Overview of BANR Lifecycle Assessment
Activities
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Unique Aspects of BANR Project



Non-cultivated feedstock!

e ~42 M acres of mountain pine beetle-damaged forests across
western US

e Highly episodic BANR Project Organization

* Bioenergy use requires
knowledge of:
— Exact location, quantity

EamE

Feedstock Logistics
& Processing

— Practicality of harvest

— Site-level enviro. impacts,
socio-political constraints

e |sthisagoodidea from a
climate perspective??

System F’érformance
& Sustainability
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M Extension Outreach

Education Health & Safety




Large C stock = Large C debit??

e Harvesting existing biomass
can affect both C storage and §
productivity

— Con: long persistence of dead
wood

— Pro: system already highly
disturbed

— How does harvest affect
regeneration?

— What about wildfire??
e Time-explicit climate impact
accounting necessary

https://www.émericanforests.org/magazine/articIe/weathering-a-perfect-plague/




BiOChar -> C-negative energy Met carbon withdrawal
from atmaosphere: 20%
COMMENTARY:

Betting on negative emissions

Sabine Fuss, Josep G. Canadell, Glen P. Peters, Massimo Tavoni, Robbie M. Andrew, Philippe Ciais,
Robert B. Jackson, Chris D. Jones, Florian Kraxner, Nebosja Nakicenovic, Corinne Le Quéré,
Michael R. Raupach, Ayyoob Sharifi, Pete Smith and Yoshiki Yamagata
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Figure 1| Carbon dioxide emission pathways until 2100 and the extent of net negative emissions and bioenergy with carbon capture and storage (BECCS)



Scoping & Stakeholder
Engagement



LCA Stakeholder Engagement Session

e \Webinar held August 2015 / Llfe cycle assessment framework \

-

e Agenda:

— Introduction to BANR,
proposed LCA scenarios &
methods ;

— Survey of LCA stakeholder N\
Opinions Inventory -

L. analysis
e Participants:
— Industry

Goal and scope
deflnltion -

Interpretatlon

1

— Academia

/
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assessment

— Agency
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LCA Scenario Development

e Proposed ‘upstream’ assessment scenarios are built around a
simple classification for beetle-kill stands on the landscape:

Stands wiII be Stands that managers

subject to regenerative would like to actively
harvest resulting in: manage (regen.
— Timber harvest), but costs are
Roadless areas — Slash (typ. burned prohibitive
— Ecologically sensitive for disposal)

 ‘Downstream’ scenarios include either biofuel/biochar or
biopower/CHP/pellets options



Scenario 1A Utilization of existing slash for
biofuels and biochar
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Scenario 1B Utilization of existing slash for
alternative bioenergy
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Scenario 2A Utilization of previously
uneconomic beetle kill land
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ive

yi - g
; F i plh
P -

(e L

asrwarding Conversion Distribution End Use
or In-woods chipping

Crude Qil - Gasoline
Extraction Crude Ol Production

Transport

11



Scenario 2B Utilization of previously
uneconomic beetle kill land

Timber market

Heat
and power

Slash forwardlng | nsport Al bloenergy

or In-woods chipping
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Potential Impact Metrics

Greenhouse gas emissions

Water consumption?

Water quality, stream flow?

Soil quality, erosion?

Energy security?

Others?

WHY WE OPPOSE BIOMASS INCINERATION IN
GYPSUM, COLORADO

Biomass and biofuels: Cause significant air pollution that threatens

public health; Threaten forests and farmlands by consuming massive

amounts of organic matter essential for maintaining soil fertility, forests
and crop production; Require massive amounts of water, an increasingly
scarce resource; Deplete and destroy soils, by permanently removing nutrients and beneficial
microbes; Compete with other energy [...]
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Preliminary Modeling Work
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Assessment Approach

Supply chain model Ecosystem C model
e Integration of BANR e Stand succession, soil
logistics work carbon
* Modeling liquid biofuel e Biochar
conversion process e Wildfire?
Integration
 Adding climate forcings at different points in time




Supply Chain Detail

e Integration of BANR logistics work

— Energy use from optimized in-woods
chipping or slash forwarding systems
plus transport

N
8y

N
4

"
Ve

!
>

Residue-to-chip diesel use
(gal/BDT)
o
un
/

GREET GREET GREET GREET  Anderson
2006 2011 2013 2015 2012




Conversion technology

hulls: 658.3 kW (92.4%)

. 0,
diesel: 54.4 kW (7.6%) power output: 104.5 kW (14.7%)




Ecosystem C cycling

e Harvest before-and-after observations, chronosequences
— Stand-level modeling w/ Forest Veget. Sim., Fuels & Fire Ext. (FVS-FFE)

— Landscape-level aggregation w/ simplified 3PG model
No harvest
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e Otherissues:
— Biochar- recalcitrance, feedback on productivity
— Wildfire- still closing the loop 18
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Initial Sensitivity Results

Sensitivity to 10% perturbation
Coarse biomass I
Fuel yield __
Stand growth rate __
Increased fire
Biorefining net _ 1
Biomass transport i

Harvest energy use J
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Putting the pieces together

e Supply chain emissions
e Proper accounting of stack/tailpipe CO, from biomass carbon

— Must reconcile current fossil fuel avoidance against future/transient
changes in ecosystem C storage
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B Upstream CO2 (extraction/farming,
refining/pretreat., T&D)

B Other combustion trace GHGs (CH4,

N20)
™ Fermentation CO2 emissions

B Tailpipe CO2 emissions

B Coproduct crediting
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