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Presenter
Presentation Notes
This talk proposes some reflections and data on how to incorporate ecosystem services into the valuation of bioenergy production systems, and address some of the sustainability questions attributed to biomass
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ASKING DIFFERENT KINDS OF QUESTIONS

Responsible innovation: “taking care of the future through collective
stewardship of science and innovation in the present”

*Stilgoe, Owen, and MacNaghten. hitps://spectrum.ieee.org/tech-talk/at-work/innovation/what-does-responsible-innovation-mean
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AGRICULTURE’S SUSTAINABILITY CHALLENGE

* Providing food, feed, fiber, and energy for a growing world population
= Conserving soil, water and biodiversity, and decreasing greenhouse gases
» Providing resilience to a changing climate

The rural-urban tension, urbanization and the loss of soil and land
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SYSTEMS LEVEL PROBLEMS DEMAND MULTIPLE OUTCOMES
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ECOSYSTEM SERVICES THE BENEFITS RECEIVED BY PEOPLE FROM ECOSYSTEMS

CONSTITUENTS OF WELL-BEING

ECOSYSTEM SERVICES
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Presentation Notes
Provisioning is on par with regulating and other ES, all contribute to our well being
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Presentation Notes
Introduction of haber bosch – allowed to  alter rotations
Agricultural landscapes are complex systems�but our current goals for their cropping are often simple (current) – can we think of a more complex labdscape providing more of the ES we want?
Agriculture is the oldest and largest geoengineering endeavor of humankind
Landscapes change - Can we drive this change to meet our needs?



WHAT HAS CHANGED IN AGRICULTURE IN THE LAST DECADES?
.....DATA AND GEOSPATIAL SCIENCE AND TECHNOLOGY
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BIOENERGY LANDSCAPE DESIGN VS. BUSINESS AS USUAL

2012 Crop Production
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= Evaluating . Enhancing natural capital

= — damage Preventing damage and human wellbeing

= BAU focu on providing: Landscape Design focused on providing
— One provisioning service: yields, profit. — Provisioning services — optimize yield$ of food, feed,
— Regqulating services not factored in the fiber, bioenergy, bioproducts

— Regqulating services: water quality, habitat, C

economics, called externalities : .
sequestration, GHG reduction, flood control, etc. are

= Concep.tual focus is how to mitigate the impacts part of the design
retroaptlvel_y_ : — Economic models accounts for both
— Non diversified business models concentrates — Conceptual model focuses beyond mitigating impacts,

risk on “how to design”
— Diversified business model distributes risk



HOW CAN WE LEVERAGE ECOSYSTEM SERVICES IN
BIOENERGY?

1. Design of production landscapes Decision-making
* |dentification of Ecosystem Services goals frameworks
o ] « Cost —benefit analysis
2. Quantification « Environmental impact assessment
: * Programmatic environmental
3. Valuation impact assessment
: . » Lifecycle analysis
4. (policy, regulatory, or voluntary action) . Risk assessment
« Techno-economic analysis
S. Payment framework * Multi-criteria analysis
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Presenter
Presentation Notes
From existing production agriculture, to corrective conservation, to a holistic land management concept of integrated landscapes


TOWARDS A TOTAL ECONOMIC VALUATION OF LANDSCAPE
MANAGEMENT
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ECONOMIC LOSSES AND ENVIRONMENTAL CONCERNS OFTEN
GO TOGETHER
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Presenter
Presentation Notes
Spatial heterogeneity and temporal variability characterize nitrate flows into the subsurface – dependent on weather, season and vegetation growth stages.
Designing for ES needs to capture these characteristics.


SOIL QUALITY AND GHG EMISSIONS
Average of Wet Density: Bulk Density

2.5 , _ 149 1psyft3
— Soil organic matter 4 0.013 N\
()] .
= Yearly means and standard error. 120 ) =
© = =
= 2 100
Q
s 80
D 15
O~ 60
o
3
3 1 40
()
8 20
‘€
] 0.5 0
8 Middle \Nt—th SE H Southern
> /\ Soybean Soybean Willow Grasses Willow Soybean Soybean
» 0 i ék £ i Troxler 3440 moisture-density gauge on June 14t and June 15, 2017
NC Grain NC Willow SE Grain SE Willow

m2011 m2015 ©2016 @2017 2018 Significantly lower bulk density under willow than

soybean
Subsoil samples collected from the bottom 6 inches of a 4-foot core.
Zumpf et al. (2017)
25 CANOPY INSECT BIODIVERSITY
0 o 20 BY FUNCTIONAL GROUPS
o}
~ 5
< ® 15
‘;C“ 30 (D
Z = Grain 5 10
(o] . —
N,O FLUXES T = Willow 5 .
SN 15 5 I
f) b ()} O s £ 2 S £ 2 s £ 2 s £ 2 S £ 2
g s (o)) s £ 2 5 £ 2 5 & 2 5 & 2 5 £ 2
2l | m : S B BT B
2013 2014 2015 2016 2017 2018 z June 22 2017 Aug 10 2017 Apr 20 2018 June 28 2018 July 19 2018

mUnknown mPest mBenefical mPestcontrol mPollinator mPest control + pollinator
Year P

ENVIRONMENTAL SCIENCE DIVISION Argon ne

14

NATIONAL LABORATORY



EXAMPLE: WATE
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GULF HYPOXIA
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WATERSHED DESIGN INCREASES ES IN MARGINAL LAND
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Presenter
Presentation Notes
Watershed analysis and design of a landscape incorporating bioenergy.. Small watershed in central Illinois , we identified environmentally and economically marginal land and analyzed what would be the outcome if we turned these subfield land into switchgrass.  Results show decrease in loss of nutrients and sediment, and better pollinator habitat.






THERE ARE TRADEOFFS

Ecosystem Services
framework implies
system level thinking
to maximize benefits.

Meehan et al., 2013

Y > Figure 2. Ecosystem services from focal land. Seven ecosystem services derved from 16,727 hectares of focal land under
- continuous-com (gray polygon at center) and perennial-grass (green polygon at center) bioensrgy scenarios. Note that axes for
. . D H E phosphorus pollution and nitrous oxide emission are reversed so that the mest positive environmental cutcomes are consistently
P furthest from the crigin.
dol: 10137 1jeumal pone. . 0050093.0002
Argonne &
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COST OF N REMOVAL - COMPARING CONSERVATION PRACTICES

Bioenergy buffers - cost competitive as a conservation option and GHG-sparing

Adapted from Christianson L, Tyndall J, Helmers M. (2013)
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GHG emissions from producing willow on marginal land were less R C
than half of those from producing corn on that land.
L o . . H. Ssegane, C. Zumpf, M. C. Negri, P. Campbell, J. Heavey, and T.A.
. _I\/Ios_t benefit is due to less fertilizer, energy, agrichemicals Volk (29016) The Ecponomics ongrowingpShrub Willozv as a
in willow plots Bioenergy Buffer on Agricultural Fields. A case study in the
L . . . . Midwest Corn Belt. Biofuels, Bioproducts and Biorefining. DOI:
+ Sensitivity analysis: results most sensitive to willow yield 10:1002/bbb.1679.
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TOTAL ECONOMIC VALUE AND ECOSYSTEM VALUATION

http://www.ceeweb.org/work-areas/priority-areas/ecosystem-services/how-to-value-ecosystem-services/

ENVIRONMENTAL SCIENCE DIVISION

Value of ES from reductions in nitrogen
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m Returns from SWG

m Value of reductions in soil
losses

m Value of reductions in
nitrogen losses

In collaboration with S. Secchi and J. Kozak, SIU
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PROVISIONING REVENUE UNDER BAU AND ABL LANDSCAPE
SCENARIOS - VERMILION WATERSHED

(kg/ha) (Mg)

Business as usual (BAU) scenario Marginal land identified in Upper Vermilion: 29,300 ha

8,428 5,695,861  769.11
3,504 1,561,799  565.20
Switchgrass [0 0 0.0
1,334.31

Yield Production Value (2016 $ million) at
(kg/ha) (Mg) switchgrass price
$20/Mg  $50/Mg  $80/Mg

Alternative bioenergy landscape (ABL) scenario

Corn 8,513 5,626,550 759.75 759.75 759.75
Soybeans 3,505 1,527,733 552.87 552.87 552.87
Switchgrass 7,604 223,432 4.47 11.17 17.87
Total 1,317.09 1,323.80 1,330.50

ENVIRONMENTAL SCIENCE DIVISION Argon ne &Q\}
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THE VALUE OF ECOSYSTEM SERVICES USED
FOR BENEFIT TRANSFER

Nitrate reduction Ribaudo et al. (2005) $38.37 per kg nitrogen
Sediment reduction Hansen and Ribaudo (2008) $4.35 per Mg

Carbon sequestration Interagency Working group (2016); Bhattarai  $209.10 and $61.07 per ha per
et al. (2017) year*

Water-based recreation Baylis et al. (2002) $3.45 to $8.21 per ha

Wildlife viewing Feather et al. (1999) $42.36 per ha

Pheasant hunting Feather et al. (1999) $9.97 per ha

*Based on Price of $33.19 per Mg CO2eq (Interagency Working group 2016), and Quantity of 6.3 Mg CO.,eq per ha per year

for continuous corn to switchgrass, and 1.84 Mg CO.,eq per ha per year corn-soy rotation to switchgrass (Bhattarai et al.
2017)

ENVIRONMENTAL SCIENCE DIVISION Argonne K
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Presentation Notes
Benefit transfer method


VERMILION WIDE BIOENERGY DESIGN
ECOSYSTEM SERVICES VALUE
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RESULTS FOR UPPER VERMILION WATERSHED

Comparison of Revenue between business as usual (BAU)
and alternative bioenergy landscape (ABL) scenarios

BAU
ABL with SWG $20/Mg e
ABL with SWG $50/Mg e
ABL with SWG $80/Mg e
$S0 $200 5400 $600 $800 51,000 51,200 $1,400
Revenue in $ Million
B Corn ®WSoyhean W Switchgrass nitrate reduction market (low) B nitrate reduction market (high)

» Replacement of commodity crops in marginal land by switchgrass results in slightly decreased overall value
for the commodity crops

= However, inclusion of ES valuation could change situation to a positive

= Value of reduced nitrate alone would create a net gain of $20 to $90 million, depending on market for nitrate
reduction. (others examined: nitrate loss reduction, erosion/sedimentation, GHG, water-based recreation,
wildlife viewing, hunting, and pollinator services)

Mishra et al., (2019) https://onlinelibrary.wiley.com/doi/abs/10.1111/gcbb.12602
ENVIRONMENTAL SCIENCE DIVISION Argonne K



Presenter
Presentation Notes
Nitrate market estimate of $20M (low end),  $90M (high end).  
So, the high end is $70M as graphed.

when marginal lands converted to bioenergy crops
Benefit Transfer Method
 



ANY CHANCES IT COULD HAPPEN?

PRIVATE- PUBLIC MECHANISMS FOR ECOSYSTEM SERVICES PAYMENT

— In turn, this payment

provides a returnon
Investor the initial capital

Source: NRCS investment.

A The payor - such as a

governmtlent agency or
2 municipality -
;S):;lr.ﬁesztt ;:%grﬁrtilg contracts with a third

: party service provider
payor to the service for planning and

provider. . S P'ementation of a
program or project.
; Payor
ﬂ?\ - ) / e Y
Evaluator ‘
Once the project has If, however, the agreed upon

been implemented, an outcomes are not delivered,

evaluator determines the government agency (or

whether the service <
A : payor) pays the service
provider has delivered provider either a lesser

the agreed upon Se rVice prOVider amount or potentially nothing.

outcomes, or "success.”

That third party service
provider secures private
capital from an investor to
cover the initial costs of
the project and
implements it with a set of
quantifiable success
measures.

Source: http://nrcs.maps.arcgis.com/apps/Cascade/index.html?appid=769a0ef44b1b4d7b85d6e02c0ba7630d

ENVIRONMENTAL SCIENCE DIVISION

i2 Capital’s project, with The Nature
Conservancy, Quantified Ventures, and
other partners in the Brandywine-Christina
watershed (Delaware, Maryland, and
Pennsylvania).

American Rivers - in partnership with
Environmental Defense Fund and other
non-profits, agencies, and utilities -
created the Central Valley Habitat
Exchange.

Ohio River Basin Interstate Water Quality
Trading Project (funded by EPRI)

Fox River Valley Phosphorus Trading
Program Fox-Wolf Watershed Alliance,
Brown County, Outagamie County Land
Conservation Department, the Wisconsin
Department of Natural Resources, Great
Lakes Commission, and the USDA NRCS.
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http://nrcs.maps.arcgis.com/apps/Cascade/index.html?appid=769a0ef44b1b4d7b85d6e02c0ba7630d
http://www.foxptrade.org/how-to-for-sellers/

THE PATH FORWARD

» Learning from examples, the good AND the
bad

» Research needs to address many unknowns:

— Understanding lag times and permanence
of ES

— Cumulative effects and buffering

— Scales of resolution — are current
methods scalable and appropriate for the
precision required?

— Working on trust, understanding and
reducing uncertainties

* An opportunity: the ES of resilience to
extreme events, tipping points and climate
change

= Social science needs to drive the change!

ENVIRONMENTAL SCIENCE DIVISION
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PATH FORWARD 1: MAKING SCALING UP FASTER AND EASIER

Soil drainage ﬁltered“l;

Cropland mask
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Cropland -

St

Marginal lands

Processing Flow — Marginal Land

Identification
——— Automated processing

Manual processing
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PATH FORWARD 2: SENSORS AND DATA
THE CONCEPT OF OBSERVATORY FOR SYNERGISTIC RESEARCH

« Strength is in the numbers: data, data and more data

 Remote sensing, proximal sensing, distributed sensing, and edge computing

« Observatory concept allows for more leveraging of research investments, larger opportunities for meta-
studies — learning from existing examples to bring bioenergy field trials together.

Source: Argonne National Laboratory

LTAR

<&
§> . Q
§ Evolving %
$ 2
S Products

Source: USDA LTAR
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THANK YOU ! QUESTIONS?
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