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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.

+*PV-NMS-NET www.solart-system.hu -z 'EP*UT'Ff ;LP' ‘E E g EMERGY



PV piac alakulasa ...

2008-ben 5850 MWp PV
Eves ndvekedés 110%! 9
2009-ben 7310 MWp PV 100,000

Eves novekedés 22%!

2010-ben 11860 MWp PV

Eves novekedés 62%! 10,000

2011-ben 27700 MWp PV
Eves novekedés 67%! (EPIA)

2012-ben 29000 MWp PV Eves
novekedés ~ 5%! ]

e 2013-ban 35000 MWp PV Eves
ndovekedés ~20%! 100

o 2014-ben ~ 50000 MWp PV Eves 1995 1999 2003 207 2011 2015
novekedes ~40%! Cumulatie PV capadty in MW fom 1962 - 2003

2014 estimale
135,000 MW

Megawails

1,000
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PV piac alakulasa ...

Global Cumulative PV Installation until 2014
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Napelemes berendezések avilagon 2014-ben

Forras:Fraunhofer ISE

Global Cumulative PV Installation by Region
Status 2014

The total cumulative
installations amounted to
183 GWp at the end 2014.

All percentages are related
to total global installations,
including off-grid systems.

Cratac IM5. Graph: PSE AG 2015
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Napelem gyartas a vilagon 2014-
b e n Forrds:Fraunhofer ISE

Annual PV Production by Technology
Worldwide (in GWp)

About 47.5* GWp PV module
production in 2014

Thin film
Mono-Si

Multi-Si 1N
*2014 production numbers reported by 2005
different analysts vary between 39 and 49
GWp. We estimate that total PV module
production is realistically around 45 GWp
for 2014,

2000

Crata: from 2000 to 3010: Mavigant; from 2011: IHS {(Mono-/Multi- proportion: Faula Mints). Graph: PSE &G 2015
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Napelemes berendezesek Europaban 2014-

ba n Forras:EUROOBSERVER 2015 augusztus

Photovoltaic capacity connected in the European Union in 2014* (MWp)

q) “0km

Germany a°I 866739
L
[12020]

. -
® Romanla 9 €, s
12926] g LS

34| Cumulated phatovoltaic capacity inthe European Unioncountries [ g g 5| Photovoltaic capacity connected in the European Union countries
in 2014* (MWp). during the year 2014* (wa
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Napelemes berendezések Europaban 2013 és
2 O 1 4 - be n Forrds:EUROOBSERVER 2015 augusztus

Connected and cumulated photoveltaic capacity in the European Union countries at the end of 2013 and 2014 (in MWp)

On grid off grid Total On-grid off-grid Total
Germany 36 337.0 65.0 36 402.0 36 236.0 65.0 36301.0
Italy 18053.0 12.0 18 065.0 18 437.0 13.0 18 450.0
France* 4614.3 10.7 46250 5589.2 108 5 600.0
United Kingdom 2780.0 2.3 2782.3 5228.0 23 52303
Spain 4740.8 25.2 4766.0 47618 25.5 47873
Belgium 30399 01 30400 3105.2 0.1 31053
Greece 2578.8 7.0 2585.8 2595.8 7.0 2602.8
Czech rep 2063.5 0.6 2063.9 2060.6 0.4 2062.0
Romania 1022.0 0.0 1022.0 1202.6 0.0 1202.6
Netherlands 734.0 5.0 739.0 1095.0 5.0 1100.0
Bulgaria 10185 0.7 1019.2 1019.7 0.7 1020.4
Austria 626.0 4.5 630.5 766.0 @5 7705
Denmark 571.0 1.5 572.4 600.0 1.5 601.5
Elovakia cB.0 0.1 5881 550.0 0.1 550.1
Portugal 299.0 3.B 302.8 414.0 5.0 419.0
Slovenia 248.1 0.1 248.2 255.9 0.1 256.0
Luxembourg 95.0 0.0 95.0 110.0 0.0 110.0
Sweden 34.8 8.4 43.2 69.9 9.5 79.4
Lithuania 68.0 01 68.1 68.0 0.1 68.1
Cyprus 33.9 0.9 34.8 63.6 1.1 64.8
Malta 28.2 0.0 28.2 54.2 0.0 54.2
Hungary 343 0.6 34.9 37.5 0.7 38.2
Croatia 19.5 0.5 20.0 331.5 0.7 34.2
Poland 1.8 2.4 4.2 215 29 24.4
Finland 0.2 10.0 10.2 0.2 10.0 10.2
Latvia 1.5 0.0 15 15 0.0 15
Ireland 0,2 0,9 1,0 0,2 0,9 1,1
Estonia 0,0 0,1 0,2 0,0 0,1 0,2
European Union 79631.3 79793.5 86 506.8 B6673.9
“Overseas department not Included for France. Source: EurObserv'ER 201s.
Nate:according to the Czech Ministryof Industry and Trade, Czech Republic decommissioned 2.9 MWp of solar capacity during 201s.
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A napenergiaval termelt villamos aram
atvételi ara az EU Uj tagallamaiban a
kezdeti idoszakban

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 ~0,11 €/kWh
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Villamos energia €s a napenergiaval termelt
villamos energia atveteli ara Németorszagban

Forras:Fraunhofer ISE

Electricity Costs and Feed-In Tariffs (FIT) in Germany

Photovoltaic FIT
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Magyarorszagi alkalmazasok

A napelemes berendezés allomany Magyarorszagon

forras:
Eﬁ Solart-System

90000
80000
70000
60000
50000
40000
30000
20000
10000

0 -
2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014
Boff grid (kW) 75 83 90 100 130 180 200 250 300 400 500 500
Bon-grid (kW) 25 55 65 150 220 270 450 1500 4000 11600 36000 77000
Btotal (kW) 100 138 155 250 350 450 650 1750 4300 12000 36500 77500

kWp
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Magyarorszagi alkalmazasok

Az egy fére juté napelemes berendezés allomany Magyarorszagon

forras:
g% Solart-System
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Magyarorszagi alkalmazasok

« Az éves novekedés meértéke 2009-ban 44%, 2010-ben
169%!, 2011-ben 145%!, 2012-ben 179%!, 2013-ban
204%!, 2014-ben ~100%

« 2014-ben ~9000 berendezés, 8829 HMK, 33 a HMK-nal
nagyobb (max. 500kW. Nehany 400 kW-nal nagyobb:
Ujszilvas, Dunakeszi, Sellye, Balastya, Opusztaszer,
Pusztaszer, Szolnok, Berettyduijfalu).

18,48 MW-0s 2015 oktdberben feléplilt Gyongydsvisontan.

« 10 MW-0s 2016 februarban elkészllt Pécsen.

- Egy fore juto PV atlag ~ 8 W. Csucs: Patca Katica tanya
kb.500 W (61 f6, 30 kW)
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Egy fore juto PV alkalmazasok a
Vilagon e

Wordwide installed photovoltaic capacity in “wafts per capita™ by country. Estimated figures for year 2014.

none or unknown <10 watts per inhabitant 10—-100 watts per inhabitant 100200 watts per
inhabitant 200400 watts per inhabitant ] =400 watts per inhabitan

+*PV-NMS-NET www.solart-system.hu @i 'ENUT: l(-)LP' E R : ERpaRes



Egy fore juto PV alkalmazasok
Europaban 2013-ban ...

&

Dan

Legend

B 750 W/habitant
B 500-750 W/habitant
M 350-500 W/habitant
M 200-350 W/habitant
B 100-200 W/habitant
M 50-100 W/habitant
B 10-50 W/habitant
1-10 W/habitant
0-1 W/habitant
O Nea
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Fotovillamos energiaatalakitas

e Energia atalakitasi hatasfok elvben akar 60-
70% (Delaware University max: 42,8% ?,
Sharp: 44,4% 302x, Fraunhofer ISE 46%
koncentracio)

e Perovskite cells (alacsonyhomérsékleti
technologia)

e Két elektron gerjesztési lehetoség!

e Gyakorlatban amorf Si 4-6%, kristalyos Si
15-17% (SANYO HIT 21,1 %)
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A napelemek arcsOkkeneése rurisrmumnore st

Price Learning Curve
Includes all Commercially Available PV Technologies

~ Learning Rate:
T’:“:::; Each time the cumulative
g- 1380 ' production doubled, the
~ "7 e 2000 price went down by 19.6%
g o 1930 j\“ for the last 34 years.
£3 St
33 R“‘\
R o
E ‘E 1 4 ZU!II} H\H\
=
<
0.1 0.1 1 10 100

Cumulative Production [GWp]

Data: from 1980 to 2010 estimation from different sources : Strategies Unlimited, Navigant Consulting, EUPD, pvXchange; from 2011 to 201 4: IH5. Graph: PSE &G 2015
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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 (495 KW naperémd 2015 januar)

= 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, Komléd. (4,44 MEuro)

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

= Ecosolifer, Csorna (1 Mrd Ft allami tamogatas)
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Alkalmazasok

e Autonom aramforrasok

e Haldzatra dolgozo rendszerek
e Kvaziautonom aramforrasok
o KozszuUkseégleti cikkek

= - INTELLIGENT ENERGY
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Az elsO hazai napelemes aramforras
1975-ben
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PV alkalmazasok varhato alakulasa
E u ré pa, ba n 2 O 3 O = i g Forras:EUROOBSERVER 2015 augusztus

Comparizon of the current trend of photovoltaic capacity installed against the NREAP (National Renewable Eneigy
Action Pans)roadmap(in GWp)

480.0 @
‘,.-"'.Clrrent
trend
129.5
94.5 =
86.5 T e
69.6 _jif_______.,__—-—-l""‘ - 84.4
- 24.4 NREAP
roadmaps
“'2022 2023 2014 2035 2020 77 2030

Source: EurObserv’ER 2015.
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Varhato uj installaciok 2013-
2017 kozott: 230 GWDP! rssomsi

Latin Armerica
Middle East &_ Caribbean
Africa

Cther APAC &
Central &sia

China

Rest of Europe

United Kingdom
Greece

France — Germany

Australia

Morth America

lapan
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PV alkalmazasok varhato alakulasa
Magyarorszagon NREAP szerint

Az egyes megujuld energia-technologiaktdl elvart teljes hozzajarulas (beépitett kapacitas, brutté villamosenergia-termelés) a megadjulo
energiaforrasokbal 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 2011 2012 2013 2014
MW | Gwh | Mw | Gwh | Mw | Gwh | Mw | Gwh | mw | Gwh
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 4 | 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 | 85 | 17 | 101 | 21 | 125 | 26 | 155 | 32 | 19
Folyékony biohajtéanyagok
Megujul alapd villamos energia | 755 | 2843 | 823 | 2862 | 882 | 3127 |1015| 3484 [1109| 4069
it T 20 | 110 | 22 | 126 | 25 | 142 | a4 | 258 | 74 | 437

194
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PV alkalmazasok varhato alakulasa
Magyarorszagon NREAP szerint

Az egyes megujulo energia-technolégiaktol 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 eldiranyzat megvalositasahoz Magyarorszagon

F/10.b. tablazat

2015 2016 2017 2018 2019 2020
Mw | owh | mMw [ owh | mw | ewh [ mw | cwh | mw | owh | mw | ewn
Vizenergia 52 | 196 | 56 | 209 | 60 | 221 | 61 | 223 | 67 | 238 | 66 | 238
1MW alatti vizersmi 4 8 4 8 4 8 5 | 10 | 6 | 13 | 6 | 12
1MW - 10 MW kozott 9 | 30 | 13 | 4 | 18 | 5 | 18 | 5 | 22 | 67 | 22 | 67
10 MW folotti vizerbma 39 | 158 | 39 | 158 | 39 | 158 | 39 | 158 | 39 | 158 | 39 | 158
Ebbél szivattyts i - - - - - - - - - : E
Geotermikus energia 4 | 29 | 8 | 57 | 8 | 57 | 57 | 410 | 57 | 410 | 57 | 410
Napenergia 19 26 [25 | 33 [ 32| 2 |4 sa |52 | e7 | 63 | 81
Fotovillamos napenergia 19 | 26 | 25 | 33 | 32 | 42 | 41 | 54 | 52 | &7 | 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 szélenergu 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 377 1988 266 1362 387 2041 455 2434 484 2595 500 2688
Biogaz 43 | 262 | 63 | 389 | 73 | 451 | 80 | 501 | o4 | 596 | 100 | 636
Folyekony biohajtdanyagok
Megujulo alapa villamos energia | ; .7, | 3875 (1006 | 3453 |1262| 4262 |1414| 5105 [1483 | 5410 [1537| 5597
;‘;ﬂym:ﬁéﬂ villamos 120 719 225 1307 332 1947 432 2611 472 2863 493 2990
195
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PV alkalmazasok varhato alakulasa

Magyarorszagon 2020-ig
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Cumulated PV installation in Hungary forecast
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Energia megterilés ...

Energy Pay-Back Time for PV and CPV Systems
Different Technologies located in Catania, Sicily, Italy

Global Irrad.: 1925 kWh/m3yr, Direct Normal Irrad.: 1794 KWh/m3fyr
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the Apollcn Project™ Sth World Conference on PV Energy Conwersion. Valenda, Spain, 8-10 September 2010, Graph: PSE AG 2014
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Energia megterilés ...

Energy Pay-Back Time of Rooftop PV Systems
Different Technologies located in Germany

Global Irrad.: 1000 kK\Whimafyr
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2011 2011 2008-2011 2012 2010-2111 2011 Status

estimate

14,8% 14,1% 7.0% 10.0% 11.9% 11, 7% Efficiency

~300 MWp ~300 MWD 33-45 MWp 120 MWR 963 MWp 20-66 MWp Scale of produchon

Data: M.J. de Wild-5cholten 2013, Graph: FSE AG 2014
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Energia megterilés ...

Energy Pay-Back Time of Multicrystalline Silicon PV
Rooftop Systems - Geographical Comparison
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Data: M. de Wild-5cholten 2013, Image: JRC European Commision. Graph: PSE &G 2014 (Modified scale with updated data from PSE AG and FraunhaoferiSE)
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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

. - www.solart-system.hu INTELLIGENT ENERGY
«*PV-NMS-NET y “Y EUROPE R




EU PV Stratégiai Programja (SRA)

2020

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

600 0.33
1000 0.20
1400 014

on

2030

irradiation PV generation
(KWh/mZyr)  cost (€/kKWh)

600 017
1000 010
1400 0.07

0.06
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Nalunk is sitt a nap

Kdszonet a figyelemert!

palfymiklos@solart-system.hu
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