
We wind a simple ring of iron with coils; we establish 
the connections to the generator, and with wonder 
and delight we note the effects of strange forces 
which we bring into play, which allow us to 
transform, to transmit and direct energy at will. 

                                                      Nikola Tesla
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U.S. Electricity Flow, 2013
(Quadrillion Btu)

1 Blast furnace gas and other manufactured and waste gases derived from fossil fuels.
2 Batteries, chemicals, hydrogen, pitch, purchased steam, sulfur, miscellaneous technologies,

and non-renewable waste (municipal solid waste from non-biogenic sources, and tire-derived
fuels).

3 Electric energy used in the operation of power plants.
4 Transmission and distribution losses (electricity losses that occur between the point of

generation and delivery to the customer).
5 Data collection frame differences and nonsampling error.
6 Use of electricity that is 1) self-generated, 2) produced by either the same entity that

consumes the power or an affiliate, and 3) used in direct support of a service or industrial

process located within the same facility or group of facilities that house the generating equip-
ment.  Direct use is exclusive of station use.  

Notes:  •  Data are preliminary.  •  See Note 1, “Electrical System Energy Losses,” at the
end of EIA, Monthly Energy Review (May 2014), Section 2.  •  Net generation of electricity
includes pumped storage facility production minus energy used for pumping.  •  Values are
derived from source data prior to rounding for publication.  •  Totals may not equal sum of
components due to independent rounding.

Sources: U.S. Energy Information Administration, Monthly Energy Review (May 2014),
Tables 7.1, 7.2a, 7.3a, 7.6, and A6; and EIA, Form EIA-923, "Power Plant Operations
Report."

Flow of electrical energy in USA. 
Department of Energy,  
Annual Energy Review 2013.  
Units are ExaJoules, 1018 J.

Most of our energy generating methods are inherently 
inefficient: twice as much energy is lost as is used.



We have seen that temperature is a measure of thermal 
energy and that energy is conserved.

If work is done, then heat has been transferred or the thermal 
energy has changed or both.
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When there is equilibrium, there is no temperature difference. 
If there is no temperature difference, there is no transfer of 
heat, so no work can be done.

It is impossible for a machine to take heat from a reservoir at 
a certain temperature, to produce work, and to exhaust heat 
to a reservoir at the same temperature.
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Motion



For doing work with a machine, we define efficiency as the 
ratio of the work done to the energy used to run the machine.

HIILFLHQF\ =
ZRUN RXWSXW

WRWDO HQHUJ\ LQSXW
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At a given temperature, there is a total energy in the motion 
and bonds of the atoms and molecules in a material. 

If all this energy could be used to do work, we would have 
the maximum possible efficiency.

For our idealized heat engine, we’ll assume that all steps 
can be reversed and retraced.



Our ideal engine absorbs heat from a reservoir at temperature 
Thigh, does work, and exhausts the remaining heat into a 
reservoir at temperature Tlow. Our engine has an efficiency

HIILFLHQF\ =
ZRUN RXWSXW

WRWDO HQHUJ\ LQSXW

=
HQHUJ\ LQSXW DW 7KLJK � HQHUJ\ H[KDXVWHG DW 7ORZ

WRWDO HQHUJ\ LQSXW

=
7KLJK � 7ORZ

7KLJK

Even though this is an ideal engine, the efficiency is not 100% 
since some energy must be exhausted at a lower temperature.

HIILFLHQF\ =
ZRUN RXWSXW

WRWDO HQHUJ\ LQSXW

=
HQHUJ\ LQSXW DW 7KLJK � HQHUJ\ H[KDXVWHG DW 7ORZ
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As an example, consider a coal-fired power plant 
with a boiler temperature of 400 °C (673 K) that uses 
a local river at 20 °C (293 K) to cool the spent steam.

The maximum efficiency of this power plant is 

This power plant cannot be any more efficient that 56%.

HIILFLHQF\ =
7KLJK − 7ORZ

7KLJK
=

673− 293

673
= 0�56
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The actual efficiencies of US fossil-fuel power plants rose 
from 24.5% in 1950 to 33% today. We can take 1/3 as the 
actual efficiency, about half of the ideal maximum efficiency.


