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Discussion Topics

* Assessment of sustainability
costs and benefits requires

— Common understanding of
“sustainability”

— Measurable indicators

* Landscape design for sustainable
bioenergy is a path forward that
— Engages stakeholders

— Uses adaptive management

William Bruce Cameron: d , \ )
“Not everything that can be counted counts, and not \ ~
everything than can be counted should be cour CRIDGE




Overall Approach

Code for checks

V v Completed
Develop and ¢/ Tested in East TN
Evaluate Best Identify
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From the Multi-Year Program Plan DOE’s Bioenergy Technologies Office



Focusing on Bioenergy Sustainability Brings Together Disparate Perspectives
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Many Initiatives are Exploring Indicators for
Assessing Sustainability of Bioenergy
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BUT *ustlb Sibnatlond, VoW o e L
e |Implementation is limited by indicators being too
v" Numerous v Broad

v’ Costly v’ Difficult to measure
e Some indicators focus on management practices although

v" Knowledge is limited about which practices are “sustainable”




Categories for Indicators of Environmental and
Socioeconomic Sustainability
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Dale et al. (2013) Ecological
Indicators 26:87-102.

Recognize that measures and interpretations are context specific

Efroymson et al. (2013) Environmental Management 51:291-306.



Categories of Environmental Sustainability Indicators

Environment |Indicator Units
Soil quality 1. Total organic carbon |Mg/ha
(TOC)
2. Total nitrogen (N) Mg/ha
3. Extractable Mg/ha
phosphorus (P)
4. Bulk density g/cm3

Water quality
and quantity

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/ha/yr

Environment [Indicator Units
Greenhouse 12. CO, equivalent kgC,,/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 ug/m3
matter less than 2.5um
diameter (PM, 5)
18. Total particulate pg/m3
matter less than 10pm
diameter (PM,,)
Productivity 19. Aboveground net gC/m?/year

primary productivity
(ANPP) / Yield

flow)

9. storm flow L/s

10. Minimum base flow |L/s

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

biorefinery: m3/day

McBride et al. (2011) Ecological
Indicators 11:1277-1289.
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Categories of Socioeconomic
Sustainability Indicators

Ten minimum

practical measures

Category |Indicator Units Category [Indicator |Units
Social well- |[Employment Number of full time Resource Depletion of [MT (amount of petroleum
bei equivalent (FTE) jobs conseXvation non- extracted per year )
€ing renewable
Household income |Dollars per day energy
resources
:/V(?rk SER [0k el g\veralgetnumberli)f WOTK Fossil Energy | MJ (ratio of amount of
O Ihjury ays lost per worker per Return on fossil energy inputs to
year Investment amount of useful energy
Food security Percent change in food (fossil EROI) [|outputt
price volatility Social Public opinion [Percent favorable
E it Dollars /gallon biofuel o ini
Energy ;egg;ecun y ollars /gallon biofue acceptability opinion _
Security P Transparency |Percent of indicators for
Fuel price volatility |Standard deviation of which timely and relevant
monthly percentage price performance data are
changes over one year reported
Effective Number of documented
External Terms of trade Ratio (price of exports/price stakeholder |responses to stakeholder
of imports) participation |concerns and
trade suggestions reported on
Trade volume Dollars (net exports or . an annual ba3|_s_
catastrophe |catastrophic event

Profitability

Return on investment
(ROI)

Percent (net investment/
initial investment)

Net present value
(NPV)?

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

Dale et al. (2013) Ecological
Indicators 26:87-102.




Sustainability Should Apply to

* Entire supply chain
* Diverse feedstocks
* All conversion pathways

Feedstock Feedstock : Biofuel
. -> => | Conversion =>| ..~ "~  =>»|Enduse
production logistics distribution
Harvesting . ?
Land and Conversion Transport Engine
conditions collection process typgand -~
Storage efficiency
Feedstock :
type Processing Fueltyie Blend
conditions
Storage
Management Co-products
Transport

(Example shown is biofuel, but concepts are applicable to bioenergy as well)

Dale et al. (2013) Environmental Management 51: 279-290.



Biofuel Supply Chain in View of Indicators

Feedstock __ Feedstock __ Conversion __  Biofuel __ Biofuel
production logistics to biofuel logistics end uses
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Dale et al. (2013) Ecological Indicators 26; 87-102.  &&& Productivity Social acceptability
[ Categories without major effects




Adapting Suite to Particular Contexts

Indicator set is a starting point for sake of efficiency and
standardization

— Particular systems may require addition of other indicators
— Budget may require subtraction of some indicators

— Some indicators more important for different supply chain steps
Protocols must be context-specific

¥




Framework for Selecting Indicators

¥

[ 3
v

2. Define context

1. Define goals [¢

3. Identify & consult stakeholders

\

4. Identify & assess necessary tradeoffs
v Feedback supports
» 5. Determine objectives for analysis continual
] improvement

6. Determine selection
criteria for indicators

¥ B
_____ 7. Identify & rank s Determine
Information as indicators that meet criteria baselines & targets
determined by 1 :
e Available data ¥
e Resources needed Conduct assessment -« Compgre _to values
to collect & assemble | for indicators

required data 8. Identify gaps in

ability to address goals
& objectives

9. Determine
whether objectives
are achieved

10. Assess lessons
learned & identify
good practices

No

Dgle etal. (In prgss) .B{'ofuels, % OAK RIDGE
Bioproducts & Biorefining. Na

nonal Laboratory
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Sustainability benefits of switchgrass

(a “model” perennial crop)
Note: Specific crops are appropriate for different conditions

DECREASED * NATIVE C4 PERENNIAL
WINDFLOW AND
EVAPORATION
/ e CAN BE GROWN ON
WIND MARGINAL LANDS OR
—_— ROTATED WITH OTHER
CROPS

GREATER INFILTRATION,
(Sediment export reduction

of 50% to 95%) ¢ EXCELLENT NESTING AND

INVERTEBRATE HABITAT

LOWER FERTILIZER
APPLICATION THAN CORN
(nitrogen export reduction of
25% t090%)

DEEP ROOTING SYSTEM
BENEFITS

Dale etal. (2011) Ecological = '2%%1\; MASS C::: REACH % OAK RIDGE
N ] ) Mg/ha;
App/lcatlons 21:1039-1054. EXCELLENT CARBON SINK - National Laboratory
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Assessing Multiple Effects of B
An optimization model |dent|f|7e§d; -?":
“ideal” sustainability conditions:. -
for using switchgrass for bloen‘e“rg;:'f' =

In east Tennessee

I”

Spatial optimization model

* |dentifies where to locate
plantings of bioenergy crops
given feedstock needs for

Vonore refinery
* Considering o e B
— Farm profit Parish et al. (2012) Biofuels, Bloprod Bloref 658—72
F A N

— Water quality constraints



Balancing Objectives: Location of plantings may improve water
quality & increase profits while achieving feedstock-production goal

m Total Profit ®m Reductionin N Reductionin P ® Reduction in Sediment

80

60 —

Percent achieved

40 —

20 —

~ MaxN
Target:  reduction

%O;'\K RIDGE

. National Laboratory



Balancing Objectives: Location of plantings may improve water
quality & increase profits while achieving feedstock-production goal

m Total Profit m Reductionin N = Reductionin P ® Reduction in Sediment

2 80
k)
E
= 60
S
on

40

20

. Max N Max P Max sed Max profit Balanced

Target:  reduction reduction reduction e,

Land area recommended for switchgrass in this watershed: OAKR
1.3% of the total area (3,546 ha of 272,750 ha) BT
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Using Multi-Attribute Decision Support System (MADSS):

to compare sustainability of 3 scenarios in east Tennessee
Leverages data from SE Partnership for Integrated Biomass Supply Systems (IBSS)
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Case Study of MADSS
Applied to East TN:

Determines relative
contributions of three
“pillars” to overall
sustainability

Key to chart

Environmental
sustainability

Social Economic
sustainability sustainability

Parish et al. (In review) Ecosphere.

No-Till switchgrass

Social

Environmental
sustainability

Economic

sustainability

sustainability

Tilled corn

ENVIRONMENTAL S

Social

Environmental
sustainability

Economic

sustainability

sustainability

Unmanaged pasture

NARILITY

% |
Social

Environmental
N sustainability

\ Economic

sustainability

sustainability




Case Study in East TN:
Rates environmental &

socioeconomic sustainability

Key to chart

Biodiversity

Productivity J Air quality
Greenhouse | .- S
gases Hydrology
Soil
quality
Energy
security

Profitability
““““ Social acceptability
External L~ . Resource
trade conservation
Social
well-being

Parish et al. (In review) Ecosphere.

19 Managed by UT-Battelle
for the U.S. Department of Energy

Environmental categories Socioeconomic categories

No-Till
Switchgrass

Tilled Corn

Unmanaged
Pasture




Consider Indicators within System as an Opportunity to
Design Landscapes that add Value




Landscape Desigh Approach

1. Establish
goals specific
to context
2. Ascertain
Stakeh constraints &
/q opportunities
%
: WA
()
= 3. Identify
3 optimal options
é,' for feedstock

tweslqca}-ons,

Dale et al. (In review) Renewable
& Sustainable Energy Reviews

21



Management of Biofuels can Support Goals

™HE STATUS QUO BIOFUELS

INHERENTLY UNSUSTAINABLE POORLY MANAGED SUSTAINABLY MANAGED
Production of Non-Conventional Pefroleum Use of Unsustainable Land Management Development of Biofuels Based on
with Loss of and Harm to Natural Ecosystems Practices and/or Conversion of Perennial Sustainable Land Management Practices

Ecosystems fo Intensive Agriculture and Perennial Feedstocks
INCREASED GREENHOUSE REDUCED GREENHOUSE
GAS EMISSIONS x GAS EMISSIONS
\ =

INCREASING GREENHOUSE GAS EMISSIONS

INCREASED
BIODIVERSITY AND
WILDUIFE HABITAT

Loss OF BIODIVERSITY
ALTERED NATURAL
HYDROLOGY i

Decreasep =W < e
SOIL ORGANIC IR IncreasiNG | | Decpeasep soll
CARRMINSY) TRANSPORTATION | B ORGANIC CARBON
HAZARDS

RURAL DEVELOPMENT
INCREASING e REDUCED SOIL EROSION
SRR INCREASED SOIL EROSION A 2

AND ACCESS '
INCREASED FERTILIZER USE REDUCED FERTILIZER USE

AND LEACHING /EMISSIONS | AND LEACHING/EMISSIONS

Dale Bruce et al. (2014) Environmental Science & Technology 48: 7200-7203. ¥ OAK RIDGE

- National Laboratory




Recommended Practices

Avoid negative effects

— ldentify & conserve priority biodiversity areas
— Apply location-specific management of biofuel
feedstock production systems.

Attend to site selection and environmental
effects in the

— Selection and location of the feedstock

— Transport of feedstock to the refinery

— Refinery processing

— Final transport and dissemination of bioenergy.
Monitor, assess & report on key measures of e
sustainability =
Attend to what is “doable”

Communicate opportunities and concerns to ,., =
the stakeholders and get their feedback '

Employ adaptive management




Thank you!

Center for Bioknergy
Sustainability

L L L |/ httpallwww.ornl.goviscilees/cbes/
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