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Overview

• Key Policy Driver: U.S. Renewable Fuel Standard

• Overview of DOE Bioenergy Technologies Office

• Defining and implementing a sustainability framework

• Designing more sustainable landscapes

• Conclusions
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Fuel Category
Lifecycle GHG 

Reduction Thresholds* 

“Conventional” biofuels 20%

Biomass-based diesel 50%

Other advanced biofuels 50%

Cellulosic biofuels 60%

0 5 10 15 20 25 30 35 40
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2022

Production Targets (Billions of Gallons)

Advanced Biofuels

Key policy driver: U.S. Renewable Fuel Standard (RFS)

*Reduction from 
2005 petroleum 
baseline 
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DOE Bioenergy Technologies Office (BETO)

Develop and transform our renewable biomass resources into 

commercially viable, high-performance biofuels, bioproducts, and 

biopower through targeted research, development, demonstration, 

and deployment supported through public and private partnerships. 

Mission
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Sustainability Strategic Goal: to understand and promote the positive economic, social, and 

environmental effects and reduce the potential negative impacts of bioenergy production 

activities.

DOE’s commitment to sustainability
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Presidential Executive Order 13514

DOE’s sustainability efforts seek to

– 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 current and emerging 

markets

– Anticipate and proactively address resource constraints and 

regulatory constraints

– Consider a range of other environmental and socio-economic 

issues (e.g. water scarcity, climate change, human health)

President Obama Supports Sustainability

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.
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Defining and implementing a 

sustainability framework
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Framework to measure, evaluate, and improve sustainability

Indicators

Baselines 
and 

Targets

Indicator Values

Trends 
and 

Tradeoffs

Best Practices

Establish baselines and 

set targets

Identify and balance 

tradeoffs and 

synergies

Develop, evaluate, 
and disseminate 
best practices

Identify relevant 

environmental/social 

indicators

Assess progress by 
measuring environmental 
and social impacts

Data frameworks
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Categories for sustainability indicators

Recognize that measures and interpretations are context specific
[Efroymson et al. (2013) Environmental Management 52:291-306 ]

http://www.ornl.gov/sci/ees/cbes/

Greenhouse gas emissions

Soil quality

Water quality 

and quantity
Air quality

Biological 

diversity

Productivity

McBride et al. (2011) Ecological 

Indicators 11:1277-1289.

Social well being

External 

trade

Energy 

security

Profitability

Resource 

conservation

Social 

acceptability

Dale et al. (2013) Ecological 

Indicators 26:87-102.  
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Feedstock type

Resource 
conditions

Management

Processing

Harvesting 
and collection

Storage

Transport

Fuel type

Conversion 
process

Co-products

Storage

Transport

Blend 
conditions

Engine type 
and efficiency

Application of indicators across the supply chain

Feedstock 
production 

Feedstock 
logistics 

Conversion to 
biofuel

Biofuel logistics
Biofuel

End uses

Categories without major effects

Soil quality

Water

Greenhouse gases

Biodiversity

Air quality

Productivity

Environmental Sustainability Categories

Efroymson et al. (2013) Environmental 

Management 52:291-306.
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Feedstock type

Resource 

conditions

Management

Processing

Harvesting 

and collection

Storage

Transport

Fuel type

Conversion 

process

Co-products

Storage

Transport

Blend conditions

Engine type 

and efficiency

Dale et al. (2013) Ecological 

Indicators 26:87-102.

Application of indicators across the supply chain

Feedstock 

production 

Feedstock 

logistics 

Conversion to 

biofuel
Biofuel logistics

Biofuel

End uses

Profitability

Social well being

External trade

Energy security

Resource conservation

Social acceptability

Socioeconomic Sustainability Categories

Categories without major effects
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ethanol

diesel

gasoline

jet  fuel

biopower

bioproducts

Feedstock 
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

• Promoting profitability and job 

creation across the supply chain

DOE’s objectives across the supply chain
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Designing more 

sustainable landscapes
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Optimizing for environmental and economic benefits

Parish et al. Biofuels, Bioprod. Bioref. 6:58–72 (2012)

• Spatial optimization of 

switchgrass plantings shows 

potential to improve water 

quality and increase farmer 

profit

• Results suggest that 

multimetric optimization 

achieves better results than 

those obtained by 

optimizing for a single factor
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Recovering nitrogen with bioenergy crops 

• Growing bioenergy crops on underproductive land to recover 

nitrogen in ground water from nearby corn fields

• Increasing overall productivity while mitigating non-point source 

pollution and GHG emissions from agriculture

4

41,7%

24,5%

8,9%

8,7%

8,7%

3,4% 2,2% 1,8%

Share of GHG Emissions for Corn Ethanol 

(total of 5,630 g/gal, with co-product 

credits)
EtOH Production

N2O from Cornfield

N Fertilizer Plant

Corn Farming

Other Chemicals

Corn Transportation

EtOH Transportation

Source: GREET

Source: USEPA

Nitrate 
recovery

Corn

Woody 
biomass

Algal blooms from excess nutrients

Negri et al., Argonne National Laboratory
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Harvesting residue at sustainable rates

How much agricultural residue can be removed sustainably?

Limiting factors
• soil organic carbon
• soil erosion
• management of plant nutrients
• soil water and temperature dynamics
• soil compaction
• environmental degradation

Soil 
Characteristics

Topography
Grain Yield

Improved agronomic strategies
• reduced or no tillage
• integrated cropping systems
• removal rates based on specific 

field conditions

Idaho National Laboratory
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Decision tool for sustainable residue removal

• Bullet points

• Integrates environmental process models and 
datasets

• Allows farmers and conservation planners to 
use site-specific data to estimate sustainable 
residue removal rates at the sub-field scale

• SustainR2 Mobile App available
• URL: http://bioenergyldt.inl.gov/mobile
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Conclusions

• Although several of these tools/analyses are specific to the 

U.S., the underlying methodologies are translatable to other 

locations, feedstocks, and technologies. GBEP provides a 

mechanism to facilitate that translation.

• Lesson learned

• Data availability and reliability is key, but shouldn’t become a 

barrier to progress.  Establishing analytical frameworks helps 

prioritize data collection and identifies critical gaps.

• These complex analyses involve multiple entities and researchers; 

DOE fosters more efficient collaboration by promoting open 

access to data and transparent, consistent methodologies                         

(e.g. Bioenergy Knowledge Discovery Framework).  
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Conclusions

• The U.S. government is committed to measuring, evaluating, 

and improving bioenergy sustainability 

• DOE’s sustainability framework focuses on

• continuous improvement 

• measuring and evaluating sustainability indicators 

• setting context-specific targets for desired outcomes

• integrating sustainability targets into our technology R&D strategy

• developing and disseminating tools and best practices that enable 

more sustainable outcomes
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Thank You

Kristen Johnson

kristen.johnson@ee.doe.gov

www.biomass.energy.gov


