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Derek Supple, MIT Energy Club http://web.mit.edu/mit_energy Latest Update: 4/15/2007 Distance Volume 1 cm = 0.4 in 1 L = 0.264 gal = 1000 cm3 (ml) 1 m = 3.281 ft = 1.094 yd 1 m3 = 1000 L = 35.3 ft3 = 264 gal 1 km = 0.62137 mi = 199 rod 1 gal = 3.785 L = 4 qt = 16 c = 128 oz 1 mi = 1.609km 1 ft3 = cf = 28.32 L = 7.482 gal 1 smoot = 1.702 m = 5.83 ft 1 bbl = 42 U.S. gal = 159 L = 5.6 ft3 1 cord = 128 ft3 = 3.62 m3 Area 1 ac-ft = 43560 ft3 = 325,851 gal 1 m2 = 10.765 ft2 1 km3 = 0.24 mi3 = 810,713 acre-ft 2 2 6 2 1 km = 0.386 mi = 10 m 3 1 ha = 104 m2 = .01 km2 = 2.47 ac 1 bu = 4 pck = 8 gal = 35.2 L = 2,150 in Flow Rates 1 mi2 = 2.6 km2 = 640 ac 1mbd = 1 Mbbl/day = 15.34 Ggal/yr 1 ac = 4,047 m2 = 43,560 ft2 = 694.4 bbl/min = 11.57 bbl/sec Pressure = 485.9 gal/sec 1MPa = 10bar = 9.87atm = 145psi 3 1 ft /s = 641 bbl/hr = 449 gal/min (gpm) 1atm = 1.0132 bar = 760 mmHg 1 bbl oil/day ≈ 50 metric ton oil/yr 3 = 14.696 psi = 10.33 ton/m 1 gpm = 0.063 L/s = 0.00442 ac-ft/day



Units & Conversions Fact Sheet Metric



pico (p) nano (n) micro (µ) deca (da) kilo (k) mega (M) giga (G) tera (T) peta (P) exa (E) zetta (Z)



Roman



= = = = = = = = = = =



m = 103 mm = 106 quad = 1015



10-12 10-9 10-6 101 103 106 109 1012 1015 1018 1021



Mass 1 kg = 2.205 lb 1 lb = 453.6 g = 16oz 1 metric tonne = 1,000kg = 2,205lb 1 US short ton = 907kg = 2,000lb 1 UK long ton = 1,016kg = 2,239lb Temperature °F = 1.8 • °C + 32 °K = (°F – 32) • 5/9 + 273.15 Time 3,600 sec/hour 730 hour/month 365.25 day/year 8,766 hour/year 31,536,000 sec/year Fuel Economy 1mpg = 0.4251 km/L mpg = 235.2/ L/100 km



Energy Unit Conversion 1 J = 1 Nm = 1 kgm2/s2 = 0.239 cal = 0.74 ft-lb 1 Cal = 1 kcal = 1000 cal = 4.187 KJ = 3.968 Btu 1 KJ = 0.239 Cal = 0.947817 Btu ≈ 0.95 Btu 1 Btu = 1,055.056 J = 0.252 kcal 1 kWh = 3.6 MJ = 3,412 Btu; (1MWh = 3.6 GJ = 3.412 mmBtu) 1 mmBtu = 106 Btu = 1.055 GJ = 1 decatherm 1 mcf nat. gas (LHV) = 10.27 therm = 1.027 mmBtu = 1.082 GJ 1 toe = 41.868 GJ = 39.683 mmBtu = 11.63 MWh = 7.33bbl 1 tce = 29.308 GJ = 27.778 mmBtu = 8.141 MWh 1 Quad = 1015 Btu = 1.055 EJ = 293 TWh = 25.2 Mtoe=.974 TCF 1 EJ = 109 GJ = 1018 J = .95 Quad 1 TWyr = 31.5 EJ = 29.86 Quad Energy Content (Lower Heating Values) (ton = metric tonne) Crude Oil = 6.119 GJ/bbl = 5.8 mmBtu/bbl = 39.7 mmBtu/ton = 145.7 MJ/gal = 38.5 MJ/L = 43.8 MJ/kg (GJ/ton) Gasoline = 121.3 MJ/gal (= 32.1 MJ/L = 43.1 MJ/kg = 115 mBtu/gal) Diesel = 135.5 MJ/gal (= 35.8 MJ/L = 42.8 MJ/kg = 128 mBtu/gal) Biodiesel = 124.8 MJ/gal (= 33.0 MJ/L = 37.5 MJ/kg = 121 mBtu/gal) Ethanol = 80.2 MJ/gal (= 21.2 MJ/L = 26.9 MJ/kg = 76 mBtu/gal) Methanol = 60.4 MJ/gal (= 15.9 MJ/L = 20.1 MJ/kg = 57 mBtu/gal) UN Standard Coal = 30 GJ/ton Bituminous = 27-30 GJ/ton (MJ/kg) = 25-28 mmBtu/ton Sub-Bitum. = 20-26 GJ/ton (MJ/kg) = 19-24 mmBtu/ton Lignite = 10-19 GJ/ton (MJ/kg) = 9-18 mmBtu/ton Nat Gas @ STP = 53.2 MJ/kg =38.2 MJ/m3 =1027 Btu/ft3 CNG @ 20 MPa = 50.0 MJ/kg = 9.3 MJ/L = 249.6 mBtu/ft3 H2 @ 35MPa (HHV) =120.0 MJ/kg = 2.7 MJ/L = 72.5 mBtu/ft3 LPG @ 1.5 MPa = 88.1 MJ/gal = 23.3 MJ/L = 625.5 mBtu/ft3 Air-Dried Wood(20% Moisture Content) = 15 GJ/ton Uranium = 80 GJ/g fissioned = 400 GJ/kg mined (fn’d =.5% mn’d) Energy of Familiar Phenomena/Society Quart of Boiling Water = 3 MJ 1 wooden match = 1 Btu Melt 1 lb Ice = 151 kJ = 143 Btu 1-GWe Plant running 24 hrs = 260 TJ Daily Human Metabolism = 2500 kCal/day = 120 W Compact Passenger Car at steady 60 mph: Chem. Energy Consumption = 70 kW = 94 hp Mech. Energy Production = 15 kW = 20 hp ’05 US Oil Use = 20.55 Mbpd = 7.506 Gbbl/yr = 238 bbl/sec ’05 Global Oil Use = 84.37 Mbpd = 31.89 Gbbl/yr = 976.5 bbl/sec ’05 US Primary Energy Use ≈ 3.35 TW ≈ 105 EJ/yr ≈ 100 quad/yr ’05 Global ≈ 16 TW ≈ 504 EJ/yr ≈ 480 quad/yr Solar Influx at Earth Surface ≈ 100 PW = 3.1 YJ/yr = 200 W/m2



Density Water = 1 g/cm3 = 1 g/ml = 1 kg/L = 1 metric tonne/m3 Air at Sea Level = 1.2 kg/m3 Crude Oil = 0.88 (0.75 -0.98) kg/L = 7.34 lb/gal = 140 kg/bbl Gasoline = 0.745 kg/L = 6.22 lb/gal Diesel = 0.837 kg/L = 7.00 lb/gal; Biodiesel = 0.880 kg/L Ethanol = 0.789 kg/L = 6.58 lb/gal Methanol = 0.792 kg/L = 6.61 lb/gal Nat. Gas = 0.717 kg/m3 = 44.8 lb/mcf CNG @ 20MPa= 0.185 kg/L = 11.5 lb/ft3 = 5.66 lb/gge LPG (propane) = 0.540 kg/L = 33.7 lb/ft3 Hydrogen = 0.025 kg/L (35MPa); 0.08988 kg/m3 (STP) Coal ≈ 1.32 kg/L = 1230 metric ton/ha-m = 1800 sht ton/acre-foot API Gravity = (141.5/[Density in g/cm3 at 60 °F]) - 131.5 Light Crude API > 31.1º; Heavy API < 22.3º; Bitumen API ~ 8º Power Unit Conversion 1 W = 1 J/s = 3.6 kJ/hour = 31.5 MJ/year 1 kW = 1.341 hp = 738ft-lb/s 1 hp = 745.7 W = 0.7068 Btu/s 1 TW = 1012 W = 31.5 EJ/year 1 ton-refrigeration = 12,000 Btu/hr = 200 Btu/min = 3.517 kW Historic US Retail Prices (US2000$/GJ)
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Carbon Dioxide (CO2) Emission Factors Note: 44/12 or 3.667 ton CO2 emissions per ton C emissions Natural Gas = 121 lb/mcf = 117.1 lb/mmBtu = 50.3 kg/GJ Gasoline = 19.56 lb/gal = 156.4 lb/mmBtu = 67.2 kg/GJ Diesel = 22.38 lb/gal = 161.4 lb/mmBtu = 69.4 kg/GJ Bt. Coal = 4,931 lb/sht ton = 205.3 lb/mmBtu = 88.3 kg/GJ Petrol Coke = 32.40 lb/gal = 225.1 lb/mmBtu = 96.8 kg/GJ Electric US Av = 1.34 lb/kWh = 0.608 ton/MWh = 168.8 kg/GJ Coal-fired Elec = 2.095 lb/kWh = .95 kg/kWh = 260 kg C/MWh Global Warming Potential (GWP) (ττ = 100yr) CO2 = 1 CH4 = 23 N2O = 296 SF6 = 22,200 HFCs = 12 - 12,000 PFCs = 5,700 - 11,900



Rules of Thumb •



1 Btu = 1,055 J



•



1 gallon gasoline equivalent (gge) = 121 MJ = 115,000 Btu = 1 kg H2 = 1.5 gal EtOH



•



1 kWh = 3.6 MJ = 3,412 Btu



•



1 hp = 746 W



•



1 million barrel oil per day (mbd) = 486 gal/sec = 2.2TJ/yr = 4232 metric ton C/yr



•



1 TW ≈ 30 Quad/yr ≈ 32 EJ/yr



•



Nat.Gas: 1 mscf = 0.2832 Nm3 = 1.027 mmBtu = 10.27 therm



•



23.52 mpg  10 L/100km  • 234 g TtW CO2/km  0.832 lb TtW CO2/mi



•



1 Quad = 1015 Btu ≈ 1.05 EJ ≈ 25 Mtoe ≈ 300TWh ≈ 0.974 tcf natural gas



3.667 (44/12) ton CO2 per ton C



Sources This sheet was compiled based on several other useful fact sheets and online resources: •



Holdren, J. and H. Lee (2006) ENR302 Course Notes: “Some Units Constants, and Conversions” and “Energy of Familiar Phenomena”



•



International Energy Agency (IEA) Energy Statistics Unit Converter http://www.iea.org/Textbase/stats/unit.asp



•



U.S. Dept. of Energy, Energy Information Administration (EIA). Kid's Page Energy Calculator http://www.eia.doe.gov/kids/energyfacts/science/energy_calculator.html



•



BP plc, Statistical Review of World Energy 2006, Conversion Factors http://www.bp.com/conversionCalculator.do?&contentId=7017990&categoryId=91



•



EIA AER “Other Physical Conversion Factors” http://www.eia.doe.gov/emeu/aer/pdf/pages/sec13_13.pdf



•



DOE Alternative Fuels Data Center (AFDC) Fuel Properties Table http://www.eere.energy.gov/afdc/pdfs/fueltable.pdf



•



Oak Ridge National Lab (ORNL) Bioenergy Program, Conversion Factor Reference http://bioenergy.ornl.gov/papers/misc/energy_conv.html



•



United Nations Food and Agriculture Organization (FAO) “Regional Study on Wood Energy Today and Tomorrow” http://www.fao.org/DOCREP/W7744E/w7744e07.htm



Other Physical Property (LHV, Density, Emission Factor) Data Sources • Wang, Michael Q. (2006) “The Greenhouse Gases, Regulated Emissions, and Energy Use in Transportation (GREET) Model.” Version 1.7. http://www.transportation.anl.gov/software/GREET/index.html • Farrell, A.E. et al. (2005) EBAMM Release 1.0. http://rael.berkeley.edu/ebamm/ • Brown, D., J. Gillette, B. James, et al. (2006) Hydrogen Analysis (H2A) Project model version 1.0.11, “Physical Property Data” http://www.hydrogen.energy.gov/h2a_production.html • Weiss, M. A., J. B. Heywood, et al. (2000). “On the Road in 2020, a Life-Cycle Analysis of New Automobile Technologies.” Cambridge, MA, Massachusetts Institute of Technology, Energy Laboratory. MIT EL 00-003 RP. http://lfee.mit.edu/public/el00-003.pdf • Hong, B.D. and E.R. Slatick (1994) “Carbon Dioxide Emission Factors for Coal.” Energy Information Administration, Quarterly Coal Report. http://www.eia.doe.gov/cneaf/coal/quarterly/co2_article/co2.html • EIA, Voluntary Reporting of Greenhouse Gases Program, Fuel and Energy Source Codes and Emission Coefficients http://www.eia.doe.gov/oiaf/1605/factors.html http://www.eia.doe.gov/oiaf/1605/gg97rpt/appb.html • IPCC (2001). Climate Change 2001: The Scientific Basis. Contribution of Working Group I to the Third Assessment Report of the Intergovernmental Panel on Climate Change. [Houghton, J.T., Ding, Y., Griggs, D.J., Noguer, M., van der Linden, P.J., Dai, X., Maskell, K. and Johnson, C.A. (eds.)]. Cambridge, UK: Cambridge University Press, 881pp. Technical Summary. Section C6. p.47 . http://www.grida.no/climate/ipcc_tar/wg1/020.htm#c6 Historic Price Range Data Sources • EIA (2006) Annual Energy Review 2005 and Monthly Energy Review http://www.eia.doe.gov/overview_hd.html • EIA Petroleum Navigator http://tonto.eia.doe.gov/dnav/pet/pet_pri_top.asp • EIA Coal News and Markets http://www.eia.doe.gov/cneaf/coal/page/coalnews/coalmar.html • Bloomberg Energy Market Data http://www.bloomberg.com/energy/ • State of Nebraska Energy Statistics http://www.neo.state.ne.us/statshtml/66.html
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FACT SHEET 

the courtyard -â€� Fully equipped kitchen, sitting room with its medieval vaulted ceilings, living room with its decorative fireplace and mezzanine, bathroom, toilet.










 








Fact Sheet 

19 juil. 2013 - SARNIA (Ontario) – Unitec Inc. et 629728 Ontario Limited, exerçant leurs activités sous le nom d'Entropex Limited, une compagnie ...










 








Fact Sheet 

20 mars 2014 - exploite au 25 Lepage Court, à North York, en Ontario. Le 10 juillet 2012, un travailleur ... Lieu : Cour de justice de l'Ontario. 70, rue Centre.










 








Nexthink Fact Sheet fr 












 








Corporate Fact Sheet 

management of networks, servers, and applications faster and ... management tools and workflows across network, server and application teams and achieve ...










 








Download fact sheet 

SC 30 USB CTRL / SC 60 USB CTRL, SC 30 USB ML / SC 60 USB ML. Gamme Culture Plus. SC 40 USB CTRL / SC 70 USB CTRL, SC 40 USB MS / SC 70 ...










 








High Definition Fact Sheet 

8) HD Camera Packages will be more expensive to rent than Film packages. Savings is in HD. Tape vs. Rolls of Film purchase Processing and Transfer.










 








CBX Fact Sheet 

Immeuble. FOD. Connection fibre directe. Non. SFR. Connection fibre directe. Non. Colt. Connection fibre directe. Oui. Orange. Connection fibre directe. Non.










 








Fact Sheet: YS Engines 

May 27, 2006 - Fuel system for connecting a fuel tank to a YS engine. The red ... After about 3 seconds, the engine will start to let you know if it is to lean or rich.










 








FINAL FRENCH Fact Sheet - Demographics.ai 

19 %. DiplÃ´me universitaire. 23 %. DiplÃ´me collÃ©gial ou universitaire infÃ©rieur au ... universitaire, passant de 19 % Ã  26 %. La part de la ... PetroLMI June 2018.










 








GPA FACT SHEET 3RD EDITION 












 








STG - Fact Sheet & Press Kit 

The family currently resides between Austin, North. Carolina and ... The son of a Korean National and a Mexican American, John .... transportation coordinator.










 








Fact Sheet - Esplanade Zagreb Hotel 

Dating back to 1925 and completely renovated in 2004, Esplanade Zagreb flawlessly merges the best of 21st century comforts with art deco tradition. Revered.










 








Flamant Suite III Fact Sheet - Arte wallcovering 

and Lin Galet. # 18108. Stripe Velvet and Lin Galet. # 18002. Metal Velvet Flower and Lin Noir de Lune. # 18102. Stripe Velvet and Lin Noir de Lune. # 18009.










 








A European Union Fact Sheet - Francesco Saraceno 

Jun 9, 2017 - Francesco Saraceno. OFCE-Research Center in Economics of Sciences Po. Luiss School of European Political Economy ...










 








Fact Sheet 2_Mise en page 1 

offer either a â€œtoes in the sandâ€� experience or the chance to slip straight from ... Hyatt in Bali and is responsible for the interior decoration of all the properties ...










 








Hospitals Fact sheet Francais.indd 

ments de mÃ©decine et de mÃ©decine de laboratoire, Divisions des maladies infectieuses et de la microbiologie. Ressources supplÃ©mentaires. L'Association pour ...










 








Fact Sheet: New York City - Le mulot 

Low 26Â°F (-3Â°C). High 38Â°F (3Â°C). July: ... In 1898, the five boroughsâ€”which had previously been independent citiesâ€”were brought together ... The famous New York skyline began to take shape in the early twentieth century. At the same time,.










 








FACT SHEET: Swine Flu - Beyond Factory Farming 

of swine flu viruses increased, leading to a wider variation and increasing virulence of new flu strains. Factory hog farm conditions increase the risk of animals becoming ill. Crowding means respiratory disease will spread quickly from animal to ani










 








Nexthink windows server collector fact sheet fr 












 








ENG 2017 GPA FACT SHEET 3RD EDITION 












 








Food Animal Production Fact Sheet French.indd 

Programme intÃ©grÃ© canadien de surveillance de la rÃ©sistance aux antimicrobiens www.phac-aspc.gc.ca/cipars-picra/index-fra.php.










 








Northern Remote Fact Sheet Francais.indd - CCNMI 

Pourquoi la résistance aux antimicrobiens dans les communautés éloignées ... augmentation correspondante de l'utilisation d'antibiotiques pour leur traitement.










 








US EPA - Pesticides - Fact Sheet for Metofluthrin 

Rats appeared to be most sensitive via the inhalation route, based on ... routes of exposure in rats. In the acute ..... National Pollutant Discharge Elimination System ..... Chemical Co. Ltd., Envr. Health. 147 p. Relates to. L0000976. 09-Feb-2006.
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