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SRWC potential in the southeastern US

The Billion Ton Update (DOE 2011) projected potential quantities of feedstocks at a range of prices.
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SRWC potential in the Gulf South

Projections include up to 70 million dry tons/year of SRWC
production in seven Gulf South states, depending on price.

SRWC Forecasted Supplies:
AL, FL, GA, LA, MS, SC, TX
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Indicator is a measure of performance

— Purpose Iinfluences the choice of indicators (Cairns et al. 1993).
» To assess the condition of the environment
« To monitor trends in condition over time.
« To provide an early warning signal of changes in the environment
* To diagnose the cause of an environmental problem.

— Tradeoffs between desirable features, costs, and feasibility often
determine the choice of indicators.




The set of indicators should be widely applicable

* Useful to:
— Policymakers
— Agronomists P
— Producers '
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Indicators should be

Technically effective

— Sensitive to stresses on system

— Respond to stress in a predictable manner

— Anticipatory: signify an impending change in
the ecological system

— Have a known response to natural
disturbances, anthropogenic stresses, and
changes over time

— Have known variability in response

— Integrative

Practically useful

— Easily measured

— Predict changes that can be averted by
management actions

— Consider spatial and temporal context of
measure

— Broadly applicable across the system of
interest and to other systems

Dale and Beyeler (2001)



Set of indicators should apply to entire

supply chain (example for biofuels)
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Bioenergy system decisions occur at all points

along supply chain and at different scales.

Feedstqck -
production

Individual perspective:

Logistics

Feedstock logistic

decisions:
How to harvest and
collect feedstock?
How to process?
How to store?
How to transport?

Land Manager’s

decisions:
What to plant?
Where to plant it?
How to manage it?

Cumulative perspective:

Feedstock > Conversion
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Some groups working to develop indicators for
bioenergy sustainability

GBEP (Global Bioenergy Partnership)
BRDi (Biomass Research & Development)
RSB (Roundtable on Sustainable Biofuels)

CSBP (Council on Sustainable Biomass
Production)

BUT

» These efforts often focus on management
practices, but knowledge is limited about
which practices are sustainable.

* These suites can be too numerous and/or
too broad for practical implementation.



Process for indicator selection

 Select indicators within idealized
framework

e Caveats

— Measure what is measurable today
« Effects of greatest interest
* Interpret indicators in light of

— How they change over time and space

— How other factors change over time and
space

— Full suite of socioeconomic and
environmental metrics

— Plan to obtain new measures more
closely related to effects of interest

William Bruce Cameron:
“Not everything that can be counted counts, and
not everything that counts can be counted.”



Categories for indicators of environmental and
socioeconomic sustainability

Greenhouse gas emissions Social well being

Social External

h

Pr ity < il quali .
oductivity i Soll quality acceptability trade
Blological p Water quality Resource Energy
diversity and quantity conservation security
Air quality Profitability

McBride et al. (2011) Dale et al. (In press)
Ecological Indicators Ecological Indicators
11:1277-1289 DOI 10.1016/j.ecolind.2012.10.014

Recognize that measures and
interpretations are context specific
[Efroymson et al. (In press)
Environmental Management]



Categories of environmental

sustainability indicators

Category (Indicator Units Category |Indicator Units
Soil quality 1. Total organic carbon (TOC)  [Mg/ha Greenhouse [12. CO, equivalent kgCeo/GJ
emissions (CO, and N,0)
gases
2. Total nitrogen (N) Mglha Biodiversity 13. Presence of taxa of  |Presence
3. Extractable phosphorus (P) [Mg/ha special concern
14. Habitat area of taxa of |ha
4. Bulk density g/cm3 special concern
\Water 5. Nitrate concentration in concentration: mg/L; Air quality 15. Tropospheric ozone  [ppb
l d streams (and export) export: kg/halyr
qua Ity an 6. Total phosphorus (P) concentration: mg/L;
quantity concentration in streams (and |export: kg/halyr 16. Carbon monoxide ppm
export)
7. Suspended sediment concentration: mg/L;
concentration in streams (and [export: kg/ha/yr 17. Total particulate pg/m3
export) matter less than 2.5um
8. Herbicide concentration in  |concentration: mg/L; diameter (PM, 5)
streams (and export) export: kg/halyr 18. Total particulate ug/md
9. storm flow L/s matter less than 10pm
10. Minimum base flow L/s diameter (PM,,)
11. Consumptive water use |feedstock production: productivity 19. Aboveground net gC/m?/year

(incorporates base flow)

m3/ha/day;
biorefinery: m3/day

primary productivity
(ANPP) / Yield

McBride et al. (2011)




Looking at the biofuel supply chain in terms of
environmental sustainability indicators

Feedstock Feedstock Conversion to : L Biofuel
production . logistics biofuel — Bofuellogistics => i )ces
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Contexts for Environmental Indicators of Sustainability in
the SRWC Biofuel Supply Chain

Feedstock Feedstock Conversion Biofuel Biofuel
Production Logistics to Biofuel Logistics End-Uses
__ Prior land use?
'| Resource ‘| Harvesting ‘| Conversion ‘| Transport '| Engine Type &
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Categories of socioeconomic
sustainability indicators

Minimum list of

practical measures

Category |Indicator Units Category |[Indicator |[Units
Social well- [Employment Number of full time Resource Depletion of  |Amount of petroleum
being equivalent (FTE) jobs conservation |[non-renewable |extracted per year (MT)
energy
Household income Dollars per day resources
Fossil Energy |Ratio of amount of fossil
W_ork SEye lEsele e Aveiiaé:;e nt:m?er ol Return on energy inputs to amount
injury work ays lost per Investment of useful energy output
Worker per year (fossil EROI)  [(MJ) (adjusted for energy

Food security

Percent change in food
price volatility

quality)

Energy Energy security premium |Dollars per gallon
security biofuel
Fuel supply volatility Standard deviation of
monthly percentage
price changes over one
year
External Terms of trade Ratio (price of
trade exports/price of imports)
Trade volume Dollars (net exports or
balance of payments)
Profitability [Return on investment Percent (net

(ROI)

investment/ initial
investment)

Social
acceptability

Public opinion

Percent favorable

opinion

Transparency |Percent of indicators for
which timely and relevant
performance data are
reported

Effective Percent of documented

stakeholder responses to stakeholder

participation  |concerns and
suggestions reported on
an annual basis

Risk of Annual probability of

catastrophe catastrophic event

Net present value (NPV)

Dollars (present value
of benefits minus
present value of costs)

Dale et al. (In press)




Looking at the biofuel supply chain in terms of
socloeconomic sustainability indicators

Feedstock Feedstock Conversion to : - Biofuel
production logistics biofuel — Bofuellogistics => i )ces
Resource | Harvesting | Conversion L Transoort | Engine type
| conditions and collection Process P and efficiency
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Based on Dale et al. (in press) Ecological Indicators.
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Depiction of Where Categories of Sustainability
Indicators Experience Major Effects within the
SRWC Biofuel Supply Chain

Feedstock Feedstock Conversion Biofuel Biofuel
Production Logistics to Biofuel Logistics End-Uses
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Framework for selecting sustainability indicators for bioenergy

Define goals (e.g., sustainability, regulatory, policy, production, logistical, etc.) based on
« Context

« Identify appropriate spatial and temporal scales

» Characterize historical environmental changes

* Place in social and economic context

« Stakeholder values

v

Assess

* Information
availability

* Resources needed
to collect required
data

» Gaps in ability to

A 4

Determine objectives for analysis

v

Determine selection
criteria for indicators

v

|dentify indicators
that meet criteria

N
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Collect data for indicators

Determine
baselines
and targets

A 4

A 4

Analyze indicator information

No

Dale et al. (In prep)
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Challenge: Documenting sustainability costs and benefits for
different feedstock crops

Barrier: Specific crops are appropriate for different
environmental conditions and management regimes
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*Dale et al. 2011. Ecological Applications 21:1039-1054
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