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U.S. Energy Consumption by Source, 2010
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Petroleum 25.1%
Uises: transportation,
manufactunng

Matural Gas 25.2%
Lises: heating, manufacturing,
electricity
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Coal 21.2%

Uses: electricity, manufacturing
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Uranium B8.6%

Uses: electricity

Propane 1.6%

Lises: heating, manufacturing

Data: Energy Informmation Administration
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Biomass 4.4%
Uses: heating, electricity,
transportation

Hydropower 2.6%
Uses: electricity
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Geothermal 0.2%

Uses: heating, electricity
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Consumption by fuel*

2013
Natural Nuclear Renew—
Million tonnes oil equivalent Qill gas Coal energy electricity ables Total
Us 832.1 675.8 454.6 187.9 8.7 22705
Canada 103.5 935 20.8 23.1 48 3343
Mexico 89.7 76.2 13.4 2.7 3.4 191.5
Total North America 1025.3 8455 488.8 213.7 66.9 2796.3
Argentina 31.2 42.9 1.3 1.4 0.7 86.6
Brazil 1356.2 33.6 16.5 3.3 11.9 288.9
Chile 16.8 4.4 7.5 - 1.3 34.5
Colombia 13.9 9.0 4.3 - 0.1 37.4
Ecuador 11.6 05 - - 0.1 14.7
Peru 10.2 5.9 1.0 - 0.2 22.3
Trinidad & Tobago 1.6 20.2 - - T 21.8
Venezuela 38.6 279 0.2 - T 85.7
Other S. & Cent. America 58.6 7.1 2.8 - 2.6 92.9
Total S. & Cent. America 3178 151.6 33.6 4.7 16.9 684.9
Austria 12.7 7.6 3.3 8.4 1.9 34.0
Azerbaijan 4.5 7.7 T - 0.3 T 12.6
Belarus 10.7 16.7 0.9 - T T 28.3
Belgium 30.1 15.1 3.2 9.6 0.1 2.8 61.0
Bulgaria 3.6 2.4 59 3.2 0.9 0.6 16.7
Czech Republic 8.5 7.6 16.4 7.0 0.7 1.5 41.6
Denmark 7.7 34 3.2 - T 3.6 17.9
Finland 8.9 2.6 45 54 2.9 2.9 27.1
France 79.3 38.6 11.8 95.9 15.8 59 2472
Germany 113.4 74.2 81.7 22.0 5.2 293 3268
Greece 14.5 3.2 7.0 - 1.5 1.8 28.0
Hungary 5.8 8.3 2.3 35 T 0.6 20.6
Republic of Ireland 6.5 3.9 2.0 - 0.1 1.1 13.7
ltaly 60.8 57.8 14.0 - 11.9 13.4 157.9
Kazakhstan 12.9 4.1 359 - 1.7 T 54.7
Lithuania 2.6 2.4 03 - 0.1 0.2 5.7
Netherlands 414 333 8.2 0.7 t 2.7 86.4
Norway 10.8 4.0 0.7 - 29.2 0.5 45.1
Poland 23.8 15.0 55.8 - 0.6 3.3 98.4
Portugal 11.5 3.8 27 - 3.3 3.6 24.9
Romania 8.4 11.3 5.8 2.6 3.3 1.2 32.6
Russian Federation 146.8 372.1 90.5 39.0 41.3 0.1 689.9
Slovakia 36 4.8 35 3.6 1.7 0.3 16.9
Spain 59.0 26.1 1.4 12.8 8.3 16.3 133.9
Sweden 14.4 1.0 2.1 15.1 13.9 4.8 51.3
Switzerland 11.8 3.1 0.1 5.9 8.6 0.5 30.0
Turkey 33.6 41.1 31.6 - 13.4 2.3 122.0
Turkmenistan 6.2 20.6 - - T T 26.8
Ukraine 1.9 4 3.1 0.3 116.6
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Slovakia 3.6 4.8 35 3.6 1.1 0.3 16.9
Spain 59.0 26.1 11.4 12.8 8.3 16.3 133.9
Sweden 14.4 1.0 2.1 15.1 13.9 4.8 51.3
Switzerland 11.8 3.1 0.1 5.9 8.6 05 30.0
Turkey 33.6 411 31.6 - 13.4 2.3 122.0
Turkmenistan 6.2 20.6 - - T T 26.8
Ukraine 11.9 41.0 41.4 18.8 3.1 0.3 116.6
United Kingdom 69.3 66.1 371 16.0 1.1 11.1 200.6
Uzbekistan 3.0 42.2 2.6 - 2.4 T 50.1
Other Europe & Eurasia 31.1 13.7 225 1.7 224 2.0 935
Total Europe & Eurasia 869.3 954.7 508.2 262.9 201.9 114.7 2911.7
Iran 95.1 143.4 1.1 0.9 3.4 0.1 244.0
Israel 10.3 6.3 7.4 - T 0.2 24 1
Kuwait 22.3 16.7 - - - T 39.0
Qatar 9.3 36.9 - - - T 46.2
Saudi Arabia 132.4 90.0 0.1 - - T 2225
United Arab Emirates 36.2 60.1 1.5 - - T 97.9
Other Middle East 76.8 40.5 0.1 - 2.0 T 119.5
Total Middle East 3825 393.9 10.3 0.9 5.4 0.2 793.3
Algeria 17.7 30.0 0.2 - T 0.1 48.0
Egypt 35.7 46.3 0.2 - 29 0.4 855
South Africa 27.8 35 88.7 3.4 0.3 0.1 123.6
Other Africa 91.0 28.5 7.6 - 23.2 1.3 151.6
Total Africa 172.2 108.2 96.6 3.4 26.4 1.8 408.6
Australia 46.9 26.3 449 - 4.4 3.7 126.2
Bangladesh 5.3 204 1.0 - 0.2 T 26.9
China 503.5 163.7 1961.2 253 208.2 46.1 2898.1
China Hong Kong SAR 18.0 2.4 7.8 - - T 28.1
India 175.3 46.3 324.3 7.5 29.8 12.6 595.7
Indonesia 73.1 32.8 57.6 - 3.8 2.2 169.6
Japan 207.5 102.2 128.6 3.3 19.0 95 4701
Malaysia 34.5 36.3 17.0 - 27 0.3 90.7
New Zealand 7.0 4.0 1.5 - 52 2.0 19.9
Pakistan 21.8 384 35 1.2 7.0 T 71.9
Philippines 13.6 3.0 11.0 - 2.3 22 32.2
Singapore 64.7 9.5 T - - 0.2 74.3
South Korea 108.3 473 81.9 314 1.0 09 270.8
Taiwan 43.4 14.7 41.0 94 1.2 1.2 111.0
Thailand 52.2 47.0 16.2 - 1.3 1.3 118.0
Vietnam 17.7 8.8 15.8 - 12.1 0.1 4.5
Other Asia Pacific 19.0 5.7 16.3 - 13.2 0.2 54.4
Total Asia Pacific 14121 598.8 27295 78.1 311.4 825 52123
Total World 4179.1 3052.8 3867.0 563.7 861.6 283.0 12807.1
of which: OECD 205671 1458.6  1069.1 447 1 320.3 196.3 5b48.56

Non-QECD 21221 1594.1 2797.9 116.6 541.3 86.7 72587

European Union 601.8 3941 288.6 198.6 83.0 109.7 16759

Former Soviet Union 206.4 514.2 177.8 58.4 58.9 1.1 1016.9




World consumption
Million tonnes cil equivalent

B Coal

M Renewables
B Hydroelectricity
M MNuclear energy
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Hm Cil

B9 20 91 92 94 95 96 97 98 99 00 01 02 03 04 05 08 a7 0a Qg 10 " 12 13 14 0

World primary energy consumption grew by a below-average 0.9% in 2014, the slowest rate of growth since 1998 other than the decline in the aftermath of the financial
crisis. Growth was below average in all regions except North America and Africa. All fuels except nuclear grew at below-average rates. Qil remains the world's dominant
fuel. Hydroelectric and other renewables in power generation both reached record shares of global primary energy consumption (6.8% and 2.5%, respactively).
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Regional consumption pattern 2014
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The Asia Pacific region once again accounted for the largest increment to global primary energy consumption and continues to account for the largest share (41.3% of the
global total). The region accounted for over 71% of global coal consumption for the first time in 2014, and coal remains the region’s dominant fuel. Gas is the dominant fuel
in Europe & Eurasia and the Middle East, while oil is the largest source of energy in the Americas and Africa.
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World natural gas production increased by 1.6% in 2014, four times the growth rate of global consumption (+0.4%). Production growth was below average in all regions
except North America. The US (+6.1%) recorded the largest growth increment while Russia had the largest decline (-4.3%). Consumption growth was below average

in all regions except North America and the Middle East. The US (+2.9%) recorded the largest growth in consumption in the world while the EU had the biggest decline
on record (-11.6%).



World natural gas production increased by 1.6% in 2014, four times the growth rate of global consumption (+0.4%). Production growth was balow average in all regions
except North America. The US (+6.1%) racorded the largaest growth increment while Russia had the largest decline {-4.2%). Consumption growth was below average

in all regions except North America and the Middle East. The US (+2.9%) recorded the largest growth in consumption in the world while the EU had the biggest decline
on record {-11.6%).

Consumption per capita 2014

Tonnes oil equivalent

0-05

0.5-1.0 ’
M 1.0-15
N 15-20
m>20

Source: Includes data from Cedigaz.
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e All gaseous fuels are either fossil fuels or
byproducts of fossil fuels.

e These fuels can be divided into three general
groups including
e Natural gases,
e Manufactured gases
e Byproduct fuel gases

14



e The composition of
expressed in terms of the mole or volume fragtion
of the chemical compounds found in it.

a fuel

gas

IS com

Higher
heating Composition, in percentage by volume or mole
value,t
Fuel gases kJ/m# CH, C,H, C,Hgsp H, cCO O, N, CO, H,CO
Natural gases:
Alabama 36,140 97.6 2.1 0.3
Arkansas 36,730 99.2 0.6 0.2
California-A 39,080 77.5 16.0 6.5
California-B 40,880 834 15.4 0.5 0.7
Illinois 35,400 95.6 39 0.5
Indiana 43,110 75.4 23.4 1.2
Kansas 36,290 98.0 0.8 1.2
Kentucky 43,350 75.0 24.0 1.0
Louisiana-A 34,760 788 9.5 03 113 0.1
Louisiana-B 36,570 90.0 5.0 5.0
Missouri 35,490 84.1 6.7 84 08
New York 40,840 84.0 15.0 1.0
Ohio-A 35,000 933 03 1.8 05 03 34 02 0.2

iy
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Higher Heating Value

e The heating value of any fuel gas is commonly
expressed In units of energy per unit volume
kJ/m?3

e This value Is directly proportional to the gas
density.

e Gas density Is directly proportional to the
absolute pressure and inversely to the absolute
temperature.

16



e The heating value can also be expressed In
terms of energy per unit mass (kJ/kg).

17



e If the volumetric heating values of the gas
components at some reference pressure Pr and
reference temperature Tr are known, the
volumetric heating value of the gas mixture
HHVV Is obtained from the following equation.

18



Higher heating value  Lower heating value

Chemical  Molecular  Density,t

Substance formula  weight kg/m’ kJ/m’t kJ/kgt kJ/m’t kJ/kgt
Fuels:
Hydrogen H, 2.016 0.0838 11910 142,097 10,060 120,067
[ Carbon C 12,011 e ] 328 e 32,778
Sulfur S 32.064 e R 9,257 B 9,257
Hydrogen sulfide  H,S 34,080 1.4168 23,390 16,506 21,540 15,204
Carbon monoxide CO 28.006 1.1643 11,770 10,110 11,770 10,110
( Methane CH, 16.043 0.6669 37030 | 55,529 33,340 49,994
Methyl alcohol ~ CH,0H 32,043 13321 31,780 23,858 28,090 21,086
[ Ethane C,H, 30.071 1.2501 64910 | 51,920 59,370 47,489
Ethylene C,H, 28.055 1.1663 58,690 50,322 55,000 47,156
Acetylene C,H, 26,039 1.0825 54,140 50,010 52,290 48,305
Ethyl alcohol C,HOH  46.071 19153 58,630 30,610 53,090 27,717
Propane C,Hg 44,099 1.8333 92,390 50,399 85,010 46,370
Propylene CyH; 42.083 1.7495 85,640 48,954 0,110 45,789
n-Butane CiHyo 58.126 24164 119,820 49,589 110,590 45,768

Isobutane CsHyo 58.126 2.4164 119,340 49,4712 110,310 45,652

- t2xa22 aam amm  am A;me inF Ach AdF 130



0000
0000
o000
o0
Isopcntanc CsHayz F2.153 2.99%6 146,830 48,952 135,750 45 258
Meopenianc CeHps 12153 23996 D46 350 48 791 135,270 45,098
n-Pentenc CsH,o TOA3T 29157 140,510 48,191 13t,280 45,026
n-Hexanc CeH B5.1B1 3.5827 174,710 48,764 161,780 45,155
Benrene CeHe FRAIT 3.2475 137,350 42,293 131,810 40,588
Toluene CoHg 92141 13305 164 230 43,030 157,440 41,102
XKylene CaH,g 166.172 4.4138 191,460 43377 182,320 41,307
Maphthalene CraHy 128,179 £.3237 214,450 40,244 207 0740 38 860
Ammonia NH, 17.031 "OLTORG 15,920 22,454 13,150 18,572
Higher besting valoe Lower beating value
Chezpical Mplecular Denslty,¥
Substance formula weight kg/m’® kI/m 3 kifkgE KI/m*$ kJ/ kgt
Monfeels:
Oxygen Oy el B 1.3303
Mitrogen M3 28013 L1646
Air . —. =28 Q70 1.2043
( Carbon dioxide CO, 44.010 1.8296 ]
Sulfur dioxide 50, 64.063 2.6632

¥ All gax values correcied to one atmosphere and 20°C {68°F), p = 0.04157 (M. W]
£ 1 kJ/m® =0.02684 Biu/ft*; 1 k)fkg = 0.43 Blu/lbm; 1 kg/m® = 0.0624 Ibm/ 1>,



n order to convert the HHVv at the reference
oressure and temperature to some other
oressure and temperature:

21



e HHVVvV can be converted into HHVmM by
multiplying the HHVVv by the specific volume v
for the gas at the same pressure and
temperature.

22



Specific volume
e The specific volume of a gas mixture can

De-

determined from the molecular weight (M

W)

of the gas and the ideal gas equation of state:

Ru: Is Universal gas constant.

23



Ru = 0.008314 MPa.m3/kg.mol.K

kPa - m?
K - kmol

= 8.3143

Ru =8.314 kJ / (kmol. K).

Convert kJ/kg to btu/lbom : * 0.429923
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Typical fuel Gases 3

e Natural gas is the only true fossil fuel gas and
IS usually trapped beneath limestone casing
above petroleum reserves.

iraw-Hill Companies, Inc. Permission required for reproduction or display.
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Important Values oo

e Typical gas reservoir pressures may run as
high as 35 — 70 MPa.

e Natural gas Is composed of methane plus
smaller fractions of other gases. [ Appendix h]

e Natural gas has the highest gravimetric heating
value of all fossil fuels of about 55 000 kJ/kg.

e The HHVv of natural gas at 1 atm. and 20 °C is
37 000 kJ/m3.

28



Appendix H

Higher

heating I LCamposition, in percentage by volume or mole

valwe,t o TS

Fuel gases ki/m*t CH, CH, Gilgsp H, €O 0, N, €O, H,0
Natural gases:

Alabama 36,140 91.6 21 03
Arkansas 36,730 99.2 06 0.2
California-A 39,080 11.5 16.0 6.5
California-B 40,880 83.4 15.4 . 0.5 07
Illinois 35,400 95.6 39 03
Indiana 43,110 15.4 234 1.2 o
Kansas 36,290 98.0 08 12
Kentucky 43,350 75.0 24.0 1.0
Louisiana-A 34,760 788 9.5 03 1.3 01
Louisiana-B 36,570 90.0 50 5.0
Missouri 35,490 84.1 6.7 g4 08
New York 40,840 84.0 i50 1.0
Ohio-A 35,000 933 03 18 05 03 34 02 02
Ohic-B 35,060 934 04 6 04 04 34 04
Oklahoma- A 39,160 73.5 18.4 8.1
Oklahoma-B 35,490 84.1 6.7 84 08
Pennsylvania-A 39,170 90.0 9.0 08 0.2
Pennsylvania-B 41,140 3.4 15.8 0.8
West Virginia 43,040 76.8 22.5 0.7

29



XY
'YX X)
' YXX)
eo0o
o0
[
Higher
hesting Compositior, fn percentage by volome or mole
valoe,t
Fuel gases W't CH, CGH, CGH; H, CO 0, N, CO, CH
Artificial pases:
Producer gas
Anthracite 4,520 ’ 155 227 03 560 55
Bituminous 5,690 37 0.1 116 244 06 548 48
Blast-furnace (BF) gas 3,620 0.2 36 265 510 127
B-F gas (lean) 3170 0.1 25 4.1 584 149
Coke-oven gas 22,030 39 52 479 61 06 37 26
Hluminating gas 18,560 23.6 105 117 137 07 326 12
Water gas (carb.) 19470 155 4.7 340 320 07 65 43 23
Landfill gas 2200 600 (Balence is normally CO,)

1 All gas values are correcled to 1 atm and 20°C (68°F).
$ 1XJ/m’ =0.02684 Bru/1r’,



e Natural gas Is the easiest of the three fossil fuels
to burn.

e |t mixes well with air and burns cleanly with little
ash.

e Natural gas can be easily and cheaply transported
In pipelines.

e Sometimes its converted into liquified natural gas
(LNG) at — 127 °C and shipped Iin cryogenic
tankers to the energy consuming nations.

31



Disadvantage

e The main disadvantage of natural gas is that
it Is difficult to store.

32



Advantages of gaseous fuels | gs:

Least amount of handling
Simplest burners systems
Burner systems require least maintenance

Environmental benefits: lowest GHG and other
emissions

33



Classification of gaseous fuels

(A) Fuels naturally found in nature
-Natural gas

-Methane from coal mines

(B) Fuel gases made from solid fuel
-Gases derived from coal

-Gases derived from waste and biomass
-From other industrial processes

(C) Gases made from petroleum
-Liquefied Petroleum gas (LPG)
-Refinery gases

-Gases from oll gasification

(D) Gases from some fermentation

34



Natural Gas

- Methane: 95%

- Remaining 5%: Ethane, Propane, Butane, Pentane,
Nitrogen, Carbon Dioxide, Other Gases

- High calorific value fuel
- Does not require storage facilities
- No Sulphur

- Mixes readily with air without producing smoke or
soot .

35



Liquefied Petroleum Gas (LPG) s

v Propane, Butane

v Hydrocarbons are gaseous at atmospheric pressure
but can be condensed to liquid state

- LPG vapour is denser than alir:

- leaking gases can flow long
distances from the source.




