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Natural Fuels Manufactured Fuels

Solid Fuels

Wood Tanbark, Bagasse, Straw

Coal Charcoal
Coke

. Briquettes

Oil shale Nuclear fuels

Liquid Fuels
Oils from distillation of
petroleum - Coal tar - Shale-oil

Petroleum

Alcohols, etc

Gaseous Fuels

Coal gas
Producer gas
Water gas
Hydrogen
Acetylene

Blast furnace gas
Oil gas

Natural gas
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I -Viscosity
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Flash point Auto-ignition temperature
Gasoline (petrol) -43 °C (-45 °F) 280 °C (536 °F)
Diesel (2-D) >52 °C (126 °F) 256 °C (493 °F)
Jet fuel (A/A-1) >38 °C (100 °F) 210 °C (410 °F)
Kerosene >38-72 °C (100-162 °F) 220 °C (428 °F)
Vegetable oil (canola) 327 °C (621 °F)
Biodiesel >130 °C (266 °F)

I _Ultimate analysis

2 -Heat value

3 -HHV (higher heat value)

4-LHV (lower heat value)

3 -Specific gravity

6 -American Petroleum Institute

7 -Flash point:maximum temperature at which a fuel can be handled safely
8 - Auto-ignition temperature


http://en.wikipedia.org/wiki/Gasoline
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http://en.wikipedia.org/wiki/Diesel_fuel
http://en.wikipedia.org/wiki/Flash_point#cite_note-gasfp-3
http://en.wikipedia.org/wiki/Flash_point#cite_note-gasai-4
http://en.wikipedia.org/wiki/Jet_fuel
http://en.wikipedia.org/wiki/Kerosene
http://en.wikipedia.org/wiki/Vegetable_oil
http://en.wikipedia.org/wiki/Biodiesel
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CO,

Aerobic
Anaerobic

Humates Peat

Composition

Lignite
% wt (DAF Basis)

:]ncreasmg Increasing

Téﬁ\ssgrfture c H O | Aromatization

Time Wood 49 7 44
Paat 60 6 34 | Loss of Oxygen
Lignite 70 5 25

Woaod Subbituminous 75 5 20 Subbituminous

Bituminous 85 5 10
Anthracite 94 3 3

Bituminous

Anthracite
[6] b Sow JL&j glail oS (Sog8 F-Y Sl
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. Approximate age Approximate
Coal type (vears) carbon content, %
Lignites 60,000,000 65-72
Subbituminous coals 100,000,000 72-76
Bituminous coals 300,000,000 76-90
Anthracites 350,000,000 90-95
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http://daneshnameh.roshd.ir/mavara/mavara-index.php?page=%DA%A9%D8%B1%D8%A8%D9%86
http://daneshnameh.roshd.ir/mavara/mavara-index.php?page=%D8%B4%DB%8C%D9%85%DB%8C+%D8%A2%D9%84%DB%8C
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http://daneshnameh.roshd.ir/mavara/mavara-index.php?page=%D9%87%DB%8C%D8%AF%D8%B1%D9%88%DA%A9%D8%B1%D8%A8%D9%86%D9%87%D8%A7%DB%8C+%D8%A2%D8%B1%D9%88%D9%85%D8%A7%D8%AA%DB%8C%DA%A9
http://daneshnameh.roshd.ir/mavara/mavara-index.php?page=%DA%A9%D8%B1%D8%A8%D9%86
http://daneshnameh.roshd.ir/mavara/mavara-index.php?page=%DA%A9%D8%B1%D8%A8%D9%86
http://daneshnameh.roshd.ir/mavara/mavara-index.php?page=%D9%87%DB%8C%D8%AF%D8%B1%D9%88%DA%98%D9%86
http://daneshnameh.roshd.ir/mavara/mavara-index.php?page=%D9%87%DB%8C%D8%AF%D8%B1%D9%88%DA%98%D9%86
http://daneshnameh.roshd.ir/mavara/mavara-index.php?page=%D8%A7%DA%A9%D8%B3%DB%8C%DA%98%D9%86
http://daneshnameh.roshd.ir/mavara/mavara-index.php?page=%D8%A7%DA%A9%D8%B3%DB%8C%DA%98%D9%86
http://daneshnameh.roshd.ir/mavara/mavara-index.php?page=%D9%86%DB%8C%D8%AA%D8%B1%D9%88%DA%98%D9%86
http://daneshnameh.roshd.ir/mavara/mavara-index.php?page=%D9%86%DB%8C%D8%AA%D8%B1%D9%88%DA%98%D9%86
http://daneshnameh.roshd.ir/mavara/mavara-index.php?page=%DA%AF%D9%88%DA%AF%D8%B1%D8%AF
http://daneshnameh.roshd.ir/mavara/mavara-index.php?page=%DA%AF%D9%88%DA%AF%D8%B1%D8%AF
http://daneshnameh.roshd.ir/mavara/mavara-index.php?page=%DA%A9%D8%B1%D8%A8%D9%86
http://daneshnameh.roshd.ir/mavara/mavara-index.php?page=%DA%A9%D8%B1%D8%A8%D9%86
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" | |
i Low Rank Coal Hard Coal
g A7 % 53%
S
2
& Lignite  Subbituminous Bituminous Anthracite
o 17% 30% 52% 1%
Z I 1 1
] I 1 1
= 1 : Thermal Metallurgical :
& : ' Steam coal Caking coal '
1 1

£ | i | i

1 1 1 1 |
@ Largely power  Power generation Power generation hlanufacture Dhormestic: [/
g generation  Cemert m.anufacture Cement manufacture  of jron & steel industrial

Induztrial uzesz Industrial uses
Source: Wiordd Coal Institure
Uses and estimated percentage of the world's coal reserves for each coal rank
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1 _Anthracite

2 Hard coal

3 _Semi- Anthracite
4 _Bituminous

5 _Peat

6 -Lignite
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% weight Sub- Lignite
Bituminous

Heat Content  13,000-15,000 11,000-15,000 8,500-13,000 4,000-8,300
(Btu/lb)

Moisture <15% 2-15% 10 - 45% 30 - 60%
Fixed Carbon 85 - 98% 45 - 85% 35 -45% 25-35%
Ash 10 - 20% 3-12% =10% 10 - 50%
Sulfur 0.6-0.8% 0.7-4.0% <2% 04-1.0%

Chlorine (ppm) 340 £ 40ppm 340 £ ppm 120 + 20ppm 120 + 20ppm
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! -Crude oil
2 -Organic



Yy bosgw—) Juad

¥ ol 3 39750 T sune sl y3 5 T, Ol T ysdlom i Y V5955 5 S i pentin
Ao oo i |y pls s jo aliste LS 5 eogaze 5 (laodE 5 Jed 04 co (dbpumds o] Ll )b

399 SlaS 3 ()5 9308 0 i) (pguas 30) pli ki ) T Lawwgin g Lilizko LS 5 03guze 4 Y Jgux
[2] (335 as=lyo abgy o @2l p0 &

Composition by weight \ Hydrocarbon  Average \ Range

Element Percent Paraffins 30% 15 to 60%
range

Carbon 79 to 87%
Hydrogen 10to 14.8% Naphthenes 49% 30 to 60%
Nitrogen 1to2%

Oxygen .05to 1.5% Aromatics 15% 3 to 30%

Sulfur .01 to 8%

Metals 1% Asphaltics 6% | -
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! -Gravity

2 _Sulfur content

3 _Resin

4- Asphalts group

5 _Paraffines

6 -Pour point

7 _Sour crude oil

8 _Semi-sweet crude oil
9 _Sweet crude oil



3B Gmg 2k Gl -

Sladss 6l AT G Gliee (nl S (oo oolital (ogate (39 Sl L JB sl @ B glie o
Ve b S Sl sl FY 51 o, ol pme AP o il o el yuiite cpuKi Sl sy ) b Seoms

el 2 g 4 5915
G951 Gl bl g plB Cd (Glapemandi V) ) oo

APl 45,5 FA G YA APl 45,5 VA G YA APl 25,5 YA G 1Y

O 50 i slaonST g l3ls ST ssile bl o3 slacSas & jg0 4 s el s )0 g3 ge S
9 Oy Olfj).u ale sj)).s 6[@0«.\.».»5 d}@.a )QM)L? ;.A}B.w )‘ OOLM“-AS)}‘QGUQW‘SO oualive
009 Ol by ek S5 gt G0 (s o aiile ol (LY 4 (Jy wdlioe an S (n fealie
O by S mle St g 3l ooliin] Caans 4y ooaisS B pans jl san cul (See K glacsgw
o&)j—‘ M‘LM\:APY”? L:Y"f 6L®JLM:U:.1)Q s_a.lm Lngwj.w CAA-.EMM? )5-'044).3) )») .A.)j).:

Sl 00

[2] Yool G YooF b Sl oot cilicin (b g Cosd dunglio 1Y - Jgur

| Approximate fuel price comparison $/million Btu

2004 avg 2005 avg 2006 avg
No.2 distilate 8.1 12 15.1
No.6 distilate 4.4 6.6 8.0
Price ratio 1.8 1.8 1.9

No.2/No.6
Natural gas 6.1 8.6 7.2
Crud oil 2.9 4.1 5.3
coal 1.3 1.5 1.6
g
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Arab Extra Alameen Arab Bakr-9

Light* Egypt Heavy Egypt

Gravity, "API 38.5 334 280 209
Carbon residue (wt %) 20 5.1 6.8 1.7
Sulfur content (wt %) 1.1 0.86 28 3.8
Nitrogen content (wt %) 0.04 0.12 0.15 —
Ash content (wt %) 0.002 0.004 0.012 0.04
Iron (ppm) 04 0.0 1.0 —
Nickel (ppm) 0.6 0.0 9.0 108
Vanadium (ppm) 22 15 40.0 150
Pour point (°F) =Zero 35 -11.0 55
Paraffin wax content

(wt %) —_ 33 — o

*Ali, M. F et al., Hydrocarbon Processing, Vol. 64, No. 2, 1985 p. 83.
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1 Vanadium AI:!:N? ][');:gs ppm(w/w) 0.5 Corrosion of hot gas path components
Corrosion of hot gas path components
Sodiums+Potassi DIN 51797 when the vanadium con.ten.t ?f th.e fuel
2 um ASTM D 3605 ppm(w/w) 0.5 exceeds 50 ppm and the inhibitor is used
(Mg/Vv=3:1) the upper limit of sodium +
potassium is extended to 1 ppm
Corrosion of hot gas path components.
3 lead ASTM D 3605 ppm(w/w) 1 Prevention of additive effect in the case of
vanadium
4 Calcium ASTM D 3605 ppm(w/w) 10 Deposits on turbine blades
Deposits on turbine blades (when using
DIN 51 575 the inhibitor according to the
5 20 ASTM D 482 B 100 recommended dosing ratgio the ash
produced is of course higher)
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Sub-categories/ Naming | IFO Density Distillate Heavy

grades (kg/l) ("flux") residue
(Vol%) (Vol%)

Marine diesel - 0.84 100 <5

Light Fuel Oil (LFO) IFO 30 0.93 35-40 60 - 65

Medium Fuel Oil IFO 80 0.93 —0.96 18 -30 70 - 80

(MFQO) (e.g.John R, IFO 180 | 0.94 —-0.97 5-20 80 - 92

Sonatra, Norway )

Heavy Fuel Oils IFO240 [ 0.96 -0.98 3-12 90 -95

(HFQO)(e.g. Baitic Carrier/ | IFO 380 | 0.97 -0.99 0-10 90 - 100

Fu Shan Hai Rocknes )

Very Heavy Fuel Qils IFO 460 1.0-1.05 0-10 90 - 100

(VHFO / LAPIOQ) - 650
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Property Unit Test method Typical range
Kinematic viscosity at mm?/s 1ISO 3104 6.0 to 55.0
100°c
Density at 15°C kg/m?* ISO 3675 950 to 1010 @
or ISO 12185
Flash point °C 1ISO 2719 > 60
Pour point °C 1ISO 3016 <30
Carbon residue % (m/m) ISO 10370 <229
Ash %(m/m) 1ISO 6245 <0.20
Water % (v/v) 1SO 3733 <1.0
Sulphur @ % (m/m) ISO 8754 Inland < 3.5
Marine < 5.0
Vanadium mg/kg 150 14597 <600
Aluminium plus mg/kg 1SO 10478 <80
silicon




*\ bosgw—) Juad

[10] &yl yo ! cilizeo WoolKin Y 55 Sgjle cudguw LT 14 Y Jguo

Gt f) y35 SRoSEYY Sl 0,55 S (59 1 0o pladl SLiglesl gl
Q)]

C
Flash point
Kin
viscosity
@50°C
Vis.Red
Wood
@37.8°C

Pour Point
Total sulfur
Carbon R.

Ash
Water @
sediment
Calorific

Value
Vanadium
content
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1 _Vacuum Bottom
2 _Diesel fuel or fuel oil
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