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Outline 

• Context of Presentation 
• Bioenergy Industry Characterization 
• America’s Leaders – Benchmarking and 

Improvements 
• Design for sustainability 
• Commoditization of Biofuels 
• Technology Development: abundance of 

feedstocks, pathways, and energy products 
• What does it take to get to market? 
• Some key conclusions 
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production and 

logistics 

• Assess and reduce 
impact on land, 
water, climate, air 
quality, 
biodiversity, and 
resource use 

• Increase landscape 
productivity 

• Minimize water 
consumption, 
GHG footprint, 
air pollution, 
and waste 

• Maximize 
efficiency 

• Evaluate air 
quality 
impacts 

• Avoid negative 
impacts on 
human health  

Conversion End use 

• Life-cycle analysis of water 
consumption and GHG emissions 

Cross-cutting 

• Supply chain environmental, 
economic, and social factors 

DOE Bioenergy Technology Office’s 
Sustainability Activities 

Identifying and addressing the challenges for sustainable bioenergy production 
through field trials, applied research, capacity building, modeling, and analysis.  



• As defined in Executive Order 13514 

 

 

 

• Bioenergy Technology Office’s sustainability efforts 
– Maximize the benefits of bioenergy, domestically and globally 

– Enable long-term operations of feedstock and fuel production while 
protecting natural systems and human well-being 

– Enable the industry to take advantage of emerging environmental 
markets 

– Anticipate and mitigate showstoppers (e.g., resource constraints, 
regulations, conflicting social priorities) 

– Address a range of other environmental and socio-economic issues 
(e.g., water scarcity, climate change, human health) 

 

To create and maintain conditions under which humans and nature can 
exist in productive harmony, that permit fulfilling the social, economic, 

and other requirements of present and future generations. 

“Defining” Sustainability 
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Efroymson et al. (2013)  
Environmental Management 52:291-306. 
Dale et al. (2013)  
Ecological Indicators 26:87-102. 
 
 



Biomass Energy – 53 EJ (2011) #4 Primary Source 

Ethanol 
Biodiesel 

Total 
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A maze of regulations, sustainability schemes, standards, and 
indicators, in addition to those of agriculture and forestry 

See http://www.bioenergytrade.org/ongoing-work/monitoring-sust-certification-of-bioenergy.html  



GBEP Consensus Indicators for government programs/policies 
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Impact of corn and dry mill process improvements 

Chum, Zhang 
et al., sub. 
Biofpr 



Adding Cellulosic Ethanol 



Latitude, soil conditions, biomass type matter 

Cancer Capricorn Cancer Capricorn 
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• Biofuel sustainability standards driving the rise in the use of LCA 
as a tool in decision making 

• Methodological uncertainties – attributional LCA (ALCA) coproduct 
treatments, boundaries; incomplete accounting of global climate 
change forcings, latitude/longitude/geography dependent 

• Market-mediated changes in land use because of the expansion of 
biofuels (combining multiple models and data) is a consequential 
LCA with uncertainties.  Assumes scenarios of fuel volumes.  

• Lack of cause (ethanol expansion) and effect (increased expansion 
of sugarcane plantations in the Amazonas region) demonstrated 
in several papers. 

• Science  and data mining is still improving and direct 
measurements of land cover, land cover change, land use change 
is very important (e.g., Brazilian INPE and collaborators data) 

• Carbon Accounting for GHG inventories  may be too simplistic 

 

 

Uncertainties 





Biomass production and nitrogen recovery 
• Producing bioenergy crops without competing with food and feed crops 

• Addressing pervasive non-point source pollution and GHG emissions 
from agriculture at the same time 
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Share of GHG Emissions for Corn Ethanol  
(total of 5,630 g/gal, with co-product credits) 

EtOH Production
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Corn Farming

Other Chemicals

Corn Transportation

EtOH Transportation

Farming Machinery Production

Source: GREET 

Source: USEPA 

Nitrate 
recovery 

corn Woody 
biomass 

Algal blooms from excess nutrients 

Negri et al., ANL, DOE OBP Program Review, obpreview2011.govtools.us/. 

Native 
grasses 

corn 

Woody 
biomass 

Potential production and feedstock intensification from “marginal”land  

http://www.flickr.com/photos/argonne/3812650188/


Biomass mitigating nitrate transport 4 ft under a corn field  

 
 

Fairbury, IL 
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NO3
- LEACHING 

Landscape placement of biomass crop for by-design sustainability.  
DNDC model results and field validation in Fairbury, IL 

Negri et al., ANL, DOE OBP Program Review, obpreview2011.govtools.us/ 



 

An optimization model can 
identify “ideal” sustainability 
conditions for new feedstocks 
and conversion plants 
 
Spatial optimization model  
 
•Identifies where to locate 
plantings of bioenergy crops given 
feedstock needs for Vonore, TN 
cellulosic biofuel refinery  
 
•Considering  
–Farm profit  
–Water quality constraints  

Parish et al. Biofuels, Bioprod. Bioref. 6:58–72 (2012) 
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SRREN 
Annex II 
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2011 Biofuels estimated production costs 
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Commoditization of Biofuels 

Biofuels reached some insurance of supplies through trade 
Biofuels are 3% of global road transport fuels (energy basis) 
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Generic technology development pipeline,  shown inside the light blue box, applies to multiple technology “pipelines” spanning the value 
chain exemplified by components (arrows) a, b, c, d. Components a through d generate, upon integration, a large number of possible 
development options. Coalitions or partnerships across the value chain(s) are evaluating options for continued investment. Interagency 
cooperation is enabling addressing technology and commercialization barriers.  Supply chain component e is an area of concern.  

US DOE EERE Porfolio Integrated Biorefineries 
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Integrated Biorefinery Projects  
at Progressive Scales 
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Some Lessons Learned 

• Technology development in conjunction with appropriate business 
models and financing mechanisms from government and private 
sector in partnership can lead to new and expand existing companies, 
economic growth, diversify fuels and energy sources, decrease fossil 
fuel reliance in transport, while caring for the environment. 

• Supportive (and constant) policies have been and continue to be 
essential including for RD&D, support through the Valley of Death of 
technologies,  first-of-a-kind commercialization of replicable projects, 
and still need to go through the commercialization Valley of Death. 

• Sustainability needs to be addressed throughout the stages of 
development. Impacts across project, region, national and global level 
and at different times make analyses of impacts difficult. Multiple 
government organizations and stakeholders are involved. 

• Integration of feedstock development, logistics, conversion to 
products and their use is essential. Many failures and delays resulted 
from underestimated difficulty of  setting the whole supply chain. 

• Balancing different markets/volumes/and quality requirements of 
feedstocks is a challenge and an opportunity for biorefineries. 
 



Some SRREN Key conclusions (I)  

• Bioenergy has significant potential to mitigate 
greenhouse gases if resources are sustainably 
developed and efficient technologies are 
applied. 
 

• “For the increased and sustainable use of 
bioenergy, proper design, implementation and 
monitoring of sustainability frameworks can 
minimize negative impacts and maximize 
benefits with regard to social, economic and 
environmental issues.” 



Some SRREN Key conclusions (II) 

• The impacts and performance of biomass production and use 
are region- and site-specific. 

Key options examples: 
o Sugarcane ethanol production, waste to-energy systems, efficient cookstoves, 

biomass-based CHP are competitive 
o Lignocellulosic based process heat and space heating in the near term partially 

substitute fossil fuels; biofuels and bioelectricity options, and biorefinery 
concepts can offer competitive deployment of bioenergy  post 2020  

o Bio-Carbon Dioxide Capture and Storage can offer negative carbon emissions 
when technologies are developed. 

o New biomaterials are promising but less understood. 
o Potential role aquatic biomass (algae) highly uncertain. 

 

• Rapidly changing policy contexts, recent market activity, 
increasing support for advanced biorefineries & lignocellulosic 
biofuel options, and in particular the development of 
sustainability criteria and frameworks, push bioenergy 
systems and their deployment in sustainable directions. 
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Web sites and Resources 

• DOE/EERE/Bioenergy Technologies Office http://www1.eere.energy.gov/biomass/ 

http://www1.eere.energy.gov/biomass/pdfs/replacing_barrel_overview.pdf 

http://www1.eere.energy.gov/biomass/technology_pathways.html 

http://www1.eere.energy.gov/biomass/pdfs/mypp_november_2012.pdf  

http://maps.nrel.gov/bioenergyatlas/ 

https://www.bioenergykdf.net/ 

 

• Chum, H., A. Faaij, J. Moreira, G. Berndes, P. Dhamija, H. Dong, B. Gabrielle, A. Goss Eng,  
W. Lucht, M. Mapako, O. Masera Cerutti, T. McIntyre, T. Minowa, K. Pingoud, 2011:  
Bioenergy. In IPCC Special Report on Renewable Energy Sources and Climate Change 
Mitigation [O. Edenhofer, R. Pichs-Madruga, Y. Sokona, K. Seyboth, P. Matschoss,  
S. Kadner, T. Zwickel, P. Eickemeier, G. Hansen, S. Schlömer, C. von Stechow (eds)], 
Cambridge University Press, Cambridge, United Kingdom and New York, NY, USA. 
http://srren.ipcc-wg3.de/  

 

 

http://www1.eere.energy.gov/biomass/
http://www1.eere.energy.gov/biomass/pdfs/replacing_barrel_overview.pdf
http://www1.eere.energy.gov/biomass/technology_pathways.html
http://www1.eere.energy.gov/biomass/pdfs/mypp_november_2012.pdf
http://maps.nrel.gov/bioenergyatlas/
https://www.bioenergykdf.net/
http://srren.ipcc-wg3.de/
http://srren.ipcc-wg3.de/
http://srren.ipcc-wg3.de/
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