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Energy	and	GDP	

While major world organizations continue to use the notion of economic energy intensity (value of gross 
domestic product, GDP, produced per unit of energy use, or the inverse) to indicate some type of energy 
“efficiency” of a national economy, there are skeptics who worry that it is too easy to transfer production 
energy offshore to increase this so-called “efficiency” within national or regional boundaries.  The 
skeptics are probably right to worry. 

This brief note is intended to show: 

1. Total primary energy use and GDP are strongly linked worldwide over many decades, as has been 
documented by many.  There is an even stronger linkage to population, but that is another story. 

2. If the energy–GDP linkage is recognized for specific time periods, then total primary energy use 
by major world region should indicate GDP production by region, if GDP related to energy is 
distributed evenly. 

3. If the actual regional GDP does not match to the scale of energy use, then despite the energy use, 
GDP produced from energy is not evenly distributed among regions, meaning energy intensity is 
also skewed (“indicating” dubious value as an indicator). 

Although some may disagree with the premises above, and may also disagree with methods and 
conclusions here, data on regional energy use and GDP suggest energy intensity is not an acceptable 
measure of national energy “productivity” or “national economic energy efficiency.” 

Energy‐GDP	Historical	Linkage	
The figure here shows historical worldwide energy use data from the US Department of Energy, Energy 
Information Administration (EIA), for the years 1980 to 2012.  The energy data can be downloaded from: 

https://www.eia.gov/cfapps/ipdbproject/iedindex3.cf
m?tid=44&pid=44&aid=2&cid=regions&syid=
1980&eyid=2012&unit=QBTU  

GDP data at market rates were obtained 
from:  
http://data.worldbank.org/indicator/NY.GDP.MKTP.
CD .  These market rate data were 
converted to chained $2009 using 
seasonally-adjusted value deflators for 
July 01 of each year from the US 
Bureau of Economic Analysis (BEA, 
series ID: GNPDEF), from: 

https://research.stlouisfed.org/fred2/series/GNPDEF
/downloaddata  

Some analysts wish to use international dollars that are converted to purchasing-power parity (PPP) 
values.  While there may be some value in using PPP values, the essential point of energy–GDP linkage 
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does not change.  A linear regression of the energy on GDP data here for the years 1980 to 2012 leads to a 
highly significant model with an adjusted R-square of 0.97.  The intercept of the regression for these data 
is 180 quads/yr, indicating the world in current conditions might still be expected to use 180 quads/yr of 
energy with zero GDP worldwide.  This is not a real-world value, since the only way GDP would be 
reduced toward zero would be if population were being reduced dramatically also.  The real energy 
linkage is with population, and the real GDP linkage is with population, so the energy-GDP linkage is 
really about population, but that linkage will not be covered here. 

The coefficient for GDP is close to 5, indicating worldwide energy use is expected to increase about 5 
quads if worldwide GDP increases by one trillion $2009.  Five quads of primary energy may be worth 
about $25–40 Billion, or 2.5–4% of one trillion. 

Using different sets of time-series data will lead to some differences in coefficients, but the strong 
correlation and model significance will remain.  A second regression using British Petroleum energy data 
back to 1965, together with the same GDP data, leads to a lower intercept and higher slope, with about the 
same R-square.  This result reinforces the notion that as population is reduced (1965 population less than 
1980 population), the intercept moves toward zero.  These are side issues but may help some with 
visualizing the implied effects. 

Regardless of the time series used and the meaning of any model results, the central point remains that 
worldwide energy use and worldwide GDP are closely related.  Next the consideration of regional data 
indicates that GDP and energy are shifted on a regional basis. 

Regional	and	Country‐Specific	Data	
The EIA also provides country-specific and regional values of economic energy intensity, from: 
https://www.eia.gov/cfapps/ipdbproject/IEDIndex3.cfm?tid=92&pid=46&aid=2  

Even a casual inspection by a knowledgeable analyst of the country-specific energy intensity values 
indicates major variations in this indicator related to climate and structural economic factors.  Not much 
in the way of meaningful information can be determined from this indicator for comparison of country-
level energy intensities unless one is prepared to make additional MAJOR adjustments for climate and 
industrial composition (where “industries” would also include financial and services enterprises as part of 
the “industrial” makeup). 

For a regional comparison here, the energy data from the EIA, using the same source / link specified 
previously, for the following regions for the years of 2008–2012 were used for the comparison of GDP 
and energy: 

 Asia & Oceania  North America 

 Europe  Eurasia 

 Middle East  Central & South America 

 Africa  

 

To simplify the data gathering for regional GDP, energy intensity values from the EIA were also used to 
derive implied GDP for these regions.   In this way the data series come from the same source.  The 
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energy intensity values are in total primary BTU energy divided by GDP in chained $2005.  Total primary 
energy for each region is divided by energy intensity to arrive at GDP in chained $2005.  The GDP values 
are then adjusted using the chained $2009 GNP deflator for 2005 from the BEA (same source as listed 
above, at 92.378 per 100).  A check on GDP for North America shows the derived values are within +/- 
4% of GDP data from the World Bank (other regions are more difficult to compare). 

The first graph below shows the regional total primary energy data for the years 2008–2012.  Asia and 
Oceania shows the highest total use by far, and a large part of world industrial output now comes from the 
countries in that region.  Central / South America and the Middle East are almost on top of each other.  
The second graph shows derived GDP for the same regions for the years 2007–2011 (offset of one year).  
Clearly there is not the same linkage of GDP to energy as found for the world as a whole. 
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Leveraging	GDP	Away	from	Energy	
Comparison of the two previous figures shows clearly that GDP is not evenly related to energy use for the 
regions.  Asia and Oceania have to consume a lot more energy to achieve GDP similar to Europe and 
North America.  Major climatic effects are probably impacting Eurasia.  Europe appears to be the region 
that has most leveraged GDP away from energy.  In a simplistic attempt to quantify this leveraging, the 
ratio of GDP to total primary energy use was scaled by a constant value for all regions to arrive at a 
percent factor that GDP was leveraged away from energy for each region.  The scaling factor was 
adjusted until approximately a zero-sum difference in GDP was obtained. 

In order to keep five data points for each region, energy use was one year after the GDP values, which 
may be reasonable, but as stated, the comparison is simplistic.  For the zero-sum scaling, the next figure 
displays the amount for each region that GDP is leveraged away from energy. 

 

Should Europe be applauded for leveraging GDP so much away from energy?  Or should issues of 
neocolonialism be raised?  North America is shown as being approximately neutral, but still having a 
distinct advantage of more leverage of GDP away from energy compared to the negative leveraging of 
most other regions of the world.  Possibly using PPP values for GDP would change this result some, but 
then issues with deriving PPP values would also be introduced. 

Conclusion	
The use of economic energy intensity as an indicator of national energy efficiency appears flawed, or 
possibly colonialist in nature.  Perhaps means of introducing climatic and industrial composition 
adjustments are needed to make this indicator more useful. 

 


