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There is growing consensus that carbon dioxide removal (CDR) technologies – also referred to as “negative 
emissions” technologies (NETs) – will be part of the portfolio of strategies and technologies needed to hold the 
increase in the global average temperature to “well below 2 °C” (1), as agreed by parties to the Paris 
Agreement. The production of bioenergy with carbon capture and sequestration (BECCS) is one class of CDR 
technology (2), involving the capture and geologic storage of CO2 (CCS) that would otherwise be emitted to the 
atmosphere from use of biomass as a fuel for electricity generation or feedstock for production of liquid fuels. 
Use of CCS typically imposes two energy penalties that can diminish its benefits: energy is needed to separate 
CO2 from dilute CO2-containing mixtures (e.g. flue gas), and to liquefy CO2 so that it can be transported and 
injected into geologic formations. The predominant biofuel production pathway in the United States (U.S.) today 
is conversion of corn starch to ethanol, which generates relatively high-concentration CO2 from fermentation and 
dilute-CO2 from fuel combustion for process heat. In 2015, the U.S. produced approximately 53 billion liters of 
bioethanol from nearly 200 facilities (3) releasing approximately 40 MtCO2 of CO2 from fermentation and a 
further 20 MtCO2 from process heat (4). 
 
The climate benefit of applying CCS to biofuel production – and BECCS more generally – can only be 
accurately assessed in the context of emissions over the entire fuel production pathway, including the biomass 
supply chain. Few prior studies have quantified the carbon intensity of biofuels, such as ethanol, produced from 
processes including CCS (5–8). While previous studies consider a range of feedstocks (i.e., sugar cane, beets, 
and corn), none consider the emissions from direct and indirect land-use change associated with feedstock 
production and some use dated assumptions for key parameters, such as corn and ethanol yields (7,8). 
However, all conclude that, with the addition of CCS, GHG intensity of produced fuels decreases and can 
become negative (even without credit for displacement). In this paper, we quantify the life-cycle emissions of 
several corn-ethanol production pathways coupled with CCS at different process steps. Specifically, we assess 
the lifecycle emissions for dry-mill ethanol production with and without CCS for fermentation process emissions 
and for onsite boiler or cogeneration emissions. We run these scenarios for representative U.S. corn ethanol 
plants, and include recent estimates of indirect land use change. Finally, we do a detailed parametric sensitivity 
analysis of our results. 
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