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Overview
The International Energy Agency collects data on Energy Industry Own Use (EIOU). EIOU is the energy consumed by the energy industry to produce energy, for example the consumption of oil or gas in order to produce the same. EIOU is a useful metric for studying the efficiency of energy sources, and has before been used within the contect of net energy metrics, such as energy return on investment (EROI), to compare the energetics value of individual energy types.

This paper instead focuses on individual countries as “sources of energy,” where energy industry own use comprises the total EIOU across all energy types for a single country, and where energy industry production is, similarly, the sum of all energy produced for a single country. We calculated world and country EIOU and energy industry production (EIP) for 1960-2011 using available data, and analyzed patterns in the same in an attempt to gain an understanding of te development of global and country energy production efficiencies over time. 
Methods

Data are from the International Energy Agency (IEA) Beyond 20/20 Global Database and Energy Information Administration of the US Department of Energy.

Individual EIOU values in TJ (ex. EIOU for crude oil) between 1960-2011 for a specific country are calculated by multiplying energy source use in kilotons by an energy density conversion factor (kJ/kg) and then translating the resulting value into TJ (see Equation 1). Total EIOU values for a single country for a particular year are calculated by summation of all individual EIOU values (ex. EIOU for crude oil + EIOU for electricity…). The estimated total world EIOU value is calculated by summing total EIOU values for all countries. 

Example. EIOU (TJ) for Crude oil for the United States in 2010 = 
(2010 U.S. crude oil EIOU (kt)) * (2010 U.S. crude oil conversion factor (kJ/kg)) * 0.001 (kt*kJ/kg to TJ) 
[1]
A similar method is used to calculate energy industry production (TJ) (“EIP”) for all countries and the world between 1960-2011. 
Results
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Global EIOU has increased near-linearly between 1960-2011 (Figure 1), but EIOU patterns varied highly within and across individual countries. Figures 1 (global EIOU) and 2 (United States) illustrate this point. 
Global and country energy production will be compared with EIOU in order to study trends in efficiencies. Figure 2 shows an example of these comparisons for the United States and World in the form of “energy output / energy inputs”. 
Figure 1. Global EIOU increases near-linearly between 1960-2011 at a rate of around 530,000 TJ/yr. 
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Figure 2. WORLD: For the world, the inverse of the fraction of GDP spent on energy, (fe,GDP)-1 rose from less than 10 in 1980 to 36 in 1998 before dropping to 13 in 2008. The ratio of energy production (~ TPES) to EIOU decreased slowly but steadily from 22 in 1971 to 16.5 in 2001 before rising to 17.8 in 2010.   USA: For the United States, the EIOU increased from approximately 2.5 EJ/yr in 1960 to 6 EJ in 1972, and then decreased to a nearly constant value of 4.5 EJ/yr for 1990-2010.   The ratio of USA energy production (EIP) to EIOU was mostly 12-14 from 1960-1980 and then 16-18 from 1980-2010.  As a comparison to a metric of “energy out/energy in” for the entire US economy, the inverse of the fraction of GDP spent on energy, (fe,GDP)-1. [Note: Data for the calculating the inverse of the fraction of GDP spent on energy, fe,GDP, are from IEA and calculations are from a currently submitted publication of author].

Conclusions
The direct energy consumption (EIOU) of the U.S. energy industry has remained relatively constant over the last three decades. At the same time, the ratio of EIP:EIOU has remained relatively constant from 1980-2010, but at a higher level than pre-1980.

The trends in the ratios of EIP:EIOU, for both the World and USA, are steadier than the inverse of world GDP spent on energy ((fe,GDP)-1, a metric of the net energy of the global economy), as this latter ratio accounts for both energy production and energy consumption (efficiency) technologies and end-use of energy. This comparison for the World and USA (Figure 2) shows a correspondence between times of heavy energy industry investment and poor economic conditions with occurrence when the value of TPES:EIOU for the world (and EIP:EIOU for the USA) are lower than or nearly equal to (fe,GDP)-1, as with the early 1980s and 2008. 
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