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CARBON INTENSITY OF CORN ETHANOL IN THE UNITED STATES 

Objective. We characterized the state-of-the-science on carbon intensity (CI) of corn ethanol in comparison to neat 

gasoline and developed a set of facts and supporting evidence to enhance communications among parties involved in 

biofuel production, policy, and use. 

 

Approach. We critically reviewed existing life cycle analyses and elicited input from over two dozen experts in academia, 

government, and not-for-profit organizations to develop an evidence-based assessment of CI for corn ethanol as of 

2020.1 Through this process, we developed central best estimates and a range of reasonable values for greenhouse gas 

emissions for each principal stage of the corn ethanol life cycle. We also identified technologies, practices, and co-

products that are not yet fully incorporated into life cycle analyses because of limitations on available data or adoption 

by suppliers or producers.  

 

Results. We found the CI of corn ethanol to be 51.4 grams of carbon dioxide equivalent emission per megajoule 

(gCO2e/MJ) (range of 38 – 65 gCO2e/MJ), a value that is 46% lower than the average CI of conventional gasoline (96 

gCO2e/MJ). As displayed in Figure 1, the largest components of the overall CI score were ethanol production (29.6 

gCO2eq/MJ, 58% of total CI) and farming practices net of co-product credit (13.2 gCO2eq/MJ; 26%). Land use change 

(LUC) accounted for 3.9 gCO2eq/MJ (7% of the total). We identified conservation of soil organic carbon (SOC), 

production of wet distillers’ grains solubles and corn oil, and use of renewable sources of energy, as practices, co-

products, and technologies, that are being adopted in the industry but not yet accurately reflected in current LCA 

analyses.  

 
 

Figure 1. Greenhouse gas emission categories and total carbon intensity of corn ethanol. 

 

                                                           
1  We examined in detail the major corn ethanol life cycle analyses, models, supporting algorithms, and data including GREET and 

the Ecoinvent database; FAPRI, FASOM, and GTAP agro-economic models; land use change emission factors and models such as 
Woods Hole, Winrock International, AEZ-EF, and CCLUB; land use data in FAOSTAT, and various other agricultural databases.  
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Discussion and Conclusions. Our findings reflect a 50% decrease and convergence of CI estimates for corn ethanol that 

is apparent in the scientific literature since 2009 (Figure 2). The principal contributors to the downward trend in CI are 

(1) LUC model improvements, (2) substitution of natural gas for coal and improved design and operation of refineries, 

(3) increases in corn yield, and (4) decreases in fertilizer application and fuel consumption achieved through precision 

farming methods and related process improvements.  

 
Figure 2. Timeline of corn ethanol life cycle greenhouse gas emissions (2009-2020). 

 

We also observed a substantial downward trend of CI associated with LUC over the prior decade (Figure 3). The 25-fold 

reduction in LUC since 2008 is primarily attributable to new modules in LCA models that provide for microeconomic-

based determinations of yield based upon empirically derived yield-price elasticities and land intensification parameters. 

In contrast, earlier analyses assumed new land would be cleared in response to an increase in the price of corn, an 

assumption that is not borne out by the extensive data on corn production and price over time. Compared to earlier 

estimates, LUC accounts for at most a small percentage of the overall CI of corn ethanol and may in fact be a net carbon 

sink after a short payback period. To further explore the possibility of a net carbon sink for LUC, we recommend future 

research focused upon updating earlier analyses of carbon debt and dividend for corn ethanol. The updated analyses 

should incorporate recent data on the carbon content of Midwest prairie land and the net CI of corn ethanol farming 

and production relative to gasoline refined from petroleum. 
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Figure 3. Timeline of corn ethanol land use change greenhouse gas emissions (2008-2020). 

 
Further advances in technology and practices could drive future reductions in CI for corn ethanol. As shown in Figure 4, 

the most promising opportunities within the ethanol industry are improved management of soil organic carbon and 

greater commercialization of DGS and other co-products, while continued decarbonization of the U.S. grid and advances 

in carbon sequestration and storage present additional potential gains. We recommend the development of data and 

modeling methods to incorporate these technologies and practices into future LCAs.  

 

 
Figure 4. Farming and production improvement opportunities to reduce the carbon intensity of corn ethanol. 
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