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EU 20-20-20 ciljevi

= Smanjenje emisije staklenickih plinova u EU za 20% u odnosu na one iz
1990.,

= 20% potrosnje energije u EU osigurati treba biti iz obnovljivih izvora,

= smanjiti 20% potrosnju primarne energije u odnosu na ocekivanu
razine, kroz mjere energetske ucinkovitiosti.

Energetika, prof. dr. sc Igor Sutlovi¢
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Udio potroSnje primarne energije u Svijetu prema gorivu(%), BP Statistical Review of
World Energy 2017.
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Udjeli proizvedene el. e,. Prema gorivu u Svijetu (%), BP Statistical Review of World
Energy 2017.



Nuclear energy

Consumption®*
Growth rate per annum
Exoules finput-equivalent) 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2021 201121 2021
Canada 097 100 093 082 0o 092 088 083 58% Q6% 33%
Mexico 0.10 008 on 009 on 0.10 0.10 0.12 0.10 0.10 on 6.6% 1.1% 04%
us 798 767 7.8 785 781 784 .79 7.76 7.76 7.54 140 -1.6% 0.7% 293%
Total North America 8.91 8685 800 894 865 287 281 280 8.78 853 834 1.9% 0.7% 33.0%
Argentina 0.06 006 0.08 005 0.07 008 008 0.06 008 0.10 0.10 15% 48% 04%
Ehrllﬂ 0.15 0.15 0.15 014 0.14 0.15 0.14 014 015 013 013 45% 1.2% 05%
e N - - - . - - - - . - - - -

Colombia - - - - - - - - - - - - - -
Ecuador - - - - - - - - - - - - - -
Peru - - - - - - - - - - - - - -
Trindad & Tobago - - - - - - - - - - - - - -
Other Caribbean e - = - Z - 5 - - = - N - -
Other South America - - - - - - - - - - - - = -
Total S. & Cent. America 02 0.21 020 0.20 020 022 0.20 021 0.22 022 0.23 1.2 09 0.9
Austria - - - - - - - - - - - - -
Belgum 038 040 032 024 0.40 039 026 040 031 0.46 46.7% 01% 1.8%
Bulgara 0.16 015 013 0.15 0.14 015 014 015 0.15 015 0.15 -1.0% 0.6%
Croatia - - - - - - - - - - - - - -
Czech Republic 027 029 029 028 025 022 026 027 028 027 028 22% 03% 1.1%
Estonia - - - - - - - - - - - - - -
Finland 022 on 022 022 022 0 on o 022 o 022 12% 0.4% 09%
France 422 403 399 408 407 i 366 an 363 n 34 71% 20% 135%
gormmy 1.03 094 0.92 091 085 078 070 069 068 o058 082 7.1% 49% 25%

reece - - - - - - - - - - - - -
Hungary 0.15 0.15 0.14 0.15 0.15 0.15 0.15 0.14 015 0.15 0.14 05% 0.3% 06%
Ireland - - - - - - - - - - - - - -
Italy - - - - - - - - - - - - - -
Latvia - - - - - - - - - - - - - -
timm‘n - - - - - - - - - - - - - -
Netherlands 0.04 0.04 0.03 004 0.04 004 0.03 003 004 004 0.03 €5% 13% 01%
:w- Macedonis - - - - - - - - - - - - - -
Poland’ - - - - - - - - - - - - - -
Portugal - - - - - - - - - - - - - -
Romania a1 o an o1 011 0.10 on 0.10 0.10 0.10 0.10 -1.7% 09% 04%
Slovakia 015 0.15 Q.15 0.15 0.14 0.14 0.14 014 0.14 014 0.14 21% 03% 0.6%
Slovenia 0.06 0.05 0.05 0.06 0.05 005 0.06 005 0.05 0.06 0.05 -103% ~14% 0.2%
Spain 0.55 058 053 0.54 053 054 053 051 053 053 0.51 3.2% 07% 2.0%
Sweden 058 061 063 061 052 058 060 063 060 045 048 78% -18% 1.9%
}'rvwiu-rllu'l 0.26 024 026 026 022 019 022 023 o1 017 -195% 42% 0.7%
Ukraine 0.86 085 078 083 082 075 079 077 078 069 078 13.0% -1.0% 31%
United Kingdom 066 087 068 060 065 068 085 058 051 0.46 s |9% 45% 16%
Other Europe - - - - - - - - - - - - - -
Total Europe 976 9.46 929 9.29 9.0 a7 861 856 847 7.56 7.98 2.0% 31.5%
Azerbagan - - - - - - - - - - - - - -
Belarus - - - - - - - - - t 005| 16085% - 02%
Kazakhstan - - - - - - - - - - - - - -
Russan Federaton 165 168 1.62 169 182 182 187 187 190 1.96 n 29% 20% 79%
Turkmenstan B - - - - - - - - - - - - -
Uzbekistan - - - - - - - - - - - - - -
Other CIS 0.02 002 0.02 002 0.03 002 002 0.02 002 003 0.02 27.6% 2 9% 0.1%
Total CIS 1.67 1.20 1.65 1.71 1.84 1.84 1.69 B 1.92 1.99 208 5.0% 8.2%




Nuclear energy

Consumption®
lran 1 0.01 004 0.04 0.03 006 008 0.06 008 0.06 o003 242% 41.1% 0.1%
Iraq - - - - - - - - - - - - - -
Israel - - - - - - - - - - - - - -
Kuwait - - - - - - - - - - - - - -
Oman - - - - - - - - - - - - - -
Qatar - - - - - - - - - - - - - -
Saud Arabia - - - - - - - - - - - - - -
Urvted Arab Emirates - - - - - - - - - 0.01 010 | 5288% - 04%
Other Middie East - - - - - - - - - - - - - -
Tota! Middie East t 0.01 0.04 0.04 03 0.08 0.06 0.08 0.08 0.07 0.13 76.9% 620 05%
Agera - - - - - - - - - - - - - -
Em - - . - - - - - . . - - - -
South Africa 012 012 013 013 on 014 013 011 0.12 013 009 | -253% 26% 0.4%
Eastern Africa - - - - - - - - - - - - - -
Muddie Africa - - - - - - - - - - - - - -
Western Africa - - - - - - - - - - - - - -
Other Northern Africa - - - - - - - - - - - - - -
Other Southern Africa - - - - - - - - - - - - - -
Total Afrca 0.12 0.12 0.13 0.13 0.11 0.14 0.13 0.11 0.12 0.13 0.09 26.3% 2.6% 0.4%
Australia - - - - - - - - - = - - = -
China 083 093 1.05 125 159 197 228 270 318 332 368 11.2% 16.1% 146%
China Hong Keng SAR - - - - - - - - - - - - - -
India on 031 031 032 0.38 035 034 038 041 040 040 -1.6% 26% 1.6%
Japan 155 017 0.14 - 0.04 016 027 045 060 039 055 422% 8% 22%
Malaysa - - - - - - - - - - - - -
New Zealand - - - - - - - - - - - - - -
Paiostan 004 0.03 004 004 0.04 005 0.07 008 008 009 014 659% 143% 06%
Philppines - - - - - - - - - B - - - -
Singspore - - - - - - - - - - - - - -
South Korea 147 1.42 1n 1.46 153 150 1.38 122 133 145 143 -14% 03% 56%
Sri Lanka - - - - - - - - - - - - - -
Taswan 040 038 039 0.40 034 029 o 025 02 029 0% -11.7% 46% 1.0%
Thasdand - - - - - - - - . - - - - -
Vietnam - - - - - - - - - - - - - -
Other Asia Pacific - - - - - - - - - - - - - -
Total Asis Pacific 4 60 325 324 3.48 390 433 454 5.08 5.69 594 6.46 9.0% 34% 25.6%
Total World 26.28 23.40 2345 23.78 2396 24.17 2426 2468 25.46 24.44 2.3 38% *  100.0%
of which: OECD 2057 1859 18.60 1861 1837 1826 1802 1816 16.99 1727 20% 1.7% 682%
Non-OECD an 482 484 517 559 593 [-¥<] 668 730 81% 55% N8%
European Union 799 769 7.59 761 7.32 7.10 698 6.97 697 6.20 662 7.0% -1.9% 261%

*Based on gross generation and not accounting for cross-border electrioty supply. “Input-equivalent”™ energy is the amount of fuel that would be required by thermal power stations to generate the
reported electricity output. Detais on thermal efficiency assumptions are availsble in the appendices and definitions page and at bp.comvistatisbcalreview:

tLess than 0.005.
*Less than 0.06%.

Notes: Annual changes and share of total are calculated using exajoules figures. Growth rates are adjusted for leap years.
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Obnovljivi izvori energije (OIE)

Obnovljivi 1zvori energije u hrvatskom se “Zakonu o

energlji” definiraju kao:
,,1zvor1 energije koji su saCuvani u prirodi 1 obnavljaju se u cijelosti 1l1
djelomicno, posebno energija vodotoka, vjetra, neakumulirana sunceva
energija, biodizel, biomasa, bioplin, geotermalna energija itd.”

Iz “Uredbe o minimalnom udjelu elektricne energije proizvedene iz obnovljivih
izvora energije i kogeneracije Cija se proizvodnja potice” (Vlada RH 2007.9):

Do 31. prosinca 2010. godine minimalni udio elekiricne energije proizvedene iz
postrojenja koja koriste obnovljive izvore energije cija se proizvodnja potice, iznosit ce
9,8% U ukupnoj potrosnji elektricne energije.

Do 31. prosinca 2010. godine minimalni udio elektricne energije proizvedene iz
kogeneracijskih postrojenja cija se proizvodnja potice i isporucene u prijenosnu, odnosno
distribucijsku mrezu iznosit ce 2,0% u ukupnoj potrosnji elektricne energije.

Energetika, prof. dr. sc Igor Sutlovi¢



Zakon o obnovljivim izvorima energije i visokoucinkovitoj
kogeneraciji NN100/15, 123/16, 131/17

Cl.4.

11. obnovljivi izvori energije — obnovljivi nefosilni izvori energije
(aerotermalna, energija iz biomase, energija iz biotekucine,
energija mora, hidroenergija, energija vjetra, geotermalna i
hidrotermalna energija, energija plina iz deponija otpada, plina iz
postrojenja za obradu otpadnih voda i bioplina, sunceva energija i
biorazgradivi dio certificiranog otpada za proizvodnju energije na
gospodarski primjeren nacin sukladno propisima iz upravnog
podrucja zastite okolisa)

Cl. 6.

(1) Za potrebe izvjeStavanja i statistickih obrada koji se rade
prema ovome Zakonu te klasifikaciji postrojenja obnovljivi izvori
energije dijele se na sljedece:

energiju sunca

energiju vjetra

hidroenergiju

geotermalnu energiju

energiju biomase te

nespecificirane i ostale obnovljive izvore energije.

ouhwnNne=
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PRAVILNIK O KORISTENJU OBNOVLIIVIH IZVORA
ENERGIJE I KOGENERACIJE (NN 67/07)

Ciljevi
Clanak 2.

Koristenjem obnovljivih izvora energije i kogeneracije ostvaruju
se interesi Republike Hrvatske u podrucju energetike, utvrdeni
Strategijom energetskog razvitka Republike Hrvatske zakonima
i drugim propisima kojima se ureduje obavljanje energetsklh
djelatnosti, osobito u pogledu:

= dugoro¢nog smanjenja ovisnosti 0 uvozu energenata,

= ucinkovitog koriStenja energije i smanjenja utjecaja uporabe
fosilnih goriva na okolis,

= otvaranja novih radnih mjesta i razvoja poduzetnistva u
energetici,

o potllcan]a razvoja novih tehnologija i domaceg gospodarstva u
cjelini

» diverzifikacije proizvodnje energije i sigurnosti opskrbe.

Energetika, prof. dr. sc Igor Sutlovi¢
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@ Renewable energy

Renewables consumption*

Growth rate per annum Shan
Exapoules input-equivalent) 201 2012 2013 2014 2015 2016 2017 2018 2019 2020 201 200 201121 201
Canada 028 032 0 034 048 054 055 056 056 0.57 058 22% 7.3% 14%
Mexico 0.09 011 0.12 0.14 017 0.18 020 024 031 035 039 94% 15.4% 1.0%
us 326 350 3.99 430 453 513 5.60 5.68 620 6.65 748 128% 87% 187%
Total North America 363 394 4.44 478 518 6585 634 668 7.07 757 8.44 11.8% B88% 21.2%
Argentina 0.06 006 07 007 0.08 009 0.10 014 0.16 0.20 261% 166% 05%
Brazl 083 1.12 130 1.65 161 1.75 1.96 216 219 239 95% 80%
Chile 0.06 007 0.08 008 0.10 013 0.16 0.19 022 029 27.3% 184% 07%
Colombia 0.04 004 0.04 005 0.05 005 005 006 0.08 008 0.07 149% 54% 02%
Ecuador t t 1 0.01 0.01 0.01 0.01 001 0.01 001 0.01 €4% 82% .
Peru 0.02 002 0.03 003 003 0.03 004 0.04 005 0.06 0.05 45% 11.2% 0.1%
Trinidad & Tobago t t 1 t t t 1 t 1 t 1 04% 1.0% -
Venezuela 1 t 1 1 1 T 1 t 1 t t 03% 41.3% .
Central America 0.07 008 0.09 0.10 0.12 0.13 013 0.15 017 0.16 0.17 73% 95% 04%
Other Caribbean 0.08 003 0.04 003 004 0.04 004 0.04 005 0.06 0.07 143% 10.0% 02%
Other South America 0.02 002 0.03 0.04 008 007 008 0.09 0.10 0.11 011 1.0% 176% 03%
Total S. & Cent. America 1.21 129 1.60 1.7 2.03 215 2.35 265 2.95 a0 33% 11.4% 10.8% 8.4%
Austria 0.10 0.10 0.1 0.12 0.14 0.14 015 0.15 018 0.15 0.15 12% 48% 04%
Belgium 0.10 0.12 0.13 0.14 0.16 0.16 0.18 0.19 o1 0286 025 -19% 93% 06%
Bulgaria 0.01 002 0.03 003 0.04 .04 004 .05 005 005 0.06 67% 182% 01%
Croatia 1 0ot 0.01 001 0.01 002 002 002 003 003 0.04 15.1% 295% 0.1%
Cyprus t t 1 t t t 1 t 001 001 0.01 203% 125% .
Czech Republic 0.07 008 0.08 009 00 0.09 0.10 0.10 0.10 0.10 0.10 0.1% 4.0% 03%
Denmark 0.15 0.186 0.17 0.19 020 020 0z 022 024 024 027 128% 6.0% 0.7%
Estona 0.01 002 0.01 001 002 002 002 0.02 o002 0.03 0.04 136% 106% 01%
Finland 0.14 0.14 0.15 0.16 017 0.17 022 022 025 128% 06%
France 0.30 037 0.40 044 050 051 056 0.61 069 0.73 0.74 14% 9.4% 1.9%
Germany 1.24 1.40 1.45 158 183 1.82 208 216 231 244 228 £2% 57%
Greece 0.06 006 0.08 o008 009 0.10 010 0.1 012 0.14 0.16 98% 132% 04%
Hungary 0.03 003 0.03 004 004 0.04 004 0.06 008 0.07 o.08 203% 87% 02%
Iceland 0.04 005 0.05 0.05 005 0.05 0.05 0.08 008 0.06 0.05 -29% 1.7% 0.1%
Ireland 0.05 005 0.05 006 0.07 0407 0.10 o 013 0.11 -142% 79% 03%
Italy 044 o058 0.68 068 0.70 072 074 072 073 074 0.76 37% 66% 19%
Latvia 1 001 0.01 001 0.01 001 001 0.01 001 001 0.01 02% 160% .
Lithuarsa 0.01 001 0.01 0.01 002 0.02 002 0.02 lic] 0.03 -16% 11.8% 01%
L ] t t 1 001 001 0.01 001 001 001 0.01 0.02 57% 15.1% »
Netherlands 0.15 0.15 0.14 0.14 0.18 0.17 019 o 038 043 183% 11.1% 1.1%
North Macedonia T t 1 1 1 T 1 t 1 t 1 76% 54 -
Norway 0.02 002 0.03 003 o0 0.04 005 0.06 008 on 0.13 16.3% 19.8% 03%
Poland 0.16 019 0.19 022 024 023 024 024 028 0.30 032 89% 81% 08%
Portugal 0.14 0.15 0.17 0.17 017 018 0.18 0.18 0.19 0.19 020 71% 35% 05%
Romania 0.02 004 0.08 007 0.10 0.10 on 0.09 010 (R} 0.10 42% 1566% 03%
Slovakia 0.02 002 0.02 0.03 0 0.03 0. 0.04 15.1% 72 01%
Slovenia 0.0 001 0.01 0.01 0.01 0.01 o0 0.01 00 001 0.0 08% 78%
Spain 063 075 0.77 074 072 071 073 075 078 068 097 136% 44% 24%
022 024 0.26 027 033 034 037 038 041 0.45 049 81% a5% 12%
Switzerland 0.02 002 0.02 003 00 0.04 004 0.05 005 0.06 0.08 46% 12.1% 01%
Turkey 0.06 008 0.1 0.12 017 024 029 0.38 043 0.50 061 22.0% 264% 15%
Ukraine ] 0.01 0.01 0.02 0.02 0.02 002 0.03 008 0.0 on 16.7% 444% 03%
United Kingdom 0.36 042 0.55 066 084 084 1.12 1.2 135 124 |1% 132% 1%
Europe 1 1 1 1 1 1 0.01 0.01 0.02 002 0.03 14.2% 416% 0.1%
Total Europe 455 530 583 824 7.00 7.12 7.91 833 9.10 991 10.14 26% 83%  254%
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@ Renewable energy

Renewables consumption®

Azerbaipn - - 1 L] 1 T 1 1 1 L] 1 03% - -
Belarus 1 1 1 | 2 | 1 1 001 (11 0.01 151% 134% *
Kazakhstan 1 1 1 t 1 1 1 001 001 0.02 0.03 305% 168.1% 0.1%
Russian Federation 0.0 t 1 oo 0.01 0.01 0.01 0.02 0.02 004 0.08 % 27.3% 02%
Turkmensstan ] 1 1 1 1 1 1 1 1 T 1 04% 306% b
Uzbekistan - - - - - 1 1 1 1 T 1 6255% - .
Other CIS 1 1 1 1 1 1 1 1 1 1 1 7% 51.2% *
Total CIS 0.01 0.01 0.01 0.01 0.01 0.02 0.02 0.03 0.04 0.07 0.10 41.4% 20.4% 0.3%
Iran t t 1 | ] t 1 0.0 001 0.02 0.02 22% 1.9% .
Iraq - - 1  § ' § T 1 T 1 T 1 04% - .
Israel 1 oo 0.01 oo 001 0.02 0.02 0.02 003 004 0.06 287% 28% 01%
Kuwait - - 1 L § 1 1 1 | T 1 T L] 0D4% - .
Oman - - 1 1 1 1 1 1 1 T 1 162% - .
Qatar 1 1 1 L § 1 1 1 1 1 T 1 ~ 0.5% .
Saudi Arabia 1 L 1 | 1 ] 1 T 1 ] o0 300.2% 646% i
United Arab Emirates t L] 1 t 1 | 0.01 0.01 004 0.04 0.05 126% 72.7% 0.1%
Other Middie East 1 1 1 | 1 0.01 0.01 0.02 0.03 0.04 0.04 68% 68.5% 0.1%
Total Mddie East 0.01 0.01 0.01 002 0.02 004 0.05 0.07 0.12 015 0.18 18.0% 373% 04%
Algena ] T 1 | 1 T 0.01 0.0 001 om on 27% 428% »
Efw! 0.02 002 0.02 o0 002 0.03 [+T1c} 003 008 0.09 o010 79% 19.0% 02%
oracco 0.01 oo 0.01 002 0.02 0.03 0.03 0.05 0.08 0.08 007 132% 2% 02%
South Africa 0.01 om 0.01 003 0.08 0.08 on 0.13 0.14 0.15 0.16 49% 356% 04%
Eastern Africa 0.03 004 0.04 006 0.08 o008 0.08 0.09 0.10 0.10 on 76% 125% 03%
Middle Africa 1] 1 1 T 1 T 1 1 1 T 1 0.1% 34% b
Western Africa 1 t 1 1 0.01 0.01 0.01 0.01 0.01 001 0.02 236% .1% b
Other Northern Africa 1 t 1 001 0.01 0.01 0.01 0.01 0.01 00 0.01 48% 19.3% -
Other Southern Africa 1 1 1 t 1 1 1 1 1 0.01 0.01 45% 6.3% *
Total Afnca 0.07 008 0.09 0.13 0.19 023 0.27 032 0.39 044 047 1.6% 20.5% 1.2%
Australia 0.12 0.15 0.18 020 0 026 026 032 040 048 059 24% 168% 16%
Bangl. 1 1 1 1 1 1 1 1 T 1 151% 206% b
1.16 149 1.99 245 290 am 508 637 738 852 132 331% 25.6% 284%
China Hong Kong SAR t 1 t 1 1 1 1 1 1 1 137% 36% .
India 049 056 063 on 078 0gs 1.05 1.3 148 1.58 179 132% 13.9% 45%
Indonesia 0.1 0.12 0.13 0.16 013 o1 021 040 049 057 0.63 11.2% 19.6% 16%
Japan 034 038 045 056 072 075 09 1.01 1.09 1.20 132 99% 143% 33%
M ] 0.02 002 0.02 002 0.03 003 0.03 0.04 0.05 0.05 0.08 228% 130% 02%
New Zealand 0.09 009 0.09 0.10 on 011 on 0.10 on on o1 32% 24% 03%
Istan 1] 1 1 0.01 0.01 0.02 004 0.06 0.05 104 0.05 232% 703% 0.1%
Philppines 0.1 on on 012 0.13 0.15 0.15 0.156 0.15 0.15 0.15 -40% 33% 04%
Singapore 0.01 a0 0.01 00 0.01 001 0.01 001 0.01 0.01 o0 17.2% 59% .
South Korea 0.10 on 0.13 0.18 o1 022 028 032 035 034 0.44 296% 16.1% 1.1%
Sni Lanka 1 1 L] 1 1 o0 0.01 001 00 0.02 249% 27.2% *
Tawan 0.04 004 0.04 004 005 0.06 008 007 008 010 012 163% 11.7% 03%
Thailand 0.08 0.10 0.13 0.16 018 on 024 028 0x2 o 032 2% 15.3% 08%
Vietnam t 1 ) | 1 1 1 0.01 008 o1 027 1344% 731% 0.7%
Other Asia Pacific 1 0.01 0.01 0.01 0.01 0.01 0.01 0.02 0.02 0.02 0.03 17.8% 18.0% 0.1%
Total Aza Pacific 267 319 394 473 5.50 668 a4 10.46 12.08 1364 1.2 26.7% 205% Q1%
Total World 12.14 13.82 15.81 17.63 19.95 2209 25.36 2853 31.74 34.80 39.91 15.0% 126% _ 100.0%
of which: OECD 889 1001 11.13 1208 13.43 1432 1583 16.82 1816 1963 211 79% 90% 529
Non-OECD 325 as 468 557 6.52 177 953 11.72 1357 15.17 18.80 242% 192% 471%
European Union 4.06 an 5.06 533 5.86 5.90 6.45 663 7.19 7.72 7192 29% 69% 198%
*Based on gross ge and not ing for cross-border electnicty supply. “Input-equivalent™ energy is the amount of fuel that would be requred by th power tog te the
reported electncity output.
Detais on efficency assumptions are avalable in the appendices and definitions page and at bp.comy/statisdcalreview.
tLess than 0.005.
*Less than 0.06%.

Notes: Growth rates are adjusted for lesp years.

Annual changes and share of total are calculated using exajoules figures and incorporate adjustments for assumed changes in thermal efficiency.



Renewables: Renewable energy generation*
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Growth rate per annum
2021 201121
1.6% 2.1%

10.0% 159%
14.3% 120%
13.1% 11.9%
8% 281%
14.1% 151%
30.3% 199%
6.1% 85%
-12.0% 62%
29% 17.0%
- 1.6%

- 44.7%
74% 9.9%
15.1% 168%
0.2% 20.2%
165% 15.7%
-1.0% 71%
29% 106%
0.6% 163%
16.3% 293%
28.1% 15.7%
0.1% 44%
11.4% 6.3%
135% 104%
124% 66%
06% 123%
59% 7.4%
11.6% 14.4%
284% 104%
26% 21%
-14.2% 86%
41% 68%
-7.6% 176%
10.1% 12.4%
1.7% 17.9%
21% 12.6%
-7.5% 65.6%
18.9% 23%
10.1% 99%
68% 43%
23% 189%
16.6% 83%
7% 67%
154% 5.6%
6.2% 91%
8.1% 121%
20% 270%
176% 458%
44% 147%
146% 436%
29% 96%
02% -
18.6% 222%
31.0% 169.5%
546% 254%
- 3N13%
628.2% -
3B.6% 51.5%
41.6% 30.6%




Renewables: Renewable energy generation*

Iran 0.2 03 02 02 02 02 04 10 12 18 18 26% 27% .
Iraq - - t 01 01 01 0.1 04 04 04 04 - - -
Israel 03 05 05 03 13 18 18 20 33 44 57 30.3% 355% 02%
Kuwait - - 1 1 1 1 01 0.1 0.1 0.1 01 - - .
Oman - - 1 1 T 1 1 T 03 04 15.6% - b
Qatar 0.1 01 01 01 01 01 01 01 01 01 01 - 0.6% .
Sauds Arabia 1 1 14 1 14 T 0.1 02 02 02 os 301.7% 65.5% *
United Arab Emirates t T 0.1 03 03 03 07 1.3 a8 46 52 13.0% 736% 0.1%
Other Midde East 1 1 1 0.1 03 1.1 13 22 30 39 41 7.2% 70.3% 0.1%
Total Middie East 0.7 09 1.1 18 2.3 3.7 4.7 7.2 12.1 15.7 185 18.6% 39.4% 05%
Algera L 1 t 01 0.1 03 05 0e 086 07 07 24% 4316% .
m 1.7 18 16 12 19 26 27 a5 &5 97 108 83% 19.6% 0.3%
o 07 07 12 19 25 34 35 48 63 6.1 69 136% 259% 02%
South Africa 05 05 o8 25 &8 79 13 131 138 16.7 165 54% 41.1% 05%
Eastern Africa 32 35 41 55 76 79 81 89 106 103 11 81% 134% 03%
Middle Africa 0.1 01 0.1 01 0.1 0.1 0.1 0.1 0.1 0.1 01 0.1% 44% l
Waestern Africa 0.2 03 04 04 06 08 (13- ] 1.0 13 15 19 247% 22.7% 0.1%
Other Northern Africa 0.1 02 04 05 05 06 08 0eé o8 os 07 44% 20.0% .
Other Southemn Africa 03 03 0.3 03 03 02 03 03 05 05 068 5.1% 7.6% *
Total Africa 6.8 76 88 124 193 238 27.9 10 405 454 49.0 8.1% 21.7% 1.3%
Australia 1.1 132 164 183 217 241 257 22 412 499 613 233% 187% 1.7%
Bangladesh 0.1 01 0.1 02 02 02 03 03 03 04 05 15.5% 21.3% .
China 1043 1368 1838 2295 791 3685 6020 6384 7420 8632 11528 33.9% 272% 315%
China Mong Keng SAR 1 1 T 1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 2.0% 61% -
Inda 419 495 559 &0 699 798 99.1 1239 141.1 152.0 ms 13.3% 15.2% 4.7%
Indonesa 96 97 96 103 105 1.3 124 269 286 318 105% 126% 09%
Japan 310 M2 412 522 682 723 a75 %47 106.7 178 1303 10.9% 154% 6%
i 15 15 1.2 03 10 11 1.1 20 26 28 31 12.3% 74% 0.1%
New Zealand a9 83 96 106 14 13 1.1 1.1 14 15 19 36% 29% 03%
Pakistan 1 0.1 03 08 1.1 2 a8 49 48 46 5.7 24.0% 70.7% 02%
el 101 105 99 107 123 139 136 139 140 144 135 £.1% 29% 04%
0é 06 07 08 0.9 09 09 10 10 12 18.3% 668% o
South Korea 786 86 102 147 173 189 241 272 305 na 402 28% 181% 1.1%
Sri Lanka 0.1 02 03 03 04 05 07 07 10 13 16 256% 281% £
Taiwan 34 34 38 39 43 45 52 79 104 121 17.6% 136% 0.3%
Thadand 41 52 72 90 100 125 149 179 214 205 219 8.9% 183%  06%
Vietnam 0.1 01 0.1 01 03 03 04 07 61 121 283 1355% % 08%
Other Asia Pacific 04 05 06 08 09 10 1.2 15 20 22 28 188% 19.4% 0.1%
Total Asas Pacific 230 2836 351.1 4260 509.7 6244 8051 10065 11609 13227 16901 280% 21.8% 46.2%
Total World 908.3 1067.8 1245.1 14125 1637.2 1849.6 21823 24892 27992 31466 38572 16.5% 149% 100.0%
of which: OECD 6734 7795 8969 9765 11128 11976 1351.0 14535 15923 17661 19101 84% 11.0% 622%
Non-OECD 2349 2883 3682 4360 5243 6520 8313 10357 12069 13805 17472 26.9% 22% 478%
European 3364 397.2 4395 4655 519.8 5265 5809 5975 6559 7106 7302 3.0% 81%  20.0%
*Renewable energy is based on gross ge ion from sble including wind, geoth |, solar, be and waste, and not accounting for cross-border electricity supply.

tLess than 0.05.
than 0.05%.

*Less
Notes: Growth rates are adjusted for leap years.

Annual changes and share of total are calculated using terawatt-hours.




Renewable energy: Generation by source*

2021 Growth rate

Other 2020 Other 2021 Other

Terawatt-hours Wind Sclar  renewablest Total Wind Solar  renewables? Total Wind Solar  renewablest
Canada 356 43 94 493 3B 52 97 50.0 -1.2% 209% 6% 16%
Mexico 19.7 95 70 362 209 19 69 39.7 64% 263% -1.6% 10.0%
us 14 1320 743 547.7 3836 165.4 755 6245 12.7% 256% 1.9% 14.3%
Total North America 396.7 145.8 90.7 633.2 4396 1824 92.1 7141 11.1% 25.5% 1.8% 13.1%

Argentina 94 1 23 130 129 21 172 379% 6318%

Brazl 67.1 107 68.7 1265 3 168 550 1440 27.1% % 62% 14.1%

Chie 56 76 a7 0 95 106 a5 285 69.7% 395% 2.0%
Colombia t 02 28 30 0.1 03 28 32 483.0% 668% 0.3% 6.1%
Ecuador 01 T a5 06 0.1 T 04 05 -194% 2.1% -11.6% 120%
Peru 18 08 a5 32 18 09 06 3 Q4% 34% 13.7% 29%
Trinidad & Tobago - L} - 1 - L - 1 4 - - - -
Venezuels 01 t 1 0.1 01 T 01 - - - -
Central America 37 26 97 160 41 30 100 171 98% 17.3% 8% 74%
Other Caribbean 21 18 12 52 23 24 13 59 78% 316% 3% 15.1%
Other South America 55 08 3.1 95 5.1 1.0 33 94 -7.5% 26.1% 6.0% 0.2%
Totsl S. & Cent. America 855 26.0 876 199.1 108.2 37.2 4.0 229.3 27 0% 435% 3.9% 15.5%
Austria 68 20 46 134 68 21 44 133 Q3% 43% 4 1.0%
um 128 51 53 231 19 56 49 24 6.7% 101% 65% 29%
Buigana 15 15 1.7 47 14 15 17 48 2.7% 09% - -0.6%
Croatia 1.7 0.1 1.3 21 0.1 12 33 205% 22% 10.9% 16.3%
Cyprus 7 02 03 0.1 06 02 05 1 0s 28% 60.8% -30.8% 281%
Czech Republic 07 22 5.1 80 06 22 53 80 -13.7% 34% 35% 0.1%
Denmark 163 12 59 234 160 13 87 260 -1.6% 85% 478% 11.4%
Estona (7] 01 18 27 07 03 21 3.1 -11.8% 992% 19.4% 135%
Finkand 8.0 02 15 197 82 03 136 221 27% 397% 18.7% 124%
France 397 129 107 370 1486 12 628 £.7% 13.3% -0.6%
Germany 1321 486 61.1 2318 1197 490 509 21786 -10.7% 1.0% 0.1% S5.9%
Greece a3 44 a5 142 105 52 02 158 128% 165% 608% 116%
Hungary 07 25 22 a7 a8 22 67 03% 54.7% 24% 264%
Iceland 1 - 60 6 t - 58 58 84% - 26% 26%
Ireland 15 01 09 126 97 01 10 10.7 -15.7% -~ 36% ~14.2%
Italy 186 246 257 (4] 206 251 28 na 11.1% 24% 0.7% 41%
Latvia 02 t 09 1.0 Q.1 t (1] 10 21.1% » 48% -18%
Lithuara 16 0.1 06 23 14 01 06 20 -12.0% 3.7% £5% =10.1%

Luxembourg 04 02 04 09 03 02 04 10 -3.2% 376% 5.1%
Netherlands 153 :¥:] a8 330 179 14 108 401 17.0% 308 24% 21%
North Macedonia 01 1 a1 02 0.1 1 0.1 02 -113% 78% 58% -15%

Norway 99 01 02 103 18 02 03 122 19.1% 40.7% -
Poland 158 20 75 253 162 39 76 278 28% 102.2% 1.3% 10.1%
Portugal 123 1.7 40 180 132 22 a7 192 78% 309% £4% 68%
Romania 69 1.7 05 92 66 1.7 0.7 90 S.1% -1.6% 30.0% 23%
Slovakia 1 07 1.7 23 t 07 20 27 16% 26% 16.6%
Slovenia ] 04 03 07 | 03 03 06 -11.2% 17.7% 79% 6.7%
Spain 664 207 6.1 832 624 268 66 958 108% 30.1% 8.1% 15.4%
Sweden 275 10 1.2 397 273 14 133 a1 05% 404% 19.6% 62%
Switzerland 0.1 26 20 47 0.1 30 19 5.1 - 160% 1.8% 81%
Turkey 8 1.0 158 515 31.1 128 187 627 258% 17.5% 19.1% 20%
krane 33 54 08 94 39 63 08 1.0 19.9% 181% 3% 17.6%
United Kingdom 754 132 393 1278 845 124 400 1169 -142% 56% 20% -8.4%
Other Eurcpe 18 04 02 24 20 03 28 125% 162% 26.9% 14.6%
Total Europe 512.7 175.7 2344 922.7 503.0 95.6 2479 946 5 -1.6% 11.6% 6.1% 29%
Azerbaijan 0.1 t 0.1 02 0.1 0.1 0.1 02 -48% 178% d4% 0.2%
Belarus 02 02 03 06 02 03 03 07 - 68.1% - 18.6%
Kazakhstan 10 12 t 17 13 30 63.1% 47% -298% 3n.0%
Russian Federation 11 19 a5 35 26 23 a5 54 127 8% 245% 13% 546%
Turkmensstan - T - T - L - ] - - - -
Uzbekistan - 1 - 1 t T - t - 62468% - 6282%
Other CIS 0.1 0.1 T 0.1 0.1 0.1 1 02 354% 54.2% -3.8% 36.6%
Total CIS 25 34 09 6.8 46 4.1 08 9.6 $7% 21.1% . 41.6%




Renewable energy: Generation by source*

Iran 11 06 1 18 11 07 18 0.7% 61% - 26%
Irag - 04 - 04 - 04 04 - - - -
Israel - 42 02 44 - 64 02 57 - 30.7% 3% 30.3%
Kuwait t 01 - 01 t 01 - 0.1 - - - -
Oman Q.1 02 - 03 01 03 - 04 - 233% - 15.6%
Qatar - 1 0.1 01 - 1 01 0.1 - - - -
Saudi Arabia - 02 - 02 - o8 - o0s - 0.7% - 30.7%
United Arab Emirates - 48 1 48 - 51 t 52 - 130% - 13.0%
Other Middie East 14 24 1 39 1.7 24 t 41 19.9% 0.1% - 12%
Total Mddie East 28 12.7 04 15.7 29 16.2 04 185 10.8% 204% 22% 18.6%
Algeria t 07 - 07 r 07 - 07 3%.7% 28% - 24%
Erwl 68 28 - 97 76 28 - 108 11.7% - - 83%
orocco 46 15 - 6.1 5.1 18 - 69 11.6% 201% - 136%
South Africa 70 83 04 167 a2 79 04 165 17.6% 45 - 5.4%
Eastern Africa 20 12 71 103 26 14 71 m1 5% 16.1% 03% 81%
Middle Africa t 01 a1 01 1 01 0.1 0.1 * 02% - 0.1%
Westemn Africa 04 08 02 15 04 12 02 19 0.1% 444% 02% 247%
Other Northem Africa ab 03 - 08 04 03 - 07 1.7% 06% - -4.4%
Other Southern Africa - 04 02 05 - 04 02 08 - 8% - 5%
Totsl Africa 213 16.1 8.1 454 44 165 80 49.0 14.9% 31% 02% 8.1%
Australia ne 238 34 499 268 32 33 613 18.9% 312% 1.7% 233%
Bangladesh t 04 1 04 t 05 05 - 169% - 155%
Chna 4655 2611 1356 8832 €556 3270 1699 11828 409% 256% 256% 33.9%
China Hong Kong SAR t 1 0.1 0.1 t 1 Q 2 1.9% 20%
India 604 587 29 1520 631 683 B5 7ms 13.0% 167% 8.0% 13.3%
. as 02 27 286 04 02 209 ns -2 108% 105%

Japan 78 751 348 178 82 86.3 »8 1303 58% 161% 109%
Mal - 12 16 28 - 15 16 31 - 286% 06% 123%
New Zealand 23 02 9.0 15 26 02 a0 19 149% 282% 0.2% 36%
stan 27 12 06 46 34 156 07 5.7 26.0% 263% 11.0% 24.0%
Philippines 10 14 120 144 12 15 108 135 216% 67% 6.1%
Sngapore - 03 07 1.0 - 04 12 - 348% 11.2% 18.3%
South Korea a1 193 86 3 32 218 152 402 08% 134% 772% 298%
Sri Lanka 05 07 01 13 07 08 01 16 41.1% 17.1% 9.2% 25.6%
Tarwan 23 61 20 104 22 79 20 121 -26% 30.7% 0.7% 17.6%
Thailand a7 62 17 2056 a7 52 130 219 - 19% 11.3% 6.9%
Vietnam 1.1 109 0.1 121 24 258 02 23| 123% 1379% 6%  1355%
Other Asia Pacific 05 1.1 06 22 06 16 06 26 -12% 349% 6.1% 18.8%
Total Asis Pacific 575.1 466.7 2819 1323.7 7792 6815 Izv4 1690.1 BHI% 249% 17.2% 28.0%
Total World 15964 846.2 7039 31466 1861.9 1032.6 7628 36572 17.0% 22.3% 8.7% 16.5%
of which: OECD 9354 4425 |2 17661 976.7 6233 4101 19101 4.7% 186% 8.4%
Non-OECD €61.1 4038 357 13805 €852 6092 w27 1412 343% 265% 120% 26.9%

European Union 3973 1433 1700 7106 3835 1606 180.1 7302 1.7% 124% 6.2% 0%

*Based on gross generation and not accounting for cross-border electricity supply.
mmvmm:mw biomass and other sources of renewable energy (not already itemzed).
*Less than 0.06%.

A more extensive time series of renewables by source is avalable at bp.com/Statisticalreview.

Note: Growth rates are adjusted for leap years.



Renewable energy: Solar capacity

. Growth rate per annum
Installed photovoltaic (PV) power* —_— Share
Ggawatts 201 2012 2013 2014 2015 2018 2017 2018 2019 2020 201 2021 20121 2021
Canada 06 08 12 18 25 27 29 at 33 33 386 89% 19.2% 04%
Mexico T 01 0.1 02 03 06 1.1 25 44 5.1 70 MBe% 66.7% 08%
us 52 a1 11.8 160 1.7 3.0 414 498 59.1 738 937 273% 336% 11.1%
Total North America 58 9.0 13.1 180 245 363 454 55.4 66.8 823 104.4 27.2% 334% 124%
Argentina 1 1 1 1 T 1 1 02 08 11 0.1%
Brazil t 1 1 1 T 01 12 24 46 79 121 66.1% 1163% 15%
Chile - 1 1 02 0.8 1.1 18 21 27 32 44 3BAa% ns 05%
Honduras t 1 t 1 04 04 05 05 05 05 (13 0.3% 60.7% 0.1%
Other S & Cent. America 02 03 04 08 08 1.1 18 22 28 32 38 203% 36.0% 05%
Total S. & Cent. Amenca 02 0.4 05 08 1.9 28 5.3 75 11.0 155 228 47.2% 61.6% 2.7%
Austra 02 03 06 08 09 11 1.3 15 1.7 20 27 1% 315% 03%
: 20 26 29 30 n a3 3 40 46 658 (Y] 18.4% 128% 08%
5 02 1.0 1.0 1.0 10 10 1.0 10 10 1.1 12 84% 27% 0.1%
Czech Republic 19 20 21 21 21 21 21 21 21 21 21 0.1% 1.0% 03%
Denmark 1 04 06 06 o8 09 09 10 1.1 13 15 18.4% 56.9% 02%
France 30 44 53 6.0 7.1 77 86 a7 108 120 14.7 27% 172% 1.7%
Germany 269 '8} 387 a9 392 407 423 2 489 837 585 91% 85% 6.9%
Greece 06 15 26 28 26 28 28 27 28 33 s 7.7% 19.2% 04%
Hungary t T 1 0.1 02 02 03 07 14 21 21 03% 87.3% 03%
Ita 131 168 182 1886 189 193 197 201 209 21.7 27 5.1% 5.6% 27%
Net 01 03 07 1.0 15 29 48 72 109 142 57. 1.7%
Poland t T t T 01 02 03 06 15 40 63 586% 137.2% 07%
Portugal 02 02 03 04 04 05 06 07 09 1.1 18 642% 265% 02%
Romania T (13 ] 13 13 14 14 14 14 14 14 14% 1068.3% 02%
Slovaios 0s (1 05 05 05 05 05 05 06 05 05 03% 08% 01%
Span 43 46 47 47 47 a7 a7 48 88 103 k<RE Y 123% 1.6%
Sweden T 1 1 0.1 01 02 02 04 07 1.1 16 429% 629% 02%
Switzrerland 02 04 1] 11 14 1.7 19 22 25 30 18.3% 31.5% 04%
Turkey 1 1 1 02 08 34 6.1 60 67 18 175% 1026% 09%
Ukraine 02 04 07 08 08 10 12 20 59 73 81 103% 6 1.0%
United Kingdom 10 18 29 65 98 19 128 131 133 135 2.0% 209% 16%
Other Europe 0.1 03 0.5 06 0.7 08 1.0 1.1 16 23 30 28.7% 359% 04%
Total Eurcpe 536 71.7 819 888 97.6 104 8 113.3 124 2 146.0 167.0 191.1 14.7% 13.6% 2.7%
Russian Federation t 1 1 1 0.1 0.1 02 05 13 14 17 167% 206.1% 02%
Other CIS 1 1 1 0.1 02 02 03 07 13 19 33 69.7%  1095% 04%
Total CIS 1 1 1 0.1 0.2 03 0.5 12 26 33 49 47.1% 118.1% 0.6%
Israel 02 03 04 08 08 08 1.0 13 18 22 23 4.0% 284% 03%
Jordan t 1 1 1 1 03 04 07 12 14 15 53% 1850% 02%
United Arab Emirates t t t 1 t 1 03 05 18 22 18.4% 702% 03%
Other Middle East 1 1 0.1 0.1 02 03 05 08 09 1.1 15 3.8% 02%
Total Middle East 02 0.3 0.5 0.7 1.0 15 2.1 33 5.7 70 8.0 13.7% 44.0% 09%
Algeria - - - 1 t 02 04 04 04 04 04 0.3% n 0.1%
1 t 1 1 T 1 02 07 1.6 1.7 17 3% 60.1% 0.2%
t T 1 1 1 1 1 02 0.2 02 0.2 21.1% 24% 0.0%
South Africa t T 03 1.1 13 20 a1 44 44 65 5.7 45% 99.7% 0.7%
Other Africa 02 03 04 05 06 0.7 1.0 14 1.8 19 23 17.1% 256% 0.3%
Total Africa 03 03 0.7 16 19 30 4 72 84 97 10.3 65% 44.1% 1.2%
Australa 25 a8 46 53 59 67 7 86 130 173 19.1 103% 7% 23%
China 31 67 12.7 284 45 778 1308 175.0 204 2534 3084 212% 583% 363%
India 08 1.0 14 34 54 9.7 179 271 349 39.0 493 26.7% 564% 59%

Japan 49 66 136 23 342 420 5 632 742 [ 31.2%
Maiaysia 1 T 0.1 02 03 03 04 05 09 15 18 208% 1247% 02%
Pakistan 1 1 0.1 02 03 06 07 a7 09 11 283% 50.1% 0.1%
Phippnes 1 1 T 1 02 08 09 09 10 1.1 14 28% 91.9% 02%
South Korea 07 10 1.6 25 38 45 58 a1 120 146 249% 37.9% 22%
Taiwan a1 02 04 08 09 12 18 27 41 58 17 2.7% 504% 09%
Thadand 0.1 04 08 13 14 24 27 a0 a0 30 30 23% 4.1% 04%
Vietnam t 1 t 1 t 1 t 01 50 167 167 0.3% 1273% 20%
Other Asia Pacific 0.1 02 0.3 03 0.5 0.7 1.0 1.2 18 28 208% 03%
Total Asia Pacific 121 200 406 €56 98.2 1468 2188 2842 3241 4263 5016 183% 451% 595%
Total World 722 101.7 1372 175.8 2232 2052 390.2 483.0 584.7 7103 843.1 19.0% 279%  100.0%
Source: IRENA (2022), R ble Energy Sta 2022, The R ble Energy Agency, Abu Dhabi

"End of year.
tLess than 0.05.
Note: Growth rates are adjusted for leap years.
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Renewable energy: Wind capacity

Growth rate per annum
Installed wind turbine capacity® Share
2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2021 201121 2021
Canads 53 62 78 97 12 120 123 128 134 1386 143 53% 10.5% 1.7%
Mexico 06 18 23 26 33 41 42 49 6.1 65 77 186% 29.0% 09%
us 45.7 59.1 60.0 642 726 813 878 945 104.1 118.7 1327 12.1% 113%  161%
Total North Amernica 51.5 67.1 69.9 76.5 87.1 973 1040 112.2 1236 138.9 154.7 11.7% 11.6% 18.8%
Argentina 01 0.1 02 02 02 1 33 494% 04
Brazi 14 19 22 49 76 101 123 148 154 172 212 234% 31.0% 268%
Chile 02 02 03 07 09 10 13 15 16 21 31 464% 328% 04%
Costa Rica 01 01 01 02 03 04 04 04 04 0 04 03% 119% 00%
ruguay t 0.1 0.1 05 09 12 15 15 15 15 15 03% 426%
Other S. & Cent. Amenca 04 06 08 1.0 1.4 16 16 18 20 2.1 23 6.6% 205% 03%
Total S. & Cent. America 22 31 37 75 11.2 145 17.3 208 2286 26.0 318 22 5% 306% 8%
Austria 11 13 1.7 21 25 27 29 a1 32 32 35 95% 123% 04%
Belgum 1.1 14 18 19 22 24 28 33 39 47 48 24% 162% 06%
Bulgaria 05 07 07 07 07 07 07 07 07 07 07 0.6% 27% 0.1%
Denmark 40 42 48 49 5.1 52 55 6.1 6.1 63 7.0 124% 59% 09%
Finland 03 04 06 10 1 20 2 33 28.3% 3% 0.4%
France 6.8 78 82 92 103 116 135 149 165 1725 187 7.1% 10.7% 23%
Germany 27 30 335 86 446 494 556 58.7 60.7 622 638 28% 83% 7.7%
Greece 16 18 18 20 21 24 26 29 28 41 45 85% 10.5% 0.5%
Ireland 16 17 19 23 25 28 1 43 09% 10.6% 05%
lm 69 81 85 87 2.1 97 102 107 109 n3 40% 5.0% 1.4%
23 24 27 29 34 43 42 44 66 78 18.2% 12.9% 09%
Norway 05 07 o8 09 09 09 12 1.7 29 40 47 15.7% 247% 06%
Poland 18 28 34 49 67 68 58 63 70 108% 145% 08%
Portugal 43 44 46 49 49 5.1 51 62 51 52 2.7% 21% 0.6%
Romania 10 18 28 32 21 30 30 30 30 30 30 03% 11.8% 0.4%
Spain 25 ns 230 29 29 230 231 4 258 288 s 25% 33%
28 36 42 8 64 66 73 87 100 221 214% 159% 15%
Turkey 1.7 23 28 36 45 58 65 7.0 78 a8 106 199% 1.3%
Ukraine 01 02 04 05 05 05 08 06 13 14 18 260% 283% 02%
United Kingdom 90 13 131 143 16.1 196 28 241 245 211 11.1% 162% 33%
Other Europe 13 16 1 A 28 30 32 38 126% 118% 05%
Total Europe 96 .4 100.4 120.9 1338 147.5 161.4 1769 189.6 2035 2163 2321 1.7% 92% 28.2%
Russian Federation [ ] 1 | ] 1 1 1 0.1 01 09 20 107.4% 695% 02%
Other CIS L L 1 0.1 0.1 02 0.2 03 05 07 14 1036% 79.0% 0.2%
Total CIS T 1 T 0.1 0.1 02 0.2 03 06 16 33 105.8% 72.7% 0.4%
Iran 01 0.1 01 01 02 02 03 03 03 03 03 1.0% 122% 0.0%
Jordan ] t 1 t 01 02 02 03 04 05 (-1 20.3% 84.0% 0.1%
Other Middle East | | 1 1 L 1 1 1 0.1 0.1 0.1 0.3% 296% 0.0%
Total Middie East 0.1 0.1 0.1 0.2 03 04 05 08 08 09 1.0 11.7% 2654% 0.1%
Egypt 086 06 08 06 08 08 o8 11 11 14 16 19.2% 114% 0.2%
Morocco 03 03 05 08 08 09 10 12 12 14 14 24% 189% 0.2%
South Africa T 1 03 06 11 15 21 21 21 25 30 17.8% 763% 0.4%
Tunisia 0.1 02 02 02 02 02 02 02 02 02 02 0.3% 16.4% 0.0%
Other Afnica 0.1 0.1 02 0.2 04 05 05 08 08 09 1.1 13.1% 242% 0.1%
Total Africa 1.0 1.1 1.7 4 33 38 46 55 5.5 85 7.3 13.4% 22.1% 0.9%
Australia 21 26 32 38 42 43 48 54 63 86 9.0 43% 15.5% 1.1%
China 484 7.7 %8 1310 1485 1644 1847 2096 2821 290 16.9% 21.6% 399%
India 162 173 184 25 251 287 353 s 86 40.1 42% 95% 49%
Japan 24 26 286 28 28 35 a0 44 45 26% 63% 05%
New Zealand 06 08 06 07 07 07 07 07 07 08 08 173% 39% 0.1%
Pakistan 01 01 02 03 06 08 12 12 12 13 83% N7% 02%
‘ t 1 03 04 04 04 04 04 04 03% 29.7% 0.1%
South Korea 04 05 06 06 08 1.1 12 14 15 16 17 47% 14.9% 02%
Tawan 05 06 06 06 06 07 07 07 08 09 10 106% 7.1% 01%
Thailand ] 0.1 02 02 02 05 08 1.1 15 15 15 % 704% 02%
Other Asia Pacific 0.1 02 0.2 03 04 04 05 0.7 09 1.1 3441% 429% 06%
Total Asia Pacific 688 85.0 103.4 1288 166.7 1892 2105 2352 4 3413 3942 158% 19.1% 47.8%
Total World 201 2669 2998 3493 416.2 4669 5142 563.5 6213 mas 8249 13.0% 14.1%  100.
Source: IRENA (2022), R bie Energy Stai 2022, The al R ble Energy Agency, Abu Dhabe
*End of year.
tLess than 0.05.

Notes: Capacity figures in this table include both onshore and offshore wind and are on an AC basis.
Growth rates are adjusted for leap years.
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Electricity generation by fusal®

e 1 207 1
Matural Muclar  Hydro  Anow- Natural Muckar  Hydo  Ranaw-
Od__ Gas _ Cool enagy  alctoe Othert  Total O Gas  Coal  erergy clacic  ables Otherd  Total
us 260 14821 13462 B4E1 2638 3674 144 43479 227 136B7 13140 B473 20B5 4188 136 42818 —— Q QO
Canada 43 €34 658 054 3871 4E3 04 6645 43 734 7B 967 3968 456 05 6024 ’
Maxico 335 1920 344 106 307 180 11 3703| 408 1811 310 108 317 136 - 350
Total North America 638 17425 14464 0550 6816 4277 168 b63329| 677 16232 14211 9548 7751 4841 141 62802
Argentina 207 744 18 84 383 30 04 1472 111 BZE 1.7 63 416 30 05 1470
Brazil 145 566 261 158 3809 846 - &5/@8| 172 654 2652 158 3635 479 - 5808
Other 5. & C. America _ 106.1 1083 5189 - 2721 388 01 5774 908 947 424 - 3064 432 04 5778
Total 5. AC. Amerca 1417 7392 Bl0 243 €913 1264 06 13035| 1132 74P8 644 720 7174 1241 08 12158
Ganmany EE @13 2617 B4E 205 1880 260 6491 57 @60 2422 e 1s7 eE) e 42— 30.3%
taly 121 1261 384 - 424 656 50 2698 80 1446 328 - 383 BB4 45 MEA— S 0
Matherlands 13 =26 387 40 01 146 53 1152 11 S64 314 53 01 175 48 M6E 23,2%
Podand 23 7B 1328 - 21 207 08 16866 18 8B 134) - 26 2 08 1702 15%
Spain EE S2E 374 586 384 682 44 2746| 177 €81 451 B8l 185 605 35 2ZE4 — VO
Turkey 18 892 523 - 672 3B - 2744 20 10B2 976 - 584 204 - 255 25,2%
United Eingdom 1B 1434 307 7.7 54 TIBE B5 3394 22 1333 226 703 5% 428 86 EEH—
Other Europs 216 1504 2308 6438 4715 1976 330 174B6[ 221 1732 2356 6410 4347 2162 332 17580 27, 7%
Total Europe 636 7037 8610 8627 6457 G374 B3 G8508| 616 7.6 B41.3 B507 5762 7151 B1.9  3s0a
Kazakhstan 21 0 608 - 16 04 - 948 Z0 261 643 - N2 04 BT =T
Russian Federation 257 5294 1483 1966 184E 11 47 10910 158 288 1533 2081 1833 12 47 12
Ukraina 16 88 €12 80 77 16 17 18486 13 73 S06 ©56 @ 87 1718 1579
Other CIS 33 1275 38 P4 MB 04 03 1824 38 1298 38 26 475 05 03 1882
Total CIS 3721 BB67 2748 2709 2480 34 G6 15326| 279 B8R0 2721 2013 506 3B BB 15385
ran 3|7 ZB’SE 05 66 154 05 - 2B61| 343 2455 05 71 164 06 - 3044
Saudi Arabia 1566 213.7 - - - o - 3704| 1843 2211 - - - m - 376
United Arab Emirates 16 1277 - - - 0.3 - 178 16 1337 - - - 05 - 1358
Other Middie East 1306 2156 24.4 - 47 34 t 3780| 1261 2385 223 - 38 47 t 362
Total Middie East 3E5 7807 249 66 2032 43 T 1651] 3163 8388 227 7.1 200 6O T 12108
Egypt 34E 1375 - - 133 26 - 1ez| 272 1488 - - 134 27 - 122
South Africa t 17 2mB2 158 07 78 33 2827 t 18 3B 158 08 BT 41 2551
Other Africa 6.0 1608 765 - 1058 123 05 3571 543 1733 271 - 1142 131 04 3624
Total Africa B68 5000 2487 159 11899 278 35 7O980| @15 5261 2508  15A 1785 245 45 8307
Australia B0 488 1623 - 19§ 241 02 32884 63 548 1541 - 137 ; 0z %04
China 104 1883 41636 2133 11533 3605 435 61332| 149 1962 43605 2483 11558 (717 474 64861 —
ncia 100 740 10804 378 1264 807 01 14215| 103 7EE 11414 374 1356 ©E4 03 14870 7,3%
ndonesia 23 593 1354 - 184 113 t 2486 235 532 1523 - 184 130 t 2604
Japan 820 3872 3308 177 BOO0 831 115 10023 548 45 3425 281 782 863 140 10200
Malaysia 16 637 708 - B 14 - 1m3 16 618 725 - M8 16 - 183
South Korea 177 1231 2356 1620 2B 138 5B S610| 124 1206 2544 1484 30 160 &7 EN7
Taiwen 18 BS6 1200 317 66 44 48  2641| 121 986 1264 24 54 52 4% ZM3
Thaitand Qs 11 37 - 35 125 - 1787 03 1210 387 - 47 4B - 1768
Vietnam 07 450 645 - @8 03 - 1748 D8 444 743 - 702 04 - 1801
Other Asia Pacific 798 1668 1035 58 1310 298 0O 5367 769 1956 1166 81 1314 307 07 5508
Total Asia Pacific 2426 _1397.0 65142 4663 1665 A4 660 109403 7138 14187 68460 4837 16422 7738 744 114628
Total World 5584 58487 54510 26128 40361 18446 1775 248202| 6830 50153 97734 26356 40508 21515 1826 265613
of which: OECD 7266 30564 30072 19704 14068 11387 1142 109752| 1961 30162 2992.0 19661 13911 13477 1142 10132
Mon-DOECD 7316 27933 64438 6424 26292 6510 633 139549| 6069 26901 67315 6795 26668 ©009 G4 145381
EL 593 6072 7194 B339 3500 6026 767 32546( 572 65B5  B9G.E  BI05 2007 6733 736 32866
19 Electricity generated in China (7,3% of total) 2,4 times bigger than in

Germany (30,3% of total)



Share of energy from renewable sources

in the EU Member States

(2017, in % of gross final energy consumption)
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Biomasa Sunce
1,62%  1,22%

lzvor: HOPS i HEP ODS

Udio pojedinih primarnih izvora energije u snazi elektrana na teritoriju Republike Hrvatske na
kraju 2017. godine
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2008. 2010. 2011. 2012. 2013. 2014. 2015. 2016. 2017.
m Ostali OIE [GWh] 0 5 16 33 85 132 194 298 454 535
¥ Vjetar [GWHh] 40 45 138 201 329 517 730 794 1.002 1.204
® Voda [GWh] 5.277 6.765 8.305 4.578 4.772 8.054 8.356 5.715 6.250 5.025

® Fosilna [GWh] 6.101 5.207 4.825 5.184 4.791 4.228 2912 3.192 3.625 4.054
m NE Krsko [GWh] 2,986 2,730 2.690 2.953 2.622 2.518 3.030 2.685 2.715 2.984

jud Neto uvoz

(bez NEK) [GWHh] 3.591 2.952 1.986 4.752 5.002 1.973 1.642 4,948 3.628 4.395

Slika 4.5.4. Udio pojedinih izvora nabave elektricne energije za potrebe hrvatskog elektroenergetskog
sustava od 2008. do 2017. godine



Fakultet kemijskog inZenjerstva i tehnologije, Zavod za termodinamiku, strojarstvo i energetiku

Koji su glavni oblici OIE?

= Sunceva energija,

= energija vjetra,

= hidroenergija,

= biomasa, otpad i biogoriva,

= geotermalna energija,

= energija plime i oseke, morskih struja i valova,
= vodik i gorive cCelije.

Energetika, prof. dr. sc Igor Sutlovi¢



Fotonaponske Celije

Tipovi FN celija od kristalnih
poluvodica su:

monokristalna-Si celija J/AY;

polikristalna-Si celija 0,15

amorfna-Si celija 0,09
CdS/Cu.,S 0,10
CdS/CdTe 0,12

GaAlAs/GaAs 0,24

Gaas [Py

Fotonaponska solarna Celija -
uredaj u kojem se odvija
direktna pretvorba energije
sunCevog zracenja u
elektriCnu energiju

Energetika, prof. dr. sc Igor Sutlovi¢



Fakultet kemijskog inzenjerstva i tehnologije, Zavod za termodinamiku, strojarstvo i energetiku
Princip rada fotonaponskih Celija zasniva se na fotoelektricnom

efektu
Fotoni Fotoni

l|‘

Negativiia
stezaljka

IMetalni kontakt

N tip poluvodica

Osiromaseno
podrucje

P tip poluvodica

_ - o Vi i Pozitiviia
Metalni kontakt Rekombinacija stezaljka

o ﬁupljina = pozithii nabaoj
2 Elektron = negativni naboj

Solarna ¢elija — solarnt modul — solarni generator

Energetika, prof. dr. sc Igor Sutlovi¢



Fakultet kemijskog inzenjerstva i tehnologije, Zavod za termodinamiku, strojarstvo i energetiku

‘ Potencijal
Sunceva zracenja
u Hrvatskoj

Energetika, prof. dr. sc Igor Sutlovi¢
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Aktivno iskoriStavanje sunceve energije za proizvodnju tople vode uz
dogrijavanje

Slika 5. Tehmitko rpefenje za iskonitavanje Sunéevog mafenja uz pomoé kolektora (izvor:
warw viessmann hr)



Ok 1 drzaé Suncevog
kolektora

Stakleni pokrov kolektora
Cyevna zavojmea koja
apsorbtira toplmu

Toplinska izolacya
Visokoapsorbirajus pokrovm
hm kop apsorbira Sunéeve
(toplinsko) zradenje

Slika &. Presjek Sunfevog kolekiora tipa Vitosol 200-FM (1zver: wanw viessmann hr)

L

Otvor za &5cenje 1 kontroln

Spremmk

Arnoda za antikorozyjsku zastit

Toplnska izolactja

. Izmjenjrvac toplne-cyevna
zavojnica za dogrijavanie vode
spojena ureda) za zagrijavanje
vode (bojler)

. Izmjenjivaé topline-cijevna
ZAVOJNIcA ZA ZAgTIjavan)e vode
spojena na Sundéev kolektor

. Pumpa

. . 9. Regulacyska oprema

Shka 7. Spremmk tople vede fipa Vitecell 100-B (1zvor: www iessmann b



Fakultet kemljskog mzen]erstva i tehnologije, Zavod za termodinamiku, strojarstvo i energetiku

FN celije najceSc¢e mozemo vidjeti kao
bazno napajanje izoliranih sustava (off-
grid) kao Sto su, telekomunikacijski 1
adiyski sistemi, svjetionici, cestovna
signalizacija 1l1 pak naplata parkiralista.

| dekorativne svrhe
kao npr. 1 Zadru (instalaciji
Pozdrav Suncu). -

- -"'-F.-:'I,r'llr“'['l A

..-- -- -.-'-'-: e - / 11 II"L\
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Energetika, prof. dr. sc Igor Sutlovi¢






Fakultet kemijskog inzenjerstva i tehnologije, Zavod za termodinamiku, strojarstvo i energetiku

Potencijal Sunceva zraCenja u Europi

1
Phaddowoflai Sols Elclr=ily Folomiul n Europasn Courfres

o=

& === Prva europska zemlja po
: iskoriStenosti sunceve
energije u Europi je

Njemacka.

Energetika, prof. dr. sc Igor Sutlovi¢



SOLARNI PARK

SnaggegddW iacipe o o GSTTELBORN
B i, b, o ; . 2000 m duzine .
smanjenje . e ’Fﬂ’“"""’ 8.4 MW

emisije 04 25.000 __gge== 60’0 m Sirine
tona COy = ""# e
godisnje

ke

Smiayenje eqisye od

A -~ #6500'tona"CO, godisnje
20 do 40% e a5 s

jeftinija energija

550,000 solarnih ploca
40 MW elektricne energije za oko 40,000 kucCe
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redukcua emisije 6200 tona CO, g
57,600 solarnih ploca
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Suncana elektrana Vis, najveca suncana elektrana u Hrvatskoj, snage 3,5 MW, prva je od sedam HEP-ovih
suncanih elektrana koje ¢e se pustiti u rad tijekom ove godine (2020.) u sklopu 750 milijuna kuna

vrijednog ciklusa izgradnje suncanih elektrana u razdoblju od 2019. do 2023. godine.
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HEP-ove investicije u sunceve elektrane s planiranim ulaskom u pogon do kraja 2020.

lokacija Zena Glava,
Otok Vis

Snaga, MW 3,5

Proizvodnja 5

GWh

Investicija 31,3
mil. kn

kn/kW 8942*

Radni sati** 1428
Povrsina, ha 5,5

En. gustoca 0,064
kW/m2

Orlec, Cres

6,5
8,5
41
6307
1307

17

0,0382

Zminj, Istra

1,2

9000

1200

Kastelir
Labinci,
Istra

2

2,9

15

5172

1450

* ugraden baterijski spremnik snage 1MW, kapaciteta 1IMWh

** proizvodnja/snaga

Radna zona
Kosore,
Vrlika

2,1

2,9

11

5238

1380

Bivsa tv.
Glinice,
Obrovac

7,35

11,3

52

7074

1537

Poslovna
zona
Stankovci,

2,5

4,6

26,3

10520

1840



ektriCne energije

smanjenje emisije CO, od 152,000 tona
godisnje

cijena 260 milijuna eura.




Spain,
Olmedilla
(Castila La Mancha)

60 M

SERPA, Portugal
11 MW

52, 000 solarnih panela

75 milijuna dolara

Spain,
Crevillent
(Alicante)

6,2 MW

7500 tons CO2
emission reduction
annually

povrSina 60 hektara

redukcija emisije od
30,000 tona CO,
godiSnje

Solarni park
Merida/D ¥
Alvaro

30 MW




Parabolicni koncentrirajuci solarni kolektori Godiénja proizvodnia el.
Concentrating Solar Power (CSP) energije 134 milijuna kWh

- Nevada Solar One- pustinja Mojave, Nevada, SAD,
pored Las Vegasa, u pogonu od srpnja 2007g.

Snaga 64MW, povrsSina
1,6km?2, od Cega 1,2km?
otpada na polje kolektora

= Ar Smanjenje emisije CO,
jednako emisiji 20000
automobila godisnje
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Figuire 4: Cumulative PV installations from 2010 te 2018 estimates
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—_ W Rest af EU Bracket represents the EU share
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Year

Sowrce: [IEA 2018b, Sol 3018, Sys 2018] and own analysis

JRC SCIENCE FOR POLICY REPORT

PV Status Report 2018




apsorberska cijev

A
povratni vod
salarnog medija

+++

koncentrirajudi
kolektor sa zrcalima

polazni vod
solamog medija

apsurhr:rska +
dljev u Zaristy

Vise od 182 000 zrcala, 18200 cijevi na
koje se fokusira zracenje, temperatura
koja se postize u njima 390°C
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NEW INSTALLED CAPACITY AND DECOMMISSIONED CAPACITY IN MW. TOTAL 52,820 MW FIGURE 1.2

28,280

. Solar PV installed 12 GW (21.7% of total capacity),
followed by wind with 9.3 GW (16.7%). In addition,
4,056 MW (7.3%) of coal, 573 MW (1%) of biomass,
12,000 405 MW (0.7%) of CSP, 208 (0.4%) of large hydro, 200
MW (0.4%) of peat, 149 MW (0.3%) of waste, 145 MW
(0.3%) of nuclear, 25 MW of small hydro, 25 MW of
SHE geothermal, and zero MW of tidal and wave capacity
were installed. Significantly, no fuel oil capacity was
8,000 | - ~ added in the EU during 2010.
Overall, 2010 was a record year in the EU with 55.4 GW
i . - of new electricity generating capacity installed, more
than double 2009 installations (a 102% increase).
4,000 4,056
2,000
51.3_ ﬁ 208 200 149 145 25 25 ° °
of ML_ — ?-F-_a_,-o_-. i e iy
535
-2,000 1,550
Gas PV Wind Coal Biomass CSP Large PEAT Waste Nuclear Small Geothermal Tidal & Fuel

) According to Platts PIE (January 2011) almost 30 GW of gas projects have been cancelled or suspended in recent years
) In 2008 the net addition was only 16 MW



MET ELECTRICITY GENERATING INSTALLATIONS IN EU 2000 - 2010 IN MW FIGURE 2.2
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Executive summary

|
2010 annual installations

- 9,295 MW of wind power capacity (worth some €12.7 billion) was installed in the EU during

2010, down 10% compared to the previous year;

-Wind power accounted for 16.8% of total 2010 power capacity installations;
- More renewable power capacity was installed during 2010 than any other year, an increase of

31% compared to 2009;

- Renewable power installations accounted for 41% of new installations during 2010, 22,645
MW of total of 55,363 MW of new power capacity;

» More power capacity was installed in 2010 than ever before, an increase of 102%, due to
increasing renewable power installations and gas power installations;

Trends & cumulative installations

- Wind power installations accounted for 16.8% of new capacity installations in 2010, the first

year since 2007 that wind power did not install more than any other generating technology;

- For only the second time since 1998%the EU power sector installed more coal than it decom-
missioned?, highlighting the urgency of moving to a 30% greenhouse gas reduction target for
2020 and introducing an Emissions Performance Standard;

+ The EU power sector continues its move away from fuel oil and nuclear, each technology
continuing to decommission more than it installs;

+The EU’s total installed power capacity increased by 52,855 MW (net) to 876,023 MW, with
wind power increasing its share of installed capacity to 84,278 MW (9.6%).

Data for wind power installations

- Annual installations of wind power have increased steadily over the last 15 years from 814

MW in 1995 to 9,295 MW in 2010, an annual average market growth of 17.6%;

- A total of 84,278 MW is now installed in the European Union, an increase in installed cumula-
tive capacity of 12.2%.

- Germany remains the EU country with the largest installed capacity, followed by Spain, Italy,
France and the UK;

- Increasing installations in emerging EU markets — offshore in Northern Europe, and onshore
in South East Europe (Romania, Poland and Bulgaria) — offset the fall in installations in the
mature onshore markets of Germany, UK, and Spain;

- The wind capacity installed by the end of 2010 would in a normal year produce 181 TWh of

electricity, representing 5.3%2 of electricity consumption;
1 According to Platts PIE (January 2011) almost 23 GW of coal projects have been cancelled or suspended in recent years

2 In 2008 the net addition was only 16 MW.
%) According to the latest figures from Eurostat, gross electricity consumption in the EU-27 was 3,390.7 TWh in 2008.



EU MEMBER STATE MARKET SHARES FOR NEW CAPACITY
INSTALLED DURING 2010. TOTAL 9,295 MW AGURE 1.1

Other 9%
Denmark 4% (800 MW)




The European Power
Sector in 2018

Up-to-date analysis on the electricity transition

ANALYSIS

[0, emissions in the power sector fell by 5% in 2018, Half of this was structural, from nesw wind, solar
and biomass displacing hard coal. The other half was weather-nelzted, as inreased hydro generation
reversed the temporary rss ingas in 2007 Overall EU ETS emissions, we estimate, fall by 3%, from
1754 Mt in 2017 to T700 Mt in 2008

Its a tale of two types of coal: Europe's transition from hard coal to renewsbles i accelerating ...
Hard ooal generation fall by 9% in 2018, and & now 405 lower than in 202. In 2008, Garmany and
Spain announced that coal phase-out plans were imminent. That would now put three quarters of
Europa’s 2008 hard coal generation under national cosl phase-outs. The remaining quarter is almost
all in Polznd.

.. howewer, the transition from lignite - the dirtier, brown coal - to renewabdes proving much
harder. Lignite genaration fell by onby 3% in 20N8. Half of Europe’s lignite generation in 2008 was in
Germany; the Cozl Commission announcement for 2 2028 phase-out inchedes lignite. The other half
B in wountries where this & not yet the ase: Poland, Czech Republic, Bulgaria, Greace, Romania and
Slovenia.

Wind is strong, but get ready for solar! Renewables rosa to 32.3% of EU electricity production in
208, while this year's rise was mainty due to wind growth picking up and hydro returning back to
mormal, solar will be the next big thing: sofar additions increased by more than S0 to almost 10 GW
in 2018 and cowtd tripls to 30 GW by 2022 Module prices fell by 29% in 2008. Solar outperformed dur-
ng the 20M& summer heatwave, when ooal, nedear, wind and hydro all stumbled. Bold national plans:
for solar in 2030 were drafted in taly, France and Spain in 2008, The EU's 2030 RES target, agreed in
2078, will resuft in even more.

For the first time, the fuel and carbon costs alone for coal and gas plants were on a par with the full
cost of wind and solar. Cosl and gas generation costs rose in 2008 coal price rose 15%, gas rose 309,
and the 00, price rose 70 Consequenthy, slectrioty prices rose to 45-60 £/Mwh in Euope. This &
the leval at which the lstest wind and solar auctions deared in Garmany.

Energlewende 5
smarter climate policy

Agora c Sandbag






VJETROELENTRANE

kon- detroelektrans
; ‘ ™ cielokupno) proizvodnfi u vietroelek-
J

Proizvodnja elektricne energije iz vjetra smanju

Iskustva iz razvijenih remalja
pokazuju kako svaki instalirani
‘megavat vietroeloktrana

oko 0,85 megavata rezerve u
konvencionalnoj

Sundeva zradenja ili - donekle - vodo-

uljetno

m‘ .

bu dana ili 0 sezon! U godini, poput gﬂ

toka Premda, dakako, uodredenu e POKTIEL Konvenc
predjelu vietar donekle vierojatniiu "o
stanovito yrijeme,

tranama. Naime, neke kKonvencional-
ne elektrane koje trebaju bitl nepre- |
stano spremne da preuzmuiznenada |

ne smiju prije toga radit! bilza punog
opterecenia - jer u tom sluéaju ne

ezag

- Njemacko je islustvo da se na naga. A se
:‘muw‘g‘-m W wmﬂuv?m:
u elektranama na stalne : !

ikupne proizvodnje iz svih obnovji-
i tzvora energtie.

1 snazi od 20%, a prolzvele su éak 50% 1
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O pienito

« 1. Servisna dizalica (service crane) e 11, LeZaj krila (blade bearing)
« 2. OptiSpeed™ - generator e 12, Temeljna ploea stroja (machine
) ) foundation)
Rotor « 3. Rashladni sustav (cooling system)

« 4. VMP-top kontroler sa konverterom « 13. Hidrauliena jedinica (hydraulic unit)

.. . 14, Zakretna ruka (gear torgue arm
« 5. Prijenosnik (gearbox) ‘ (g “ )

) . 15. Zakretni prst i
« 6. Glavna osovina (main shaft) * akretni prsten (yaw ring)

= Generator . o « 16. Koenica (brake)
P E—— « 7. Sistem za blokiranje rotora (Rotor lock

system) « 17. Toran] (tower)
« 8. Krak, lopatica « 18. Oprema za zakretanje (yaw gear)
« 9. BladeHub (glava nosaea rotora) « 19. Kompozitna spojnica diska; generator-
« 10. Spinner prijenesnik (Composite disk coupling)
4
Toranj
Ukupan broj vjetrogeneratc
Proizvoeas: Vestas Danska
Tip: W52 -
TeZina: 83 tona
Visina: 49 m
Temelj
Mazivna snaga: 850 kw e
Povréina zahvata: 2 124 eetvornih metara T --m / 17 L WY B 41 1 .

Regulator snage: Pitch regulacija rada vjetroturbine/
Optispeed™

Hidrauli*na koe#nica



Mjerenje brzine vjetra
Bf-Beaufort, kn-knot (¢vor)=1,852km/h, 1mph=1,609km/h,
izvor: http://prognoza.hr/prognoze.php?id=pomorci (www.meteo.hr)

Brzina Visina valova

km/h m/s kt mph m ft
0 Bf tiSina <1 0-0.2 <1 <1 - -
1 Bf lahor 1-5 0.3-1.5 1-3 1-3 [0.1(0.1) | 0.25(0.25)
2 Bf povjetarac 6-11 1.6-3.3 4-6 4-7 10.2(0.3) 0.5(1)
3 Bf slabi 12-19 34-54 7-10 8-12 | 0.6(1) 2(3)
4 Bf umjereni 20-28 5.5-7.9 11-16 | 13-18 | 1(1.5) 3.5(5)
5Bf | umjereno jaki | 29-38 8.0-10.7 | 17-21 | 19-24 | 2(2.5) 6(8.5)
6 Bf jaki 39-49 | 10.8-13.8 [ 22-27 | 25-31 3(4) 9.5(13)
7 Bf Zestoki 50-61 13.9-17.1 | 28-33 | 32-38 | 4(5.5) [ 13.5(19)
8 Bf olujni 62-74 | 17.2-20.7 | 34-40 | 39-46 |5.5(7.5)| 18(25)
9 Bf jaki olujni 75-88 | 20.8-24.4 | 41-47 | 47-54 | 7(10) 23(32)
10 Bf orkanski 89-102 | 24.5-28.4 | 48-55 | 55-63 | 9(12.5) 29(41)
11 Bf | jakiorkanski | 103-117 | 28.5-32.6 | 56-63 | 64-72 [ 11.5(16 | 37(52)

)

12 Bf orkan >=118 >=32.7 >=64 | >=73 14(-) 45(-)




Stanje Opis Visina valova Izgled mora
more (m)
0 mirno (glatko, zrcalno, 0 more poput zrcala
bonaca)
mirno (naborano) 0-0.1 mali vali¢i ili bore s pojavama
malo valovito (vali¢asto) 0.1-0.5 kratki ili mali valovi; uobliCeni; bregovi izgledaju staklasto
umjereno valovito 0.5-1.25 vedi valovi; mjestimice bjeline na valnim bregovima; more stvara
isprekidano Sustanje
4 valovito 1.25-2.5 valovi s mnogo bjelina; moguénost prskanja; Sum mora sli¢i
muklom Zamoru
5 jace valovito 2.5-4 valovi se propinju; neprekidne bjeline; pjena s vrhova prigodice se
otpuhava kao morski div; valovi stvaraju neprekidno Zamor
6 uzburkano 4-6 visoki valovi imaju velike bjeline s kojih se pjena otpuhuje u
gustim prugama; more se pocinje valjati, a njegov je Sum poput
mukle huke
© 7 tesko 6-9 veliki valovi se propinju; imaju duge pjenusave bregove koji se
5 neprekidno ruse i stvaraju hucanje; velike koli¢ine pjene
S otpuhnute s bregova daju morskoj povrsini bjelkast izgled i mogu
QL utjecati na vidljivost; valovi se valjaju tesko i udarno
§ 8 vrlo tesko 9-14 valovi visoki da manji i srednji brodovi u blizini povremeno
0 nestaju iz vida; vjetar otkida vrhove svih valova; more je potpuno
prekriveno gustim prugama pjene; zrak je toliko ispunjen pjenom i
morskim dimom da ozbiljno ogranicava vidljivost; valjanje valova
stvara tutnjavu
9 izuzetno teSko >14 valovi se medusobno krizaju iz raznih i nepredvidivih smjerova

tvoreci slozenu interferenciju koju je tesko opisati; valovi se mogu
prigodice djelomice rusiti
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Tablica 1 Osnovni parametri vjetroelektrana u redovnom pogonu

VJETROELEKTRANE U POGONU

VJETROELEKTRANA ODOBRENA SNAGA SKLOPLJEN UOKM PRIKLJUCAK NA MREZ
(MW) (kV)
VE Ravne 595 prosinac 2006. 10
Zadarska/Pag 5,95 5,95 10 2005
Sib-Knin/Sibenik 11,2 11,2 10 2007 VE Trtar-Krtolin 11,2 prosinac 2007. 30
Sib-Knin/Sibenik 9,6 9,6 30 2009 VE Orlice 9,6 lipanj 2009. 30
Prim-Goran/Senj 42 42 110 2010 VE Vratarusa 42 srpanj 2009. 110
Zadarskaﬂiraﬁac 53,4 54,2 110 2011 ,t‘ 2017 VE Crno Brdo 10 ozujak 2011. 10
. . 2010/ 2011/
Split-Dalm/Split 20 20 110 VE ZD2 18 studeni 2011. 110
plit-Dalm/Spli 2012/ 2015
Sib-Knin/Sibenik 10,5 10 10 2011 VEZD 3 18 studeni 2011. 110
Zadarska/Benkovac, 36,8 BT 110 2011 VE Pometeno brdo 20 studeni 2011 110
Obrovac
Dub-Neret/Ston 36,8 34 110 2012 VE Ponikve 34 listopad 2012. 110
Sib-Knin/Marina, Seget 30 30 110 2013 VE Jelinak 30 prosinac 2012. 110
SR 42 40 110 2013 VE ST 1-2 Kamensko 20 lipanj 2013. 110
Zadarska/Benkovac 9,2 9,2 10 2013
= - P - VE ST 1-1 Vostane 20 lipanj 2013. 110
Sib I(nln);JDrnvl_s,'. Sibenik, 03,7 & ] =
L= VE ZD 4 faza . 9,2 srpanj 2013. 10
Zadarska/Obrovac 42 42 110 2014 - —
: ' VE Ve“kg G.‘E{ﬁ Bubrig i 43 prosinac 2013. 110
Split-Dalm/Mué a5 44 110 2015 mivr
g =] VE Zelengrad - Obrovac 42 ozujak 2014. 110
L Ner?it: :’;:!:”“'“k') 34,2 34,2 110 2015
— P vj VE Ogorje 44 srpanj 2015. 110
Sib-Knin/Sibenik 20,7 23 110 2016
Split-Dalm/Sestanovac 32,2 39,0 110 2016 VE Rudine 35 srpanj 2015 110
VE Katuni i
split-Dalm/Cista Provo 8,75 48 110 2018 atun 39 studeni 2016. 110
VE Glunca 22 listopad 2016. 110
(LU 576 576,25
TOTAL VE ZD 6P + ZD6 54 lipanj 2017. 110
VE Lukovac 48 srpanj 2017. 110
VE Kom-Orjak-Greda 10 studeni 2018. 35
VE Kr$ Padene 142 srpanj 2019. 220
VE Jasenice 10 kolovoz 2019. 35
VE Korlat 58 ozujak 2020. 110
UKUPNO 794,95
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WPP in Croatia

Maziv VE

@ Brudka

Crni Brdo

@ Glunéa

® Jelinak

@ Eatuni

@ Lukovac

© ogorje

@ Orlice

@ Pometeno Brdo

A5 O Ponilosa
. @ Rawne

@ Audine

@ Trtar Krtolin
@ Walika Glava
2 walika Paping
@ voltane

@ Vratanita

@ Zadard

@ Zelengrad




Satna proizvodnja od 1.01.- 31.10.2011. godine
Prosjecna satna proizvodnja 21,3 MW, maksimalna satna proizvodnja 72,71 MW.

Mw

—— Satna proizvodnja

Krivulja trajanja —— Prosjecna proizbodnja

Instalirana snaga
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Dnevna proizvodnja u listopadu 2010.

MWh/dnevno
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Prosjecna satna proizvodnja u pojedinom mjesecu
- vidi se utjecaj temperature zraka na djjagram proizvodnje
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Mjesecne krivulje trajanja proizvodnje VE 10/2010.

MW

80

70

50 |
40 |
30 |

20 |

10

0

—— SijeCan; ——Veljaca —— Ozujak —— Travanj Svibanj

—— Lipanj —— Srpanj —— Kolowoz ——Rujan —— Listopad

60 A}

1

32 63 94 125 156 187 218 249 280 311 342 373 404 435 466 497 528 559 590 621 652 683 714




Broj sati rada na godiSnjem nivou
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mmmm Dnevna proizvodnja VE s Prosjedna proizvodnja
Daily WPP generation Average peneration
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Slika 5 Dnevna preoizvodnja svih vjetroelektrana u listopadu 2018. godine

MjeseCni izvjestaj o proizvodniji VE u Hrvatskoj , listopad 2018.-HOPS



Faktor iskoriStenja: stvarno angazirana snaga/instalirana snaga
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B Ukupna potrodnja sustava » Satna proizvadnja VE
Tatal system consumption WPP hourly generaton
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Slika 7 Usporedba satnog dijagrama opterecenja sustava i proizvodnje vjetroelektrana u listopadu 2018.
godine



taj o proizvodnji VE u Hrvatskoj , listopad 2018.-HOPS
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Slika 8 Udio proizvodnje vjetroelektrana u pokrivanju satnog optereéenja elektroenergetskog sustava u
listopadu 2018. godine

Na razini 2017. najveca pokrivenost potrosnje 35,2% 6.11.2017. u 3h, godisnje 15%



==f== Najveca pozitivna promjena proizvodnje

Najveca negativna promjena proizvodnje

g Max positive WPP hourly output variation Max negative WPP hourly output variation
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Drugim rije€ima, prikazana je razlika ostvarene
prosjecnhe proizvodnje VE u dva uzastopna
sata. Najveca pozitivha satna promjena
proizvodnje VE iznosila je 219,77 MW, dok je
najveca negativna satna promjena proizvodnje
VE iznosila -122.4 MW. ProsjecCna pozitivha
satna promjena proizvodnje u promatranom
razdoblju iznosila je 108,62 MW, a prosjecna
negativna -93.65 MW.

Month / Year
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Is a 100% renewable European power system feasible by 2050?
William Zappa“, Martin Junginger, Machteld van den Broek

Copernicus Institute of Sustainable Development, Utrecht University, Princetonlaan 8a, 3584 CB Utrecht, The Netherlands

Applied Energy 233-234 (2019) 1027-1050
ABSTRACT

In this study, we model seven scenarios for the European power system in 2050 based on 100% renewable
energy sources, assuming different levels of future demand and technology availability, and compare them with
a scenario which includes low-carbon non-renewable technologies. We find that a 100% renewable European
power system could operate with the same level of system adequacy as today when relying on European re-
sources alone, even in the most challenging weather year observed in the period from 1979 to 2015. However,
based on our scenario results, realising such a system by 2050 would require:lma 90% increase in generation

capacity to at least 1.9 TW (compared with 1 TW installed today), @lreliab]e cross-border transmission capacity
at least 140 GW higher than current levels (60 GW), the well-managed integration of heat pumps and electric
vehicles into the power system to reduce demand peaks and biogas req_uirements,the implementation of
energy efficiency measures to avoid even larger increases in required biomass demand, generation and trans-
mission capacity, wind deployment levels of 7.5GWy ™! (currently 10.6 GW y~!) to be maintained, while
solar photovoltaic deployment to increase to at least 15GWy~! (currently 10.5GWy 1), large-scale mo-
bilisation of Europe’s biomass resources, with power sector biomass consumption reaching at least 8.5 EJ in the
most challenging year (compared with 1.9 EJ today), and increasing solid biomass and biogas capacity
deployment to at least 4GWy~! and 6 GWy ! respectively. We find that even when wind and solar photo-

voltaic capacity is installed in optimum locations, the total cost of a 100% renewable power system

(~530€bny~ ') would be approximately 30% higher than a power system which includes other low-carbon

technologies such as nuclear, or carbon capture and storage (~410€bn vy~ ). Furthermore, a 100% renewable

system may not deliver the level of emission reductions necessary to achieve Europe’s climate goals by 2050, as

negative emissions from biomass with carbon capture and storage may still be required to offset an increase in

indirect emissions, or to realise more ambitious decarbonisation pathways.















Pod pojmom biomase se podrazumijevaju dvije kategorije:

= Biomasa koja je nastala kao proizvod probavnog sustava domacih
zivotinja-stajski gnoj i

= biomasa koja se dobiva izravno preradom ili drva ili se drvo pak koristi
iskljucivo za tu namjenu
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izvor: www.seilnacht.com/referate/biogas01.htm

Funktionsweise einer Biogasanlage

Stallmist |

Heizung

- e e

| Garbehalter | | Schlammbehilter | | Gasspeicher |

U fermentatoru se u kontroliranim uvjetima iz izmeta zivotinja-stajskog gnoja
proizvodi bioplin koji sadrzi metan. Taj metan se moze do potrebne Cistoce izdvoijiti
iz bioplina te ga je moguce utiskivati u plinovod zajedno sa prirodnim plinom (tzv.
zeleni plin). Moguce ga je izravno koristiti kao energent u kogeneracijskom
postrojenju za proizvodnju elektricne i toplinske energije.



Termoelektrana'se

opetinamece’Turopolju

Uvid u studijuipocinje*20- prosinca, a trajedo 18. sijeénja 2013,;sVakimiradnim
=danomod 8 do 15 sati. Studija Ce biti javno prezentirana 1§.r§siié(:nja, naravno, u
14 sati u gradskojvijecnici. Prigovori i primjedbe mogu se dostaviti'do'25: sijecnja

Nedavno je u Jutarnjem listu obja-
vijen skromni poziv na javnu raspravu
o Studiji utjacaja na okoli§ termoele-
ktrane koja bi se trebala izgraditi na
ledini izmedu Velike Gorice i Novoga
Cica, tik uz cestu za Vukovinu, Uvid u
studiju pocinje 20. prosinca, a traje do
18.sijecnja 2013, svakim radnim dan-
omod 8 do 15 sati. Studija e biti javno
prezentirana 15. sijecnja, naravno u
14 sati u gradskoj vijecnici. Prigovori
i primjedbe mogu se dostaviti do 25.
sijecnja. Previse je uocljivo da je javna
rasprava organizirana u blagdansako
vrijeme kad je, od zakonom propisanth
30 dana, barem polovica neradna.
| dnevni uvid je pomno izabran, do
15 sati, a vecina Velikogoricana radi
do 17. | javna prezentacija je usred
dana kako bi joj $to manje gradana
moglo prisustvovati. Sve navodi na
pomisao da nam nepoznati ali mocni
Cimbenici opet pokuSavaju poturiti
termoelektranu.

Zbrda - zdola studija

Prvi put, u proljece ove godine,
projekt izgradnje termoelektrane na
bio masu, najavljen je na sva zvona.
Gradanima je predstavijeno da je to
fantastican projekt koji ce povecati
zaposlenost, rijesiti problem grijanja
velikogorickih zgrada koje segripr
na skupi mazut, iako je toplinska en-
ergija tek sekundarni proizvod, a
dglavi je elektricna energija. Poslije
izgradnje termoelektrane, koja bi
zapodljavala jedva 12 ljudi, sve bi bilo
jeftinije i ljepse, Samo Yo se zavirik
u Studiju o utjecaju na okolié, postak
je uncljivo da je rijec o zbrda - zdola
sklepanoj alibi studiji. Svemocni HEP
i gradevinski lobi koji Zeli investiciia
od 85 milijuna eura, migili su da ée
projekt proci bez ozbiljne rasprave i
truda, pa su gradanima poturili jadnu
improvizaciju. Mislili smo ,lako cemo”,

od planiranog. Time je prica o jeftinoj
elektricnoj energiji bila zavriena. Struja

od bio mase postala je znatno skU_pI{E '
od hidroenergije.

Zanemaren smrad

kad im se dogodila Akcija za Turopolje,
istinska gradanska inicijativa iz Novoga
Cica. Akcija je digla cijelo Turopolje
na noge, angazirala strucnjake koji su
dokazali da je rijec 0 megalomanskom
projektu. Zgrada termoelekirane bila  Veliki problem sa bio elektranama
bi svega kilometar od Velike Gorice, u naseljenim podrudjima je nesnosan
Novog Ciéa i Vukovine. Radila bi na smrad koji nastaje kao produkt paljenja
Sumsku bio masu snage 22,5 MW drvene sjecke i svakojakog drvenog ot-
elektriéne energije i 35 MW toplinckog pada opterecenog ljepilima, otapalima,
ucinka. U Europ se takva mamutska lakovima i lazurama za drvo. Vedina
nstrojenja smatraju neisplativima. gradova je vrlo brzo zatvorila bio
jezina velicina je monstruozna, elektrane zbog cudoviSnog smrada |
betonski  bunker” visok cetrdesetak zbog emisije fine prasine koji procistaci
etara s dimnjakom od 75 metara. i filtri izbacuju uokrug 5 kilometara od
Takva grdosija bi trebala gutati 29 termoelektrane. Jedan Velikogoricanin
slepera drvene sjecke dnevno (?!) koji je upoznat s praksom u Europi
za koju Studija ne kaze gdie Ce se kaje da mozemo zaboraviti igru na
nabaviti? Studija je jo§ neodredenija gistom zraku ili susenje rublia na ot-
g!e:de ndfagaffﬁta pepela koji Ce 05+ yoranom, jer najfinija pradina pepela
fati u ogromnim koli¢inama iza spali- prodire usve i stvarasivu milimetarsku
onice sjecke. Odlagaliste naprosto patinu,

nije odredeno. Studija je potpuno Bi
; Gt : . Bioelektrana kontra turizma
Slampava po pitanju zadtite zraka i Nedavno je jaiosti prezentiran

odzemnih voda. Sve bi se rijedilo Fonmis 2
P J urbanisticki plan uredenja jezera

velikim procistacima. Cice. Kupalidta, restorani, zabavni
Sporna eurpska praksa
Europska praksa je razli¢ita, Ima
primjera da male bio elektrane do-
bro posluju, a velike su neisplative. Glasnik Turopolja
U obliznjoj Austriji izgradeno je ¢ak 22.12.2012

stotinjak bio elektrana, ali zatvaraju
se jedna po jedna. Prvi problem je
nedostatak bio mase. Kada je drzava
prestala sufinancirati projekie, bio
masa je, zbog manjka na domacem
IrZiStu, uvazana (i iz Hrvatske) po znat-
no vecim, cak dvostrukim cijenama



Tko ¢e ubiti Sumu?
Otpadne vode bi se ispustale
Zelin i Lomnicu te prirodnim vodoto
dma zavrsavale u Odri - posljednjo
turopoljskoj rijeci koja je jos kolike
- toliko nezagadena. Potencijalnc
™ zagadenje Odre je, po mom migljenju

najgori dio plana izgradnje termoele

Odgovornost politicara

One politicare koji javno ili tajno
podrze ili omoguce tako, po Zivot svih
gradana, katastrofalan projekt, treba
proglasiti zlocincima i zauvijek izgnati
iz drustvenog Zivota Turopolja. Tu kom-
promisa ne smije biti, Gubitak izbora
nije za takve ljude nikakva kazna. Nadi

ktrane. Silne otpadne vode i pepec Zivoti i Zivoti nade djece i buducih gen-
unidtile bi Odru koja dvaput godisnj¢ eracija ne smiju biti onemoguceni zbog

plavi Turopoljski lug, prirodnu hrast

neodgovornih, korumpiranih ulizica i

ovu godinu koja se oluvala doslovee beskicmenjaka koji naloge Europske
tisuama godina. Tko unidti Odru unije slusaju zbog privatnih interesa i

u kojoj je jos vise od sto vrsta riba
unistit ¢e i zasticeni Turopoljski lug

nedto Judinih Skuda. Ve podatak da je
Javna rasprava organizirana u vrijgme

zadticeno Odransko polje i sva naselji boZicnih i novogodiinijih praznika
uz Odru, Tamo gdje se ubije Suma inicira sumnju da se zlocinacki pro-
nastaje pustod i pustinja. Drasticnc jekt pokuSava potiho progurati. Uz
se mijenja klima i vegetacija, uvjet pobudenu svijest da su ugroZeni nasi
za Zzivot ¢ovjeka postaju vrlo teski il Zwvoti i opstanak i angaZiranost Akcije
nemogudi. Zato je izgradnja bio elek za Turopolje, takvo $to se nece dogo-
trane jednaka biocidu, uniStenju Zivot: diti. Javna rasprava simboli¢no podinje

u prelijepom Turopolju.

na dan ,smaka svijeta® koji bi se i
dogodio da se termoelektrana izgradi
usred ravna Turopolja.

Aleksandar Boiic

BARISIC: NISAM LUD DA SAM KONTRA GRADANA

0 bicelektrani bilo je govora na aktualnom satu sjednice Gradskog
vijeéa od 20. prosinca. Vesna Skare Ozbolt osvrnula se na bioelektranu
i na price da gradonacelnik Barisi¢ podrzava projekt. Traila je jasan
odgovor - da ili ne? Sto se tice bioelektrane gradonacelnik kaze:
wNaravno da nisam za, nisam lud da idem kontra svojih sugradana.
Predlazem da pogledamo dokumente i uhvatimo nit. Pogledajmo tko je
investitor, tko je donio prestorni plan, tko je donio studiju utjecaja na
okolis“, BariSic je aludirao da je bioelektrana projekt HNS-a kojeg je u
javnost plasirao saborski zastupnik Goran Beus Richembergh jos 2005.
godine, a realizacija je krenula 2009. za vrijeme Tonina Picule.



Iz drvne biomase dobivaju se tri osnovna proizvoda koji se koriste u
energetske svrhe. peleti, briketi i sjecka

Osnovne karakteristike peleta:

gustoca ~650 kg/m3
promjer: ~6mm
duzina do 30 mm
sadrzaj vode do 10%

o
udio drvne pra$ine 1 % (javlja se kod

transporta)
d. topl. vrijednost ~5 kWh/kg (18000kJ/kg)
ostatak pepela nakon gorenja: 0,5%

Upravljanje energijom, prof. dr. sc Igor Sutlovi¢



novne karakteristike briketa:

svojstva

drveni briket

ogrijevno drvo

smedi ugljen

oblik 1 mjere 2 90 mm - -

sadrzaj vlage oko 10% 10 - 20% 12 - 60%
sadrzaj pepela 0,35% <0,5% 2-10%
sadrZaj sumpora 0 o 2%

gornja topl. 17.600 kJ/kg i i
vrijednost

donja topl.vrijednost 16.500 kJ/kg 14.700 - 16.700 8.400 - 20.100 kJ/kg

kJ/kg

Upravljanje energijom, prof. dr. sc Igor Sutlovi¢




[l Prosjecna godiSnja
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Upravljanje energijom, prof. dr. sc Igor Sutlovi¢



Neka druga razmisljanja.

Stupanj djelovanja nekih postrojenja
| Uredaja za transformaciju primarnog oblika energije

Postrojenje .S‘UPE'”!
djelovanja
Starije parne termoelektrane 33% i manje
Novije parne termoelektrane oko 40%
Plinsko-turbinske elektrane oko 40%
Plinsko-parna termoelektrana oko 60%
Kogeneracijska elektrana do 85%
\Velika hidroelektrana do 95%
Suncani kolektor, jednostavni oko 45%
Fotonaponska celija — amorfna do 6%
Fotonaponska celija — multikristalna 11-14%
Fotonaponska celija — monokristalna 12-16%
Geotermalne elektrane, elektricho koristenje oko 15%

Izvor: www.strom.de



Ukupna emisija klimatski Stetnih

plinova’ iz elektrana (CO,-ekvivalent, gram/kWh)

Tip elektrana Izra_vpa Neizfa.‘.’ na quppa
emisija emisija emisija
\Velike hidroelektrane 3,5-40 10-20 13,5-55
Male hidroelektrane 3,5-35 15-20 18,5-55
Vjetroelektrana 600 kW 0 40 40
Vjetroelektrana 1,5 MW 0 50 50
Elektrana na biomasu 700 kW 13 50 63
Elektrana na biomasu 11,5 MW 18 45 63
Velika fotonaponska elektrana 0 180 180
Mala fotonaponska elektrana 0 220 220
Konv.termoelektrane na plin 340 80 420
Konv.termoelektrane na kam.ugljen 820 100 920

Izvor: VEQ-Journal 3/2004




Troskovi nekih izvora elektricne energije

Tip izvora Velicina I[\vesFicijski Troskovi pogona
(MW) troskovi (€/kW) (€/kWh)
Hidroelektrane (mali pad) 5 900-1000 0,02-0,03
Kombi-elektrane 40 550-850 0,04-0,06
Kogeneracija 5 800-850 0,05-0,06
Vjetroelektrane (na kopnu) 15 900-1300 0,04-0,09
Vjetroelektrane (na moru) 100 1500-2000 0,05-0,12
Gorivne stanice 5 1100-1600 0,08-0,10
Fotonaponski sustavi 5 6000-10000 0,75-1,00

Izvor: Utjecaj vjetroelektrane na naponske i strujne prilike u elektroenergetskoj mrezi,

Energetski institut «Hrvoje Pozar», Zagreb, veljaca 2003




900.000 kw
B Geotermalne elektrane

800.000 kW B Kogeneracije

700.000 kW m Vjetroelektrane

600.000 kW » Suncane elektrane

500.000 kW M Hidroelektrane

400.000 KW ® Elektrane na deponijski plin
m Elektrane na bioplin

300.000 kW

M Elektrane na biomasu
200.000 kW

100.000 kW

0 kW
2007. 2008. 2009. 2010. 2011. 2012. 2013. 2014. 2015. 2016. 2017.

lzvor: HROTE

Slika 4.6.1. Instalirana snaga postrojenja u sustavu poticaja u razdoblju od 2007. do 2017. godine premc
vrsti postrojenja




¢ Godisnje izvjeS¢e HERA-e za 2017. — na usvajanju u Hrvatskom saboru

Prosjecna ponderirana cijena elektricne energije koja je u 2017. godini isplacena
povlastenim proizvodacima u sustavu poticajal(0,84 kn/kWh)|je preko dva puta veca od
godisnjeg prosjeka cijena elektricne energije na trzistu dan unaprijed na madarskoj i

slovenskoj burzi elektricne energije|(0,38 kn/kWh).

Odlukom o naknadi za obnovljive izvore energije i visokoucinkovitu kogeneraciju, koju je
Vlada Republike Hrvatske donijela 31. kolovoza 2017. godine, od 1. rujna 2017. godine

povecale su se visine naknada za obnovljive izvore energije i visokoucinkovitu

kogeneraciju 50,035 kn/kWh|na|0,105 kn/kWh} odnosno s(0,005 kn/kWh|na|0,007 kn/kWHh|
za kupce koji su obveznici ishodenja dozvole za emisije staklenickih plinova. Time se

osjetno povecala krajnja cijena elektricne energije koju placaju krajnji kupci. Istovremeno,
zbog nacina financiranja sustava poticanja, smanjio se udio opskrbljivaca elektricnom
energijom u prikupljenim sredstvima za sustav poticaja, s 58% na 52%.

S pocetkom rada EKO bilan¢ne grupe trebala je prestati obveza opskrbljivaca elektricnom
energijom u pogledu preuzimanja elektricne energije koju HROTE otkupljuje od



Tablica 4.6.3. Proizvodnja i isplaceni poticaji povlastenim proizvodacima u 2017. godini prema vrsti

postrojenja
. Proizvodnja . Isplaceni .
Vrsta . Instalirana - Udiou - Udiou
.. . . Broj elektricne . . poticaji .
postrojenja/primarni . . shaga . proizvodniji isplatama
izvor energije postrojenja [IMW] energije (%] (bez PDV-a) [%]
[MWh] [mil. kn]

Suncane elektrane 1.223 51,49 73.996 3,25% 142,88 7,47%
Hidroelektrane 12 4,48 15.867 0,70% 15,30 0,80%
Vjetroelektrane 21 519,00 1.178.211 51,74% 874,21 45,70%
Elektrane na biomasu 17 35,95 186.011 8,17% 234,48 12,26%
Geot I

cotermaine 0 0,00 0 0,00% 0,00 0,00%
elektrane
Elektrane na bioplin 32 36,73 278.661 12,24% 356,52 18,64%

Elektrane na

deponijski plin i plin iz

postrojenja za 2 5,50 78 0,00% 0,03 0,00%
prociséavanje

otpadnih voda

Kogeneracije 6 113,29 544.497 23,91% 289,36 15,13%

Ukupno 1.313 766,45  2.277.321 - 1.912,78 -

fzvor: HROTE



