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The Paris Agreement and integrated assessment models
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The scale of carbon dioxide removal needed
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Rightsizing carbon dioxide removal expectations

= Based on Field and Mach (2017)

Feasible at scale? Game
changing?

Development of technology and
policy?
Limits to deployment? (Land, s o
: Rightsizing carbon dioxide removal
Wate r, Freservolrs y ene rgy) Betting the future on planetary-scale carbon dioxide removal from the atmosphere is risky
- Does overshoot limit impacts? I e bt s
- - roven ngprmdk: for lixx.liung climate | improved slr;vxnhhip can en Iu.x?u: mrbm; Uul.mu'nu'l'a of future costs perix'nxu noe,
Moral hazard and inequity? e A e e i
energy, decreasing deforestation and | yields However, important questions re | OPPORTUNITIES AND CONSTRAINTS
reducing industrial and sgricultumal main about maximum fessible scales e ffec- With CDR, changes in the stmosphere and
— emisions. These approaches are | tive carbon monitoring, and risks of bsing | climate unfold as if emisions reductions
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Chances of failure
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incressingly costcompetitive, oconsistent
with large-scale use, and largely supported
by public sentiment Yet, the current pace
of their deployment is far fom sufficient
for holding warming well below 2°C above
preindustrial levels with high probability,
the goal of the Paris Agreement. Two ap-

stored carbon through disturbances or cli-
mate change effects

A ssoond group of much less mature
strategies is also biomass-based but involves
more engineering and more environmental
or social tradeoffs Leading options include
biochar additions 10 soil, increased use of

were actuslly more rapid and extensive
As humanity moves toward decarbon-
ized societies, CDR could counterbalance
difficult-to-control sources such & carbon
dioxide from aircraft and methane from
cattle It coukd also in theory, justify delgy-
ing near-term action, based on the expec-




Different negative emissions technologies

Several carbon dioxide removal options have b Geospatial analysis of near-term potential for
carbon-negative bioenergy in the United States
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C 0. from the Bioenergy with carbon capture and storage (BECCS) is a negative-  biomass potential (9-13) but has often neglected to consider the
el emissions technology that may play a crucial role in climate change  availability and characteristics of suitable storage sites for se-
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Components of BECCS

O\

: Transport Transport
Biomass (Biomass) Capture , (CO,) Storage
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This study

s Injection Capacity
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1. Biomass availability

Distribution of biomass
production per county in 2020
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1. Biomass availability

= 2020 Projection
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2. Storage sites characteristics: storage capacity varies widely

Storage Site Data: USGS National Assessment
of Geologic Carbon Dioxide Storage Resources

= Estimated aggregate storage
capacity: _3 000 Gt Co,

= Aggregate storage capacity
Is not likely a limiting factor
for BECCS deployment

N

= Regional storage capacities
Storage Capacity Density [Mt/km?]

vary widely o
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2. Storage sites characteristics: storage capacity analysis
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3. Storage sites characteristics: injectivity varies widely

= Low injectivity indicates
higher risks of pressure
buildup and leakage

= Calculate storage injectivity
given porosity, permeability,
and depth of each storage
site

Injection Capacity

[Mtlyr-well] = Regional injectivity widely
0.00-0.25 varies
0.25-1.00
1.00 - 5.00

> 5.00

SCHOOL OF EARTH, ENERGY
Stanford | & ENVIRONMENTAL SCIENCES




Combine components

s Injection Capacity
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Resulting negative emissions potential in the U.S.

Current U.S. CO,

T - emissions: ~5,000 Mt
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Resulting negative emissions potential in the U.S.

Cumulative CO, from biomass
from counties in 2020 and 2040
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Comparison with integrated assessment model
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Meeting all the potential in the context of power generation

Current U.S.
biomass electricity
generation: ~0.2 EJ
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Another possibility: 50 mile transportation of biomass

= Number of Wells:
>1,000 » ~230

N

- = |njection per Well (Median):
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Cap and per I ation of b ic CO; formations that allow for safe, reliable, and permanent CO;

emlssaons may provide amal ﬂexlbilrty in ambtuous dimate  sequestration.

change H , most bi gy with carbon capture Near-term opportunities to develop, demonstrate, and deploy

and sequestrauon (BECCS) te(hndognes are ted\m(aly lmma(ure BECCS technologies can reduce costs, improve performance,
ally o i Hefe we Jnd Ll.ll"lf\ their \uxl.un.thk suh. (\) In p.muul.u .m.xl\\l\ lh.u

CLIMATE

Rightsizing carbon dioxide removal

Betting the future on planetary-scale carbon dioxide removal from the atmosphere is risky

By Christopher B Field” and stored in eomystems through reforestation pensive, they may eventually provide use ful
Katharine J. Mach® and sfforestation, conservation agric ulture yptions for CDR at scale. At this point, how
xastal restoration. In many locations ever, their technalogical immaturity means
roven appraaches for limiting climate improved stewardship can enhance carbon that estimates of future costs, performance
change include enhancing energy of stomge ot bw cost while abo improving and scalability are speculative
fickency capturing wind and solar habitat quality or increasing agricull ural
energy, decre asing deforestation and yields However, important questions e OPPORTUNITIES AND CONSTRAINTS

reducing industrial and agricull umal main about maximum feasible scales e fec With CDR, changes in the stmosphere and
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Abstract Bioenergy with carbon capture and storage (BECCS) is a negative emissions
technology that is a largely untested but prominent feature of ambitious climate change
mitigation scenarios. This strategy involves capturing carbon dioxide (CO,) from sta-
uonar\ blogmrL\ facilities and sequestering it in suitable zgologual tormauons effec
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Conclusion
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Approximately 30% of the
biomass potential in the U.S.
is overlapping with a storage
site

Resulting negative
emissions potential in the
U.S.:

- 100-110 Mt CO,/yr in 2020

- 360-630 Mt CO,/yr in 2040

BECCS potential is
widespread

Helps define the near-term
opportunities that minimize
social and economic barriers
to BECCS deployment
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Thank you for listening.
Questions?
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