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Goal: Increase sustainability of bioenergy
production systems

Social

« Society’s perception of biofuels Protesocl sl

rural development and
workforce training,

* Legal, policy & regulatory issues educe ol impors

« Carbon neutrality, stocks and flows

L. . ] Equitable Habitable
« Competition with food and other services
« GHG emissions and monitoring SHOTATR
. . Economic Enviromental

e« Standards and certification Lower costs and Reduce negative
enhance economic enviromental impacts and
ooporiunities for all 3 promote benefils (areenhouse
stakeholders along the Feasible gases, biodiversity, fertilizer
supply chain; improve runcfi, land use change)

fuel properties
Depend on £

Source: US DOE Multi-Year Plan, Sustainability Goals

Land Use & Land-Use Change

(and scale — spatial and temporal)



Estimated Effects on Land Use
Can Determine Biofuel Eligibility

* Based on models that rely on
— Limited data

* Land supply, conditions, changes, use

— Assumptions require scientific
review and revision

* Elasticity values and yields
e Causal analysis — local drivers

* Incorporating effects of historic
trends in scenario development

* Interaction of policy with biophysical,

political, demographic and market
forces
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milion hectares

Empirical Analysis of Corn Use Data Did
Not Support usual ILUC Assumptions
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Science and Models

Science follows a systematic methodology based on evidence*

Models are simplified views of the world, not true
representations of complexity

Models explore specific relationships

— E.g. “shock” prescribed system to estimate
biofuel effects on land

— Results reflect assumptions, baseline,
input data, conceptual view

— Science (data + resources + time) needed
to assess and verify assumptions
There is no scientific consensus on methods
or estimates of indirect land use change from bioenergy™*

Don’t forget to look outside!

*Source: Science Council of Britain http://www.sciencecouncil.org/ J
** CARB 2011, final reports from Expert Work Group on LUC. CBES 2010. EC 2010. .! . . ‘-\
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http://www.sciencecouncil.org/

International Cooperation, Collaborative
Research and Standards

* Accelerate process
— Sharing new findings and viewpoints
— |dentifying novel solutions
— Deploying of new technologies
e Standards are important for developing markets for clean energy
products and technologies
e Sector (Roundtables), National (RTO, CSBP), State (CARB)...
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http://www.novozymes.com/
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Examples - Sustainability through Standards,
Certification and Regulation

* |International Organization
for Standards (ISO)

 Council on Sustainable
Biomass Production (CSBP)

e California Air Resources
Board (CARB) Low-Carbon
Fuel Standard




ISO 13065: Sustainability Criteria for Bioenergy

Support Project Committee 248 mandate:

“Standardization of sustainability criteria for
production, supply chain & application of
bioenergy”

Results

* Draft sub-report on food security
* Draft report on indirect effects
* Draft chapter on GHG emission calculation methods
» Separate accounting for treatment of fossil & biogenic
carbon (emissions, removals & carbon stock changes)
e Consideration of other climate forcing factors
* Methods for detection of soil carbon change
 Scientific approach defined: systematic methodology based

on evidence...
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Council on Sustainable Biomass Production

* A multi-stakeholder
organization
— Growers
— Environmental & social interests
— All sectors of biofuel industry

* Goal: To develop
comprehensive, voluntary
sustainability standards for
the production of biomass &
its conversion to bioenergy

* Transaction costs versus
value added; roles and
opportunities to streamline

WWW.CSbp.org



http://www.csbp.org/

CARB: Low Carbon Fuel Standard

* Process and Transparency
* Analysis
— Uncertainty
— Questions of time
— Land supply, quality, emissions
— Effects of other fuels
— Social, food-fuel concerns...
* Recommendations
— Assess actual effects of policy

— Apply measurable, performance-
based incentives to improve direct
land management
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Comparing Net and Gross Changes in Cropland
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Comparing Net and Gross Changes in Cropland
1997-2007
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Policy Opportunities to Move Forward

Improve soil

& water
management

Increase
Efficiency

Diversify

Adopt

Systems
Perspective

Precision management

Tillage intensity

Crop mix, rotations, cover crops

Land restoration

Technology (plants, microbes, biochar)

Reduce inputs/increase yields
Open, transparent markets
Minimize transaction costs
Prioritize, incentivize, measure

Uses & markets
Substitution options
Bases of production

Multi-scale
Long term & adaptive
Integrated land-use plans

o




Cropland can be net sink (or source) of carbon,
with potential to increase C storage

June 2010 GEOSPATIAL CROPLAND CARBON DYNAMICS 1083

Net ecosystem
carbon balance
(Mg C-[85 ha] '-yr ")

Bl 410-12
B 1to-6
- -5t0 -2
-

0 (or no cropland)

Source: Energy Use and Carbon Dioxide Emissions from Cropland Production in the United States,
1990-2004 in J Environ Qual 38:418-425. R.G.Nelson, C.M.Hellwinckel, C.Brandt, T.West, et al. (2010)




Win—-Win options

Good policy & governance are key

Improve
livelihoods, Build capacity Reduce volatility
resilience

Prowdg incentives Start with what is Cooperate
(for things we can (plenty we can

most important
measure) agree on)

Increase system efficiency & capaci
provide multiple services oveE'Iong



Integrated Silvopastoral Approaches to

Ecosystem Management (PES Pilot Project)
(José Luis Gémez; Fondo Accién, Colombia; US$ 7.5 million, 2003-2007)

Capacity Building
Systematic Monitoring (LUC, productivity, income...)
Eco-services payments (habitat, carbon)

Policy (intensification guidelines; ecosystem services
& financing; replication)

Economic & cultural changes Baseline | Result
Net income per hectare (US$) $237.7 | $888.5
Mean soil erosion (tons/ha) 80.9 44.1
Avg. milk production (daily liters/cow; dry season) 5.0 6.1
Avg. Stocking rate (animals per ha) 1.8 2.5
Fire (% farms that use fire) 38% 2.3%
Use of herbicides (liters) 13913.6 | 7,899.9




Thank youl!

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

e Reports
e Forums
e Other presentations

e Recent publications

Center for BioEnergy
Sustainability

This research was supported by the U.S. Department of Energy (DOE) under the
Office of the Biomass Program and performed at Oak Ridge National Laboratory
(ORNL). Oak Ridge National Laboratory is managed by the UT-Battelle, LLC, for DOE
under contract DE-AC05-000R22725. The views in this presentation are those of

the author, who is responsible for any errors or omissions.



Related Publications (ORNL)

Kline KL, et al. 2011 (in press; on-line Sept. 10). Scientific analysis is essential to assess biofuel policy effects: In
response to the paper by Kim and Dale on “Indirect land use change for biofuels: Testing predictions and
improving analytical methodologies.” Biomass and Bioenergy; doi:10.1016/j.biombioe.2011.08.011

Oladosu G., K. Kline, R. Martinez and L. Eaton. 2011. Sources of Corn for Ethanol Production in the United
States: A Review and Decomposition Analysis of the Empirical Data. Biofuels, Bioprod. Bioref. DOI:
10.1002/bbb.305

Dale VH, Efroymson RA and Kline KL. 2011. The land use — climate change — energy nexus. Landscape Ecology
26(6):755-773.

Dale, VH, KL Kline, LL Wright, RD Perlack, M Downing, RL Graham. 2011. Interactions among bioenergy
feedstock choices, landscape dynamics and land use. Ecological Applications 21(4):1039-1054.

Kline KL, Dale VH, Grainger A. 2010. Challenges for Bioenergy Emission Accounting. Science e-letter. (2 March
2010)

Kline, KL and Dale, VH. 2008. Biofuels, causes of land-use change, and the role of fire in greenhouse gas
emissions. Science 321:199 http://www.sciencemag.org/cgi/reprint/321/5886/199.pdf

Oladosu G and K Kline.2010. The Role of Modeling Assumptions and Policy Instruments in Evaluating the
Global Implications of U.S. Biofuel Policies. Presented at the 33rd IAEE International Conference “The Future
of Energy: Global Challenges, Diverse Solutions” Rio de Janeiro, Brazil, June 6-9, 2010.

Hecht, AD, D Shaw, R Bruins, V Dale, K Kline, A Chen. 2009. Good policy follows good science: Using criteria
and indicators for assessing sustainable biofuels production. Ecotoxicology 18(1)

Kline KL, VH Dale, R Lee, and P. Leiby. 2009. In Defense of Biofuels, Done Right. Issues in Science and
Technology 25(3): 75-84

Dale VH, Kline KL, Wiens J, Fargione J. January 2010. Biofuels: Implications for Land Use and Biodiversity.
Ecological Society of America special report: http://www.esa.org/biofuelsreports

Kline KL, Dale VH, Efroymson RA, Haqg Z, Goss-Eng A. 2010. Land-Use Change and Bioenergy: ORNL/CBES-001,
U.S. Department of Energy and ORNL. http://www.ornl.gov/sci/besd/cbes.shtml



http://www.sciencemag.org/cgi/reprint/321/5886/199.pdf
blocked::http://www.esa.org/biofuelsreports
http://www.ornl.gov/sci/besd/cbes.shtml
http://www.ornl.gov/sci/besd/cbes.shtml

Sustainability

Contextual, relative
(more/less) &

process based (a trajectory
not a “state”)

Scales matter

Systems approaches can
optimize socio-economic &  EEEFESEELS
ecologic benefits of bioenergy
Sustainability implications of biofuel
choices are complex

Definitions and assessment involves
stakeholder participation and a suite
of measures

You can only manage what
you can measure

\ Ecological

N



