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= E| carbon ha estado presente en el desarrollo
del hombre desde tiempos inmemoriales. Al
substituir al carbén de lena por carbon mineral
en el siglo XVIII, éste incididé fundamentalmente
en el desarrollo de la bomba de agua, en la
produccion de acero y en el transporte por
ferrocarril, todos, integrantes fundamentales de
la revelucion industrial.



Comparacion de diferentes tipos de carbdon

Combustible

Conocido como

Energia

Madera (lefa)
Turba
Lignito

Sub-bituminoso
Antracita
Bituminoso

Grafito Natural

Brown coal

Hard coal

Soft coal

20 MJ/Kkg
21 MJ/kg
25 MJ/kg
27 MJI/kg
29 MJ/Kg
31-35 MJ/kg
34 MJ/kg



Production™ Changs 2008

2006 o shara

Millicn tonnes il eguivalent 1956 1957 1955 1989 2000 2001 2002 20013 20634 005 2006 2005 of wotel
LIsa BE71.6  BBL9 BO3Z  BE4E BV ge0.3  5¥D1 5836 g7i4 BE0Z | 6851 25%  18.3%
Canada 41.6 43.0 40.8 349.2 371 ITE 349 322 3.5 24.0 323 -5.0% 1.1%
hesxico 4.6 4.6 4.8 4.9 6.4 6.4 5.2 4. 4.7 4.8 63 11.1% 0.2%
Total North America B17.7 632.4 548.8 628.4 612.6 633.3 610.2 590.5 611.6 619.0 632.8 2.2% 20.5%
Brazl 1.8 2.1 2.0 2.1 2.8 2.1 1.9 18 2.0 Z.4 2.4 1.1% 0.7 %
Colormbis 18.5 21.0 21.8 213 24.5 285 25.7 325 a4d.49 304 427 8.4% 1.4%
Wernezuela 3.1 3.8 4.7 4.8 5.8 =13 5.9 v | 5.9 58 59 -0.6% 0.2%
Other 5. & Cant. Amearica 1.2 14 0.4 0.5 0.5 0.4 0.3 0.2 0.2 0.4 05 227% g
Tetal &, & Cent, America 25.6 281 23,1 28.7 34.0 36.7 33.8 9.7 43.0 48.0 514 7.0% 1.7%
Bulgaria b2 4.9 5.0 4.2 4.4 4.4 q.4 4.6 4.6 4.4 4.6 4.2% 0.2%
Czech Rapubiic 27.0 27.8 26.0 23.1 25.0 25.4 24.3 24.2 23.5 23.8 23.7 0.7% 0.8%
Francs 5.2 4.3 3.6 3.3 2.3 1.5 11 1.3 0.d 0.2 02 -16.7% i
Gerrmany F0.0 GE.8 61.3 59.4 BE.5 B EB.O B 547 hi 2 503 -5.5% 1.&%
Greece T2 FETs 8.1 2.0 8.2 8.5 891 9.5 Q.6 B.d 83 -02% 0.3%,
Hungary 3.2 4.3 3.0 an 2.8 29 2.7 Z.8 Z.4 2.0 Z.1 4.0% 0.1%
kazakhstan 39.3 373 36.0 30.0 38.6 407 ara 433 44.4 442 482 11.3% 1.6%
Folarms g94.5 = 728 Tr0 e 1.7 71.3 714 705 BT 67.0 =-2.5% 2.2%
Fomania 5.6 7.4 5.7 5.1 5.4 ok B8 7.0 6.7 G.6 T4 11.2% 0.2%
Fussiar Feaeration 1742 10593 1039 1121 118.0 1228 1173 1271 131.7 139.5 144.5 3.5% 4.7 %
Soan 0.0 5.8 2.3 8.8 8.0 T8 T2 G.8 G . 61 —d4.0% 0.2%
Turkesy 12.3 131 13.8 13.3 139 14.2 115 10.5 106 12,8 126 -1.4% 0.4%
Ukraine 36.4 8.8 398 a2.3 42.0 435 42.8 A1.7 422 40.9 41.8 2.2% 1.4%
Linites Kingdorn a0,z 29.4 25.0 2.5 18,0 19.4 182 172 163 126 113 —9.3% 0.4%
Othear Europs & Eurasia 13.4 158 168.7F 13.4 14.0 14.4 15.3 159 156 14.7 15.7 5.59% 0.5%
Total Europe & Eurasia 4776 4682 4370 4253 4286 4382 4246 4371 4387 4388 | 4457 1.6% 14.5%
Total Middle East 0.7 0.6 0.6 0.7 0.6 0.5 0.4 06 0.6 0.6 0.6 - 3
South Africa 116.9 1246 1271 125.86 126.8 1261 1241 1341 1372 137.7 144.8 5.1% 4.7 %
Zirmzaknae 3.3 3.4 3.5 a2 2.8 2.9 £5 1.8 2.4 1.9 1.8 -1.1% 0.1 %
Other Africa 1.2 1.2 1. 1.3 1.2 1.2 1.3 1.2 1.2 1.1 1.1 2.0% ki
Tetal Africa 121.6 129.2 132.0 1301 130.7 130.2 128.0 1371 140.3 140.7 147.B 5.0% 4.8%
Ausirala 133.9 148.3 149.8 160.8 166.3 179.5 184.5 1901 14E.8 206.6 2031 -1.6% H.8%
China FO3.2 530.0 528.7 45,9 567 5978 73368 2718 1mET 11188 (12123 8.3% 304%
Inclia 145.7 1456 160.2 147 .4 167.0 160.3 168.1 1762 191.0 20007 209.7 4.5% 6.5%
Indonesia 21.0 237 38.3 45.3 47.4 5E.E [cHs 703 B1.4 204 1199 327% 3.8%
Japan 3.8 2.4 2.0 2.2 1.7 18 0.a 0.7 0.7 0.6 0.7 Z08% *
Mews Zealand 2.2 2.0 2.0 2. 2.2 2.4 27 32 3.2 3.2 3.8 10.0% 0.1%
Fakiatan 1.6 1.4 1.E T.B 1.4 1.5 1.6 1.5 1.6 1.6 1.8 23.0% 0.1%
South Koraa 2.2 20 2.0 e 1.9 1.7 1.5 1.5 1.4 1.2 1.3 » *
Thailand 6.3 6.8 &1 5.7 5.1 BE B.7 B3 E.6 E.8 54 J2% 0.2%
Wietnam 4.9 5.4 5.4 4.9 6.5 %ol i 108 14.7 18,3 21,8  13.32% 0.7%
Othar Asis Pacific 17.8 17.2 187 18.0 18.3 18.7 189.0 18.6 20.5 21.3 21.7 2.3% 0.7 %
Total Asia Pacific 1052.5 10599 10027 10357 1065.6 11345 1190.2 1350.8 1531.0 1669.5 (1B01.5 7.9% 5B.5%

23194 22503 2373.4 2387.2 2Z555.8 £ 2916.7 3079.7

of which: European Union 25 2452 2441 218.5 207.4 195.7 183.5 191.8 1887 18E.1 1777 1717 -3.3% 5.8%
CECD 1020.3 10434 10330 10152 8837  I027.0 1003.0 2870 1MEZ 10208 [1026.2 0.5%  33.3%

Former Soviet Union 180.9 187.6 180.8 185.5 197.4 2078 1989 2128 2194 2287 236.7 4.9% T

Other EMEs 10844 10884 10336 10483 10BOD  T138E 171863 13E60 15343 16701 [1B16.8 8.8% B8.0%

*Carmmercal solid fuels onby, Le. Bituminaus ceal and anthrecite hard coal), and lgnite and browen (sub-binimincus) coal,
*Leas than $.05%,.
Mote: Coal production gats exprassed in millen tonnes is availabla st v bo comystatisticalrewaw.



Diez mayores productores de carbon mineral oos

= PR China 2482Mt
= Russia 233Mt
= USA 990Mt
» [ndonesia 169Mt
= [ndia 427 Mt
= Poland O5Mt

= Australia 309Mt
= Kazakhstan 92Mt

= South Africa 244Mt

= Colombia 64 Mt



Production Consumption
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Coal was again the world's fastest-growing fossil fuel in 2006. Global consumption rose by 4.5% compared with a 10-year average of 2.8%. The Asia Pacific region accounted
for nearly B0% of global growth in consumption and 80% of the growth in production.
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Prices Horttwest US Central Japan caking Japan steam

Eurape Appalachian coal ceal impart ool import
US dollars per tonne marker pricet spot prica indexd off price ¢if grice
1991 42 80 29.01 60045 50.30
1992 38.53 28.03 h7.82 4845
1993 33.68 29.85 55,26 4571
1994 37.18 3NN 51.77 43,66
1995 44 50 2701 bd 47 4758
1996 41.25 29,86 B6.68 4954
1997 38.92 2976 55,51 45,53
1998 32.00 31.00 50,76 40,51
1999 28.79 31.29 42.83 36.74
2000 35.99 29.90 39.69 34.58
2001 39.29 49.74 41.33 379
2002 31.6 32.95 4201 36.90
2003 4252 38.48 4157 34 74
2004 7190 64.33 60.96 5134
2005 61.07 70,14 89.33 62.91
2006 63.67 62.98 93.46 63.04

Source: McCloskey Coal Information Service.
1Price is for CAPP 12,500Btu, 1.2 80, coal, fob. Source: Platts.
Note: cif = cost+insurance+freight {average prices); fob = free on board.




Coal

Proved reserves at end 2006 Anhracite Sub-
nE and Bitumingus Shara
Million tonnes e liggtes Tl ol 1wl
LIEh, 135308 246643 2T1%
Canada 2107 G578 0.7 %
hdaxica 351 1211 0.1 %
Total North America 13B7E3 254432 28.0%
Brazii 10112 10113 1,19
Colombia G230 381 6611 0.7 %
Warezuals 479 - 479 0.1%
Crehar 5. & Cent. Amnarica =] 1698 26390 0.3%
Total 5. & Cent. America TFM 12182 189833 2.2%
Bulgara = 2183 2187 0.2%:
Czech Republic 2064 2458 G552 0.6%
France 16 - 15 =
Garmary 183 GEEG G739 0.7%
Greace - 3800 3900 0.4 %
Hurigary 1568 316D 3367 0.4%
Kazakhstan 28151 e 27 4%
Poland 14000 - 14000 1.6%
Rarrearia 22 472 494 0.1 %
Russian Fedaration AG0EE 107922 157010 TT3% -
HBpain 200 3=0 530 0.1% 29
Turkey 278 3908 4186 0.5%. B&
Ukraina 18274 17875 34153 3. B% 424
Lnited Kingdam 220 = 220 i 12
Criner Europe & Eurasia 1524 21944 23473 2E% 352
Total Europe & Eurasia 112266 174839 ZB7095 31.6% 237
South Africa 48FED - 48750 5.4% 1940
Zimbabwe 502 - 502 0.1 % 176
Ortlvesr Alrica o140 174 1084 0.1%: =
iiddle East 418 - 4159 1 299
Total Middle East & Africa 50381 174 50755 5.6% 184
Australia 3800 3a900 7500 B.E% 210
China G200 H2300 1714500 12.6% 48
India 900BE 2360 82445 TO.2% 207
Indonesia FAQ 4278 4968 0.5% 25
Japan 350 - 359 e 2E65
Flesay Tealarcd 3 BEZE 571 0.1% ==
Marth kKorea 300 300 GO0 0.1 % 20
Pakistan - 3060 3050 0.3% .
South Korea - an 20 & 8
Thailand — 1354 1354 0.7 e ]
Wiestnam 1 60 - 150 =% 4
Crhar Asia Pacific a7 215 3z i 7
Total Asia Pacific 192564 104326 ZOGEED 32.7% B85
TOTAL WORLD 4T8TT 430293 S09064 T00.0% 147
of wwhich: European Union 25 17424 17935 35362 3.9% &5
OECD 172E263 200857 373220 411 % 177
Former Soviet Union 94513 1327 227254 25.0% i
Other EMEs 211886 SE5596 I0E530 33.8%: BE

*Mova than 500 yaars. Source af reserves data: Surway of Enevgy Resowces 2004, World Enargy Coundil,
*Lass than 0.05%.
Motes: Proved resarves of coal — Ganerslly taken 1o be thoss quantities thet geclogicsl snd enginessding informetion indicates with reasonabde certainty can be racoyverad in the fulure
from krown deposits under existing economss and opereting conditions.
Resarvesd-to-production (AP} ratio — If the resarves ramaining at the and of thea yaar are divided by the production in that year, the reault ia the length of Time that thase remaining

regaryes walld last It prodecticn were 10 continue at thet rate



Proved reserves at end 2006
Thaousand million tonnes [share of anthracita and biturmincus coal is shown in brackets)

296.9 (192.6)

287.1(112.3)

254.4 {1157

50.3 (50.2]

19.9 (7.7)

seos [

hidale East S, & Cent. America Africa Marth Armarica Europe & Evrasia  Asia Facific




CARACTERISTICAS FISICO-QUIMICAS
CARBOI DE LA CUENCA GUASARE

Clasificacion Internacional ..-... 632-633
Rango .....cceen.- e Bituminoso:tipos A ¥ B, altos en vola-
tiles.
T "PORCENTAJE

| VARIACION PROMEDIO
Componentes volatiles ' 38-40.5 38.5
Carbdn Fijo 59-62 60.0
Cenizas 2.1-8 2.5
Humedad 1.2-5.6 2.8
Azufre 0.2-0.9 0.5
Fésforo 0.001-0.015 0.002
Indice hinchamiento 5 - 7
Poder calorfifico neto 7 .500 K.Cal/Kgm.
Molturabilidad (Hardgrove) 47-60 °H
Reflexidn media 0.75

FUENTE: Fisenbau Essen, 1977, Estudic de Factibilidad. Mina a cielo

abierto Paso Diablo. Resumen e investigaciones bdsicas, v.]
p.154,



RESUMEN DE LOS RECURSOS CARBONIFEROS DE VENEZUELA

RESERVAS TM.

Identificadas

Demostradas

Medidas

Indicadas

Inferidas

Hipotéticas

Total Recursos

ZULIA

Guasare - Cachiri

353.000.000,00

966.000.000,00

1.117.000.000,00

6.052.000.000,00

8.488.000.000

TACHIRA

Santo Domingo 106.247.407,00 80.207.271,00 50.465.303,00 45.700.467,00 282.620.448
Villa de Capote 512.849,00 233.720,00 1.646.588,00 25.000.000,00 27.393.157
Lobatera 19.047.442,00 5.076.965,00 12.000.000,00 36.124.407
Manifestaciones 18.500.000,00 120.000.000,00 138.500.000
ANZOATEGUI

Naricual 29.952.000,00 10.200.000,00 26.329.600,00 66.481.600
Fila Maestra 30.000.000,00 30.000.000
Manifestaciones 2.510.000,00 2.510.000

Falcén, Lara, Aragua, Guérico, Miranda, Mérida,

Apure

TOTAL RECURSOS

508.759.698,00

1.051.517.956,00

1.197.811.891,00

6.313.540.067,00

9.071.629.612,00




Cuatro Categorias de Tecnologias de carbon limpio

= Precombustion: Tecnologias usadas para limpiar al
carbon antes de ser quemado. Incluyen limpieza
fisica, o lavado, limpieza quimica y los nuevos
métodos bIO|OgICOS de limpieza para remover azufre y
cenizas. Todos los tipos de limpieza de carbon son
llamados, a menudo, “coal beneficiation”.

“Coal beneficiation” se ha centrado en dos areas —
fisica y quimica. Ahora hay una tercera area — la
biologica.

= | impieza Fisica
= Columna de flotacion
= | impieza Biologica



= Combustion: Estas son tecnologias utilizadas
para limpiar el carbon dentro del horno donde se
guema el carbon. Estos nuevos métodos
remueven los polutantes tales como el dioxido de
azufre y los oxidos de nitrogeno. La Combustion
de Lecho Fluido es un ejemplo de este tipo de
tecnologia.



= Post-Combustion: Las tecnologias de Post-
combustion son aplicadas después que el
carbon es quemado. Los gases, o emisiones,
liberadas luego del guemado del carbon son
“impiadas" antes de que lleguen a la chimenea
e ingresar al aire. Este metodo es usualmente
denominado “aflue gas desulfurization or
scrubbing” y se aplica usando filtros..



= Conversion: Las Tecnologias de Conversion
convierten al carbon en un gas o liquido que
puede ser limpiado y usado como combustible.
Una de las mas avanzadas tecnologias de
conversion se denominada ciclo combinado-
de gasification del carbon.



INVESTIGACIONES SOBRE CARBON

Las caracteristicas, propiedades y usos del
carbon son investigadas en muchas
universidades e instituciones, tanto en Europa
como en los Estados Unidos.

En Venezuela se ha investigado en los
laboratorios de materiales de la Universidad
Simon Bolivar, en el Centro de Investigaciones

del carbon en Maracaibo, CICASI y en otros.
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