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Plentiful biomass feedstocks are well-documented. 

IEA Bioenergy Task 43 
and CEM Biofuture 

International 
Biomass Resource 
Assessment – data 

portal & reports

QR code or link to data and reports: https://bioenergykdf.ornl.gov/document/international-feedstock-reporting
For EU, see DG RTD Study on biomass for biofuels 
Jacobson et al. 2024 Synthesis of International Biomass Supply Assessments. https://doi.org/10.2172/2573572 
IEA Renewables 2025 https://www.iea.org/reports/renewables-2025 
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To unlock potentials,  we 
need stable incentives for 
investments in efficient 
supply chain mobilization 
and management. 

• IEA Bioenergy 30.10.2025  webinar: 
https://www.youtube.com/watch?v=qTa89PGQsMU

• IEA 2025 Delivering Sustainable Fuels
• Jacobson & Kline (2025) Addressing Investment Barriers… 

https://doi.org/10.2172/2574462 
• Kline et al. 2017, Bioenergy & Food Security GCB-

Bioenergy 9(3):557-576 
• Souza et al. 2023 (T39) Biofuels in Emerging Markets; 

SCOPE 72 (Souza et al. eds.) Bioenergy & Sustainability 
http://bioenfapesp.org/scopebioenergy/index.php

• Figure from: Dale et al. (2016) Incorporating bioenergy into 
sustainable landscape designs. Renew. & Sust. Energy 
Reviews
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Experience shows that when demand signals & rules are 
clear, investments & production grow to meet targets. 
Land is not the limiting factor.

For other examples, see IEA reports www.iea.org/reports/  and Biofuture Platform website (resources): 
https://biofutureplatform.org/  and Biofuture best practices https://biofutureplatform.org/wp-
content/uploads/2023/08/CEM14.pdf 

US EIA, US ethanol biofuel (excludes denaturant) Table 10.3 

U.S. Fuel Ethanol 
Production:  
% Change over prior Year 
1998-2016

30% growth response 
to MTBE replacement 

>40% growth 
response to 

renewable fuel 
standards.

Provided strategic 
supply cushion: 

maize shifted to other 
uses in drought year
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Simulated Indirect Land-Use Change (ILUC) increases 
uncertainty and risk, undermining investment

Consistent and verifiable Life Cycle Assessments (LCA) 
support fair comparisons but are undermined by 
unverifiable Indirect Land Use Change (ILUC) values. 
Solutions:

• The ILUC quandary is eliminated with 
accountability for all direct land-use change

• Risk-based approaches using empirical measures 
can more effectively address concerns

• Causal analysis based on evidence contradicts 
ILUC model assumptions

References:
• IEA 2024-25: www.iea.org/reports/  and Biofuture Platform website (resources): https://biofutureplatform.org/   
• Oladosu et al.. 2021. Structural break and causal analyses of U.S. Corn use for ethanol and other corn market 

variables. Agriculture 11(3)
• Efroymson et al 2016. A causal analysis framework for LUC and biofuels. Land Use Policy 59 
• Kline et al. 2011. Scientific analysis is essential to assess biofuel policy effects. Biomass & Bioenergy, 35.
• Kline et al. 2017. Reconciling biofuels and food security: priorities for action. GCB-Bioenergy 9(3):557-576. 
• Dale B et al. 2014. Take a closer look: biofuels can support environmental, economic and social goals. 

Environmental S&T 48(13)

http://www.iea.org/reports/
https://biofutureplatform.org/


ILUC models omit local drivers of frontier land-use change

Adapted from Dale and Kline Fig 8.2 “Initial LUC drivers” in Land Use and the Carbon Cycle-Advances in 
Integrated Science, Management, and Policy. D. Brown et al. (Eds) Cambridge Univ Press 2013. Add’l references: 
Engert, J. E. et al. (2024) Nature; Laurence 2024 Roads of destruction; Protecting Biodiversity through Forest 
Management: Lessons Learned and Strategies for Success. DOI: 10.19080/



• Justus et al. 2025. Revisiting Hypothesized Trade-Off Between Food and Fuel: Empirical Evidence from Brazil  https://doi.org/10.1111/gcbb.70085 
• Gursel et al. 2020. Variable demand as a means to more sustainable biofuels and biobased materials, BioFPR 15(1) https://doi.org/10.1002/bbb.2164 
• Kline et al. 2017. Reconciling biofuels & food security: Priorities for action  https://doi.org/10.1111/gcbb.12366 
• Bioen Factsheet 2025. https://bioenfapesp.org/biofuels-as-an-immediate-and-effective-solution-for-decarbonization-of-transportation-factsheet/  
• Biofuel-Food Market Interactions: A Review of Modeling Approaches and Findings. http://www.mdpi.com/2077-0472/3/1/53/htm 

Evidence shows how bioenergy supply chains add value 
to rural production and contribute to enhanced food 
security and ecosystem services
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In conclusion  
 Biomass is the foundation for a circular economy, but 

we need investment in efficient and integrated supply 
chains based on improved resource management. 

 Land and biomass are not the limiting factors.
 Clear, practical, verifiable performance measures, with 

incentives to invest in continual improvement, are 
essential.

Photo KL Kline: Mt. Le Conte, TN 2016



Thank you! Send your comments and 
questions to KlineKL@ornl.gov 

Photo: ORNL
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Additional ResourcesWebsites
• ORNL https://www.ornl.gov/ ==  CEM Bioenergy Initiative & Sustainability Workstream https://www.cleanenergyministerial.org/initiatives-campaigns/biofuture-platform/ ==  Data on biomass 

resource quantification and standards: https://bioenergykdf.net/ == IEA Bioenergy http://www.ieabioenergy.com/  and Common Criteria-Sustainable Fuels 
https://www.iea.org/reports/towards-common-criteria-for-sustainable-fuels  ISO TC323 Circular Economy https://www.iso.org/committee/7203984.html 

References
• Ahmed et.al., 2021 Systematic review of effects of bioenergy from edible feedstocks on food security. https://www.nature.com/articles/s41538-021-00091-6 
• Bioen FAPESP 2025: https://bioenfapesp.org/biofuels-as-an-immediate-and-effective-solution-for-decarbonization-of-transportation-factsheet/
• Cowie AL, Berndes, et al. 2021. Applying a science-based systems perspective to dispel misconceptions about climate effects of forest bioenergy. 

GCB-Bioenergy https://doi.org/10.1111/gcbb.12844  
• Dale et al. 2013. Indicators for assessing socioeconomic sustainability of bioenergy systems: A short list of practical measures. Ecological Indicators 26 

http://dx.doi.org/10.1016/j.ecolind.2012.10.014 
• Dale VH, KL Kline. 2013. Modeling for integrating science and management. Pages 209-240 In D.G. Brown, D. T. Robinson, N. H. F. French, and B.C. 

Reed (editors), Land Use and the Carbon Cycle: Advances in Integrated Science, Management, and Policy, Cambridge University Press.
• De la Torre Ugarte & Hellwinckel 2010 The Problem is the Solution: the Role of Biofuels in the Transition to a Regenerative Agriculture (Ch 14 in V66 Plant Biotech for sustainable production 
• Efroymson et al. 2016. A causal analysis framework for land-use change and the potential role of bioenergy policy. Land Use Policy (59) http://dx.doi.org/10.1016/j.landusepol.2016.09.009 
• Efroymson et al. 2012. Environmental indicators of biofuel sustainability:  What about context?  Environmental Management DOI 10.1007/s00267-012-9907-5 
• Engert JE et al. 2024. Ghost roads and the destruction of Asia-Pacific tropical forests. Nature, doi:10.1038/s41586-024-07303-5 
• Kline and Dale 2008. Biofuels, causes of land-use change, and the role of fire in greenhouse gas emissions. Science, 321, 199 
• Kline et al. 2009. In Defense of Biofuels, Done Right. Issues in Science and Technology 25(3). http://www.issues.org/25.3/kline.html 
• Kline et al. 2015. Bioenergy and biodiversity: Key lessons from the Pan America Region. Environmental Management 56:1377-1396
• Kline and Dale 2020. Protecting Biodiversity through Forest Management: Lessons Learned and Strategies for Success. DOI: 10.19080/IJESNR.2020.26.556194 
• Langeveld, Chordia, Oladosu et al 2022. Towards an improved assessment of indirect land use change. IEA Bioenergy, https://task43.ieabioenergy.com/publications/towards-an-improved-

assessment-of-indirect-land-use-change-evaluating-common-narratives-approaches-and-tools-tr2022-10/ 
• Oladosu et al.. 2021. Structural break and causal analyses of U.S. Corn use for ethanol and other corn market variables. Agriculture 11(3)
• Ordoñez & Lakner (2023). Food Security and Biofuels in Latin America and the Caribbean Region: A Data Panel Analysis on Eight Countries. Energies, 16(23), 7799. 
• Thurow R, Kilman S (2009) Enough: Why the World’s Poor Starve in an Age of Plenty. BBS Public Affairs, New York. 
• Thornhill et al. 2016 Household food security and biofuel feedstock production in rural Mozambique and Tanzania. Food Security 8(5). DOI: 10.1007/s12571-016-0603-9 
• UNEP (2016) Unlocking the Sustainable Potential of Land Resources: Evaluation Systems, Strategies and Tools. Working Group on Land and Soils, International Resource Panel (IRP UNEP).  

Herrick, JE, O Arnalds, B Bestelmeyer, S Bringezu, G Han, MV Johnson et al. , ISBN: 978-92-807-3578-9 
• US DOE 2024. The 2023 Billion Ton Report: An Assessment of U.S. Renewable Carbon Resources. M. H. Langholtz (Lead). Oak Ridge, TN: Oak Ridge National Laboratory. ORNL/SPR-2024/3103. 

doi: 10.23720/BT2023/2316165. 

                                  Additional reports and references to relevant literature and standards are available. Please contact Keith L. Kline, Oak Ridge National Laboratory  klinekl@ornl.gov 
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Thank you! 
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