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Ugljen — fosilno gorivo nastalo iz organskih sastojaka kroz
dugi period u anaerobnim uvjetima pri visokim tlakovima i

temperaturama

Gustoca, |Donja toplinska [Udio Hlapljivi sastojci, |Udio ugljika,

kg/m3 vrijednost, MJ/kg |vlage,% |% suhe tvari % suhe tvari
Drvo 0,2-1,3 14,7 Suho d. 80 50
Treset 1,0 6,3-8,4 60-90 65 55-65
Lignit 1,2 7,5-12,6 30-60 50-60 65-70
Mrki ugljen 1,25 16,7-29,3 10-30 45-50 70-80
Plameni 13 29,3-33,5 3-10 17-45 80-90
kameni ugljen
Mrsavikameni| 4 35 335356 | 3-10 717 90-93
ugljen
Antracit 1,4-1,6 35,6-37,7 1-2 4-7 93-98

Energetika, prof. dr. sc Igor Sutlovi¢
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Izgled pojedinih vrsta ugljena

KAMENI UGLJEN

MRKI UGLJEN

LIGNIT

TRESET
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Vrste ugljena i njihove karakteristike i upotreba
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Struktura kapaciteta za proizvodnju elektricne energije na teritoriju

Republike Hrvatske (izvor: EI Hrvoje Pozar)

S - - o - Proizvedena e lektricna energija u 2019. godi-
Eiccirichy guaerston copoeky e e e
Hidroelektrame = Hydro power plants 21997 59326
Akumulacijske = Storage 4857 35845
Crpne » pumped-storage 2754 5020
Protofne = Run-of-river 4052 17311
Male HE » Small HPP 333 1150
Termoelektrane » Thermal power plants 17810 52771
Ugljen « Coal 3310 14394
Prircdni plin = Matural gas 2691 26294
Maftni derivati = Jil derivates 3635 38.3
Biomasa = Biomass 755 4771
Geotermalna energija = Geothermal 10,0 N9
Bioplin = Biogas 51.9 4010
Vietroelektrane » Wind Power Plants &46,3 1457,3
Sunéane elektrane » Solar Power Plants 84,8 831
Ukupno = Total 4711.8 12 760,1

tiam Energy Market Operater, CBS

Energetika, prof. dr. sc Igor Sutlovi¢
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Raspored svjetskih rezervi ugljena
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Total proved reserves at end 2020

Anthracts o b
and brtumirecs Shars
Milion tonres bibuminous ard lignita Total o Total R/P ratio
Canada 4345 7238 6582 OB 166
Mexicn 1180 51 1211 0.1% 1B6
Us Z1aa3g 30008 248541 33.3% *
Total Morth America 224449 32280 ZhET34 33.5% 484
Brazl 1647 EQ48 G506 0E% :
Colombila 4554 - 4554 04% B0
Wenezuela 731 - 721 0.1% b
Othes 5. & Cent. America 1734 24 1808 0.7% ’
Total 5. & Cent Amedca 3616 5073 12689 1.3% 240
Bulgarla 192 217 2366 0.7% 182
Czech Republic 1081 2514 2505 0.3% 112
Germarry - 36000 35000 3.3% 334
Greece - 2876 2876 0.3% 206
Hungary 276 2833 2000 0.3% 476
Pokand 72630 FBES 22355 2E% 282
Aomanla 11 2B0 281 * 18
Serbia 403 7112 7514 0.7 1E9
Spain BRE 318 1187 1% 282
Turie 550 10875 11525 1.1% 1E8
Ukralng 22038 2336 34375 1% :
United Kingdom 26 - 26 * 16
Diner Eurcpe 1109 172 6221 B 1E9
Total Ewopa 53034 TE1EE 137240 12.B% 280
Eazakhstan FRE06 - 25605 24% 236
Fusstan Fagaration 71718 0247 162166 15.1% 407
Uzbaklstan 1376 - 1375 0.1% 333
Other CIS 1602 - 1509 0.1% 336
Total C15 100208 90447 TB06ES 17.6% 3E7
south Africa 9833 - gaa2 0.9% 40
Zimbabre 502 - G2 * 163
Otner Africs 4376 ER e 0.4% 2E0
Migdle Ezst 1203 - 1203 0.1% :
Total Middie East & Africa 15574 EG 16040 1.5% EQ
Australla 73718 16508 150227 14.0% 316
Cnina 135080 E1Z8 142187 13.2% a7
India 108572 EOT3 111062 10.3% 147
Indonesia 141 11728 34860 A% E2
Japan 340 10 350 - 453
hongoma 1170 1350 2620 0.2% 2]
Menw Jealand B2E &7 7575 0.7% :
Fakistan 207 7a87 1) 0.3% 356
South Koraz 226 - 126 * 320
Thialkand - 10e3 1063 0.1% EQ
Vietnam ane 244 2360 0% Ea
Otner 4=1a Pacific 1421 726 2147 0.7% 3
Total Aska Paclc 345313 114437 458780 42.8% fi:]
Total Wiorkd TR3IE0 F20459 1074108 100.0% 138
of which: DECD 331303 177130 08433 47.3% 3B
Mon-DECD 472336 143338 BESETS E2.T% 20
Eunapean Union ZEE30 B30E1 TEESD 7.3% 266
"Moo than 00 yaars. Sourts: Federal Insibute for Gooscenoes and Natwal Rasourcas (BGRI Enargy Study 2021
*Lggs than Q.0E%..
Motas: Total proved reserves of coal - genarally taken to ba thoss :H'_atﬁbg;lﬂ and arginaarryg information indicatas with reasonabla certaanty can be recovered in tha furhes from
kenown reserors undar axising economic and operating condrions. The data sonas for totsl proved ooal resenves does not necassanly meat the definfions, guidalings and practicas used for

determining proved rmserves at company level, for nstance as published by the 'S Saounbas and Exhange Commesson, nor doas it necessarly raprasent bp's view of proved reserves by oouniry.
Aesarves. l:l'|:|r|:-dw:ti:rm-:FI‘.I'F'j ratio - 1f the rasarves rmrni'il:a at H'-n:{d of any yaar ara dradad by H'?pmcb:hm in that year, the rasult is ﬁthngth nrlimn H'nt'lgm-m Temaining Em
would st i production were to contires at that i,

Aesarves-io-preduction (R/P) atics are caloulated excluding cther solid fuels in reserves and production.

Shares of total and RVP ratios are calculated using millicn tonnss figures.



Najveéi svjetski proizvodaci ugljena

Coal: Production®

Growth rate par anrum Shar

Exzjoules 010 201 2012 Mz e 015 e 2017 2018 013 20020 00 HO8-18 2030
Canada 148 1.43 148 153 151 1.38 1.37 1.23 122 1.14 088 -720% -2.0% DE%
hexico [k | 0.23 0 ke i 030 0.2 025 (k)] D2E 023 015| -33.1% -1.0% L%
Us 208 .57 2072 20,06 033 17850 14.70 15.68 1640 1439 10| -I57% 41% E7T%
Total Morth America Z3.68 24.15 2353 21487 215 18,64 18.33 17.20 1690 1566 11.78| -I5.1% -3.5% TA%
Brazil a1 an iz DB e 01z an 0. Do 0.0e L] 3.5% 24% 0%
Colombla 214 247 Z 58 248 255 248 260 2.60 243 243 146 | -A0I1% 1.E% DB%
Weneguela 0.0a 0.03 D08 0.0 0.0z 0.0z am o.m t 0.m 002 | 1E15% -IZEW% 5
Oiner &, & Cent. Amedica om .02 ooz 007 1z 0.10 0.0a 005 006 0.0 003| -10E% TA% *
Total 5. & Cent. America 235 2.68 2TE 272 2485 270 281 2.78 157 B8 1680| -37E% 0.9% 1.0%
Bulgarla [y 0.28 Dz3 D20 oz 0.5 (3] 024 0.22 0.0 018 | -706E% 0E% L%
Czech Republic BT .63 DEs 074 am omn 0ET 054 DE2 0.66 042 | -743% 4.3% 0a%
Genmany 182 1.88 700 1828 1486 1./ 1,68 165 158 1.18 oBe| -178% -1 E% DE%
Greaca [k | 0.21 D34 02E 027 0.24 017 0.19 e 0.3 011 -49.0% 4 E% L%
Hungary 0.o07 o.o7 Doz DT ooy 0.08 .08 005 00& 0.0 o -10E% 4.4% *
Fuoland 232 23 Z43 238 2328 232 218 2.m 198 1.E7 168 -100% -2.3% 1.1%
Famanis 0I5 0.2a nz7 ne e 0.0 .14 .19 o7 016 01| -30o% £.0% L%
Serbia 030 .33 ik | D.32 024 030 .30 0.20 D28 0.9 L] 1.7% A.7% 02%
Spain 014 an D0 D07 aliry 0.06 [illie 005 0oz o.o7 002 14.3% H4% *
Turiay T 0.75 o7 DEE 0E8 0.5 0.E5 063 DE8 or 060| -18.1% * DA%
Ukraing 1.35 1.62 1.64 180 1409 07z 0.7e 0.E7 D.EQ 0.8 054 H.0% B.0% La%
United Kingdom 048 .49 Ddd 033 o 0.3 o2 0m D.oF 0.06 006 | -Z30% -1B.0% *
Odher Europe O.E8 0.68 DE3 D.ES 0.8 0.E0 0.68 067 D82 051 048 -8.6% -2.4% 03%
Total Ewops S.ED 9.54 Bod D44 B.ED 7.80 7.58 775 728 848 52| -14E% <1.0% 36%
Kazaknsian 1.2 2.08 218 218 2105 .83 1.85 2.2 213 207 204 -1.7% 1.¥% 12%
Fussian Fedaration 832 B8.60 TG 126 738 TED 212 g.62 Bz3 B3 837 HE% 4% BI2%
Uzrbeakistan 0.0 0.08 D4 D06 0.0E 0.0 0.05 005 D06 0.06 0.05 1.B% 1.7% »
Oiner CIE O .05 DOE D06 Q.08 0.07 o7 0.3 012 012 012 -23%  12E% L%
Total CIs 2.3 a.77 2.3l 051 858 0.4 10 10.78 11.52 11.47 10528 A.0% 3.0% EE%
Total Maddie East [rlue] .03 L3 003 o2 0.0 004 004 0.0 0.06 0.08 0.3% .E% *
South Africa g.0a .00 El4 E.08 620 5.0 LA B.o7 B 8.1 5.87 4.1% 0E% 3T%
Zimbabwe o7 o.o7 D4 D08 oe 0.12 o7 0. D09 0.o7 008 74.6% 4T 0%
Other Africa o 0.05 nia 021 024 0.76 0.33 051 0.TE 0.56 041 ] -35E% 3I% 03%
Total Africa 8.16 8.11 E.38 E.38 658 B.33 8.42 .68 Ea7 B.64 6.47 5.6% 1.4% 41%
Ausiralla 1048 10.28 11.13 11.87 1281 12E0 12.83 12.60 1308 132N 1242 B.1% 2T% TB%
China ER.72 771.63 TEA 7832 THOE TE.ED T.E2 717 TEET  TO.T6 8061 1.3% 2I% BOLTE
India 10&7 10.43 1063 m 1128 mnm 11.69 11.89 1280 1260 12.628 0.4% 2% 78%
Indonesia 678 a.72 BE2 1.7 11.30 11.38 11.25 11.38 1376 1630 1388 B.0% B.7% BET%
Japan ooz 0.03 ilie] D@ 1lve] o.oe 0.3 0.03 0.0z 0.0z 0.2 1.6% 4.5% *
Muongoia 048 .63 DE3 ilin 047 048 0ET 084 1.04 1.9 082 -74B%E  14T% DE%
Mew fezland [EAL 13 o3 0z o 0.m oo7 ooz D08 o.me 0.07 HE% 4.7% *
Fakistan 0.8 0.08 DOE D.DE 0.0e 0.08 a.0a 0.8 D.08 a3 018 14.0% BER 01%
South Korag et .04 o4 0.03 aoa oo [Hne 03 D.02 ooz .02 £.3% -1.5% *
Thakand [1a] 0.75 Dz0 D20 o8 0.18 a8 a7 06 016 014 -1.3% 2 E% L%
Vietnam 1.06 1.09 DE3 D96 k=) 088 0.8 0.80 D99 .08 114 4.5% 0.E% 0L7%
Oiher Aska Pacific 0.E7 0.53 D88 D98 038 1.08 1.33 1.14 106 1.48 1.37 -1.5% B6.7% 08%
Total Aska Pacific 10045 1108 11278 11672 11630 11640 11009 11241 171898 1345 1XER -1.3% 2% TIE%
Total Workd 15084 16186 16371 16666 16607 16185 18333 16730 16617 167.86 15861 5.7% 16% 100.0%
of which: DECD 4388 44,33 4370 4343 4447 413 e 4.4 3BNE 3647 2 HEE| -18.0% -1.T% 1BB%

Mon-DECD 106EE 11748 12000 12323 12188 120E4 NMGEZ 11882 12700 13144 12067 -1 E% ZE% BlI%

Eurapean Union B6.45 B.67 EE3 B24 599 B.E3 544 5.29 2D 4.56 3m| -170% 3.6% 4%

*Commarcil solid fusls only, i.e. bituminous coal and anthracite lhard coall, and ligrite and brown Isub-bituminous! coal, and other commaercial sofid fuals. Inchedes ooal produced for coal-o-
liguids and coal-10-gas transiomations

Tless than 0.006

*gex than 0L.D5%.
Note: Growth rates ara adusted for loap years.
Ceal production data axprassed I'|I1'l||l'.\ﬂlI=ﬂ1rIBEI5 availzble 2t Bpromdstansticalroviow:



Najveéi svjetski potrosaci ugljena

Coal: Consumption®

Eth.llﬂ- 2010 o Mz 3 04 2B 2018 27 s a8 fora]

Cznada 1.02 09 0@ 0B gQE? 08 077 OFF 0Bs 062 060
0 OE3 Wl s 0Eq 0E3 OE3 O3 OEZ Dgd OET 0Ed i

U 2089 1970 1747 1908 1904  15E3 1426 1397 1333 1134 0N

Total Morth Americe o | s 1~V I '~ N = N (=% N =" S |~ N T W= B 0= S 1"} |

Arpanting 005 006 006 006 0ODF 008 004 D06 005 0D 003

Rraz 0R] DBE 0B4 06O 071 074 D7 070 0O 065 068

Chiie D19 024 02 037 0 032 04 ] D32 031 03 M

Colombilz D O1E 020 03 032 02 DF3 D17 016 030 027

Ecuador - - - - - - - - - - -

Paru 0m  ooF 0 oM oM 003 004 Dod 006 ope e

Triniad & Tohsgo - - - - - - - - - - -

\enaruela oo oo oo am ool am oo 1 t

Otthar 5_ & Cant. Amenca oo 0 a1l 012 014 018 DIE D013 016 0713 0

Total &_& Cant_America 118 136 143 TA5 152 160 T4 147 ] TA5 148

Alrstris D14 0iE oi2 014 @13 014 o3 pa@ oiz | oz ooe

Eeiglum 018 D0I1E Q1 0i5 Q14 014 Q13 012 Q12 012

Crach Rapubiic 079 077 07 07 QB2 0Bg DB2 DBE 085 06D

Flniand 02 022 Q2 03 Q19 018 DIE DA7 Q18 016

France 048 041 DAE 048 038 028 03 D3 03 027

Garmamy 273 32 337 347 23 329 320 201 290 235

Greece 03 D32 D03 029 0@ 0 Q1@ D20 Q19 03T

Hungary a1 GET 011 Q0 oD@ @0 0D 002 009 oD

aly DEF D084 086 O 0B 0! D46 04D 037 028

Mathariands 0Dz 03l 03 034 03 046 D43 D32@ 0I5 037

HOrway DX 004 002 ODe 0 0 003 003 DOF 002 ODe

Paiand 221 230 214 233 207 204 207  I0e 200 18

Portuges D07 D0@ Q12 011 @11 034 DI2 0 D4 o1 oDs

Romania DF 034 032 0 036 0¥ 0% 0 022 023 A 03

Spain DF 084 0BE 048 049 O D44 D56 048 016

Swedan D12 00 0@ 0@ oM 003 DOE DO a0 O0@

Swazeand ]| oo a0l oo 4ol am T 1 1 1

Turkey 132 147 162 132 15 145 181 185 17 1.78

Ukraine 180 174 17 173 149 114 13 10 117 1D@

United Kinpdam 17 14 182 1E6 175 0O7 D46 D3 037 037

Othar Eurcipa 180 171 166 1EE 147 144 144 143 130 13

Total Eurcpe 1534 1600 1834 6@l 1484 1421 1370 1223 1290 1112

Azerhaljan 1 T T T T T T T T T

Belanus DM 0oF 002 o oM@ 003 003 0d A06 006

Kazakhstan 140 152 158 167 1685 141 143 15D 170 168

Rirsslan Faderstion 379 3484 412 379 367 3B 374 1El ag  aE

Turkmanistan - - - - - - - - - -

Uzbekistan 00 004 005 007 007 006 QDB  DOE 009 ODe

Other C15 004 D005 005 0D 007 003 D0 00D 009 0p9

Tatal CIS 500  E&57 B9  EEl 530 G4 G231 B3] EEB  E4B




Najveéi svjetski potrosaci ugljena

Sham
Exzjoukes raeil] 201 202 s e e Hie 2017 e A 2020 A0 918 2030
IIFEH 005 [LDE D.os 0.08 o.o7 a.o7 D08 LLOF oar o.o7 0oz 0.3% 2.T% -
Israed Da2 033 0ar 0.30 0.8 0.27 D23 D21 0.20 0.21 07
Kuwelt T t - o.m oo a.m Dot 0.3 om 0.m T
oman T t T T T T t t T 0.m o
Qatar - - - - - - - - - - -
Saud| Arabia T T T T oo a.m T T T T T
Unitad Arab Emirates D03 002 0.08 0.o07 o.0a a.07 Do 0.0 o.0a 0.0a o
Othar Middle East 0ol 002 0.02 0.02 003 0.02 0.0z 0.02 0.02 0.0 001
Tokal Middle East D42 043 050 0.47 047 0.44 D1 040 0.38 0.40 038
Algarla D 0.0 o o.m oo a.m t 0.0 0.0z 0.0z 002
El1g'|l|:|t o2 002 0.0z 0.0z o2 0.03 D.OE 008 0.0 0.2 0.3
[l [+ e el 02 [0z o1z 013 o7 0.19 Dae 0.ag 0.22 0.8 028
Soutn Afnica 283 3.7 arn 2.7 a.75 a.562 2TE 372 a53 364 144
Othar AlTica D15 e 7 0.22 032 0.28 D26 031 035 0.30 020
Taotal Africa 4.19 4.13 4,02 4.07 4.8 4.0 4.28 4.27 420 4.32 4m
ALrstralis 219 213 2100 1.8 1.68 1.88 184 1.88 1483 1.76 169
Eannadash a3 il Y 1
Ching T332 AT BZ.44 E2.40 B3.84 B0 8058 E1.11 E1.70 8277
s O i — — e — =
India 12.18 1275 1283 14.70 1833 18.6E 1684 17.44 1858 18.60 17564
Indonesia 1.65 1.8 223 228 169 2.14 223 238 284 241 326
Japan 487 462 438 B.O7 418 5.0 B2 E1D 499 4.8 457
Malaysla 062 [E2 D.BE 0.E2 0E4 0.7 Dra Ay 0az 0.85 114
Mew Jaaland 008 006 Dar 0.08 0.08 0.08 D05 006 006 0.08 1] ¥ ]
Patistan 019 oy o7 013 [t a.19 D22 030 060 0.68 062 11.0% 10.6% 04%
Fhllippinas D3 03z 034 042 [ 0.49 DEE D85 08 0732 073 -DB% 11.7% 05%
EJF%FCH'E- T t t 0.m o2 0.o2 Doz 004 0.0z 0.0z (i 3% B.6% il
South Karea 37 350 33e 241 aE3 363 241 381 363 3.44 1| -123% 1.8% 20%
=1l Lanka T 0.0 0.0z 0.0z o0 0.08 D.OE 006 008 0.08 a7 TO% 28.1% =
Taréwan 1.83 1.88 185 1.68 1.70 1.656 1.64 1.70 1.7 1.67 182 -ZE% 1.0% 1.1%
Thalland D.B5 [LEE 0Es 0.E8 075 0.73 D.TE 0.7 080 o.mn 072 1.68% 1.2% 0E5%
Viatnam DE1 073 Q&7 0.7z O.ET 1.10 1.18 1.8 158 o7 210 14% 16.0% 14%
Othar Asla Paciic 067 [LEE 05E 0.45 0.E1 0.49 D62 [LEZ 083 1.23 123 -DE% B.0% 03%
Total Asla Facific 10234 10885 M220 11E18 TI8EZ 11807 11680 117EF 13030 13237 12087 -1.4% 2.3% TOS%
Total World 15131 15847 165808 16187 16260 15864 16661 15740 16838 16764 16142 -4.2% LR )
of Which: DECD 4599 4513 4329 4363 4284 40,24 3786 37 B85 3533 3230 2748 -1E2% -=28% 1B.1%
Man-0ECD 10622 113238 11672 11834 11988 11840 11BBE 11876 13293 131634 12386 -1 4% 2.7% 8219%
European Linion 1044 1075 1070 10.60 1000 9.89 S EE 544 2] 7.32 581 -19.4% -3.0% 39%

*Commanaial solid fuels only, Le. btumimous coal and anthracits Thard cozll, and lignite and brown sub-biumnous? coal, and othar commamial salid fuels. Exchedes coal corvarted to liquid or gaseous
fuals, but inchados coal corsumad in transformation procossas.

TLass than U005,

*Loss than DLOE.
Notes: Differencas betwaan thass world consumption figeras and the wordd production statstios are acoounad for by stock changes, and unavoidabla dsparitias in the definition, measunement
or pormrersion of ooal supply and demand data.
Growth ratas ane ad leap years.



Coal: Production by region | Coal: Consumption by region |

Exapulkes Exajoules
isla PeCic 1EQ 1EQ

W africa

W Mok East

HcCis 16D 1ED

W Europs

W & & Cent America

W Morth Amiencs e a0
120 120
100 100
ED ED
&0

== oo 0E il 15 s a B8 oo & 1o 15 m

World coal consumption Seil by 4.2%, Hs fourth decling In sk years. In the non-0ECD, the only notable Ineeases in consumption were In China (0.3%) and Malaysla

{18.7%), while significant consumption decines were raconded for India [-6.0%) and Indonasia -4.9%). CECD demand Tell sharpdy, led Dy the US (-19.1%) and South Korea
+12.2%), to the lowest leval Inowr data senies (which goes back to 1986|. Giobel coal production dechned by -5.2%, with China providing the only significant increasa

{1.2%). The largest decines In production aiso cama from the US -26.2%) and Indonesta [-3.0%).



Uvoz/izvoz ugljena

Coal: Trade movements

Share
Exapules 2010 om 01z 13 04 2016 2018 7T 2018 Fan] i) Fairail 2020 2008-19 Hiz
Imports |
Canada 028 024 023 0.22 .38 022 01g 0232 0.23 0.2 018 | 47% £.2% 08%
Mexico 022 021 02z 0.20 032 073 021 034 0.34 0.24 o3| BT A1%E 0.1%
us D&l 036 027 0.24 038 0.3 D26 0. 016 0.17 o4 | -1E2% -11E6%E 04%
. & Cent. America 0.8s 030 nae 1.06 1.06 1.00 1.08 1.21 1.18 1.12 1.04 -TAE B3 33%
Eurcpe 482 EE3 602 G.ER 8.8 8.3 54D E3E 644 612 380 | -240% 02%E 123%
CIE 0.a7 DED 0E3 0.EG BB 0E3 D4B D56 0El 065 D&l -11.0% 2.3% 18%
Midde East 035 0432 04D 0.44 248 .23 0.34 036 037 0.34 02 Q2% 1.7 1.0%
Africa 032 034 03l 0El Qa7 044 D60 i) 080 06 048 | -F10% 9.2% 18%
China 445 E20 B TE2 BE2 483 EB& E47 B8.13 B.40 661 A1% 2.09% 208%
Indla 2.00 237 108 266G 465 482 B 526 BER 4.7 42| 04% 101%E 123%
Japan 4.84 461 437 .06 .00 B0 E01 EDE BN 480 456 T2 16% 143%
Sauth Korea an 32E 230 232 243 AE4 3E3 3480 233 arm A2 | 128% 33 103%
Oiher Asla Pacilic 3.18 120 1 EE 261 273 .88 4 60 506 EER 657 6.45 15.6% 71% 203%
Tirtal Workd 25.20 2784 3061 32 65 NTE N7 T3 e 34 45 3842 27R NMTE -6.2% 408 10005
Exparis
I::ap:naua 0.82 1.02 nas 112 1.00 0.BE a7 094 1.04 1.02 .87 S£.0% A% 30%
us 2.02 26D 307 238 238 1.83 1.652 23e 23e 218 16| -MAE 43% E1%
Colamia 1.78 207 225 206 237 213 223 248 243 2,08 166 | -20E% 25K E2%
Eurcpe 12 D18 D20 0ER o1z Q10 13 018 026 0.24 02| 00w 3% 0.7%:
Russla 2.0 2 BE 3123 aER ame 41 447 E0Q ETE E.79 566 2A%E a0 178%
Othar CI5 035 [E3 D50 051 0EN 043 045 D47 051 0.E2 052 O 4% 1.8%:
Sautn Afrca 1.08 i1 227 210 2.18 2.30 208 271 303 1.62 1.684 0.8% -1.7% E2%
Oiner Africs an 004 013 a1 aie .38 202 DEZ 0232 0.27 06| 432% 25.4% D5
Australlz 7.4 T 796 ER ) a1z 955 .87 o.70 o7 BE2 8.25 A2% 13% 2801%
China 053 D.44 02e 02e 038 D45 0.E1 D42 042 034 08| A47TE E£.I1% DE%:
Indonasla 8.20 7.4 B1E BET 242 748 7.73 EDE E&E 240 2.51 » 3% JEA%
kongolla D43 DB 0E3 049 QE3 341 073 Da& [uk= =] 1.0 07g | -242% 19.8% 25%
Othar Asla Pacific D78 1. 030 0az aF7 0EE D77 030 0.39 0.30 03| 70% HE6% 08%
Rest of World 013 0B 0.1E 0.18 014 .14 0.232 0.132 016 0.35 037 406K E.0% 1.2%
Tiotal Workd 7520 27,684 3061 32 65 3178 N7 23160 34 45 3842 =27 M7 -6.2% 400 1005

* g than 0.0E%

Noto: Commarcil solid fuals only, iLe. bituminous coal and anthradite thard coall, ard grite and brown (sub-bituminous) ooal, and othar commeroial sold fusls. Intra-amca moverments

tfor example batwesn countries n Eoropal ara ascluded.
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Ugljen u svjetskoj statistici proizvodnje primarne i el. energije

Total World Primary Energy
Supply by Fuel (2006)

Total World Electricty
Generation by Fuel (2006)

Combustible
Renewables & Waste

10.1% Other 0.6%'
Hydro 2.2% Coal
26%
Nuclear 6.2% \
Natural
Gas
20.5% Ol
34.4%

* Other includes geothermal,
solar, wind, heat etc

Other*
Hydro 2.3%

16%

Nuclear
14.8%

Gas
20.1%

ol
5.8%

* Other includes solar, wind,
combustible renewables,
geothermal & waste

Energetika, prof. dr. sc Igor Sutlovi¢

Coal
41%
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Koristenje ugljena za proizvodnju el. energije

Poland 93% Israel 1% Czech Republic | 59%
South Africa 93%* Kazakhstan 70%*" Greece 58%
Australia 80% India 69%* USA 950%
PR China 718% Morocco 69%* Germany 47%

*only 2005 figures available for these countries

Energetika,prof. dr. sc Igor Sutlovi¢




Electricity generation by fuel*

r 2020 1 r 201 1
Natural Nudear Hydro Renew- Natural Nudiesr Hydro Renew-
Terawatt-hours Oi Gas Coal energy electric ables Other? Total Oi Gas Coal energy electric sbles Othert Total
Canada 29 7386 386 975 3865 493 08 6491 29 759 87 920 3808 50.0 07 6410
Mexico 24 2001 189 12 269 362 - 267 28 2083 136 19 347 397 - 3360
us 186 17464 B443 8315 2828 5477 135 42848 202 16838 9785  g191 257.7 6245 127 44064
Total North America 540 20201 9019 0401 6963 6332 141 62607 550 19730 10307 9230 6733 7141 1365 53835
Argentina 71 8.0 16 10.7 27 130 06 1448 79 7K 29 108 196 172 06 15258
Brani 105 535 203 141 3984 1265 - 6213 219 259 24.1 147 3828 1440 - 6544
Other S. & C. America 653 90.5 491 - M2 595 t 536.6 66.1 1009 453 - 277 63.1 t 558.0
Total S. & C. Amenca 83.9 2319 1.1 24.7 691.2 199.1 0.6 1302.5 959 281.1 723 255 660.1 229.3 0.6 13648
Germany 47 95.0 1246 64.4 183 2318 248 5736 48 83.0 1626 €90 19.1 2176 224 5845 |
ltaly 114 1337 15.1 - 457 638 58 2805 83 1484 145 - 431 714 as 2872
Netherlands 14 726 76 41 t 3.0 49 1236 14 6.3 178 38 0.1 401 21 216
[Poland 1.7 173 1094 - 21 3 1. 1571 1. 1 131, - 3 ) 1.
Span 10.7 69.7 6.1 583 305 832 47 2634 103 692 6.1 865 29 958 47 2na
Turkey 03 709 1058 - 781 515 - 306.7 03 1104 104.2 - 55.7 627 - 333
[Ukraine 03 142 302 762 78 LX) = 1478 08 103 B8 852 104 110 - ?
United Kingdom 08 1113 55 503 68 1278 93 3120 15 1242 65 359 50 1169 99
Other Eurcpe 174 1805 1454 580.0 4688 218 303 17142 19.1 1781 151.9 6214 4844 3032 303 17883
Total Europe 489 7654 £69.7 8312 6579 9227 81.1 38790 479 7963 6320 828 6497 9465 742 40328
Kazakhstan 01 273 694 - a7 23 - 1086 01 329 693 - 2.1 30 - 1144
Russian Federation 82 4849 1758 2759 2124 35 47 10854 85 4968 2047 4 2145 54 47 11871
Other CIS 27 1536 43 3.1 411 1.0 0.7 2066 34 1566 43 78 427 12 06 2165
Towal CIS 110 6458 2495 2190 2632 68 53 14007 119 6864 2783 2302 2063 96 53 14880
Iran 370 2682 07 63 2 18 - 3372 487 2883 07 as 149 18 - %18
Saudi Arabia 1308 2070 - - - 02 - 3380 1399 2169 - - - (1):] - 3566
United Arab Emirates 1 1327 - 16 - 46 1373 1237 - 105 - 52 - 1394
Other Middle East 114.7 2827 190 - 49 9.1 t 4304 117.86 s 17.0 - 46 10.7 - 451.7
Total Middle East 225  890.7 19.7 80 281 15.7 T 12430 306.1 929.7 12.2 14.1 195 185 - 1305.6
Egypt 27 1513 - - 149 97 - 1986 269 1576 - - 146 105 - 209.7
Scouth Africa 14 - 2026 129 0.7 15.7 5.1 2395 16 - 2006 104 14 165 a8 2443
Other Africa 425 1858 372 - 1308 200 0.7 417.0 477 19789 378 - 1374 220 0.7 4435
Toral Aftrca 6.7 3370 2398 139 1464 354 58 8551 762 3556 2474 04 1534 29.0 55 89718
Australa 45 53.1 1429 - 144 499 04 2652 47 476 1374 - 16.0 61.3 04 2675
[ Crina TO8 2525 49208 3862 13217  ©632 438 77797 2 g 3 . :
21 7456 1158 ™6 1637 152.0 06 15633
indonesa 68 51.3 180 - T il 190, : 1 i
| 313 81 aoie @12 778 1303 913 10197
Malay=zia 09 538 842 - 279 28 - 1695 11 633 7.3 - 24 31 - ma2
South Korea 67 1509 2008 160.2 39 31 a7 5753 70 1764 2117 1580 a1 40.2 41 6004
Taiwan 44 999 1259 34 30 104 49 2800 53 1083 128.9 278 35 12.1 50 2209
Thadand 07 1139 %8 - 45 205 | 1765 07 1131 361 - 45 219 1 1763
Vietnam 13 340 1148 - 734 121 - 2354 02 262 1141 - 759 283 - 2448
Other Asia Pacific 399 2346 1478 95 1485 354 06 616.3 54.7 2393 1581 159 153.7 B 07 659.1
Total Az Pacific 1148 14807 73877 €550 18629 13237 1247 120493| 1263 14934 79866 7143 18516 16901  153.1 139944
Total World 661.7 63717 94393 26940 43460 31466 2300 268892 65185 102440 42738 2
of which: OECD 1466 33996 20856 18723 14833 17661 1682 10900.7 1425 33724 22530 19110 14403 19101 1810 2102
Non-OECD 5160 29720 73737 8217 28627 13805 618 1508856 5778 31461 79910 8892 28336 17472 712 172561
European Unwon 455 5614 360.1 6338 3432 7108 654 2779.0 43.0 548.0 4392 732.2 3444 730.2 58.4 28953
“Based on gross output.
TLess than 0.05.

Note: Growth rates are adjusted for leap years.



Coal prices
US dollars par tonne

W Morthwest Europe marker price o

W LIS Central Appatschian ool spot price index
Japan steam spot CIF price
W Chira Qinhuangdas spot price
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Coal: Prices

Northwest US Central

Europe Appalachian coal Japan steam China Qinhuangdao
US dollars per tonne marker price! =pot price index? spot CIF pricet spot pricet
2001 3.3 50.15 3768 nms
2002 31.65 3320 .47 319
2003 4360 3352 3961 3174
2004 7213 6490 7422 4276
2005 60.54 70.12 6462 5134
2006 64.11 57.82 €65.22 5353
2007 83.79 4973 96.59 6123
2008 147.67 117.42 167.68 10497
2009 70.39 60.73 £3.59 8786
2010 9250 6787 108.47 11008
2011 121.48 8475 126.13 12727
2012 92.50 6728 100.30 11189
2013 81.69 69.72 80.07 9642
2014 75.38 67.08 76.13 84.12
2015 £6.79 5157 €0.10 6753
2016 60.09 5145 71.66 nas
2017 B84.51 6383 96.02 94.72
2018 91.83 7284 112.73 9945
2019 60.88 57.16 8548 8589
2020 50.16 4277 €9.01 83.10
2021 121. 6354 166.41 16355

ts - IHS Northn Eurcpe prices for 1990-2000 are the average of the monthly marker, 2001-2021 the average of weekly prices. IHS Japan prices basis = 6,000 kilocalories per klogram

NAR CIF). The Asian prices are the average of the monthly marker. Chinese prices are the average monthly price for 2000-2005, weekly prices 2006 -2021, 5,500 kilocalones per kilogram

NAR, indudmﬂ and freight (CFR).

$Source: S&P Piatts 1, S&P Global Inc. Prices are for Central Appalachian 12,500 Btu, 1.2 SO, coal, FOB. Prices for 1996-2000 are by coal price publication date, 2001-2005 by coal price
assessment date. 2008-2021 weekly CAPP 12,500 Btu, 1.6 SO, ooal, FOB.

Note: CIF = coste+nsurance +freight (average prices); FOB - free on board.
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= Buducnost energetske upotrebe ugljena (i ostalih fosilnih goriva)
povezana je s ekoloskim problemima odnosno s emisijama
staklenickih plinova — GHG- Greenhouse Gas Emission),

= Najveci porast potrosnje ugljena u energetske svrhe ocekuje se
u zemljama u razvoju, prvenstveno zbog povecanja proizvodnje

elektricne energije.
= Nuzno je rijesiti problem emisija staklenickih plinova.

Energetika, prof. dr. sc Igor Sutlovi¢



Hvatanje (capture) CO,

poslije izgaranja (post-combustion) - sastoji se od izdvajanja CO, iz
dimnih plinova

prije izgaranja (pre-combustion) — gorivo se posebnim postupkom
razdvaja na vodik i CO (sintetski plin). Vodik se koristi kao gorivo, a CO
se prevodi u CO, koji se skuplja

koristenjem kisika za izgaranje (oxyfuel) — gorivo izgara uz prisustvo
Cistog kisika Sto u odsustvu dusika dovodi do vece koncentracije CO, u
dimnim pinovima sto ga Cini lakSim za hvatanje



Metan nastaje prolaskom prociséenog
| 18000 t lignita dnevno || Plina preko nikl katalizatora tako Sto

CO i CO, reagiraju s HZIII

——§

splinjava se u reaktorima
—— AMMONIA

x| D CO, PRODYCT
SUFATE TO PIPELINE

Metan se hladi,

Primjese (katran, ulja,

fenoli, amonijak) se

komprimira i odvodi u
odvajaju . e \ E plinovod

Para i kisik ubacuju se u dno | ==p-| Tako pucaju molekularne veze u ugljenu
reaktora da dode do intenzivnog i pari ¢ime nastaju ugljik, vodik, sumpor,
izgaranja (temp. 1200°C) dusik i ostalo tvoreci sirovi plin

Energetika, prof. dr. sc Igor Sutlovi¢



18000 tona ugljena (lignita) dnevno koristi se u reaktorima za isplinjavanije .

I;%aolsgk ubacuju se u dno reaktora da dode do intenzivnhog izgaranja (temp.

Tako pucaju molekularne veze u ugljenu i pari cime nastaju ugljik, vodik,
sumpor, dusik i ostalo tvoredi sirovi plin koji izlazi iz reaktora,

sirovi plin se hladi,
Primjese (katran, ulja, fenoli, amonijak) se odvajaju,

Metan nastaje prolaskom procis¢enog plina preko nikl katalizatora tako Sto
ugljicni monoksid i ugljicni dioksid reagiraju s vodikom tvoreci metan,

preostali ugljicni dioksid se odvaja, komprimira i odvodi plinovodom do
potroSaca

Metan se hladi, komprimira i odvodi u plinovod.
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Carbon Capture and Storage — tehnologija prikupljanja i

skladistenja CO, - CO, se ne ispusta u atmosferu

ONSHORE - OFFSHORE

Unmineable coal seams

Depleted Qil & Gas Besarvoirs

Deep saline formations

Energetika, doc. dr. sc Igor Sutlovi¢
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Iskoistavanje CO, za povecanje iscrpka nafte (EOR)

CO2 Injection Well Production Well

Additional Qil Recovery

Energetika, prof. dr. sc Igor Sutlovi¢



T

CO, emissions per kWh

CO, reduction potential of coal-fired power plants by increased efficiency

Subcritical CO, reduction

wi i S itical
1,116g CO,/kWh. Jpercrt e S -
38% supg:z:?t-ical ISOGO Power Station, Japan
881g CO,/kWh 33%
Advanced ultra-
supercritical
————————————————————————————————————————————————————————————— 743g CO,/kWh | CCS technology -40%
% But:
% Efficiency loss
669g CO,/kWh 7-12% points
,,,,,,,,,,,,,,,,,,,,,,,,,,, 90%
Boundary Dam, Canada
T T
2010 2020 Time

B Efficiency
[ | CO, emissions

Source: VGB PowerTech 2013

Gas OCGT
700CO, /kWh

Gas CCGT
450 CO,/kWh



Stanje i perspektiva
CCS postrojenja u

Svijetu

Location

Capacity
(MW)

Year

Comments

FutureGen

USA

275

2012

FutureGen is a public-private partnership to build a first-of-

its-kind coal-fired, near-zero emissions power plant. The

project will cost approximately develop

and will test the feasibility of producing low-cost electricity
'. D .r-

and from coal with near-zero COz emissions.

ZeroGen

Australia

530

2015

ZeroGen is a joint State Government/coal industry project
to build a commercial scale 530 MW (gross) IGCC plant
with up to 90% CCS. The Mitsubishi Corporation and
Mitsubishi Heavy Industries have joined the project, with
the latter to provide ZeroGen with both the IGCC and

carbon capture technologies| Pre-feasibility land feasibilit

studies are expected to be complefed[by September 2011

ence in 2012 and

GreenGen

China

650

2015

GreenGen is a joint government-industry alliance with
project leaders including Peabody Energy. The planned
IGCC plant will capture CO- for enhanced oil recovery.

SaskPower

Canada

100

2015

SaskPower's Boundary Dam project will use low-sulphur
lignite with post-combustion capture or oxyfuel technology.
The project will use the CO- for enhanced oil recovery in
the region.

Powerfuel

UK

900

2014

The Powerfuel IGCC CCS project is to be located at the
Hatfield Colliery (South Yorkshire). The colliery is owned
and operated by Powerfuel.

E.ON

UK

450

Post-2012

The E.ON IGCC project will be built alongside their existing
gas-fired power plant in Killingholme. The first phase of the
project would be the construction of the power plant with
CCS being added in a second phase.

E.ON

Netherlands

1100

Post-2012

E.ON Benelux and the Rotterdam Climate Initiative plan to
develop the project on the Maasvlakte, with a view to

implementing CCSlat a new fleet of power stations from
UZU ONwald

RWE

Germany

400-450

2014

The first of the RWE proposals will use IGCC technology.
This project will be able to separate hydrogen after gas
treatment and cleaning to use directly as an energy source
or in synthetic fuel production.

RWE nPower

UK

1000

2016

The second of the RWE proposals will investigate
supercritical technology combined with post-combustion
CCS.

ScottishPower

UK

3390

2014

ScottishPower plans to demonstrate CCS at its 3 390 MW
Longannet coal power station using a full-scale carbon
capture unit from 2014 onwards, following initial testing of a
prototype unit which began in 2009.

Vattenfall

Germany

250

2015

Vattenfall has been operating a 30 MW CCS pilot plant at
Schwarze Pumpe since 2008. This plant will provide a
platform for the R&D required in order to build a 250 MW
Oxyfuel demonstration plant at Janschwalde, with
construction scheduled to start in 2011, for completion in
around 2015.



