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ORNL Approach to Assessing Bioenergy Sustainability
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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/halyr

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

concentration: mg/L;
export: kg/halyr

7. Suspended sediment
concentration in streams
(and export)

concentration: mg/L;
export: kg/halyr

8. Herbicide
concentration in streams
(and export)

concentration: mg/L;
export: kg/halyr

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 pg/ms3
matter less than 2.5um
diameter (PM, z)
18. Total particulate pg/ms3
matter less than 10pym
diameter (PM,,)
Productivity 19. Aboveground net gC/m?/year

primary productivity
(ANPP) / Yield

9. storm flow L/s

10. Minimum base flow |L/s

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

flow)

biorefinery: m3/day

McBride et al. (2011) Ecological
Indicators 11:1277-1289.




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 Fueltype 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.



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

Feedstqck Feedstock  _ Con\{er3|on o Biofel logistics — Biofuel
production logistics biofuel End uses
Resource Harvesting Conversion | Engine type
- s 1 1 Transport i
conditions and coIIectlon process and efficiency
Z N llll1=5= R IR | R NS
- Feedstock type H Processing n Fuel type - Storage - Blend conditions
7N | B Y Y IS
- Management 1 Storage = Co-products
ZINE= [ By B Y
1 Transport Categories of Environmental Sustainability
[ B EH 777 Soil quality

[ Water

Greenhouse gases

I Biodiversity

=3 Air quality

1 Productivity

[_1 Categories without major effects

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




Interpreting Suite as a Whole

e Indicators constitute an
integrated suite

 Multivariate statistical
methods should be applied
to measured values.

* Provide insights for tradeofts
In decision-making.




Documented sustainability benefits of switchgrass
(a “model” perennial crop)

Yet specific crops are appropriate for different conditions

* NATIVE C4 PERENNIAL

DECREASED
WINDFLOW AND
EVAPORATION # e CAN BE GROWN ON
WIND MARGINAL LANDS OR
e i 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

* ROOT MASS CAN REACH
8 DRY Mg/ha: AN
EXCELLENT CARBON SINK

Dale et al. (2011) Ecological Applications 21:1039-1054.
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Assessing multiple effects of blae rergy choicess
An optimization model identifies ..~ =W

“ideal” sustainability conditions J&: T
for using switchgrass for bioenergy S

In east Tennessee

Spatial optimization model

* |dentifies where to locate plantingé 2
of bioenergy crops given feedstock
needs for Vonore refinery ‘..».v

« Considering
— Farm profit
— Water quality constraints

Parish et al. (2012) Biofuels, Bioprod. Bioref. 6:58-72.



Balancing objectives: Design of cellulosic bioenergy crop plantings

may both improve water quality and increase profits while achieving a
feedstock-production goal

m Total Profit ®m Reductionin N Reductionin P ® Reduction in Sediment
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Balancing objectives: Design of cellulosic bioenergy crop plantings
may both improve water quality and increase profits while achieving a
feedstock-production goal

m Total Profit m Reductionin N = Reductionin P ® Reduction in Sediment
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~ 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 of 272,750 ha)



But measuring water quality is costly and difficult

Consider indirect measures:

Land-use change

\

Changes in water quality

¥
Changes in habitat

¥

Changes in macroinvertebrate species

EPT richness = number of
distinct taxa in the insect orders:
- Ephemeroptera (mayflies)

* Plecoptera (stoneflies)

* Trichoptera (caddisflies)




Consider indicators within system as an
opportunity to design landscapes that add value
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Landscape design is a plan for resource allocation.
« Offers a means to make appropriate use of current conditions

* Provides for a sustainable bioenergy system
* Requires collaboration among stakeholders




Pressures and incentives for

landscape design
o ;

Legal demands or
regulations

Customer demands
Response to stakeholders
Competitive advantage

Environmental and social
pressure groups

Reputation loss

< AN

\ “R \
[Building from Seuring and Muller (2008) Journal of Cleaner Production 16:1699-‘1{3 A ‘-‘ \\‘T\ -{-:k
7 % .



Obstacles to developing and
deploying landscape design

System is fragmented
with disparate goals in
different parts

Up front planning
required
Coordination
complexity/effort
Higher costs

Insufficient/missing
communication in
supply chain

[Building from Seuring and Muller (2008) Journal of CI‘roduét:'_Qn 1\?




What promotes landscape designs?

Communication across
the supply chain

Management systems
(e.g., 1ISO 14001)

Training education of
purchasing employees
and suppliers

Integration into the
corporate policy

[Building from Seuring and Muller (2008) Journal of Cleaner Production 16:1699- 171@& TR \ “;&



Recommended practices

* Attention to site selection and
environmental effects in the |
— location and selection of the feedstock p4&&
— transport of feedstock to the refinery
— refinery processing

— final transport and dissemination of
bioenergy.

* Monitoring and reporting of key
measures of sustainability

e Attention to what is “doable”

e Communication of environmental
opportunities and concerns to the

¢ ,I‘A \
o ! -\ \ ‘
stakeholders - | ¥ ‘\_ &’




Thank youl!

Center for BioEnergy

Sustainability

.

http://lwww.ornl.gov/sci/ees/cbes/




Negative impacts of bioenergy can be avoided
or reduced by attentlon to three prmaples

1. Conserve ecosystem
and social services

2. Consider local context

3. Monitor effects of
concern and adjust
plans to improve
performance over time.




