTTO TIG ETNITOTTIEG Mrtropei va epapuoZetal aoUveTa
METPACEIG O1 uttoBéoeIg TOU YOVTEAOU PTTOPET VO
Mrropouv va diepeuvnBolv apKeTEG gival AavBaopEVEG | AVETTAPKEIG
TOTT00€0iEG OE TUVTOUOUG XPOVOUS H avaAuan ptropei va gival TToAU xaunAn
[priyopn H kAigaka ptropei va gival AavBaouévn

2.2.2. AlOAIKEG YEVVHTPLEG YLK OLKLAKH Xprion
@@

2.2.3. Evepysiakn katavaAwon ota EAAnvika vnowx
@@

2.2.4. AloAixn evépyela kat SteOvig moArtikn
EykaTeaTnpeVn LOXUG QLOAIKNG evepyeLag (2018, ae MW):
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AVokolo va BpeBouv dedopeva yia Tnv Sleioduon aloAkng evépyetag SleBvwg. Katwtépw
eoTia(ovpe otnv Evpwraikn Evwaon.

Denmark | | | | 21.3%
Spain | I | 11.8%
Poctugal | | 9.3%
iretand | | B.4%
Geimany | | 7.0%
ar 0 kR
Greece | 3.7%
Hethedands | 34%
Austra | 3.5%
ur | 1.8%
Estonia | 1.8%
maly | 1.7%
Sweden | 1.9%
France | 1.2%
Lithuania | 11%
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FIGURE 9
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2.3. Boopala

Blopada

Bloat®avoAn, BlovtndeA kat eVOANOKTIKA KOOI
Bloevepyela kat Bloagplo

FeWTIOALTIKEG SLOOTATELG Blopdlag KOl BLOKOUCTWV

€ the food vs biofuels debate

2.3.1. Kavon Blopadog
@@

2.3.2. Broaépro

mopaywyn Proagpiov atnv EAAGSa

2.4. TewOeppia
@@

2.4.1. TewOeppika TeSia
@@

2.4.2. Epappoyig yewOeppiag
YEWOEPULKEG AVTALEG BepuOTNTAG

2.5. YSponAektpikn evépysia
VOPONAEKTPLKO CVOTNUX

vSpoaTpofirol
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2.5.1. YSponAsktpika épya otnv EAAGSa
TUTIOL USPONAEKTPLKWV EPYWV
MIKPA KOL LEYCAT VOPONAEKTPLKA EpyQL

vdponAektplkoi otaBpol

2.6. Evépyswa antd tn Oalacoa

EVEPYELQ KUUATWV

2.7. EE¢owovounon svépyselag
@@

2.7.1. BLOKAJHATIKOG OXESLATHOGC KTIPIiWY
OPXEG PLOKALLOTIKWY KTIpiwv

KOTOOKEVOOTIKA XOPOAKTNPLOTIKA BLOKALUATIKWY KTIpiwv

Available online at www.sciencedirect.com

sclEncE@DlnEcT“ ENERGY

and BUILDINGS

Energy and Buildings 37 (2005) 529-544
www.elsevier.com/locate/enbuild

Modeling energy efficiency of bioclimatic buildings

AF. Tzikopoulos, M.C. Karatza, J.A. Paravantis™

Department of Technology Education and Digital Systems, University of Piraeus, 80 Karaoli and Dimitriou Street, Piraeus 185 34, Greece

Received 20 July 2004; received in revised form 10 September 2004; accepted 23 September 2004

Abstract

The application of bioclimatic principles is a critical factor in reducing energy consumption and CO, emissions of the building sector. This
paper develops a regression model of energy efficiency as a function of environmental conditions, building characteristics and passive solar
technologies. A sample of 77 bioclimatic buildings (including 45 houses) was collected, covering Greece, other Mediterranean areas and the
rest of Europe. Average energy efficiency varied from 19.6 to 100% with an average of about 68%. Environmental conditions included
latitude, altitude, ambient temperature, degree days and sun hours; building characteristics consisted in building area and volume. Passive
solar technologies included (among others) solar water heaters, shading, natural ventilation, greenhouses and thermal storage walls. Degree
days and a dummy variable indicating location in the Mediterranean area were the strongest predictors of energy efficiency while taller and
leaner buildings tended to be more energy efficient. Surprisingly, many passive technologies did not appear to make a difference on energy
efficiency while thermal storage walls in fact seemed to decrease energy efficiency. The model developed may be of use to architects,
engineers and policy makers. Suggestions for further research include obtaining more building information, investigating the effect of passive
solar technologies and gathering information on the usage of building.
© 2004 Elsevier B.V. All rights reserved.

Keywords: Bioclimatic architecture; Sustainable architecture; Energy efficiency; Passive solar technologies; Regression model
EVEPYELOKN eBEWpPNON

EVEPYELOKEG LETPNOELG
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3. ANE KAI NEPIBAAAON

3.1. Bwoyn avantuin

270 TEAOG TNG ELOAYWYLIKNG OpALaG ou{NTACOE KAl oploape TNV Evvola TNG “Blwotpng
avamntuéng”

4 pollution

X apopolWwTIKN IkavoTnTa (assimilative capacity) = “the ability of a body of water to
cleanse itself; its capacity to receive waste waters or toxic substances without deleterious
effects and without damage to aquatic life or humans who consume the water”
(https://en.wikipedia.org/wiki/Assimilative capacity)

€ energy
X aveEAVTANTEC TINYEG
*  QamEPLOPLOTN XPNOoN
X TINYEG TTIOL AVOAVEWVOVTOL TIOAU QPYQ, TL.X. OPUKTA KOWCLUO
% 0 puBPOG XPONG TOUG TIPETIEL VO NV ElVaL HEYOAUTEPOG ATTO TO PUBUO AVAVEWONG
X TINYEG IOV SEV AVOAVEWVOVTOL

% 0 puBPOG XPNONG TOUG TIPETIEL VO NV EIVOL HEYOAVUTEPOG ATIO TO MEYLOTO PLBUO TIOV
MOG ETUTPETIEL VO TIPOAXPOUKE VO BPOVUE JLO VEQ TINYH EVEPYELOG TIPLV €EVTANOEL N
TLPONYOUUEVN
€ (PUOLKOL TIOPOL, TL.X. OTIAVLEG YAUEG, TTOV Elval TIAVTO SLOOECLUOL OE TIEPLOPLOKEVT TTOCOTNTA
% 0 puBPOC XxPNONG TOUG VAL KNV Elval HEYOAUTEPOC ATIO TO HEYLOTO PUOUO TIOU HaG
ETIITPETIEL VA BPOVE VEEG TEXVOAOYIEG TIOU KABLOTOUV TOUG (PUOLKOVE TIOPOUG [N
ATAPAITNTOVG
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SUSTAINAB ¢ DEVELOPUENT
ek

| .
o LLoToN ENERGY

3.2. Nayxkoouia epiBailovtika TpoBAnpaTa

MNaykoopia TEPBOANOVTIKA TIPOBAN AT TIOU OXETI(OVTOAL UE TNV EVEPYELQ:
€ Taykoopa kApotikn cAAayn (global climate change)

X dowopevo Beppoknmiov (greenhouse effect)

ATtpoo@aipikn puttavaon (atmospheric/air pollution)

Kataotpogn/Tpuna tng otolBadag Tou 6{ovTtoq

‘O&wvn Bpoxn (acid rain)

AOTIKN KUKAOQOPLOKN PUTIOVON

* & ¢ o

X DwTOXNMULKO VEPOG
€ PuUmavon eowTteplkwv Xwpwv (indoor pollution)

€ AoTikn Bepuikn vnoida (urban heat island)

3.3. AINE kot tepiBaAiiov

Mwg ocuvdeovtal ot ATE pe TTayKOOMLO KO TOTUKA TIEPIBOAAOVTIKA TtpOoBARATOL:
€KAotk aAAayn

Biwotpun avamtuén

Evepyelako piypa otnv EAAGSa

Epumtodia yia avamtuén AME otnv EAAGSa

* & ¢ o

MeoompbOeoueg Kol LOKPOTIPOBETUEG TIPOOTITIKEG TWV AlE otnv EAAGS
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3.3.1. NepBaAlovTtikég eTumtwoelg AMNE
MeAgteg MepBarovTikwy Emmtwoswyv épywv AME
ATIOBNKeLON EVEPYELOG KO UTTATOPLEG.

€ TeXVIKOOLKOVOULKA Kal TtepLBOAAOVTIKG {NTHMATAL.

3.4. ANE kauw kowwvia
O pOAOC TNG KOWWVIOG KOl TwV TTOAITWV oTig AlME

Mapovoiaon Tng epguvag amnod 1o SI8aKToPLkO Tou B. NToupua.
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4. ANE KAl AIEONHZ NOAITIKH

4.1. Baowkég EVVOLEC EVEPYELAKIC TTOALTIKNG
@@

4.2. ANE ka1 Evpwntaikn ‘Evwon
€0VIKN TIOALTIKA KoL €BVIKO ox€SL0 Spdang
E0WTEPLKN AYOPA EVEPYELOG

TpOoBaon Kol EKPETAANEVON SIKTVWVY
EVEPYELOKI amtodoon

eKTIOUTIEG CO2 KOl TIAYKOOULO KALUOTLKE OAAOyn
X&pTNG Topeiog yx ArE

VEQ PETPQ KOl oTOXOL Yyl AlME

4.3. H 81e0vn¢ yewmoAitikn Twv AME
ATIE, 81eBveiq oxeoelg kat katavoun oxvog (global power relations)

Ou ATIE kat oL Tapaywyeig opukTwv kawoipov (oil producers, the renewables revolution and the
global energy market)

Evepyelokn petapaaon, texvoloyieg ANE kat kowvwvia (contested socio-technical options)
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5. Ol ANE ZTHN EANAAA KAl TON KOzZMO

5.1. O ANE otnv EAAGS«a

Nopiko kat Bsopiko TAaioto yia tig AME
Owovoutka kivntpa yiax AMNE
¢ Eupwmaiko vopko kat Beopiko mAaioto yua ATE
€ EANVIKO VOuIKO Kot Beopiko TAaiolo yia AMNE
€ Adecl060tnon (licensing)
X Adikaoia
X Apuodiol popeig

Katoavoun moapaywyng NAEKTPLIKAG evEPYELRG oTnv EAAGSa (2018)
(https://energypress.qr/news/pos-diamorfothike-migma-ilektroparagoqis-tis-horas-2018-kai-ti-
synevi-stis-diasyndeseis)

TUTT0G €VEPYELOG GWh | %
ALyVITIKN TTapaywyn 14.907 | 29
duolko Aéplo 14.136 | 28
YOPONAEKTPLKA 5.051 | 10

ATIE og Y/ Yvotnpatog | 6.378 | 12
looQUylo Aloouvdeoswy | 6.279 | 12
MNopaywyn oto Aiktvo | 4.734 | 9
AN 0 0

O dtaouvdeoelg apopouv Toupkia, AABavia, Bopseia Makedovia, BouAyapia, kat ITaAio.

Onwg avaepel n avwtepw Tinyn (https://energypress.gr/news/pos-diamorfothike-migma-
ilektroparagogis-tis-horas-2018-kai-ti-synevi-stis-diasyndeseis), To 2018 onueiwBnkav ot
akOAoLOEG peTafoAeg os oxeon pe to 2017:

€ owENOnke eAaPpa (+3%) To HeEPIOLO TNG VOPONAEKTPLIKNAG TIAPAYWYNS
€ pelwOnKe To PEPLSLO TNG TTAPAYWYNG OTIO PUOLKO aEPLO Kal Ayvitn (+2% £kaaTo)
€ owéNBnke katd 1% tou peptdiov Twv AlE, amod to 11% ato 12%.

Mo tn ouvelopopd Tng AEH oTo evepyelokd piypa, n Tatpeio avapepet
(https://www.dei.gr/Default.aspx?id=1144&nt=18) 6tL To 2018

€ n AEH mapryaye 27.4 TWh

X outeg padi pe tig 2.4 TWh movu elonyaye, kdAvyav 1o 47.9% tng ouvoAlkng {ATnong
€ n napaxBeioa NAeKTPIKN evEpyELa TIPONABE Ao

X Awvitn = 40.6%

X @uolko aéplo = 23.2%

X vdatikoug mtopoug = 18.5%
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X meTpéAao=16.8%
X Avavewolueg Nnyeg Evepyetag = 0.9%.

To oAV pikpo6 Tooooto TG AEH otig AME onpaivel 6Tl ot AME atnv EAAGSa eivat urtoBson
(OLWTIKWY ETALPELWV.

H evepyelokn e€dptnon tng EAA&SaG oulnteital otn oeAida
https://www.energia.gr/article/156369/me-poio-meigma-h-ellada-mporei-na-mhdenisei-thn-
energeiakh-exarthsh-ths, 6ov kot TapovaialeTal To akOAoLBO YPaAPLKO:
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Evepyelokn e€dptnon EALGOOC

I

Newpghuio & LNG

ITEPE0C MVOpUKUS

I Ivotrtovto Evépyerag Notiovatoikig Evpamng (LEN.E )
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Exet evlapepov n atdon tou KKE UTEP TWwV EYXWPLWY OPUKTWY KOXVOIHWV (Atyvitn) wote va
TPOOTATEVOOUV TA PTWXOTEPA OTPWHATA TNG KOWwWViag amod Tig (elkalOpeveg) avENaeLg TG
TIUNG TNG EVEPYELAG, IOV LoxupileTal n epnuepida PIZOXMAXTHY 6t mapatnpnOnke atnv
moAtteia Tng KoAwpdpviog (https://www.rizospastis.gr/story.do?id=2893955).

5.2. OL AlNE otov utéAouto KOGHO

Nuclear
[ 4s%

Source: Tea.org, (2016)

Fig. 1.5: Overall Primary Energy Supplies for 2014 Fuel Shares Around the
Globe
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Fig. 1.6: Yearly growth Rates of the Global Renewable Energy
Supply from 1990 to 2014

Other'
0.4%

Biofuels and waste

Source:Iea.org, (2016)

Fig. 1.7: Fuel Shares in Global Electricity Generation in 2014
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Table 1.1: Top 15 Countries by total wind installations”

Total Capacity Added Growth
Position Country 2015 Capacity Rate 2015
(MW) (MW) (%)
1 China 148,000 32,970 29.0
2 USA 74,347 8598 13.1
3 Germany 45,192 4919 11.7
4 India 24,759 2294 10.2
5 Spain 22,987 0 0.0
6 UK 13,614 1174 9.4
7 Canada 11,205 1511 15.6
8 France 10,293 997 10.7
9 Italy 8958 295 34
10 Brazil 8715 2754 46.2
11 Sweden 6025 615 11.1
12 Poland 5100 1266 33.0
13 Portugal 5079 126 2.5
14 Denmark 5064 217 3.7
15 Turkey 4718 955 25.4
Rest of the World 40,800 5000 14.0
Totals Average
434,856 63,690 17.2

EldikoTtepa, e€eTloVTaL Ol AKOAOUBOEG XWPEG WG ELOIKEG TIEPITITWOELG YL TNV QVATITUEN TWV
QVOVEWOLHWY TINYWV EVEPYELOG:

5.2.1. Aavia

ETIAVAOTOON QLOALKNG EVEPYELOG

elOIK& ouppepovta utEp AlE!

5.2.2. NopBnyia

EYKATECTNUEVA GUPPEPOVTA (Vested interests) UTIEP OPUKTWV KOUGTUWV
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5.2.3. Fleppavia
Energiewende

KOWWVIKOTIOALTIKA afefatotnTta

5.2.4. Pwoia

EVEPYELOKOC NYEUOVOG

5.2.5. HNA

Kpatog kot AME

federal ~ state

emdotnoslg (subsidies)

ol ATE kau éva kaBoapd evepyelako peAov (clean energy future)
OKOONUAIKOG TOMEDS

€voTiAeg Suvapelg (military)

5.2.6. Ilvliax

EVEPYELOKEG PLNOSOEieC (energy aspirations)

5.2.7. Kiva

OXL OTNV EVEPYELOKN METAPOON

5.2.8. lanwvia

OUOKOALX OTLG SOULKEG OAAQYEG

MOVO n €€0IKOVOUNGN EVEPYELOG OV ETINPEACEL TA EYKATECTNEVA CUUPEPOVTA (vested interests)
NALOKNA ~ QLOAIKNA

atuxnua Fukushima
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Figure 2.1 Annual PV installations, Japan, Germany, the US, and China, 2003-14
(MW)

Sources: Burger (2015); EPIA (2014b); PEW (2014); pv magazine (2014b); REN21 (2014); SEIA
(2015).
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Figure 3.1 Solar PV cell market share, 1995-2013
Sources: Figures calculated by EPI from GTM Research (2014).
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Texvoloyieg AINE
Texvohoyieg ATE:
€ AOAIKN evepyeLla
X Al0Akd cvoTHHOTA
X AlOAIKG TTAPKO
* Xepoaia
% Oolaaoola
X TEPLYpOQr)
X KOOTOC
* Tiueg 2010 (WWEF):
X OLKLOKEG avepoyevvnTpleg = 3000~3500 €/kW
X QVEPOYEVVNTPLEG ALOAKWV Ttapkwv = 800,000~1,000,000 €/kW
X NAEKTPLIKOC ovoowpevthg = 120 €/kWh
X petatpormeag tacswg DC-AC = 1200 €/kW
X opEAn
X ETUMTWOELG O TEPIPAAAOV KOl TOTILKN QVATITVEN
* Slapkela (WG pLag avepoyevntplag = 20~25 xpovia
€ HAwokn evepyela
% HAlokd @uTOPOATAIKA CUOTHUOT
* TIEPLYPO®N), KOOTOG, OPEAN, ETUTITWOELG OE TIEPLPBAAAOV KOl TOTILKI) AVATITUEN
% HAwokr Bepuikn evépyela
* TIEPLYPO@N), KOOTOG, OPEAN, ETUTITWOELG O TIEPLBAAAOV KOl TOTILKI avamTuén
% MNoBntikd NALoKA Kot VBPLOIKA CLOTAHHATA
* TIEPLyPO®N), KOOTOG, OPEAN, ETUTITWOELG OE TIEPLPBAAAOV KOl TOTILKI) AVATITUEN
¢ Buopala
X TEpLypa@r, KOOTOG, OPEAN, ETUTITWOELG OE TIEPLBAAAOV KOl TOTILKI AVATITUEN
€ YSPONAEKTPLKN EVEPYELD
X Mikp& VOPONAEKTPLKA CUOTH AT
X TEPLYPOPN, KOOTOC, OPEAN, ETUTITWOELG O€ TIEPLBAAAOV KOl TOTILKA OVATITUEN
€ [ewbepuikn eveépyela

X TEPLYPOPN, KOOTOC, OPEAN, ETUTITWOELG O€ TIEPLBAAAOV KOl TOTILKA OVATITUEN
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