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Background - governance status

e Systems in place for
— monitoring, reporting, and regulating
— stewardship of public lands, reserves

e Examples i A
— Conservation easements Farm Bill Rules-
— U.S. Farm Bill programs: B : Photo: USDA NRES

» Conservation Stewardship Program, Environmental Quality Incentives
Program, Agricultural Conservation Easement Program (and the former Wetlands Reserve
Program), Regional Conservation Partnership Program, Continuous Conservation Reserve
Program and Rural Energy for America Program among others

» Most under Natural Resources Conservation Service (NRCS) www.nrcs.usda.gov

— State-driven programs
» ‘“best management practices”
» "State Forest Action Plans*

 Forestry and Agriculture
— Laws and regulations related to air, water, and endangered species
— Applicable to public and privately owned land
— Complexity due to multiple layers of authorities: federal, state, local, tribal



http://sustainableagriculture.net/publications/grassrootsguide/conservation-environment/conservation-stewardship-program/
http://sustainableagriculture.net/publications/grassrootsguide/conservation-environment/environmental-quality-incentives-program/
http://sustainableagriculture.net/publications/grassrootsguide/conservation-environment/agricultural-conservation-easement-program/
http://sustainableagriculture.net/publications/grassrootsguide/conservation-environment/cooperative-conservation-partnership-initiative/
http://sustainableagriculture.net/publications/grassrootsguide/conservation-environment/conservation-reserve-program/
http://sustainableagriculture.net/publications/grassrootsguide/renewable-energy/renewable-energy-energy-efficiency/
http://www.nrcs.usda.gov/

Examples of laws and regulations

B

Eﬁdangered Species Act'(ESA)

* ESA is a program for conservation of
threatened & endangered plants and animals
& habitats

» ESA applies to all private forest land

* Landowners must “avoid” threatened,
endangered and proposed species

* If known species present, consult with FWS

http://wwwz2.epa.gov/laws-regulations/summary-endangered-species-act
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Private Landowner Incentives

* Forest Service Stewardship Program
* Focused on private forest land management assistance

* Provided more than 330,000 forest management plans
covering more than 38 million acres nationwide.

* NRCS Incentive Program
 Environmental Quality Incentive Program (EQIP)
* Tax Incentives

e States assess lower property taxes on forest land than
other properties

—— -.-—-""-"{';—

" Clean Water Act (CWA)

* CWA is the primary federal law governing
discharge of pollutants into waters and quality
standards for surface waters

* Compliance & Monitoring - EPA works with
federal, state & tribal regulatory partners to
monitor compliance with CWA

* Forestry pollution prevention programs in
Southern U.S. vary by State as regulatory, quasi-
regulatory & non-regulatory

. http://wwwz.epa.gov/laws-regulations/summary-clean-water-act



Examples of laws and regulations

Coastal Zone Management Act

* The U.S. Congress passed the Coastal Zone
Management Act in 1972

* Goal is to “preserve, protect, develop, and
where possible, to restore or enhance the
resources of the nation’s coastal zone”

* Established “Management Measures” must
be addressed for forestry operations

~ Farm Bill

* Recent Farm Bill enacted in 2014

* It includes provisions on forestry, farming,

renewable energy

» Forest Service was granted the permanent authority

to conduct Stewardship Contracting

» Allows State Foresters to conduct restoration
services on National Forest System Lands

» Established Energy Title Programs for rural energy,
biomass crop assistance, markets, biofuels &

community wood energy



Sustainability?

e Sustainability is defined as the
capacity of an activity to continue
while maintaining options for future
generations

« ORNL's research agenda:

» Defining environmental & socioeconomic
indicators for cost and benefits of bioenergy
systems

» Quantifying opportunities & risk associated
with sustainable bioenergy in a specific
context

» Communicating challenges & opportunities
associated with integrated biomass
production systems

» Applying and testing approaches via case
studies & refining a path forward with
stakeholders

*,QAK RIDGE

National Laboratory



Overview — BETO ApprOaCh Code for checks

v Reviewed
Tested in East TN

lowa landscape
design

Develop and
Evaluate Best

Practices

US Dept. of Energy, BioEnergy Technologies Office (BETO) Peer Review,
March 2017 (in press), Denver Colorado (presentations by Dale and Kline) Qak RIDGE

T National Laboratory



Indicators for quantifying, enhancing, and
communicating the value proposition of bioenergy
(35 Indicators, 12 categories)

Greenhouse gas emissions Social well being

External
trade

Social
acceptability,

Productivity Soil quality

Biological Energy

Water quality ~ Resource

diverSity and quantity conservation Security
Air quality Profitability
McBride et al. (2011) Dale et al. (2013)
Ecological Indicators Ecological Indicators
11:1277-1289 26:87-102.

Depends on context (Efroymson et al. 2013). Analysis involves:
Quantifying effects using scientific approaches
Providing decision-relevant, credible information
Designing bioenergy systems that add value OAK RIDGE

MNational Laboratory



Consider the entire supply chain — example of
environmental indicators

Resource Harvesting Conversion i Engine type
| . i , 1 Transport I 2
conditions and collection | ||process and efficiency
7z NNIME= %7 NN EEEN\NI == N\ == [ NN
- Feedstock type H Processing - Fuel type - Storage - Blend conditions
7/ ERRN N EH BN HERNN S HEEN NS
- Management 1 Storage = Co-products
Vo NN | NN NN =
1 Transport Categories of Environmental Sustainability
L B A 77, Soil quality
Water
Efroymson et al. (2013) Environmental A Greenhouse gases
indicators of biofuel sustainability: What [T Biodiversity
about context? Environmental Air quality
Management 51:291-306. 1 Productivity

[ Categories without major effects 3, OAK RIDGE

- National Laboratory



Greenhouse gas emissions occur across all steps of the supply
chain but that doesn’t mean that they are more important
than other indicators

Resource | Harvesting | Conversion L Transport | Engine type
| conditions and collection process P and efficiency
7z IR | 7 IR [l B Il = Il ==
- Feedstock type H Processing - Fuel type - Storage | Blend
conditions
[ Il B = = B S
- Management n Storage - Co-products
= I =
| Transport Categories of Environmental Sustainability
. = 7 Soil quality
Water
I Greenhouse gases
[ Biodiversity
Air quality

R Productivity
[ Categories without major effects 3, OAK RIDGE

- National Laboratory



Framework for Selecting Indicators

3. ldentify & consult stakeholders

v

2. Define context e

a
A 4

1. Define goals

y

4. ldentify & assess necessary tradeoffs

3 Feedback supports

5. Determine objectives for analysis continual
improvement

v

6. Determine selection
criteria forI indicators

v
______ N 7. ldentify & rank R Determine
Information as indicators that meet criteria baselines & targets
determined by 1 :
e Available data ¥
e Resources needed Conduct assessment === Compare to values
1 for indicators

to collect & assemble

required data 8. ldentify gaps in

ability to address goals
& obje_ctives

9. Determine ves /10. Assess_lesso_ns
whether objectives learned & identify

are achieved \ good practices

No

Dale et al. (2015) A framework for selecting
indicators of bioenergy sustainability. Biofuels,
Bioproducts & Biorefinina 9(4):435-446.



* 0ak Ridge National Laboratory, in east Tennessee
Public and Private Forest Ownership in the United States

Case studies
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Case study: Switchgrass in east TN

Dale et al. (2011) Interactions among bioenergy feedstock choices,

landscape dynamics and land use. Ecol. Appl. 21(4):1039-1054.

Parish (2016) In Search of Sustainability. Auburn Speaks: : ;

On Biofuels in the Southeast. %QinK]EL[EEE



Assessing multiple effects of bloenergy ch

Explored sustainability conditions

for using switchgrass for bloener@i
In east Tennessee T e

Spatial optimization model |

* |dentifies where to locate el
plantlngs of bioenergy crops, . .%
given feedstock needs for
Vonore refinery

« Considering
— Farm profit

— Water quality (nitrogen,
phosphorus, sediments)

Parish et al. (2012) Multimetric spatial optimization of switchgrass

plantings across a watershed. Biofuels, Bioprod. Bioref. 6:58-72. %O AK RIDGE

MNational Labora



Using Multi-Attribute Decision Support System (MADSS):
to compare sustainability of 3 scenarios in east TN

Legend

* Vonore, TH demonstration-
scale cellulosic biorefinery

suennnns Area withina 1 h
%, 1veeet drive of the biorefinery
(~&0 km radius)

- Switchgrass farms
(planted in 2008, 2009
or 2010)

- Counties with switchgrass

D State of Tennessee

THE UNIVERBITY OF

TENNESSEE @ §

ENOXVILLE

USDA
—_—

u -
Sonithestern Parinership for

Invegrated Biamass Supply Systems

o 5 10 20 30 40
-“_‘-:—:—Kilometsrs.,.

Parish et al. (2016) Assessing multimetric aspects of sustainability: Application

to a bioenergy crop production system in East Tennessee. Ecosphere 7(2). Q‘QAKuEE)GE
ation ratory


http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCNDq5rqEyccCFUU9PgodwL0K7Q&url=http://www.bioenergywebinars.net/webinars/where-will-dedicated-bioenergy-crops-be-grown&ei=y-PeVZDZBcX6-AHA-6roDg&psig=AFQjCNH9jmpBJJQYi7m0UzSvUzTHA8qDCQ&ust=1440757066224848

Balancing objectives: Identify optimal locations for
switchgrass plantings with respect to defined targets while
achieving a feedstock-production goal

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

80

60

Percent achieved

40

20

Max N
Target: reduction

\K RIDGE

 « ~mwaomil Laboratory
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Sheet1

				Total Profit		Reduction in N		Reduction in P		Reduction in Sediment

		Max N
reduction		86		100		98		70

		Max P
reduction		81		95		100		70

		Max sed
reduction		72		45		58		100

		Max profit		100		31		43		25

		Balanced		90		96		95.5		87

		<25% ag
conversion		83.5		70		82.5		66

				To update the chart, enter data into this table. The data is automatically saved in the chart.






Balancing objectives: Location of cellulosic bioenergy
crop plantings may both 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 Max P Max sed Max profit Balanced
Target:  reduction reduction reduction

Land area recommended for switchgrass in this watershed:
1.3% of the total area (3,546 ha 0f 272,750 ha) g oAk ripGE

. Wational Laboratory
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Conclusions from study of switchgrass in East TN

« Approach to assess progress
toward sustainability targets
was developed & tested.

» Results

— Perennial grasses such as
switchgrass offer benefits

— But lacking demand or grower
contracts, they are not

sustainable.
 Other incentives, such as High production potential
payments for ecosystem but low demand
services could change
outcomes

%OAK RIDGE

- National Laboratory



DuPont biorefinery was established in lowa

Applying learnings to “Enabling Sustainable Landscape Design for
Continual Improvement of Operating Bioenergy Supply Systems” (BETO
multi-disciplinary project) using cellulosic feedstock in lowa

%QAK RIDGE

- National Laboratory



lowa case:
JANTARES

LT Hwﬂ

whana. 3 ntaresgroup N COHIT

Landscape Design for Sustainable Bioenergy Systems

Project Summary: S9M awarded from
DOE over 5 years

Multidisciplinary team

Working with growers and
biomass end-users

Using agronomic, optimization,
and assessment models

Assembling new data sets

Targeting existing cellulosic
ethanol feedstock supply sheds

Designing and testing
conservation practices ¥ OAK RIDGE

Mlariomal Laborasory



Integrating goals via landscape design

Dale et al. (2016) Incorporating bioenergy into sustainable % OAK RIDGE
landscape designs. Renew. & Sust. Energy Rev. - National Laboratory



lowa Landscape Design: Assembling Pieces of a Puzzle
JANTARES |

Group Incorporated

Advanced Harvest & Logistics
2"d Pass, developing single pass

. Perennial
Regional Grass for
Impact Conservation
Modeling & & Biomass
Monitoring Supply
Implementation of Subfield
Conservation Precision
Practices (Cover Business
Crops, Buffer Planning
Strips, etc.)
Advanced Sustainable
Harvest & Residue
Logistics, Harvest
First Pass
A %OAK RIDGE

Multi-stakeholder Outreach e SN SNRNS



“Enabling Sustainable Landscape Design for Continual
Improvement of Operating Bioenergy Supply Systems”

ORNL areas of focus: ANTARES
1. Multi-Stakeholder Landscape i p"
DeSign Process FDE"_Energy inspired!
2. Assessment of Environmental
Sustainability Indicators QU POND
3. Improve Feedstock Supply and
Logistics PaciticAg @USGS
4. Support development of template for PUI{DUE el bt
future biorefinery projects. TRIVERSIVY —i"
- _/.\(SSDLVER My
SCSdbel® T Guspkt  TOWASTATE 4IRS
i et UNIVERSITY 6
. "Bio Fibers BUENA VISTA COUNTY Argonne

SOIL AND WATER CONSERVATION DISTRICT

FDC Enterprises
Grasslands . ‘ ».
SGWITCES MONSANTO !OWA F-'ARM BUREAU IOWA%

PENN TATE
Biomass
Toolbox




lowa: Two focal watersheds

« Two biorefineries
In start-up mode

* lowa Nutrient
Reduction
Strategy Goals

— Non-point source
—41% less N
—29% less P

e ~$115 million
spent in 2015
towards goals

* Better modelling
capabilities
needed for
planning

;40

Focus watershed -}
#1: headwaters
of the N Raccoon = *
River (~105,000
acres)

<&

Bay \c};g Nat! .’d_&fﬁ Fo

o
Omaha * ¢

?3‘2\\ 20

) ___-__’ Counties facing pending lawsuit

2 C:S 2015 Demo Project Areas

Legend
% Biorefinery

L4

N -: :- 50 mile Biorefinery Supply Shed

-

$5 Watershed Subbasins
( S WQIl Demo Project Subbasins 2014 t

("7% 2014 Demo Project Areas

Source Water Assessment and Protection Wells

*  Highly Susceptible Water Systems

L 4 e %
<

~\ Focus watershed

... #2: South Fork of
the lowa River

(~200,000 acres)

¥ OAK RIDGE

MNational Laboratory



Stakeholders associated with different parts of
the agriculture to

Feedstock

production

Feedstock
logistics

e L1 . L F |

Individual perspective:

[ N

/ Feedstock \

>

niofuel supply chain

Conversion
to biofuel

>

Biofuel

.. >
logistics

Biofuel

Farmer’s logistic = logistics End user
decisions: decisions: dfC'S'O”S- degisionS' decisions:
[ Whatto plan®? + How o havest and Cses PO ‘Whereandhow | vehcleto buy?
* Where to plant |t'. collect fee stoc?. e {0 transport? e o 3:(.
» How to manage it * How to process? produce? Wl e e ol
» How to store? \- What coproducts? J to store? '
&How to transport? J
Cumulative perspective: .
Colloct Distribution of Tre(xjnsportatlor; et el
ollection, : :
Land cover and o conversion at?_ fstolrafge 0 and regional
use patterns P 9 facilities lofuels Tor a choices of
: storage and across the region and the :
and practices EETTET 6 i vehicles
landscape hation and fuels
goods across the
landscape
¥ OAK RIDGE

- National Laboratory

Dale et al. 2013. Communicating about bioenergy sustainability. Env Mgmt 51: 279-290



Collected information about stakeholders
concerns via

: : Project members
Literature review workshop

Survey by Drake
University

Stakeholders meetings

* Project meeting

Dale et al. (In review) Selecting indicators
of changes in ecosystem services due to
cellulosic-based biofuel in the midwestern
US. Biomass and Bioenergy.

%91’11{ RIDGE

National Laboratory



Participants at Project kick-off meeting prioritized indicators

Social aspects
Risk of catastrophe

Effective stakeholder participation
Transparency

Public opinion

Household income

Food security

Jobs

Work days lost due to injury

Environmental aspects
Productivity

Air quality
Biodiversity
Greenhouse gases
Water quality and quantity
Soil Quality
Economic aspects
Profit
Trade
Energy security

H

0 5 10 15 20 25 30 35
Percent of participants

40

45

50



Collected information about stakeholders
concerns via

NGO-Workshop

e Interviews with
selected stakeholders
(farmers, NGOs)

Dale et al. (In review) Selecting indicators
of changes in ecosystem services due to
cellulosic-based biofuel in the midwestern
US. Biomass and Bioenergy.
&9&1{ RIDGE

National Laboratory



Aspects of bioenergy sustainability of concern for
agriculture in lowa in 2016

Dale et al. (in review)

Greenhouse gas emissions Social well being

External
trade

| | Social
Soil quality  acceptability

Productivity

Resource
conservation

Energy
security

Biological

_ _ Water quality
diversity

and quantit
. / Profitability

McBride et al. (2011) Ecol. Ind. 11:1277-1289. Dale et al. (2013) Ecol. Ind. 6:87-102,

Results thus far:
e Environmental and socioeconomic concerns identified

o Soil health is key issue linked with productivity & profit

« Without market demand and profit potential, energy crops are
unlikely to expand regardless of other potential benefits

%OAK RIDGE

‘ . Wational Laboratory




Example: biodiversity indicator approach for
Hardin County, lowa

Category

* Northern long-eared Maintain

Biodiversity Presence
of taxa of
concern

Habitat of
taxa of
concern

Invasive
species

Social well
being

income

bat

 Prairie bush clover
» Western prairie
fringed orchid

* Pheasant

1,782 acres (721 ha)

(analysis ongoing)

Household $140/day

population size
or breeding
pairs

Conserve or
expand area of
habitat

Reduce area
and threat of
expansion

> $140/day (no
decline)

Contributions from Penn State researchers (Armen Kemanian and Tom Richard)

and students (Rachel Rozum, Kyra Sciaudone, and Veronika Vazhnik)

¥ OAK RIDGE

- National Laboratory
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i
e 7]

éj Major concerns in other case studies ¥0AK

. . RIDGE
LA (just getting started) b
Yaqui Valley Mexico Gua_ltemalta Uplands
wheat systems maize systems
e Water & nutrient efficiency * Improve system yields
e Reduce risk via market * Erosion control/soil health

stabilization & diversification e Access to market information

e Access to export markets * Resilience to system

e Chemical use and handling disturbance




Sustainability is always relative and typically
Involves comparison of trajectories

“To make the concept of sustainability opékational,
objectives must be defined within a spedified context,
stakeholders engaged, and consistentgapproaches applied
to facilitate comparable, science-basgd assessments.”

— ASTM E3066 (2017)
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Sustainability involves a process
incorporating continual reassessment of

options and adaptation for improvement

Standard Practice Guide for
Evaluating Relative Sustainability
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Dale et al. (2015)

¥ OAK RIDGE
FIG. 1 Representation of Process for Evaluating Relatlve Sustalnabllity -
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Approaches to identify stakeholder priorities

* Literature reviews

e 3rdparty surveys

e Legal proceedings

* Focus group meetings

* |nteractive posters:
— Engaging stakeholders

— Perceptions about opportunities &
constraints for bioenergy

EH RGY
IEA Bioenergy 016

&Elﬂ
ENERGY
2015

Dale VH, Kline KL. (2017) Interactive Posters: A
valuable means for enhancing communication &
learning about productive paths toward

sustainable bioenergy. Biofuels, Bioprod. Bioref.

CIMMYT

Tnternational Maize and
an Improvement Center



What have we learned?

Criteria for assessing governance standards: aﬂ,qlb?

» (Goals and options are clearly stated
* Priorities are defined with local stakeholders
* Indicators are
v' Relevant and useful
v Capture intended criteria and effects in timely
manner

v" Quantifiable using a citable, standard measurement
method

» Facilitates fair comparisons across different
contexts

* Results are verifiable by third parties

» Practical; implemented without undue burden and
expense

» Transparently shares information in near “real time”

» Systematic, periodic reviews verify & enhance
utility, validity and the cost-effectiveness of tools to
support defined goals

(Source: Kline et al., USIALE 2017)
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Can barriers to acceptance of biomass
for energy be overcome?

An IEA Economist (L.Varro)* was “not optimistic”
[about supply of] “genuinely sustainable
biomass”

*http://www.endseurope.com/article/46959/iea-not-optimistic-about-future-role-of-
bioenergy

 Challenges — building scientific “
COnsenSUS On Photo by Kliné: LUC near Tampa, FL
» Definitions, methods and measurements to operationalize ‘sustainability’

» Consistent, quantitative assessment of effects
» Attribution to bioenergy system within dynamic and changing contexts

» Land-use change and reference scenarios

e Science-based information is required to guide decisions and
address challenges:
— Defining terms and Indicators (e.g., McBride et al. 2011; Dale et. al. 2014; 2015)

— Apply Causal Analysis (Efroymson et al. 2016; Kiine et al. 2016)
— Develop and Apply Standard Procedures (see ASTM 3066a - 2017)

, wu\\“‘


http://www.endseurope.com/article/46959/iea-not-optimistic-about-future-role-of-bioenergy

Center for BioEnergy
Sustainability
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