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Energy Conversions and

Equivalencies

* = exact conversion.

Length units:

- 1 /7 /1 /1 1 /1 1 1 1

1 foot (ft) = 0.3048* meter (m) = 30.48* centimeters (cm)
1inch (in.) = 0.0254* m = 2.54* cm

1 mile (mi.) = 1609.344* m = 1.609344* kilometers (km)
1 km =1000* m

1 fathom (fath) = 6 (ft)

1 micron = 10 cm

1 furlong = 220 yd

1 inch(in.) = 0.0833 foot

1 foot (ft) = 12* inch

1 yard(yd) = 3* foot

1 mile(mi) = 5280*foot=1760* yard
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Area units:

i A T e e e |

1 square inches(in?) = 6.452 square centimeters(cm?)
1 square foot (ft°)= 144* square inches (in?)

1 square meters(m?) = 10.76 square foot (ft?)

1 square miles (mi®) = 3097600*square yards

1 square yards = 9* square foot (ft?)

1 darcy = 9.8697*107* m?

1 hectare= 10 m? = 2.47105 acre

Volume (capacity) units:

b e e A |

i A e e I A |

1 barrel (bbl) = 42* U.S. gallons = 0.1589873 m®

1 U.S. gallon = 3.785412 liters = 3.785412 x 10° m®
1 cubic foot (cu ft, ft®) = 2.831685 x 10 m®

1 liter (L) = 0.001* m®

1 milliliter (mL) = 0.001* L = 1* cubic centimeter (cm®) = 1.0* x
10° m?

1 litter(L) = 1.057 quarts (u.s.liquid)

1 pint = 0.125 gallon

1 u.s.gallon = 0.8327 imperial gallons

1 kilo liter = 6.2898 barrels

1 cubic inches(in®) = 16.39 chbic centimeters

1 cubic foot (ft*) = 1728* cubicinches (in’)

1 u.s.gallon= 0.1337 cubic foot (ft%)

Mass or weight units:

r

1 pound-mass (lbm) = 0.4535924 kilogram (kg) = 453.5924

grams (9)

1 short ton (ts) = 1* U.S. ton = 2000* Ibm = 907.1847 kg

1 long ton (tl) = 1* U.K. ton = 2240* Ibm = 1016.047 kg

1 metric ton (tm) = 1* tonne = 1000* kg = 1,000,000* grams(g)
= 1* Megagram (Mg) = 2205* 1bm

1 ounce = 0.0625 (Ibm)
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Pressure units:

1 N = 10° dyne = 0.224809 Ibf

1 (Ibf) = 4.4475 newton(N)

1 Ibm/in? (absolute ) (psia) = 6.895 KN/m?

1 Ibm/in? (psia) = 0.0680 atmospheres

1 Ibm/in® (psia) = 27.67 (in-water)

1 Ibm/in? (psia) = 51.72 (mm-mercury Hg)(torr)
1 Ibm/in? (gauge)(psia) = 1 psia + 14.70

1 Kg/cm? = 735.6 (mm-mercury ) (torr)

1 mm Hg = 1333.22 dyne/cm?

1 Kglem? = 0.9678 atomospheres

1 atmosphere = 101.3 KN/m?

1 Kg/cm? = 14.22 psia

1 atmosphere= 14.70 psia = 29.92 (in-mercury Hg)
1 bar = 100* KN/m? = 0.9869 atmospheres

1 bar = 1.020 Kg/cm? = 0.1 mpa

1 KN/m? = 0.1450 psia = 0.009869 atmospheres

1 (in-water) = 0.03614 psia

—

- 1 1 1 /1 /1 /1 1 /1 1 /1 1 1 1 1 1

Density:

- 1 1bm/ft® = 1.601846 x 102 g/cm® = 16.01846 kg/m®

- 1 1bm/bbl = 2.853010 x 10° g/cm® = 2.853010 kg/m®

- 11bm/U.S. gallon = 0.1198264 g/cm® = 119.8264 kg/m®
- 1g/lem® = 1000* kg/m® = 62.42 Ibm/ft®

Viscosity:
r 1 centipoises = 0.0006720 Ibm/ft.s = 0.001 * N.S/m?
r 1 lbm/ft.s = 1488 centipoises
r 1 poises = 100*centipoises = 1* gr/cm.s
- 1 N.s/m*= 1000 centipoises
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Energy units:

r

b e e A |

1 British thermal unit (Btu) = 1055.056 joules (J) = 252.1644 cal
= 778.1693 ft-1bf

1 foot-pound (ft-1bf) = 1.355818 joules (J) = 0.3240483 cal

1 calorie (cal) = 4.184* joules (J)

1 dietary (food) Calorie (Cal) = 1000* calories = 1* kilocalorie
(kcal)

1 hp-hr = 2.684520 x 10° J = 0.7456999 kilowatt-hour (KW-hr)
1 kilowatt-hour (kW-hr) = 3.6* x 10° J = 3412.141 Btu =
2.655224 x 10° ft-Ibf

1 Quad = 1* quadrillion Btu = 1.0* x 10" Btu = 1.055056
exajoule (EJ)

1 megajoule (MJ) = 1.0* x 10°J

1 gigajoule (GJ) = 1.0* x 10° J = 9.478170 x 10° Btu

1 terajoule (TJ) = 1.0* x 102 J

1 petajoule (PJ) = 1.0* x 10" J

1 exajoule (EJ) = 1.0* x 10'® J = 9.478170 x 10" Btu =
0.9478170 Quad

1 Therm = 100,000* Btu = 1.055056 x 10°J

1 erg =2.39%10® cal = 1 dyne.cm =107 J

Power units:

1 watt (W) = 1* joule/second (J/s) = 3.412141 Btu/hr

1 horsepower (hp) = 550* ft-1bf/s = 2544.433 Btu/hr = 745.6999
w

1 quadrillion Btu per year (Quad/yr) = 1.055056 x 10 MJ/yr =
1.055056 x 10° TJ/yr = 1.055056 EJ/yr

1 newton — meter (torque)= 0.737562 (Ibf-ft)

2Yd
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Thermal Conductivity:
r 1 Btu/ft.hr.°F = 1.731 W/m.°K = 1.488 Kcal/m.°C.hr
r 1 W/ m.°K = 0.5778 Btu/ft.hr.°F
r 1 Kcal/m.°C.hr = 1.163 W/m.°K = 0.6720 Btu/ft.hr.°F
r 1 Btu/ft>.hr.°F = 5.678 W/m>.°K

Heat capacity:
r 1 Btu/lbm.°F =1 * cal/gr.°C = 4187 J/Kg.°K
r 1J/Kg.°’K =0.0002388 Btu/lbm.°F
r1cal/gr.°C =1* Btu/lom.°F

Calorific value = Heating value:

r Mass basis:
- 1 Btu/lbm = 2.326 x 10° J/kg
r1cal/lg =4184* J/kg
r1cal/lom=9.224141 J/kg
r Volume basis:
- 1Btu/U.S. gallon = 7.742119 x 102 (kW-hr)/m? =

2.787163 x 10° J/m°
r 1 Btu/ft® = 1.034971 x 102 (kW-hr)/m® = 3.725895 x 10*
Jm?

- 1 ft-Ibf/U.S. gallon = 3.581692 x 10° J/m*
- 1callem®=4.184* x 10° J/m®

Temperature Units:

r 1 (°K) kelvin = 1.8 (°R) Rankin
1 (°R) = 0.5556 (°K)
1 (°F) Fahrenheit=1.8 (°C) +32
1 (°K) = (°C) + 273
1 (°R) = (°F) + 459.7
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Geothermal gradient:

B e e |

1 °F/ft = 1.822689 °C/m
1 °C/m = 0.54864* °F/ft
1 °F/1000 ft = 1.822689 °C/km
1 °C/km = 0.54864* °F/1000 ft

Concentration (in water solution):

[ I e A B |

1 parts per million (ppm) = 1* (mg/lit) (milligram per liter)
1 parts per billion (ppb) = 1* (mg/lit) (microgram per liter)
1 milligram per cubic meter (mg/m®) = 10 (gr/cm?)

1 Ibm/ft® = 0.01602 gr/cm®

1 gr/em® = 10° ( mg/m°) = 62.42 [bm/ft®

Flow :

r
r

1 ft%/s = 448.9 u.s.gallons/min
1 ft¥/min ( cfm) = 1.699 m*/hr

Approximate fuel relationships:

- 1 /7 /7 1 T /1 T T

1 barrel (bbl) crude oil = 42* gallons = 5.8 x 10° Btu = 6.12 x 10° J
1 standard cubic foot (std ft®) of natural gas (SCF) = 1000 Btu
1 gallon gasoline = 1.24 x 10° Btu

10° cubic feet of natural gas = 172 barrels of crude oil

1 ton coal = 20-40 x 10° Btu

1 Ibm bituminous coal = 1.3 x 10* Btu

1 ton uranium-235 (*°U) = 70 x 10" Btu

1000 bbl/day of oil = 2.117 x 10" Btu/yr

1 million barrels of oil per day (1 MBOPD)

= 5.8 x 10* Btu/day

= 80 million tons per year of coal

= 5.8 x 10° ft® per day of natural gas

1 million tonnes of coal equivalent =29.0 PJ

1 million tonnes of oil equivalent = 41.868 PJ
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r 1 barrel condensate = 0.935 barrels of equivalent
r 1 PJof Natural gas = 172000 barrels of oil equivalent
r1tonne LPG = 8.46 barrels of oil equivalent

Approximate calorific values:

r Petroleum:
= 5.8 x 10° Btu/bbl
= 1.4 x 10° Btu/U.S. gallon
= 19,000 Btu/lbm (using a density of 7.4 lbm/gallon)
= 42,000 Btu/kg
r Coal:
= 6,000 to 15,000 Btu/lbm, depending on the rank of coal
= 13,200-33,000 Btu/kg
- Natural gas:
= 1000 Btu/ft®
= 25,000 Btu/lbm (using a density of 0.04 Ibm/ft®)
= 55,000 Btu/kg
r Uranium-235:
= 3.3 x 10" Btu/lbm
= 7.3 x 10 Btu/kg

Emission indices (Kg CO,/GJ)

® |PG 60
® Natural Gas 58
® Crude Oil 76
® Coal (electricity) 290

Multiples of Ten:
e pico (p) =10
e nano (n)=10"°
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micro (u) = 107
milli (m) = 10°®
kilo (k) = 10°
mega (M) = 10°
giga (G) = 10°
tera (T) = 10*



Vo

S50 slasaly aasi 9 55,0 pa ol o

Fuel Heating Values:

Solid Fuel

Gaseous

Fuel

Liquid
Fquel

Uranium

Black Coal

Brown Coal
Coke

Wood
Bagasse

Plant Biomass

Natural Gas
Ethane

LPG

LPG

Town Gas
Gas

Gas

LPG

LPG

LPG
Gasoline
Gasoline
Kerosene
Kerosene
Kerosene
Heating Oil
Diesel Oil
Diesel Qil
Fuel Oil
Fuel Qil
Refinery Fuel
Naphtha
Lubricants
Bitumen
Solvents
Waxes
Crude Qil
Ethanol
LNG

Uranium
Uranium

GJ/tonne

Export coking 29.0
coal
Export steaming 27.0
coal
Local coal 24.0
(electricity)

9.5

27.0
Dry 16.2

9.6
Cotton trash 18.0

MI/m®

39.0

66.0
Propane 93.3
butane 124.0
reformed gas 20.0
coke oven 18.1
blast furnace 4.0

MJ/litre  Litre/Tonne GJ/tonne

propane 25.3 1960 49.6
butane 27.7 1750 49.1
mixture 25.7 1928 49.6
aviation 33.0 1412 49.6
automotive 34.2 1360 46.4
power 37.5 1230 46.1
turbine fuel 36.8 1261 46.4
lighting 36.6 1270 46.5
37.3 1238 46.2
automotive 38.6 1182 45.6
industrial 39.6 1135 44.9
low sulphur 39.7 1110 44.1
high sulphur 40.8 1050 42.9
40.9 1050 42.9
31.4 1534 481
38.8 1120 43.4
44.0 981 42.7
34.4 1229 44.0
38.8 1180 45.8
38.7 1160 44.9
23.4 1266 29.6
-160C & 300kPa 25.0 2174 54.4
GJ/tonne
metal (U) 560,000

oxide (UsOg) 470,000
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Industrial Energy Management principles and a applications.
Energy Efficiency in Industry and Primary production.

Energy Management Guide (Best Practice Program).

Energy Management by ottaviano technical services inc.

Energy Efficiency (A guide to current and Emerging
technologies)p.p.179 CAE
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