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Alternative Measures for the Energy Content of Noncombustible Renewables 
 

Energy sources are measured in different physical units: liquid fuels in barrels or gallons, gases in cubic feet, coal in short 

tons, and electricity in kilowatthours. EIA converts each source into common British thermal units (Btu) to allow 

comparison among different types of energy and to calculate total energy concepts.  

Noncombustible renewables (hydroelectric, geothermal, solar, and wind energy) are resources from which energy is 

extracted without burning or combusting fuel. When noncombustible renewables generate electricity, there is no fuel 

combustion and, therefore, no set Btu conversion factors for the energy sources.1  

There are three broadly accepted ways to convert electricity generated from noncombustible renewables into Btu of 

primary energy—the captured energy, fossil fuel equivalency, and incident energy approaches. Each of these methods 

are described in detail below. 

Captured Energy Approach 

The captured energy approach converts primary energy consumption of noncombustible renewables from kilowatthours 

(kWh) to Btu using the constant conversion factor representing the heat content of electricity—3,412 Btu per kWh. 

Captured energy reflects the primary energy captured for economic use and does not include losses. In other words, it 

represents the net energy available for direct consumption after the transformation of a noncombustible renewable 

source of energy into electricity, where captured energy is the energy measured as the "output" of a generating unit, 

such as electricity from a wind turbine or solar plant. 

The captured energy approach is often used to show the economically significant portion of the energy transformation 

associated with renewable energy sources. There is no market for the resource-specific energy apart from its immediate, 

site-specific energy conversion, and there is no substantive opportunity cost to its continued exploitation.2 This 

approach is preferred by the UN International Recommendations for Energy Statistics (IRES) because the detailed data 

needed to estimate quantities of incident energy are not available now and are not likely to develop soon. This approach 

is also more closely tied to a physical market commodity, that is, electricity net generation, than the conceptual measure 

derived using the fossil fuel equivalency approach. 

Fossil Fuel Equivalency Approach 
The fossil fuel equivalency approach converts the consumption of noncombustible renewable electricity (in kWh) to Btu 

by applying a fossil fuel equivalency factor, based on the fossil-fuels heat rate (Table A6). The fossil-fuels heat rate is 

equal to the average thermal efficiency across fossil-fueled fired generating plants based on fuel consumption and net 

generation data reported to EIA. The fossil fuel equivalent consumption represents the energy consumed as if the 

electricity were generated by fossil fuels and is useful for analysis when considering the amount of primary fossil fuel 

energy displaced by renewable energy sources. 

However, unlike the captured energy approach, the fossil fuel equivalency approach is not as directly tied to any real 

market or physical quantity. The fossil fuel equivalency approach measures neither primary energy consumption nor 

fossil fuels actually displaced. Additionally, its use becomes increasingly problematic as noncombustible renewables 

begin to displace other renewables instead of fossil fuels. 

Incident Energy Approach 

Incident energy is the mechanical, radiation, or thermal energy that is measurable as the "input" of the device.  EIA 

defines "incident energy" for noncombustible renewables as the gross energy that first strikes an energy conversion 

device: 

• For hydroelectric, the energy contained in the water passing through the penstock (a closed conduit for carrying 
water to the turbines) 

• For geothermal, the energy contained in the hot fluid at the surface of the wellbore 

• For wind, the energy contained in the wind that passes through the rotor disc 

• For solar, the energy contained in the sunlight that strikes the panel or collector mirror 
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The incident energy approach converts noncombustible renewable electricity to Btu by accounting for the “losses” that 

result from an inability to convert 100% of incident energy to a useful form of energy. EIA has not published total 

primary energy consumption statistics based on this approach because it is difficult to obtain accurate estimates of input 

energy without creating undue burden on survey respondents and possible concern about the quality of the resulting 

data.  Few renewable electricity power plants track cumulative input energy due to its lack of economic significance or 

other purpose.  In addition, estimated energy efficiencies of renewable conversion technologies vary significantly across 

technologies, site-specific configurations, and environmental factors.3 

EIA now using the captured energy approach  

Starting with the September 2023 Monthly Energy Review (MER), EIA began converting electricity generation from 

noncombustible renewables into Btu using the captured energy approach rather than the fossil fuel equivalency 

approach in its main data tables (reflected in MER Sections 1, 2, and 10). The Btu values of hydroelectric, geothermal, 

solar, and wind energy consumption and, consequently, total primary energy consumption and total energy production 

are lower for all time periods because of the new conversion factor (the heat content of electricity from Table A6). 

After a thorough review of the alternative approaches, EIA made the change for two primary reasons. First, adopting the 

captured energy approach promotes international comparability in energy statistics by adopting the standards provided 

in IRES. Second, as renewable energy continues to represent an increasingly larger portion of U.S. energy consumption 

over time, the fossil fuel equivalent values of generation from renewable sources become less relevant to our data users 

than the electrical energy provided by renewable sources. 

Some analysts may still prefer to use the measures based on the fossil fuel equivalency approach, which was previously 

used by EIA. MER Tables E1–E4 present noncombustible renewable energy statistics using the fossil fuel equivalency 

approach. 

 

1Direct use of noncombustible renewables in the form of heat (e.g., solar thermal heating) is estimated separately and is measured in Btu. 
2There is an initial opportunity cost when a facility is first built: water behind a dam might flood land that could have been used for other purposes, or a solar panel 
might shade an area that could have used the sunlight. But that is a “fixed” opportunity cost that does not change during the operation of the plant. 
3Based on EIA research conducted in 2016, engineering estimates of conversion efficiencies for noncombustible renewables range from less than 20% for solar 

photovoltaics and geothermal to 90% for large-scale hydroelectricity plants. Those estimates are notional indications of the energy output as a percent of energy 

input at each technology based on typical equipment operating within the normal operating range for that technology. 



 

256 U. S. Energy Information Administration / Monthly Energy Review January 2025  

 

 

 

 



 

 U. S. Energy Information Administration / Monthly Energy Review January 2025 257 

 
 

 

 

 

 

 

 



 

258 U. S. Energy Information Administration / Monthly Energy Review January 2025  

 
 



 

 U. S. Energy Information Administration / Monthly Energy Review January 2025 259 

 
 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 

 

 
THIS PAGE INTENTIONALLY LEFT BLANK 


