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Energy & Power

ENERGY
Definition: the ability to do work
Equation: ENERGY = FORCE * DISTANCE
Energy is a quantity

POWER
Definition: Rate at which energy is being created, 

moved, or used
Equation: POWER = ENERGY / TIME 
Power is a rate (energy/time)
Energy equipment items (e.g. generators, boilers, 

switches) are usually rated in terms of their 
peak power.  (E.g. 100 kW generator, 5 hp 
motor).
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Units

ENERGY   (Energy = Power x Time)
SI: Joule [J] (1 kg * m2 / s2)

1 MJ = 1,000,000 J
SI (Electrical): watt-hour [Wh] (= 3,600 joules)

1 kWh = 1,000 Wh = 3,600,000 joules
English (Heat): British Thermal Unit [BTU] (1 kWh = 3,412 BTU)

1 BTU is the amount of heat required to raise the 
temperature of 1 pound of water by 1 degree Fahrenheit

POWER   (Power = Energy / Time)
SI: watt  (1 watt = 1 joule/second)

1 kW = 1,000 watts
English (Heat): BTU/hour

(1 kW = 3,412 BTU/hour)
English (mechanical): horsepower [hp]  (1 hp = 0.7457 kW)

1

2

3
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Forms of Energy

EIA, https://www.eia.gov/kids/energy.php?page=about_forms_of_energy-basics , accessed 22 April 2019

https://www.eia.gov/kids/energy.php?page=about_forms_of_energy-basics
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Work vs. Heat

Work and heat are both forms of energy

“Work” can be thought of as “organized energy”.  (Examples: 
mechanical motion [e.g. a spinning wheel, a moving shaft], 
electricity)

“Heat” can be thought of as “disorganized energy”

Q: Why do we care?
A: There is a big efficiency hit in going from heat to work.  Typically 

2/3 – 4/5 of the energy is lost in going from heat to work.  Going 
from work to heat or from one form of work to another typically 
involves much less loss
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Factoids to help with Intuition

Power consumption of a typical hairdryer: 1,000 – 1,500 
watts (1.0 – 1.5 kW)

Average typical U.S. single family house electrical load: ~1 
kW

Average monthly consumption of a typical U.S. house: 0.6 –
1.0 MWh (600 – 1,000 kWh)

Output of a large power plant: ~1,000 MW (1 million kW)

Total U.S. energy consumption in 2017: 97 quadrillion 
(97,000,000,000,000,000) BTUs.   (28 trillion kWh)       
(97 quads)    (1 quad = 1 quadrillion BTUs)
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Factoids to help with Intuition

Note: 1 kg = 2.2 lbs

1. Wikipedia, https://en.wikipedia.org/wiki/Energy_density , accessed 22 April 2019

Fuel /Source Energy

Coal1 24 – 35 MJ/kg (6 – 10 kWhTH/kg)  

Natural Gas1 54 MJ/kg (15 kWhTH/kg)

Diesel fuel1 46 MJ/kg (13 kWhTH/kg)

Wood (dry)1 18 MJ/kg (5 kWhTH/kg)

Average solar global horizontal insolation within 
continental U.S.

3 – 6 kWh/m2/day

Range of wind power density values < 20 – 600+ watts/m2

https://en.wikipedia.org/wiki/Energy_density
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Other Terms, & Conversion Factors

1 year = 8,760 hours
1 (30 day) month = 720 hours
1 hour = 3,600 seconds

Actual energy production over some time frame
Possible energy production if the facility had produced 
at rated power over the whole of that time frame 

Capacity Factor (CF)  =
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Laws of Thermodynamics (for non-techies)

1. You can’t get more energy out than you put in      
(You can’t win)

2. Every time energy is converted from one form to 
another, there are losses (You can’t break even)

3. (You can’t quit the game)



NREL    |    11

Electricity

1. Wikipedia, https://en.wikipedia.org/wiki/Electric_charge , accessed 22 April 2019
2. Wikipedia, https://en.wikipedia.org/wiki/Coulomb , accessed 22 April 2019

Item Definition SI Unit SI Definition

Charge [Q} Note 1    (charge is a quantity) coulomb  (C) Note 2

Current [I] Charge/time
(analogous to flow rate in a pipe)

Ampere (A) coulomb/second   

Voltage [V] Energy/unit charge
(analogous to pressure in a pipe)

Volt (v) Joule/coulomb

Note 1:  Charge - “physical property of matter that causes it to experience a force when placed in 
an electromagnetic field”1

Note 2:  1 coulomb is the absolute magnitude of the charge in 6.241 x 1015 electrons or protons.2

Note that the power in an electric current is given by the current[I] times the voltage [V].
I x V  :   (coulombs / second) x (joules / coulomb)  :  joule / second

https://en.wikipedia.org/wiki/Electric_charge
https://en.wikipedia.org/wiki/Coulomb
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Electricity – AC vs. DC

Direct Current

Alternating Current

OpenStaxCollege, https://opentextbc.ca/physicstestbook2/chapter/alternating-current-versus-direct-current/ ,
Accessed 22 April 2019 

Direct Current                   Alternating Current

https://opentextbc.ca/physicstestbook2/chapter/alternating-current-versus-direct-current/
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Energy Sources
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Energy Sources & Energy Sectors
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Energy Sources & Energy Sectors
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Resources & links

EIA, Energy Facts Explained, https://www.eia.gov/energyexplained/index.php
EIA, Energy Facts Explained-U.S. Energy Facts, 
https://www.eia.gov/energyexplained/?page=us_energy_home
LLNL, U.S. Energy Flow Charts, https://flowcharts.llnl.gov/commodities/energy

https://www.eia.gov/energyexplained/index.php
https://www.eia.gov/energyexplained/?page=us_energy_home
https://flowcharts.llnl.gov/commodities/energy


Questions?

17

• Tony Jimenez
• tony.jimenez@nrel.gov
• work: 303-275-4849

Thank You

mailto:tony.jimenez@nrel.gov
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