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EPMI previously has presented data from the US Energy Information Administration (EIA) on world 
energy use projections from the 2013 International Energy Outlook, and this technical note examines 
2019 projections vs the 2013 projections.  The comparison is for the EIA “Reference case” for each set of 
data.  The 2019 outlook from EIA is considered to represent a “pre-COVID” perspective on where world 
energy use is headed.  In the future, a pre-COVID vs a post-COVID examination may be worth 
considering. 

For the 2013 data, EPMI extracted results from the published 2013 International Energy Outlook (IEO), 
and used those data to examine and present reference case projections (currently available at:  
https://www.eia.gov/outlooks/archive/ieo13/pdf/0484(2013).pdf).  In 2019, after years of extensive work 
by EIA on data tools and products, the data extraction from EIA is part of the Annual Energy Outlook 
data browser (outlook data products).  The results for the IEO site (https://www.eia.gov/outlooks/ieo/) are more 
limited, but graphic summary reports in PDF and presentation formats for 2019 are available there.  EIA 
data tools can be found at:  https://www.eia.gov/tools/.  The 2019 data used here were obtained starting at: 
https://www.eia.gov/outlooks/aeo/data/browser/ for Outlook-family data, and then select/navigate to IEO 
2019 data sets of interest (2013 IEO data also available here).   

The 2019 IEO report indicates that:  “EIA develops the IEO using the World Energy Projection System 
Plus (WEPS+), an integrated economic model that captures long-term relationships among energy supply, 
demand, and prices across 
regional markets . . . .” 

The 2019 data projections show 
an annualized growth rate of 
1.2% for total (source) energy 
from 2020 to 2050, and 1.0% 
annualized growth for delivered 
energy.  The graph here shows 
the EIA data for these two 
energy quantities from 2010 to 
2050 in exaJoule/yr (EJ/yr). 

There is no indication of major 
reductions in energy use, and 
the percent of end-use-sector 
direct renewables energy use grows from 5.0% of total delivered energy in 2020 to just 5.4% of delivered 
energy in 2050.  End-use renewables energy remains a small part of total energy over this time period.   

The energy units from EIA can be selected by the user.  Quads were downloaded for this work, and some 
unit conversion information is provided next. 
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Energy Unit Definitions and Conversion 
British thermal unit (Btu) — Generically, the amount of energy or heat required to raise the temperature 

of 1 lb of water (about ½ quart or ½ liter) 1 degree Fahrenheit (equals about 1,055 Joules). 
Quad — 1015 Btu.  (one quadrillion Btu, Quad values × 1.055 provide EJ values used here) 
exaJoule (EJ) — 1018 Joule.  (EJ divided by 1.055 = one quad) 
Joule (J) — Watt-second, the energy to maintain 1W for 1sec (Watt-hr = 3600 J) 

Source and Delivered Energy from 2019 Projections 
The EIA 2019 data for source and delivered energy from 2010 to 2050, in 5-yr increments, are shown in 
the table below.  The growth rates for 2010–2015 (real-world data findings) are higher than those 
projected for 2020–2050.   

World Energy Use, EJ/yr, EIA 2019 Outlook 

 2010 2015 2020 2025 2030 2035 2040 2045 2050 

Total (source) Energy 567.1 618.5 670.0 701.5 744.0 788.3 838.6 900.7 960.8 

Total Delivered Energy 419.5 460.0 482.1 501.8 525.7 551.5 582.2 619.7 657.4 

      source 5-yr growth  9.1% 8.3% 4.7% 6.1% 6.0% 6.4% 7.4% 6.7% 

      delivered 5-yr growth  9.6% 4.8% 4.1% 4.8% 4.9% 5.6% 6.4% 6.1% 

End-Use Sectors Fuel Type Projections, 2019 
Data for specific fuel type categories are shown in the next table.  As can be seen, use of coal and oil 
(liquids are mostly oil-related) continues to grow although at a lesser rate than other fuels.  EIA reports an 
additional “discrepancy” category that indicates differences between estimated or projected totals and the 
sum of estimates for all fuel types.  Also, rounding causes differences between sums of individual sub-
components and reported totals.  The discrepancy factor is small for 2010 and 2015 (0.7 and 0.1 EJ, 
respectively), but it ranges from 7–10 EJ/yr for 2020–2050.  For example, for the year 2050, the sum of 
all values in the table here is 951.8, and the discrepancy value is 9.9 EJ.  Adding these two values sums to 
961.6, and the rounding effect appears to be 961.6 vs 960.8 EJ/yr for source energy.  For delivered 
energy, the sum of 951.8 less the electricity related losses equals 657.4, indicating delivered energy 
matches exactly without considering the discrepancy factor. 

Total End-Use Sector World Fuel Use, EJ/yr, EIA 2019 Outlook 

 2010 2015 2020 2025 2030 2035 2040 2045 2050 

Coal 72.0 78.3 71.4 70.1 70.7 72.7 76.1 81.2 86.4 

Electricity 66.9 76.0 86.6 95.2 105.5 115.5 125.7 138.0 149.3 

Electricity Related Losses 146.9 158.9 181.2 192.7 210.8 228.9 248.3 272.4 294.4 

Liquids 178.0 192.0 202.0 206.9 211.2 216.5 224.1 233.5 243.6 

Natural Gas 84.4 91.4 98.0 104.4 111.5 118.1 125.4 133.9 142.7 

Renewables 18.2 22.2 24.2 25.2 26.8 28.7 30.9 33.1 35.4 

 

The annualized growth rates for each fuel type for the period 2020–2050 are projected to be the highest 
for electricity and electric losses, at 1.8% and 1.6%, respectively.  Coal and liquids growth in use are both 
0.6%/yr, while natural gas and end-use sector direct renewables use are both at 1.3%/yr. 
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Electricity losses are projected to slowly decline from 67.7% of total fuel used for electricity in 2020 to 
66.4% in 2050.  Thus, implied overall efficiency for the world for electricity delivery increases from 
32.3% in 2020 to 33.6% in 2050.   

Fuels used for electricity generation are all subsumed in the electricity values above.  Thus, the actual 
world totals increase for each fuel when the electric generation portion is included.  The projections for 
the generation fuel mix are markedly different than in 2013 and will be covered separately below. 

Source and Delivered Energy from 2013 Projections 
Values for three years, 2010, 2020, and 2040, are used for the comparisons here.  The 2013 projections 
ended at 2040.  The 2019 data show higher energy consumption estimates for 2010 and 2020, while 
values for 2040 are lower, indicating near-term consumptions (2010 and 2020) are estimated to be higher 
in 2019 than the estimates were in 2013.  The 2019 
estimates further out (2040) are lower than from 2013, 
indicating a relative reduction in consumption is 
expected by 2019, compared to expectations in 2013. 

Given the current propensity of some national 
political and fiscal authorities to adopt policies that 
are highly anti-growth in the cause of saving the earth 
from climate doom, possibly future growth will be 
even lower than EIA estimated in 2019.  The further 
current propensity seemingly to want to cripple 
national economies in the name of virus protection suggests reductions in consumption might be even 
more dramatic.  Current 2020 data indicate a major drop in progress for US industrial and transportation 
consumption from earlier levels (see figure). 

Despite current climate-saving 
interventions, the 2013 and 2019 (pre-
COVID) EIA modeling indicates world 
energy consumption is still headed up 
in a significant way.  Longevity of 
virus protection interventions are 
uncertain at this time. 

Most of the projected energy use 
growth is in non-OECD countries 
(countries that are not part of the 
Organization of Economic Cooperation 
and Development, OECD).  In the EIA 
2019 Reference case, “combined gross 
domestic product (GDP) in non-OECD 
countries grows by 3.8% per year on average between 2018 and 2050, compared with 1.5% per year in 
the OECD countries.  Energy consumption in non-OECD countries increases nearly 70% between 2018 
and 2050 in contrast to a 15% increase in OECD countries” (taken from EIA IEO summary report for 
2019).  Most of the non-OECD increase is in Asia (see IEO summary report). 

2013 EIA World Energy Consumption 
2010–2040, (exaJoule/yr) 

 Projections 

 2010 2020 2040 
Total (source) Energy 552.7 664.5 864.7 

Total Delivered Energy 403.0 477.2 608.8 

2019 Difference from 2013 Projections 

Total (source) Energy 2.6% 0.8% −3.0% 

Total Delivered Energy 4.1% 1.0% −4.4% 
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Electric Generation Fuel Type Changes 
Fuel type consumption totals that include fuels used for electric generation are different than the end-use 
totals given above.  The 2019 IEO summary report projections show a major increase in renewables 
generation, while nuclear and coal stay relatively flat.  The 
overall fuel mix picture for primary fuels, including those 
used for electricity generation (see figure), indicates a major 
growth forecast for renewables, where renewables become the 
most-used fuel type in the world.  This fuel mix only occurs if 
the very large expected growth rates for renewables electricity 
generation are realized.  Present-day real-world experiences in 
South Australia, Germany, and California indicate such 
growth projections may be premature.  This renewables 
growth depends largely on China and India building extensive 
renewables generation capacity, and recent trends do not 
suggest a strong likelihood of this occurring. 

EIA forecasts on total consumption have historically been 
reasonably accurate, but the same cannot be said for their fuel 
mix forecasts.  The 2019 IEO forecasts of fuel mix may be more a political statement than a reasoned 
analysis.  Time will tell.  The changes from the fuel mix forecast presented in the 2013 IEO report are 
dramatically different, in a way that almost certainly is not sensible.  The table below shows the 
electricity generation fuel type expected annualized growth rates for the 2013 and 2019 forecasts.  As can 
be seen, the rate of growth for coal (politically popular result in some circles at this time) decreases by 
96%.  But with over 1500 new coal plants planned for construction as of 2018, with both India and China 
seemingly indicating they will increase use of coal, this rate of reduction does not appear in line with 
current reality.  The reduction for natural gas appears suspect.  Liquids have only a trivial share. 

 

 

 

 

 

 

World coal and coke production was on a 
downward trend from 2013 to 2016, but once 
the non-OECD countries realized their need for 
electricity probably would not be met without 
coal, production started increasing again after 
2016 (see figure).  China is the world #1 
producer but still imports. 

The already fairly high rate of growth for 
renewables in the 2013 forecast of 2.8%/yr has 
been increased by 75% to 4.9%/yr in the 2019 

Electric Power Sector Generation Projected Annualized Growth Rate, 2010–2040 
    Fuels IEO 2013 IEO 2019 Change 

Liquids −0.8% −5.0% 496% 

Natural Gas 2.5% 1.2% −51% 

Coal 1.8% 0.1% −96% 

Nuclear 2.5% 0.8% −68% 

Renewables 2.8% 4.9% 75% 

Total Electric Power Sector 2.2% 1.9% −15% 
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forecast, an incredibly high rate given the expense.  The fuel mix picture for electricity generation will be 
examined next. 

Electric Generation Fuel Mix 
The IEO 2019 fuel mix projections for generation of electricity worldwide are shown for the years 2010, 
2040, and 2050 in the table below.  The politically correct result of reduced percentages provided by all 
fuel types except renewables is on full display, with a drastic reduction projected for coal.   

 

 

 

 

 

 

This growth for renewables is dependent on implausible growth worldwide for solar and wind electricity 
generation, including very high rates of growth in China and India (see figure on left for the growth).  
Even more implausible is the magic jump in capacity factor for wind and solar generation (implied 
capacity factor is total world generation, kWh, divided by [total capacity, kW, times 8760 hr/yr], see 
figure on right) required to achieve this implausible growth in generation share.  This magic jump and the 
very high growth rates are not based in reality.  World capacity factors did not magically jump as shown, 
indicating the wind and solar electric generation total TWh after 2015 may be fictitiously high. 

Conclusion 
This brief look at EIA world energy use estimates for 2019 indicates that total world energy use appears 
headed up in the same general fashion as projected in the 2013 EIA results.  Projections for the electric 
power sector appear to be driven by wishful thinking on renewables generation of electricity.  Growth in 
energy use by the end-use sectors shows some reduction relative to 2013 projections but still increasing 
steadily.  Current US energy use data for 2020 show large reductions in energy for industry and 
transportation, apparently a COVID-policy-induced effect.  The pre-COVID view of projected world 
energy use is presented here.  Whether COVID-induced effects are short- or long-term remains to be seen. 

Electric Power Sector Generation IEO 2019 Electricity Percent Provided by Fuel 
    Fuels 2010 2040 2050 

Liquids 3.7% 0.5% 0.3% 

Natural Gas 19.7% 16.1% 15.4% 

Coal 42.8% 25.1% 23.2% 

Nuclear 13.5% 9.8% 9.0% 

Renewables 20.3% 48.5% 52.1% 

Total Electric Power Sector 100.0% 100.0% 100.0% 


