o Keith L. Kline, Senior Research Scientist
<g/ klinekl@ornl.gov and http://www.ornl.gov/sci/besd/cbes
* Developing Country Programs / Climate Change Science Institute /
D B E S Center for Sustainable Bioenergy
 Oak Ridge National Laboratory, Oak Ridge, Tennessee, USA

Center for BioEnergy
Sustainability

“Sustainable” Development, Energy,

Land-Use Change, Assessment
“Tryin’ to make it real, compared to what?”

Collaborators include:

* Gbadebo Oladosu and Paul Leiby (Economic modeling)

* Allen McBride (analysis - international LUC)

* Rebecca Efroymson (risk assessment)

* Virginia Dale (ecological modeling)

* Nagendra Singh, Esther Parish, Shujiang Kang (GIS, SWAT, EPIC)

* Lee Lynd (Dartmouth), Luis Cortez (Brazil) — Global Sust. Bioenergy
* Tom Wilbanks (climate change, vulnerability and adaptation)

* Alfred Nakatsuma-Vaca (USAID)
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Contributions:

* Field experiences applying
concepts of “sustainability”

Take aways:

* Expand collaborations to test
indicators and conceptual
frameworks

* Explore systems approaches to
optimize for defined socio-
economic & ecologic targets

Questions/challenges:

— Attributions among multiple,
complgx interactions (causal
analysis)

— How to address trade-offs
among multiple goals

Ecological Indicators 11(2011) 1277-1289

Maya Biosphere Reserve: habitat loss,
fires, water and soil contamination...
Map 4. Frequency of wildfires for 2003, 2005 and 2007 fire seasons in the MBR. IegaCies Of Oil

Wildfires - 2003, 2005 & 2007
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Contents lists available at ScienceDirect

Ecological Indicators

journal homepage: www.elsevier.com/locate/ecolind

5. Nitrate concentration
in streams (and export)

concentration: mg/L;
export: kg/ha/yr

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

concentration: mg/L;
export: kg/ha/yr

7. Suspended sediment
concentration in streams
(and export)

concentration: mg/L,;
export: kg/ha/yr

8. Herbicide
concentration in streams
(and export)

concentration: mg/L;
export: kg/halyr

Indicators to support environmental sustainability of bioenergy systems
Allen C. McBride?, Virginia H. Dale®*, Latha M. Baskaran?, Mark E. Downing?, Laurence M. Eaton?,

Rebecca A. Efroymson?®, Charles T. Garten Jr.?, Keith L. Kline *, Henriette 1. Jager=,
Patrick J. Mulholland?, Esther S. Parish?, Peter E. Schweizer3, John M. Storey®

* Ceter for Bioenergy Sustmnabifity, Environmentol Sciences Division, Oak Ridge National Loboratory, 1 Bathel Valley Rood, Ook Ridge, TN 37831- 6038, USA

b Fugts, Emgines and Emissions Research Center, Oak Ridge National Laboratory, Oak Ridge, TN 3783 1-6472, USA

9. storm flow

L/s

10. Minimum base flow

L/s

11. Consumptive water
use (incorporates base

feedstock production:
m3/ha/day;

flow)

biorefinery: m3/day




