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How much energy does the modern world 

consume?

Letôs measure the size of the problemé



The Magnitude of U.S. Energy Demand

Ten 100 W Light Bulbs

burning for 1 hour = 1 kW-h of energy used

Source: U.S. Energy Information Administration

http://www.eia.doe.gov/

The average U.S. household consumes 94.9 million BTU of energy each year. 

This includes energy used for residential heating, air conditioning, lighting, and 

appliances. It does not count energy used for transportation (e.g., gasoline 

used to run cars, trucks, etc).

94.9 million BTU/year = 27.8 million W-h/year = 27,800 kW-h/year

76.2 kW-h/day per U.S. Household



The Magnitude of U.S. Energy Demand
Total U.S. Residential Energy Usage

(not including transportation)

94.9 million BTU/year per household

x 111 million U.S. households =

10.5 quadrillion BTU/year

Thatôs 10.5 x 1015 BTU

10,500,000,000,000,000 BTU of energy

Numbers this big get special names!

A quadrillion BTUs is often called a ñQuadò

10.5 Quads per year

Source: U.S. Energy Information Administration

http://www.eia.doe.gov/



The Magnitude of U.S. Energy Demand

When all uses and sectors are included, the numbers are even larger:

Sector

Energy Consumption

(Quads/year)

Residential 20.8

Commercial 17.7

Industrial 32.2

Transportation 28.8

Total 99.5

Energy used by U.S. in one year: 99.5 quadrillion BTU = 29.1 PetaWatt-hours

Rate of U.S. Energy Consumption: 3.32 TW

Thatôs 33 billion             burning 24 hours/day 365 days/year!

Source: U.S. Energy Information Administration

http://www.eia.doe.gov/

100 W



Energy and Work

1 Joule

0.239 calories

9.49 x 10ī4 BTU

2.78 x 10-4 Watt-hour

6.24 x 1018 electronvolt

0.738 foot-pound

Power

1 Watt

1 Joule/second

860 calories/hour

3.41 BTU/hour

0.738 foot-pound/second

0.00134 horsepower

2.84 x 10-4 tons of refrigeration

Powers of Ten Applied to Rate of Energy Consumption/Generation

103 kilo thousand kilowatt kW Toaster or Microwave

106 mega million megawatt MW Jet Engine

109 giga billion gigawatt GW Electrical Power Plant

1012 tera trillion terawatt TW Global Energy Demand

1015 peta quadrillion petawatt PW



Growing Population

ÅWorld population is about 

6.5 billion.

ÅThis is predicted to grow 

to 10 billion over the next 

50 years.

Source: UN World Population Prospects: The 2008 Revision

http://esa.un.org/unpp



Growing Energy Demand

ÅMore people = more energy required

ÅPlus, as the standard of living increases in 

developing countries, their demand for 

energy will also increase.



On a Global Scaleé

Global Energy Usage for 2005
(all uses including transportation)

136 PW-h/year = 136 x 1015 W-h/year

Converting to power (the rate of 

energy consumption):

Source: U.S. Energy Information Administration

http://www.eia.doe.gov/

136 x 1015 W-h

1 year

1 year   

365 days

1 day   

24 hours

= 15.5 x 1012 W = 15.5 TW

x x



ñTo give all 10 billion people on the 

planet the level of energy prosperity we 

in the developed world are used to, a 

couple of kilowatt-hours per person, we 

would need to generate 60 terawatts 

around the planet ïthe equivalent of 

900 million barrels of oil per day.ò

ñWhen we look at a prioritized list of 

the top 10 problems, with energy at 

the top, we can see how energy is 

the key to solving all of the rest of 

the problems ïfrom water to 

population.ò

Top 10 World Issues

1. Energy

2. Water

3. Food

4. Environment

5. Poverty

6. Terrorism and war

7. Disease

8. Education

9. Democracy

10. Population

-Richard E. Smalley

Nobel Laureate in Chemistry (1996, for the discovery of fullerenes)

MRS Bulletin 2005, 30(6), 412.



How do we make TW of power?

Fossil Fuels
(non-renewable)

Oil

Coal

Natural Gas

Nuclear
(non-renewable)

Solar

Wind

Hydroelectric

Sustainable Biomass

Renewables


