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Goal Statement

« Goal: To iImprove understanding of

— How bioenergy production can affect
sustainability
— How those effects can be measured.

* Relates to these OBP objectives

— Building consensus on definitions of
bioenergy sustainability

— Providing a consistent and defensible message on meaning of
bioenergy sustainability

— Establishing indicators to measure sustainability
— Building methodology to measure and assess sustainability




Project Overview (1)

History

— FYO09: Initiated as OBP project 1.7.1.2 with three parts:
« Sustainability — focus of this presentation
» Land use change — Reported by Debo Oladosu

« Quantifying watershed sustainability indicators — reported by Natalie Griffiths
and Virginia Dale in Feedstock Platform on April 6

— FY11: Sustainability aspects separated out as DOE OBP Sustainability Project
11.1.1.5

Objectives

— Review and define sustainability indicators

— Assist OBP in its role of defining sustainability for bioenergy and determining
indicators for use at the national scale

— Implement and evaluate sustainability indicators for bioenergy decisions
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Project Overview (2)

Context

— Several national and international organizations are
working to define sustainability for bioenergy systems

« There is high agreement on the overall goal of
sustainability

« There is little agreement on

— asmall set of measures to quantify bioenergy
sustainability

— how to obtain and assess these indicators

— Effort builds from ORNL’s expertise in several areas
* Risk assessment
 Indicators for sustainability
* Bioenergy systems
* Relating science to decision making
 Interdisciplinary approaches

« Disciplinary strengths in environmental sciences and
socioeconomics

4 * Modeling at several scales




1- Approach

Relate to and build from other work on sustainability for bioenergy
systems

— Assist OBP in its role of defining sustainability for bioenergy and
determining indicators for use at the national scale

— Work with other groups who are defining and establishing concepts of
bioenergy sustainability

Establish definition for sustainability and develop methodology for
measurement and assessment

— Review and define sustainability indicators
— Implement and evaluate sustainability indicators for bioenergy decisions

Provide a structure under which sustainability indicators can be used
and interpreted




Task B: Approach for Selecting Indicators

Human action Environmental
(management .——» effects of direct
decisions) concern

« Causal chain: We selected indicators downstream from
management, but not too far.

« We aimed for indicators that could be measured
empirically, but modeling is sometimes inescapable.

« We selected indicators that are widely applicable

— Useful to policymakers, agronomists, producers
— Improve empirical underpinning for management indicators

Project leverages from indicator work conducted for the Department of
Defense and reported by Dale VH and Beyeler SC. 2001. Challenges in the
6 development and use of ecological indicators. Ecological Indicators 1: 3-10.



Task C Approach: Considering indicators
within entire system as an opportunity to
design landscapes that add value




Management Approach

— Team:

* Virginia Dale, landscape ecologist (principal investigator)
* Rebecca Efroymson, risk assessment

+ Keith Kline, energy specialist and international issues

« Allen McBride, environmental sustainability

— Supplemental team: reach out to other ORNL staff when needed
» Latha Baskaran, watershed modeling * Yetta Jager, aquatic modeling
« Mark Downing, agricultural economist * Matt Langholtz, economist

. Laurence Eaton, socioeconomic issues * Paul Leiby, energy security
. + Pat Mulholland, biogeochemist
* Chuck Garten, soils

* Debo Oladosu, economic modeling

* Robin Graham, feedstock issues - Bob Perlack, feedstock projections
» Natalie Griffiths, aquatic ecologist *Peter Schweizer, biodiversity
- - - « John Storey, air quality
— Milestones for monitorin g progress « Erin Webb, feedstock logistics
« 2009

— Written comments and support to OBP on draft sustainability criteria
— “In Defense of Biofuels, Done Right” published in Issues in Science and Technology

— “Interactions between Bioenergy Feedstock Choices, Landscape Dynamics, and Land Use.” In
press with Ecological Applications.

— Report on state of science in developing a definition for “sustainability” and corresponding
indicators for biofuels

— Comments on draft sustainability criteria
— Set of proposed hierarchical sustainability indicators for biofuels in the US

— Comments on sustainability indicators and other reports being proposed by others | {{)AK _
— Final set of environmental sustainability indicators for biofuels NIDGE

National Laberatory



2 - Technical Accomplishments/
Progress/Results (Task A)

Activities under Task A - Relate to and build from other work on sustainability
for bioenergy systems

 Milestone: All comments are transmitted to OBP as developed and

9

Assist OBP in its role of defining sustainability for bioenergy and determining indicators for use at the
national scale by providing quick reviews and analysis when requested
+ GBEP (Global Bioenergy Partnership)

» BRDi (Biomass Research & Development) [ORNL's engagement with international partners
RSB (Roundtable on Sustainable Biofuels) presented by Keith Kline & Helena Chum]

Work with Council on Sustainable Biomass Production (CSBP) to establish basis for certification

» Field Testing Task Force

« Climate Task Force [CSBP is being reported by John

Heisselbuttel on April 6]
» Forestry Task Force

Work with other agencies (see http://www.ornl.gov/sci/ees/cbes/Collaborations.shtml) and evaluate
agency-specific approaches

» USDA — workshop Spring 2008 and small work group Sept 2010

 EPA — workshop Sept 2009

* Review of “Biofuels and the Environment: First Triennial Report to Congress”
Participation on National Academy of Sciences (NAS) activities

» Virginia Dale serves on Committee on Economic and Environmental Impacts of Increasing
Biofuel Production

* Rebecca Efroymson serves on Committee on Sustainable Development of Algal Biofuels

a set of all comments to be delivered Sept 2011


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

2 - Technical Accomplishments/
Progress/Results (Task B)

Activities under Task B: Establish definition for
sustainability and develop methodology for
measurement and assessment

— Milestone: Overview of sustainability issues

« Status: “In Defense of Biofuels, Done Right” published in Issues in
Science and Technology

— Milestone: In-depth paper on environmental concerns

« Status: “Interactions between Bioenergy Feedstock Choices,
Landscape Dynamics, and Land Use.” In press with Ecological
Applications.

— Milestone: Report on state of science in developing a definition for
“sustainability” and corresponding indicators for biofuels

« Status: “Good policy follows good science: Using criteria and
indicators for assessing sustainable biofuels production” published
in Ecotoxicology

— Milestone: Set of proposed hierarchical sustainability indicators for
biofuels in the US

« Status: Report delivered

— Milestone: Set of environmental sustainability indicators for biofuels in
the US

» Status: Report delivered and manuscript in press: McBride et al.
10 Ecological Indicators.




Task B: Accomplishment: Identified Indicators
of Environmental Sustainability

Category

Indicator

Units

Soil quality

1. Total organic carbon (TOC)

Mg/ha

2. Total nitrogen (N)

Mg/ha

3. Extractable phosphorus (P)

Mg/ha

4. Bulk density

g/cm?

Water quality
and guantity

5. Nitrate concentration in
streams (and export)

concentration: mg/L;
export: kg/halyr

6. Total phosphorus (P)
concentration in streams (and
export)

concentration: mg/L;
export: kg/halyr

7. Suspended sediment
concentration in streams (and
export)

concentration: mg/L;
export: kg/halyr

8. Herbicide concentration in
streams (and export)

concentration: mg/L;
export: kg/halyr

9. storm flow L/s

10. Minimum base flow L/s

11. Consumptive water use [feedstock production:
(incorporates base flow) m3/ha/day;

biorefinery: m3/day

Category Indicator Units
Greenhouse|12. CO, equivalent kgCeo/GJ
gases emissions (CO, and N,O)
Biodiversity |13. Presence of taxa of  |Presence
special concern
14. Habitat area of taxa of |ha
special concern

Air quality  [15. Tropospheric ozone  |ppb
16. Carbon monoxide ppm
17. Total particulate pg/ms3
matter less than 2.5um
diameter (PM, )
18. Total particulate pg/ms3
matter less than 10um
diameter (PM,,)

Productivity |19. Aboveground net gC/m?/year

primary productivity
(ANPP) / Yield

McBride et al. 2011 - in press. Indicators to support environmental

sustainability of bioenergy systems. Ecological Indicators.

lt OAK
PRIDGE

National Laberatory
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Task B: Accomplishment: Indicators of
Sustainability in the Biofuel Supply chain.

Next: Effort building from environmental to socioeconomic indicators
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Task B Accomplishments: Identified Potential
Social and Economic Indicators

« Holistic approach: The indicators of environmental sustainability
presented here is intended to help advance efforts by GBEP,
RSB, CSBP, etc., to develop full suites of indicators for
environmental, social, and economic sustainability.

* Next Step: Identify socioeconomic indicators of sustainability




2 - Technical Accomplishments (Task C)

Activities under Task C: Provide a structure under which sustainability
Indicators can be used and interpreted

 Selection Criteria Framework for Bioenergy Sustainability
— Milestone: Selection criteria framework for bioenergy sustainability
— Status: Due March 2011 — Report and draft manuscript delivered

» Linkages between energy, land use, and climate change.
— Milestone: Analysis of the land use—climate change—energy nexus
— Status: Due Dec 2010 - Manuscript was submitted (and is accepted with revisions)
« Perennial Crop Options for Sustainable Bioenergy Feedstocks:
Application to Vonore, TN

— Milestone: Description of implications of perennial crop options for sustainable yig
bioenergy feedstocks

— Status: Due June 2011 — Draft report and manuscript in preparation

« Comparing Net Environmental Benefits of Different Energy

Sources

— Milestone: A framework for comparing net environmental benefits of energy
sources

— Status: Due June 2011 — Draft report and manuscript in preparation

« Sustainability issues in bioenergy from the cradle to the grave

Milestone: Analysis of key issues that arise in considering bioenergy sustainability systems:

Communications, The context in which sustainability indicators are considered, Scale issues in

environmental impacts of future fuels, Comparative analysis of bioenergy pathways, and Effects
14 on ecosystem services.

Status: Due Sept 2011 — Report and 3 manuscripts in preparation; 2 in review



Task C In progress: Defined a Framework for Selecting
Sustainability Indicators for Bioenergy

Define goals based on

» Context
* Identify appropriate spatial and temporal scales
» Characterize historical environmental changes
* Place in social and economic context

» Stakeholder values

v
> Determine objectives for analysis
v
Determine selection
criteria for indicators
\ 4
Identify indicators I
ASSess that meet criteria Determine
* Information »| baselines
availability and targets
* Resources needed ¥ —
to collect required Collect data for indicators
data B
* Gaps in abilityto [~ Y
address goals Analyze indicator information
|ldentify best racticeg
No Objectives ™_Yes ( Ly st o
- ’) gl
achieved: @ssess lessons Iearn@
A Selection Criteria Framework for Bioenergy Sustainability

A paper to be submitted as a “Perspective” for Biofuels, Bioproducts and Biorefineries.
Authors (Order TBD): Virginia H. Dale, Marcia Davitt, Rebecca A. Efroymson, and Keith Kline [Oak Ridge National Lab]



Task C Accomplishment: Recognized that Some
Feedstocks Perform Better in Certain Regions

ORNL 2008-G00432/dgc

Hybrid Poplars Switchgrass
Reed Canarygrass Willows
Hybrid Poplars
Silver Maple

Switchgrass
Poplar

Tropical Grasses
Pine

Sweetgum
Hybrid Poplars Sorghum
Eucalyptus '

Hybrid Poplars Eucalyptus
Eucalyptus Silver Maple
Reed Canarygrass

No Feedstock Sorghum
Plantings

Map of recommended biofuel feedstock plantings in the U.S. [updated
16 from Wright (1994)] (from Dale et al. 2011 Ecological Applications).
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Task C Accomplishment: Showed that Framework must
Recognize and Build from Trends in Land Change
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lllustration from Dale et al. (2011. Ecological Applications) based on US data from NRI 2009



Task C Accomplishment: Considered Implications of
Climate Change and Land Use on Bioenergy

Energy > Climate Change
Climate Change > Energy - Greenhouse gas emissions and
-Energy Options carbon sequestration
-Intensity of use Local weather and
-Distribution of supply air quality
and demand for energy

Energy > Land Use
-Energy extraction,
production and
distribution
footprint
-Infrastructure and
settlement plans

Climate Change,
Land Use, Energy

Nexus
‘Ecosystem services
-Sensitive Ecosystems
-Albedo
‘Fire

Land Use

Climate Change > Land

Use
‘Productivity
-Suitability for life forms
and management practices
‘Distribution of land uses
‘Human settlement patterns

Land Use > Climate Change
-Release of greenhouse gases
-Amount of carbon sequestration
‘Weather changes

-Vulnerability to climate change

Land Use > Energy

-Options for energy extraction,
infrastructure, and production
-Efficiency of energy production
-Demand for energy

From: Dale VH, Efroymson R and Kline K. In press. The land use — climate change — energy nexus. Landscape Ecology.



Task C In Progress: Develop understanding of effects
of ethanol versus fossil fuels at different scales
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Students in switcho _ 7
National Geographic’'s Jason Project
and reaching middle school students across the nation
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https://external-portal.ornl.gov/1a1aeb4ac6e54d6e6fd78d3519185c/1a1a1/owa/redir.aspx?C=37e3c969a1e9436883a64cb78168af21&URL=http%3a%2f%2fwww.ornl.gov%2fsci%2fbesd%2fcbes

3- Relevance

« Contributes to the Platform Goals and
Objectives of the OPB MYPP

— Project is identifying key indicators of sustainability: how to
measure and include them in decision making

* Project considers applications of
expected outputs

— Our team is working with several national and international
organizations to
» Select viable sustainability indicators
« Determine ways to measure sustainability
» Design certification programs

 Build Life Cycle Assessment (LCA) approaches based on
Indicators that are not a part of most LCAs (e.g., water quality
21 and quantity and biodiversity)




4 - Benefits and Expected Outcomes

This sustainability project will advance the state of
technology and positively impact commercial viability
and environmental performance by

— Defining indicators for evaluating sustainability

— Evaluating and determining appropriate methodologies for
evaluating sustainability

. L ( A N
/D_eflnlng indicators f_q} Cog‘rsé'gsed'rg% Other
bioenergy sustainability sustainability: climate, rﬁjﬁi?r%sé?r?c
- L land use, etc. ) offects
Social
\
' » (Establishing a framework | » 3
‘ in which to assess and Communicating
&Ecological evaluate indicators sustainability
\ | / o analysis
4 Devising ways to test A
indicators and
framework (via
collaborations and
\ ORNL work) )
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Relevance

Approach Three tiered

Technical accomplishments

Summary

Focus on a full suite of sustainability indicators
Consider indicators that work across entire supply chain

Outreach and relation to other activities

Indicator selection

Providing a structure in which sustainability indicators
can be used and interpreted

Potential sustainability indicators identified

Environmental sustainability indicators described in detail
Framework for selecting sustainability indicators for bioenergy "
Described nexus between climate change, land use and energy _— Jason students in_ '

Success factors and challenges soils lab at ORNL

Establishment of sustainability definitions (in collaboration with many others, of course)
Definition of a suite of the key environmental indicators of sustainability

Use of these indicators by stakeholder groups and those trying to establish certification
procedures

Technology transfer Future new work

—  Working with diverse stakeholder groups that - c[i)gtsaﬁlribing socioeconomic indicators in
are desi_gning and ir_npl_ementing certifif:ation strategies Testing indicators in a variety of systems
— 1ljournal publications, 3 proceedings —  Characterizing range of values so

—  Many presentations to a variety of audiences thresholds and trends can be determined

23

— Incorporating into LCA
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Additional Slides



Progress Since 2009 Review

Results of 2009 Review
» Strengths — quotes from 2009 review

Evaluation Sustainability Project

— ‘“Involves interdisciplinary effort by many collaborators” Criteria  Platform Mean Mean
— “Address critical need affecting development of bioenergy systems” Relevance 3.98 4.71
— “Generating information that is critical for formulating science- Approach 3.66 4.14
based, objective policies for the bioenergy industry” Technical

. . Progress 3.82 4.29

— “Has comprehensive scope and good outline of future work” Success Factors 358 e
— “KEEP GOING. THIS IS VERY, VERY IMPORTANT.” Future Research 3.66 4.14
Overall 3.74 4.28

» Weaknesses (quotes from 2009 review) and how they have been addressed
* “Would have appreciated more conclusions; just starting so little real results”
» 2011: Have defined a narrow list of indicators and approaches to measure and evaluate them
* “Would have liked to have seen a list of proposed metrics”

« 2011: List is presented, and environmental indicators are discussed in detail. Similar analysis is
planned for socioeconomic indicators.

* “The metrics area may be a show stopper. There is more disagreement here than agreement.”

» 2011: Have developed sustainability approach in concert with many others as a way to narrow
debate; have communicated approach widely; are investigating how the context of a biofuels
assessment influences indicator selection, measurement and interpretation”

» “Policy debate is moving rapidly and this research must keep up or risk being irrelevant”
» 2011: Working hard to communicate in all arenas and, specifically, to engage policy makers

« “Examples are ag-focused (sustainability of switch grass); need to examine sustainability impacts of
woody energy crop production—SRWC”

« 2011: Indicators were selected to apply across diverse feedstocks and to entire supply chain.

25 We are working with other groups to test these indicators in a variety of bioenergy systems.
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Task C Accomplishment: Identified
Challenges of Sustainability

Feedstock type

Crop /\
Residues?/ \

Manure?

Near refinery?
Adjacent forest?

Fertilizers?
Cover crop? Cold ? Wet?

20% of watershed?
5% of watershed?

Erosion? Patchy?
Soil carbon?  Bjocky?

Native forest?

Pasture?
Ag field?

CRP?
Water quality?

Runoff? Wildlife?

Environmental
i Attributes

U Y

Address all six dimensions globally

32 From: Dale, Fargione, Kline, Wiens 2010. Biofuels: Implications for Land Use and Biodiversity. Biofuels
and Sustainability report of the Ecological Society of America http://www.esa.org/biofuelsreports
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