A napenergia fotovillamos
hasznositasa

Palfy Miklos
y Mikl
Okleveles Villamosmérnok
Cimzetes egyetemi docens
Solart-System
Igazgatd
Magyar Napenergia Tarsasag
Fotovillamos Szakosztaly vezetdje

Magyar Elektrotechnikai Egyesulet

Energetikai Informatika Szakosztaly szakterileti referens
MANAP
Elnokség tagja

Eurdpai Fotovillamos Technoldgiai Platform
WG2 Munkacsoport tagja

«*PV-NMS-NET www.solart-system.hu g:.i 'ENUTFf léLpl g R : EERReN




Bevezetés

e Sugarzas
e Potencial

e Napelemek (mennyiség, ar, koltseg,
hatasfok, gyartas)

e Alkalmazasok
e Grid paritas

_ ERGY
*PV_NMS.NET www.solart-system.hu e LuRChE



Sugarzasi energia

o A Fold légkérén kiviil 1353W/m2. Evente
11852,28 kWh/m?

e Magyarorszagon 1168-1460/1150-1332
kWh/m?

e Magyarorszag teriletéere 1.16*1014 kWh/év.
1250 kWh/m?

e Legnagyobb nemzeti energia kincsunk!

e Ez 2900 szorosa az éves villamos- energia
fogyasztasnak.

Egy haztartas éves villamos-energia igénye
= 2 m2-re erkez0 napenergia
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Sugarzasi terkep

Global irradiation and solar electricity potential Hungary
Optimally-inclined photovoltaic modules

I JRC

EURDPEAN COMMISSION

Yearly sum of global irradiation [kWh/m?] Authors: M. Siri, T. Cebecauer, T. Huld, E. D. Dunlop
<1260 1300 1350 1400 1450  1500> PVGIS ® European Communities, 2001-2008
http:/ire.jrc.ec.europa.eu/pvgis/

<938 975 1013 1050 1088 1125>
Yearly electricity generated by 1k W, System with performance ratio 0.75 [KWh/KW gy ] 0 25 S0km
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POTENCIAL

Vizszintes 30° —0s 45° —0s felulet 60° —0s Elvileg Valésagban Beépitési Beépitheté Eves villamos

felﬂlzet felﬂlzet (km®) felﬂlzet beépithetd kedvezéen délésszog () napelem energia

-~ (km®) (km®) (km®) napelem beépithetd teljesitmény tergnelés

OSSZES EN felllet (km") napelemzfelfjlet (MWp) (10°kWh)

(km”)
Nagypanel és alagutzsalus hazak 3,94 1,698 0,764 30 76,416 0,0916996
Egyéb lakdépiletek 63 63 28,350 45 2835 3,26025
Mezégazdasagi épiletek 13,5 5,819 2,618 30 261,8325 0,314199
Mezégazdasagi épiletek 9,5445 9,545 4,295 45 429,5025 0,4939279
Oktatasi épiletek 1,68 0,724 0,326 30 32,5836 0,0391003
Oktatasi épuletek 2,77144 2,771 1,247 45 124,7148 0,143422
Onkormanyzati éptiletek 1,992 0,859 0,386 30 38,63484 0,0463618
Onkormanyzati épliletek 3,286136 3,286 1,479 45 147,87612 0,1700575
Gyep-legel6 10610 4573 2057,810 30 205780,95 246,93714
Uj mez6gazdasagilag 10000 4310 1939,500 30 193950 232,74
felszabadult teriiletek

VasUtvonalak mentén 47,388 47,388 10,662 30 1066,23 1,279476
Autépalydk mentén 1,341762 1,342 0,604 60 60,37929 0,0664172
Osszesen 20631,112 47,388 78,602076 1,341762 9019,341 4048,041 404804,12 485,58205
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POTENCIAL

Magyarorszagon potencialisan
telepithetd napelemes berendezesek
eves villamos energia termelése:
486 milliard kWh.

Az eves villamos energia termeles

ertéeke a Magyarorszag jelenlegi
villamos energia fogyasztasanak tobb
mint 12 szerese.
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PV piac alakulasa ...

° é028 ntZ)eneIEScI:ISeO |\;|-\:/I-V0|30/PV PV Demand from Europe in 2012

° VeS \/ S o!

e 2009-ben 7310 MWp PV aica,

e Eves ndvekedés 22%! FATLCENEAS |

e  2010-ben 11860 MWp PV o b

e Eves ndévekedés 62%! BRI

o 2011 ben 27700 MWp PV NORTH AMERICA el

e Eves ndvekedés 67%! (EPIA) S i

e 2012-ben 29000 MWp PV Eves UNITED.
novekedés ~ 5%! ASIA - MAJOR / e __FRANCE

o 2013-ban 35000 MWp PV Eves T i e
novekedés ~20%! g 29 Gw o :Etzm

REST OF EUROPE_~ ,'|||'|F R -hlxl":-:_DENMARK

e EU alegnagyobb piac P;R;:ﬁﬁj i \\;‘:\{‘”S';i?,f,“
2008-ban 82%), 2009-ben 77% PRSP | | P N
2010-ben 71% 20110—ben 75% SWITZERLAND |CZECH REPUBLIC
(EPIA), 2012-ben 57% AR ..

Saurce: NPD Solarbuzz: Marketbuzz, March 2013
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A 10 legnagyobb napelem gyarto

a V i I a, g O n 2 O 1 2 - be n Forrds:EUROOBSERVER 2013 aprilis

Principaux fabricants de modules photovoltalgues en 2012 (ea MWc)
Main photovoltaic modules manufacturers in 2012 {in MWp)

Production | Production/
. capacity Sales/| Turmover
. - . Employ
Company Technologies Country Pro11|!1ct|9|1 modules Shipment j012| “MPOYees
ingsin i " in 2012
2012| ofmodules [in M€)
(in MWp]) [ 2022 (in MWp)
YingliGieen Ener wafers, mano and mult china China 2 450 2297 1405 16 000
g BY|  crystalline cells,modules
First Solar Thinflm modules(CdTe) UsA|  Malaysia, USA 1900 1875 2610 6500
Crystalline (mone, mu il China,
Suntech Power thin film (a-5, me-Sijcels, China Germany, 2 000 1750%* g75* + 20000
maodules Japan, USA
Mano and multicrystalline _ .
JA Solar silicon modules China China 1800 1700 839 4 000
. wafers, crystalline (mong) ) )
Trina Solar cells, modules China China 2400 1590 1000 12820
Canadian Solar Ingots, wafer, cells, modules, Canada Canada, 2300 1543 1000 9000
photoveltaic systems China
Crystalline [mono, multi) usAa,
SunPower cells, modules UsA Philippines 1000 936 2016 <5000
Crystalline ingot s, wafers,
Jinko Solar cells and mong-and multl- China China 1200 912,4 5915 10 000
crystalline panels
Monoandmulticrystalline Karea /| Ch na, Germany
H haQ Cells*** cells,modules Germany (Q Cells) 2300 830 450 » 11000
Crystalline{mano, multl), )
Shﬂ.rp thin HImia-Si,m-:—Sij Japan Jepan, UK, USA 2800 n.a. 1200 n.a.

*a months/ 20132 only. ** Full year guidance. *** Formerly HanWha Salar One, and Sola fun. Note - Ce tableau ne présente pas
acieurs présents sur lemarché des mod ules. This tabled ces not present 2 ranking, bur \nconsidered representative of PV moduie manuia ctu rers. Source: EurDbsenvER 2033,

Tclassement mais se veut

repré sentatif des
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A 10 legnagyobb napelem gyarto
a vilagon 2013-ban w..euosee o ms

Main photovoltaic module manufacturers in 2013

Production | Production/| Froduction/

Wiadiction capacity Sales/ Sales/ | Turnover
Technologies | Country linesin modules Shipment Shipment 2013
013 of modules of modules (M€}
(MW} 2012 (MW) 2013 (MW}
Yingli Green piclisl 3
and multi crystalling China | Chimna 2 G50 2300 3234 1600
Energy cells, maodulas
. Walers, Crystalline . o
Trina Solar fmone) tells, modules China : China : n.a. 1 550- 2 5E|‘r. 1270
Crystalline
Sharp _ o ..r; 2 2 e o 5
Corporation {mang, mu .|:; 3‘: :.I..‘r: lapan lapan, US4 2200 1319 2100 1950
First Solar Thin film modules (CdTe ush | Malaysia, UsA 11000 1875 | 1000 1420
N II'.SC'LS..\'\.EEI'C I5 [ P & |
Canadian Solar madules, PY systems Canada|  Canada,China | 2400 1543 | 1894 1650
Jinko Solar China | China | 2000 913 | 1768 Byo
tono and multicrysta Hareay | China, Germany
Hanwha @ Cells Iine cells, modules | Germany | 0-Cell3) 1500 330: 1280 560
JASolar Paly-Crystalline China China 1800 1700 | 1300 863
Silicon Mo
Crystalline imana, multil _: - | |
sunPower py=tall L-“~||; i':ll UsA | USA Philippines | na. 936 | 1134 1800
cells, madulas
Crys China, | |
Suntech Power mult China | Germany, Japan, 2000 1750% na. n.a.
mcSi) adules | LISA |
SFullyear guidance Source: EurDbserv'ER 2024
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A 10 legnagyobb napelem gyarto
a vilagon 2013-ban .. ...

Top 10 Solar PV Cell Producers in 2013

Tn-housecell | company Cim e
Production Shipments
1 Yingli Green Energy +1 1
2 JA Solar +1 10
3 Trina Solar +1 2
4 Neo Solar Power (w/DelSolar) +3 -

5 First Solar -4 7
6 Motech - -

7 Jinko Solar +4 5
g8 Gintech +2 -

9 Canadian Solar -1 4
10 Hareon Solar Technology =1 =

© NPD Solarbuzz, January 2013
Sources: NPD Solarbuzz PV Equipment Quarterly, January 2013 & solarbuzz-
NPD Sclarbuzz Module Tracker Quarterly, January 2013
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Napelem gyartas a vilagon 2013-
ban ...

Solar PV Cell Production in 2013

All Other TF
4%
|
|

All Other c-5i
16%

Top-10
40%

Other TW c-5i
8%

Other CN c-5i
32%

© NPD Solarbuzz, January 2013
Sources: NPD Solarbuzz PV Equipment Quarterly, January 2013 solarbuzz-
CN: China, TW: Taiwan. TF: thin-film
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Az GUzembe helyezett napelemes berendezese
Eurépa,ban 2012 éS 2013_ban Forrds:EUROOBSERVER 2014 majus

On grid [ Tota Off grid Total
Germany 76040 5.0 7 605.0 3305.0 5.0 33100
Italy 3368.0 1.0 3 360.0 1461.0 1.0 14620
Gresce 912.0 0.0 912.0 1042.5 0.0 1042.5
United Kingdom 713.0 0.0 713.0 1031.0 0.0 10310
Romania &6.4 0.0 464 972.7 o0 972.7
France*= 1136.0 0.0 1136.0 613.0 0.0 6130
Netherlands 219.0 0.0 219.0 300.0 0.0 300.0
Austria 234.5 0.0 234.5 368.7 0.0 268.7
Belgium 717.8 0.0 717.8 214.9 [X] 215.0
Denmark 360.0 0.0 360.0 155.0 0.2 155.2
Czech Republic 109.0 0.0 106.0 110.4 0.0 110.4
Bulgaria 7026 0.0 702.6 104.4 0.0 1044
Spain 226.5 13 227.8 162.0 0.4 1024
Lithuania 6.1 0.0 6.1 61.9 0.0 614
Portugal 56.2 0.1 56.4 52.2 0.5 527
Slovenia 121.1 0.0 121.1 333 00 33.3
Luxembourg 35.7 0.0 35.7 23.3 0.0 3.3
Sweden 7.5 0.3 B3 17.9 11 19.0
Cyprus 7.1 0.0 71 175 0.1 17.6
Croatla 36 0.0 3.6 17.2 L] 17.2
Malta 12.1 0.0 121 6.0 0.0 6.0
Hungary 9.5 0.1 9.6 3.0 L3 31
Poland 0.1 13 1.4 0.4 0.2 0.6
Ireland o1 0.2 [ %] 0.0 ol 0.1
Finland 0.0 0.0 o0 0.0 o0 0.0
Latvia 0.0 0.0 0.0 0.0 0.0 0.0
Estonia 0.0 0.0 o0 0.0 oo 0.0
Slovakia 55.8 0.0 55.8 0.0 0.0 0.0

European Union 16 663.6 g 16673.5

eats included for france. Sawree: [urObien'ER 124,

wrverseds dep
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Napelemes berendezesek Europaban 2013-

ba n Forrdas:EUROOBSERVER 2014 majus

T

| 787982
. h . 991.2.3

www.solart-system.hu
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Napelemes berendezések Europaban 2012 és
2 O 1 3 - ba n Forras:EUROOBSERVER 2014 majus

On grid off grid To On grid Dt grid Tatal
Germany F2643.0 Go.0 32703.0 35043.0 65.0 36013.0
|ta1y 16 1410 110 16 152.0 17 6o2.0 1x.0 17 614.0
Spain &578.5 24.6 4603.1 4 B80.5 25.0 §705.5
Framceg** 4 0600 24.6 4 084.6 4673.0 24.6 4 697.6
Belgium 2768.4 0.1 2768.4 20833 0.1 2983.4
United Kingdom 1 7060 13 1708.3 1737.0 2.3 2739.3
Graace 1536.3 7.0 1543.3 2578.8 7o 15858
Czechrep 20220 0.4 2032.4 2132.4 0.4 2132.8
Romania §9.3 0.0 9.3 1022.0 0.0 1022.0
Bulgaria 914.1 07 914.8 10185 0.7 1019.2
Austria 417.2 45 421.7 685.9 45 650.4
Netherlands 3600 5.0 365.0 660.0 5.0 B65.0
Slovakia 5430 0.1 543.1 537.0 0.1 537.1
Denmark 3750 1.2 376.2 530.0 1.4 531.4
Portugal 2350 313 z36.4 7T 3.8 281.0
Slovenia 3314 (%1 231.5 54,7 o1 254.8
Luxembourg 76.7 0,0 76.7 100,0 0.0 1000
Lithuania 6.1 0.1 6.2 B&.o 0.1 151
Sweden 16.8 7.3 24.1 34.7 By 53.1
Cyprus 16.4 L ¥ 17.2 33.3 0.3 34.8
Malta 18.7 0.0 18.7 24.7 2.0 247
Croatia 309 05 5§ 1.2 05 217
Hungary 11.8 0.5 12.3 14 8 0.6 16.4
Finland 0.2 11.0 11.2 0.2 iia0 11,2
Poland 1.4 2.2 3.6 1.8 2.4 4.2
Latvia 1.5 0.0 1.5 1.5 0.0 15
ireland 0.2 (%] 0.9 0.2 0.9 1.0
Estonia 0.0 0.1 0.2 0.0 0.1 0.2
European Union
*E te **0versezs departments incioded for France. Accordh g to pravisional dzta from the Slovakian reguiator URSD, PV capacity contracted siightiyin 2003
Sawrce: EurDbserw'ER 2014,
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Napelemes berendezések energia termelése
EurO’pa’ban 2012 éS 2013_ban Forrds:EUROOBSERVER 2014 majus

Electricity production from Solar pk

and 2013* (GWh)

aic power in European Union in 2012

Germany 26 380.0 30 000.0
Italy 1B B6a.0 22146.0
Spain 8193.0 8233.0
France 4 446.0 4 900.0
Greece 1232.0 36480
Belgium 2149.0 1352.0
Czech Republic 1149.0 2070.0
United Kingdom 1187.9 1Bo0.0
Bulgaria 754.0 13485
Austria 3375 686.0
slovakia 561.0 Goo.o
Metherlands 253.8 c82.0
Denmark 338.0 490.0
Portugal 393.0 546.0
Romania 75 397.8
Slovenia 162.8 240.0
Luxembourg 383 50.0
Lithuania 2.0 45.0
Cyprus 19.8 §45.0
Sweden 21.4 388
Malta 13.6 301
Croatia 3.7 12.3
Hungary 78 8.3
Finland 5.4 5.4
Poland 1.4 5.0
Ireland 0.7 0.7
Estonia 0.6 0.6

European Union

ded for France, Sowrce: Eurdbsery 'ER 2014,
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A napenergiaval termelt villamos aram
atvéeteli ara az EU Uj tagallamaiban

= Cseh Koztarsasag 0,47 €/kWh
= Szlovénia 0,399 €/kWh

= Ciprus 0,383/0,36 €/kWh
(magan/vallalkozas)

= Bulgaria 0,394/0,366 €/kWh
(<5kW/>5kW)

= Szlovakia 0,45 €/kWh (2009-tol)
= Magyarorszag ~0,1 €/kWh

“PV-NMS-NET WWW.SOIart'System.hU ;’- LLLL . Ff lc-)LPI (I; E E ENERGY




Magyarorszagi alkalmazasok

Total PV installed in Hungary

source:
g% Solart-System
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0 =]
2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013
Doff grid (kW) 75 83 90 100 130 180 200 250 300 400 500
Bon-grid (kW) 25 55 65 150 220 270 450 1500 4000 11600 36000
Btotal (kW) 100 138 155 250 350 450 650 1750 4300 12000 36500
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Magyarorszagi alkalmazasok

Installed PV per capita in Hungary
source:
Solart-System
4
3,5
3
2,5
o
= 2
1,5
1
0,5
2004 2005 2006 2007 2008 2009 2010 2011 2012 2013
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Kilonb6zo teljesitmenylu c-Si napelemes
berendezések koltseége 2012 VEGEN rorss:sotarbuz:

uss,/w
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Napelem gyartas és arak a
vilagon 2013-ban .. ...

The shift from a few gigawatts
annually to 35GW-plus in 2013,
having module pricing in the
US$0.60-0.70/watt and seeing

installed system pricing fall to US$2-
3/W,
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Fotovillamos energiaatalakitas

Best Research-Cell Efficiencies LiNREL

50
Multijunction Cells (2-terminal, monolithic) ~ Thin-Film Technologies Spectrolab FraurhoferISE  gogipg.
| ¥ Three-junction (concentrator) ® Cu(lnGa)Se; (metamorphic, 298x) | (metamorphic, 454X] - gpecirgh Solar
48 : pe a
v Three-junction (non-concentrator) oCdTe (latioe matched, o . Juncton
" " 364x) P (iaticn malched,
A Tiwo-unction (concentrator] 0 Amorphous Si:H (stabilized) Semicorductor ™ gy
n iuncti - Micto- poly-Si Boeing-Spectiolab  Boeing-Specrolab
44 A Two-jlumhlun (non-concentrator) @ Nanq , micro-, poly-Si . plo avivigton (memgmmhm 200 \ L 44.09%h 4
O Four{unction or more (non-concentrator) 0 Multijunction polycrystaline i Ty Solar
40 Single-Junction GaAs Emerging PV (Inverted, metamorphic) e e, Uam";“rﬁ‘;{gw SEoe[qu:}| !
- oDye-sensitized cells \ Bl ag)  popecroa
ASingle crystal NREL . lamorphic, (5-J, 1-sun) 9
‘ ) T——¥Boeing- 357 37.8%|u}
AConcentrator @ Organic cells (various types) i ] 3 ,/d 770k
36 wThinfimcrystal A Organic tandem cells NREL (merted <+ Shiarp (IMM, 1-sun)
+ Inorganic cells oy melamorph\c1'sun)_“v." Sharp (IMM, 1-sun)
Crystalline Si Cells O Quanium dot cells Loeet§ T W FRGHISE (1-5un)

—  ® Single crystal Japan  Spectrolab w FIGSE A
<% O Multi i NREL  Energy Radh d iy ( N A Dewces 30,8% '
£ Ulticrystalline Varian Spgctm‘ah 0“ (1026x) Devices & —
-~ # Thick Si film Varian - (216x) S g (40cm?, 1-sun) AA /3 1%

4l 205) unPowe; Arig FhG-ISE 80,
228 e Siicon heterostructures (HIT) Slmm‘ YN ML ) - \ s 6%
Thidimenslall = 0 i I RIR L L g i ; A
GC) L ® o Vaﬁ;%opln NREL ™ Radboud FIG. Devias penasonc 25.0% L}
e = niv. 24.7% L}
é 24 " E— UNSW UNSWV:SW/{CU |?1ga))3892 Sanyo Sanyo Panasonic
BM QA===" anyo nyo
L (T.J. Watson UNSW Georga Erosolre N TNOIE 28W  (Flex polymer sub) o
20 |~ Research Cenler o Georgia G$OTG‘3 Tech &L W oo st soar EEER £
1 unsw  Tech L NREL NREL _0/6) irst Solar e ¢
N,
Lab : n GE Global
L i Sha First Solar
L Sa. Fiori:tﬁyaf siroPower e, sﬁﬂlgvan 1% lerge- ;,ﬁa) Misitish Research
Mobil State Univ. { ARCO Boeng 7\ NREL (smal-zrea) 27 (@umtin NREL United Solar hemical Electronics
” Solar - Kodek Solarex e " NRELEWOCS Uniled Soar ,#”  fimbandie) (CdTClS) _(aSincSines) Heliatek 2
= oeing ng - Sharp, 1B 9
. \ o < czrssy H
Matsushita e e CZTSS UCLA-
8l Kodak  Boeing SUBrNREL/Konara o e “ He‘me“Sumnoma
Univ, Linz e / Chenical
Boeirg RCA . \ UCLA
s “niversiy EPFL G"’"'”QEQ / Uni. of
— of Maing "\, Plexrorics” iy ¢ Heliatek Toronto
University Linz Urnersity Siemens  Dresdén -‘A NREL  (PoS-QD)
ty
RCA Linz {Zn0IPbS-QD)
0L | 1 SR N SN N G O 1 | GO N N 80 O U O O O A O O
1975 1980 1985 1990 1995 2000 2005 2010 2015
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Fotovillamos energiaatalakitas

Energia atalakitasi hatasfok elvben akar 60-
70% (Delaware University max: 42,8% ?,
Solar junction: 44%, 942x koncentracio)

Két elektron gerjesztesi lehetdseg!

Gyakorlatban amorf Si 4-6%, kristalyos Si
15-17% (SANYO HIT 19,5 %)

ENT ENERGY

m &
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Napelemgyartas Magyarorszagon

= 1973. VKI.

= 1989. Pannonglas SOLARLAB.

= 1990. Solart-System. www.solart-system.hu

= 1997. Dunasolar.

= 2004. SANYO PV. www.sanyo.com E==)2011. PANASONIC 2013 @

= 2004. Sol@Mio napelem gyar?

e 2006. Korax napelem gyér www.korax.hu

= 2007. Heliogrid napelem gyar Rétsag. (~70 MEuro
beruhazas) www.heliogrid.com

= 2007. Genesis Kornye. (~100 MEuro beruhazas)
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Napelemgyartas Magyarorszagon

Napjainkban néhany uj beruhazas

= Great Solar, Berttyoujfalu 200 MWp (12,774 MEuro)

AlternativEnergia.hu
= Green50|ar, BUdapeSt. www.greensolar.hu

= FSD, Budaors. www.reenergy.hu
= Julich GLAS, Székesfehérvar.

www.napi.hu/magvar vallalatok/napelemgyartas kezdodik fehervaron.480430.html

= Solar Energy System, Komlé. (4,44 MEuro)

www.greenfo.hu/hirek/hirek item.php?hir=27246
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Alkalmazasok

Autonom aramforrasok
Halozatra dolgozo rendszerek
Kvaziautonom aramforrasok
Kozszlksegleti cikkek
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Az elsO hazai napelemes aramforras
1975-ben
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0,5/1,4 kW-os kombinalt napelemes-
szelgeneratoros autonom aramforras

EEEEEEEEEEEEEEEEE



1,35 kWp kvaziautondm napelemes
aramforras
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10 kWp lapostetore szerelt
napelemes aramforras
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20,16 kWp tetore szerelt napelemes

rendszer Budapesten
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3x7 kWp napkdvetore szerelt
napelemes rendszer Gyalon
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50 kWp allvanyzatra szerelt
napelemes aramforras
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100 kWp tetbre szerelt napelemes
aramforras (2009)
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403,1 kWp szabad foldre telepitett
napkovetos napelemes aramforras

(Ujszilvas 2011 okt.)
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418,5 kWp tetore telepitett napelemes
aramforras (Dunakeszi 2013)
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. 498 kKWp szabad foldre telepitett

napkovetos napelemes aramforras
(Sellye 2013 januar)
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PV piac becslés Europara

Forras: EPIA
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PV alkalmazasok varhato alakulasa
E u ré pa, ba n 2 O 3 O = i g Forras:EUROOBSERVER 2014 méjus

Comparison of the current trend of photovaltaic capacity installed against the NREAP (National Renewable Energy
Action Plans) roadmap ({GWp)
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Varhato uj installaciok 2013-
2017 kozott: 230 GWDP! rssomsi
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PV alkalmazasok varhato alakulasa
Magyarorszagon NREAP szerint

Az egyes megujuld energia-technologiaktol elvart teljes hozzajarulas (beépitett kapacitas, brutté villamosenergia-termelés) a megadjulo
energiaforrasokbdl elballitott villamos energia részaranyaira 2010-2014-ben vonatkozo kotelezd, 2020-ig teljesitendd célkitiizések, illetve az idokozi
iitemterv eléiranyzat megvalositasahoz Magyarorszagon

F/10.a. tablazat

2010 201 2012 2013 2014
Mw | owh| Mw | Gwh | Mw | Gwh | Mw | Gwh | mw | Gwn
Vizenergia 51 | 194 | 51 | 194 | 51 | 194 | 51 | 194 | 51 | 104
1MW alatti vizeromi 3 | 54 | 3 5 3 5 3 5 3 5
1MW - 10 MW kozotti 9 [ 304 | 9 | 30 | 9| 30 | 9] 30 | 9 | 30
10 MW folotti vizersma 39 | 1582 | 39 | 158 | 39 | 158 | 39 | 158 | 39 | 158
Geotermikus energia 0 0 0 0 0 0 a | 2 | 4| 2
Napenergia 0 2 2 5 6 | 9 9 | 14 | 14| 20
Fotovillamos napenergia 0 2 2 5 5§ [ 9 5 [ 4 [ 4] 20
Koncentralt napenergia 0 0 0 0 0 0 0 0 0 0
Arapaly, hullam, tengeraram - - - - - - - - - -
Szélenergia 330 | 692 | 393 | 692 | 445 | 929 | 552 | 1150 | 568 | 1303
Szarazfoldi szélenergia 330 | 692 | 393 | 692 | 445 | 929 | 552 | 1150 | 568 | 1303
BIOMASSZA 374 | 1955 | 377 | 1971 | 381 | 1995 | 399 | 2097 | 472 | 2525
szilard 360 | 1870 | 360 | 1870 | 360 | 1870 | 373 | 1942 | 439 | 2328
Biogaz 14 | 8 | 17 | 101 | 21 | 125 | 26 | 155 | 32 | 19
Folyékony biohajtéanyagok
Megujul alapd villamos energia | 755 | 2843 | 823 | 2862 | 882 | 3127 |1015| 3484 [1109| 4069
Eh Revecaok In1 & i 20 | 110 | 22 | 126 | 25 | 142 | a4 | 258 | 74 | 437
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PV alkalmazasok varhato alakulasa
Magyarorszagon NREAP szerint

Az egyes megujulo energia-technoldgiaktol elvart teljes hozzajarulas (beépitett kapacitas, brutté villamosenergia-termelés) a meguajulé
energiaforrasokbol eléallitott villamos energia részaranyaira 2015-2020-ban vonatkozo kotelezs, 2020-ig teljesitendd célkitlizések, illetve az idékozi
iitemterv eléiranyzat megvalositasahoz Magyarorszagon

F/10.b. tablazat

2015 2016 2017 2018 2019 2020
MW | GWh | MW | GwWh | MW | Gwh | mw | Gwh | Mw | Gwh | mw | Gwh
Vizenergia 52 | 196 | 56 | 209 | 60 | 221 | 61 | 223 | 67 | 238 | 66 | 238
1MW alatti vizermii 4 8 4 8 4 8 f 10 6 13 6 | 12
1MW - 10 MW kozotti 9 30| 13 | 43 | 18 | 5 | 18 | 55 | 22 | 67 | 22 | 6F
10 MW folotti vizerém 39 | 158 | 39 | 158 | 39 | 158 | 39 | 158 | 39 | 158 | 39 | 158
Ebbél szivattyts i - - - - - - - - - E E
Geotermikus energia 4 29 8 57 8 57 | 57 | 40 | 57 | 410 | 57 | 410
Napenergia 19 | 26 [ 25| 33 [32] 42 [ s sa |52 | e7 | 63 | 81
Fotovillamos napenergia 19 | 26 | 25 | 33 | 32 | 42 | 41 | 54 | 52 | 671 | 63 | 81
Koncentralt napenergia 0 0 0 0 0 0 0 0 0 0 0 0
Arapaly, hullam, tengeraram = = = = = = - = = - 5 .
Szélenergia 577 | 1377 | 588 | 1404 | 701 | 1450 | 719 | 1483 | 730 | 1504 | 750 | 1545
Szarazfoldi szélenergin 577 1377 588 1404 701 1450 719 1483 730 1504 750 1545
Tengeri szélenergia - - - - - - - - - - - =
BIOMASSZA 420 | 2250 | 329 | 1750 | 460 | 2492 | 536 | 2935 | 578 | 3192 | 600 | 3324
Szilard 7 1988 266 1362 387 2041 455 2434 484 2595 500 2688
Biogaz 43 | 262 | 63 | 389 | 73 | 451 | 80 | 501 | o4 | 596 | 100 | 636
Folyékony biohajtéanyagok
Megujulo alapa villamos energia | 1 .7, | 3875 (1006 | 3453 |1262| 4262 |1414| 5105 [1483 | 5410 [1537| 5507
;‘:‘ﬂym:é-é’ villamos 120 719 225 1307 332 1947 432 2611 472 2863 493 2990
195
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According to PV experts

PV alkalmazasok varhato alakulasa
Magyarorszagon

According to NREAP (2010)

Year MWp MWh PJ CO, emission Gas subtitution MWp MWh PJ CO, emission Gas subtitution
substitution/ton/ /1000m¥/ substitution/ton/ /1000m¥/
2009 0,65 715 0,002574 250,25 59,860515| (0] 0] 0] 0] 0
2010 1,75 1925 0,00693] 673,75 161,162925 0 2000 0.0072 700 167,442
2011 4.3 4730 0,017028| 1655.5 396,00033| 2 5000 0,018 1750 418,605
2012 12 13200 0,04752 4620 1105,1172) 6 9000 0,0324| 3150 753,489
2013 36| 39600 0,14256¢| 13860 3315,3516] 9 14000 0,0504 4900 1172,094
2014 50 55000 0,198 19250 4604,655 14 20000 0,072 7000 1674,42
2015 80 88000 0,3168| 30800 7367,448] 19 26000 0,0936| 9100 2176,746|
2016 140 154000 0,5544 53900 12893,034 25 33000 0,1188] 11550 2762,793
2017 200 220000 0,792 77000 18418,62 32 42000 0.1512 14700 3516,282
2018 300 330000 1,188 115500 27627,93] 41 54000 0,1944] 18900 4520,934
2019 400 440000 1,584 154000 36837,24] 52 67000 0,2412] 23450 5609,307]
2020 500 550000 1,98 192500 46046,55) 63 81000 0,2916] 28350 6781,401
2009-2020 sum.: 1897170 6,829812 664009,5 158832,9696 353000 1,2708 123550 29553,513
2030 1800 1980000 7,128 693000 165767,58)
2050 6000 6600000 23,76 2310000 552558,6)
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PV alkalmazasok varhato alakulasa
Magyarorszagon 2020-ig

Cumulated PV installation in Hungary forecast PV electricity production in Hungary forecast
PVexperts red, NREAP blue PVexperts red, NREAP blue
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EU PV Stratégiai Programja (SRA)

2015

irradiation PV generation
(KWHm2yr)  cost (CKWh)

(K yr) - cost (€kAh)
050 0.42
0.9 0.2
021 0.18
0.17 0.14
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EU PV Stratégiai Programja (SRA)

2020

iradiation PV generation
(KWhim>yn  cost (€KWh)
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2030

irradiation PV generation
(KWh/mZyr)  cost (€/kKWh)
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Nalunk is sitt a nap

Kdszonet a figyelemert!

palfymiklos@solart-system.hu
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