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CLIMATE CHANGE

UN climate report: Carbon removal |s now 3
“essential”

Removing the greenhouse gas from the air will likely be necessary, along with
radical emissions cuts, to keep temperatures fromrising 2° C.

By James Temple & Casey Crownhart April 4,2022

Removal of residual emissions from hard-to-decarbonize Draw down “legacy” emissions
sectors (heavy industry, transportation, agriculture)
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AGRICULTURAL SYSTEMS BOTH CONTRIBUTE T
AND ARE PARTIGULARLY SENSITIVE TQ-THE
IMPACTS OF CLIMATE CHANGE.

THEY ALSO OFFER OPPORTUNITIES FOR
MITIGATION.



Soils are at the nexus of many concurrent
and reinforcing challenges

Water Climate
Carbon purification regulation

sequestration ' - o

Provision of food, [
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’ cycling
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Soils can help meet multiple challenges

More

Food security,
habitat,

natural resources
and so on

Beneficial for national economies

Human well-being

l Improved productivity ‘

Reduced erosion |

{ Clean water ‘

[ Clean air }

Protection of public
infrastructure

Preservation of
water resources

[ No sea-level rise J

[ Biodiversity ]

[ Less extreme disasters]

T

Soil quality
improvement

I

T

Climate change
mitigation

!

‘ Soil carbon sequestration under 4% ’

Chabbi, Lehmann, Ciais, Loescher, Cotrufo et al., 2017
Paustian et al., 2019

Less

Migration,
political instability,
pollution hazards
and soon
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“win win” solution under our feet

Climate mitigation potential in 2025 (Tg CO,e year)

Forests 0 5.0 % %0 a0 %o

Avoided forest conv. ||| —

Urban reforestation || |
Fire mgmt. "

Improved plantations

Ag. & grasslands

Avoided grassland conv. "

Cover crops "

1

Biochar

Alley cropping "

Cropland nutrient mgmt. I

Improved manure mgmt. |

Windbreaks ||| Climate mitigation

Bl Maximum
I 100 USD Mg CO,e!
I 50 USD Mg COe-"

Grazing optimization "

Grassland restoration |||

s

Legumes in pastures

Improved rice

10 USD Mg CO,e""

Wetlands )
Tidal wetland restoration ||| Other benefits

Peatland restoration ||| Air
Biodiversity

Avoided seagrass loss "

o ® . SOIL CARBON
targione et al 2018 &‘:" SULU“ONS CENTER
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Seagrass restoration "
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CARBON INPUTS:
Photosynthesis
Organic matter

decomposition

@\
P

Microbial
transformation
of carbon

| CARBON LOSSES:

Respiration
Leaching




Principles of regenerative agriculture

Optimized application of biological and
chemical inputs

‘ Integrated livestock when possible
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Benefits of regenerative agriculture

Mitigation of climate impacts
Increased food security

Avoided deforestation and land degradation

Enhanced nutrient management, reduced
GHG emissions and water pollution

Improved biodiversity

Image: Dan Meyers, Unsplash

Enhanced profitability

SOIL CARBON
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Management practice Increased C Reduced C
inputs losses

Improved crop rotations and increased crop v
residues

Cover crops

Conversion to perennial grasses and legumes
No-tillage and other conservation tillage
Rewetting organic (i.e., peat and muck) soils

Improved grazing land management

Photo credit: Phil Taylor



ORGANICS DIVERSION AND APPLICATION

100%

100% 66% 5%4%24% 17%32%10% 1%

]

’_\‘01 (TTTIN

SUPPLY ©% T

CHAIN PRIMARY DISTRIBUTION =
PRODUCTION & PROCESSING RETAIL CoheUMETION
IMPACTS
64% 36% 9% 91 68% 32% 13%87%

GHG Emissions - e _/.
Non-co, NN i e . 1
co, 48% 26% 22% 4%

EPA 2021: From Farm to Kitchen: The Environmental Impacts of U.S. Food Waste; Data Source: Canning et al. (2020); Crippa et al. (2021)
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ORGANICS DIVERSION AND APPLICATION

Organic waste
collection &
hauling

Land
application

Outdoor
composting

Landfill with
gas capture & Dry anaerobic
flaring digestion

Power Upgrading &

Key
eneration | | compression

>

M Waste intake
M Inorganic residuals
M Solid digestate

Raw biogas
O Upgraded biogas Grid offset | | RNG truck
M Electricity (NGCC fleet (diesel
M Finished compost offset) offset)

Nordahl et al. 2020

Pipeline

injection

(natural
gas offset)

()
——J
>
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ORGANICS DIVERSION AND APPLICATION

800

g

s
S

kg CO,, per Tonne Waste
N
8

(=]

Ii---||

Organics Fate  Landfil Compost DryAD Dry AD Dry AD  Dry AD Dry AD
Electricity Electricity Electricity RNG to RNG to

Ensmy Outpt.  NA NA  “toGrid toGrd toGrid Trucks  Pipeline

Digestate Fate N/A N/A Landfill Land Applied Compost Compost Compost

. = NGCC, NGCC, Diesel, Natural Gas,
Offset Credits) ~ NA  Fertizer NGCC 0., Fenilizer Fenilizer Fertilizer

COLORADO STATE UNIVERSITY

I Transportation I NGCC Electricity I Landfill |

Other Electricity Natural Gas | Fertilizer Use l Compost Application

Organics Composﬂng Methane Loss Digestate Application § CHP

Nordahl et al. 2020 (@ SOIL CARBON
&= SOLUTIONS CENTER



COMPOST APPLICATION TO AG LANDS

Increase soil
organic matter
(SOM) and crop

yield

Increase soil organic matter

Increase N, P, & K . :
Improve soil physical

properties and
reduce erosion

Increase micronutrients
Increase microbial activity

Reduce soilborne disease

Increase soil
carbon (SOC) Improve water

holding capacity

and retention &
=t )

Provide food for soil
Supply macro and microorganisms and
micronutrients reduce pathogens

Increase water holding capacity
Increase cation exchange capacity

Reduce soil erosion

Reduce soil compaction

Increase carbon sequestration

Adapted from Martinez-Blanco, J., Lazcano, C., Christensen, T.H., Munoz, P., Rieradevall, Created in BioRender.com bix
J., Mgller, J., & Boldrin, A. (2013). Compost benefits for agriculture evaluated by life cycle
assessment. A review. Agronomy for sustainable development, 33(4), 721-732.
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MANURE APPLICATION

overall 592 <>
tillage intensity reduced 118 —
conventional 276 HIEH
[sca:nrr]\pling depth <=15 105 il s > S0C stocks by 35% (107 Mg ha_1)
1620 302 HiH - Less effective in reduced tillage systems
>2030 70 H « More effective in cooler climates
=30 103 HEH ¢ . . . .
« Most effective in less C rich soils
climate S 431 HilH ] ]
I - « Animal manure more effective than green
T 21 ——
duration 15 46 ——
[years]
6-10 141 HilH
11-20 140 ——
>20 245 HIH
8 & wm B @ ® . SOIL CARBON
Gross and Glazer 2021 stock difference [Mg ha™ ] wm SOLUTIONS CENTER
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WHAT IS THE SOIL C DRAWDOWN POTENTIAL?

=
o
|

1

(o3
|

1

()}
l

S
|

Gt CO, per year

N
|

1

["] Cropland, set-aside, disturbed land
[7] Above + grassland, agroforestry, peat restoration

[7] Above + frontier technologies
Paustian et al.

Sommer & Fussetal.

Smlth et al. Soaslo

Paustianet al. Griscomet al.

Paustianet al. —
IPCC
Lal & Bruce

Paustian et al. 2019

1998 1999 2000 2004 2008 2014 2016 2016 2017 2018

~10% OF GLOBAL ANNUAL EMISSIONS & sitois s
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WHERE WE CAN GROW CROPS - 7

e WHERE IS THE POTENTIAL? e B e



WHERE IS THE POTENTIAL?

WHERE WE HAVE LOST A LOT OF CARBON

RESEARCH

MIDWESTERN US HAS LOST 57.6
BILLION METRIC TONS OF SOILDUETO
AGRICULTURAL PRACTICES

New research, led by UMass Amherst, shows that human-caused erosion in America’s Breadbasket is far greater than previously thought

Sanderman et al. 2017

Agricultural land uses have resulted in the loss of 133 Pg C from the soil.

Maps indicate hotspots of soil carbon loss, often associated with major ® . SOIL CARBON
cropping regions and degraded grazing lands, suggesting that there are &= SOLUTIONS CENTER
identifiable regions that should be targets for soil carbon restoration efforts. @ oSN



WHERE IS THE POTENTIAL?

WHERE SEQUESTRATION RATES ARE HIGH

Soil Organic Carbon Stocks
Rapid Carbon Assessment (RaCA) Values Mapped Using SSURGO and NLCD grids

oo

Alvers Equal Area Map Projection
North American Datum of 1983
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~——— Region Boundaries

USDA 0 Source: Prepared using RACA LUGR geomeiric maans iicwing the methods of. State Lines
ﬁ \ =/ Sol Survey Stal. Rapkd Carbon Assessment (RaCA) project. Usied Stanes Decartment of Agriculture,
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' . - 500
I s - 1.000

a depth of 100 cm

1,200
1,500

-2.000
-2.500

3,000
3,500

Natursd Ressurons Conaarvation Service Not Assessed

United States Department of Agriculture Avaiable ondne at hIp Nsods usca gowisurveyTacal. June 1, 2013 (FY-2013 official release ).
Natural Resowrces Consernvation Seevice » by Fye W, Moy 2013
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WHERE IS THE POTENTIAL?

WHERE WE CAN SHIFT MANAGEMENT PRACTICES

Land-use shams

[ cxpbnd

- Grasshndpastwe ard rnge

- Forestuse Bnd

Bl =il usesiubanoter brd

S| (@) s0ILCARBON
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ECONOMIC << TECHNICAL POTENTIAL

Soil carbon sequestration in croplands

Soil carbon sequestration in grazing lands

® TECHNICAL POTENTIAL
ECONOMIC POTENTIAL

® SUSTAINABLE POTENTIAL
% MEDIAN

== INTERMODEL RANGE 1.5°C

INTERMODEL RANGE 2°C

ole ® 980 @@ & o ® 025-6.78

aremese @ 013-2.56

2 4 6 8 10
Mitigation potential (GtCOz-eq yr™)

IPCC 2022



RAPIDLY EXPANDING SPACE

@he Washington Post

Climate Solutions Democracy Dies in Darkness

Planting crops — and carbon, too

President Biden says farmers can adopt agricultural methods that
help fight climate change. Maryland farmer Trey Hill has been trying.

&he New Pork Times Magazine S m
How carbon-smart farming is

ban Dirt Save the Barth? catalyzing the big bucks

Agriculture could pull carbon out of the air and into the soil — needed to transform the way
but it would mean a whole new way of thinking about how to America eats
tend the land.

By CJ Clouse December 21, 2020

@ SOIL CARBON

Startups aim to pay farmers to bury
-y carbon pollution in soil iy S T G

Q& Connections




CRITICISMS

WORLD
Regenerative Agriculture: Good for Soil INSTITUTE
Health, but Limited Potential to NSIDER: Further Exolanati "
- . . FUurther eExplanation on the
Mltlgate Climate Change Potential Contribution of Soil Carbon

Sequestration on Working Agricultural
Lands to Climate Change Mitigation

May 12,2020 By Janet Ranganathan, Richard Waite, Tim Searchinger and Jessica Zionts

Environmental Groups Call
Biden’s Carbon Bank Plan a
‘scam, CLIMATE CHANGE

wrzo DanNosowitz  modern farmer Why we can’t count on carbon-sucking farms
to slow climate change

Even though lots of politicians, environmentalists, and companies are eager to
try.

m I m E m Technology
By James Temple June 3,2020 Review
IDEAS JAN 22, 2821 B8:88 AM

President Biden, Please Don't Get Into Carbon Farming & o1 carson
*"-‘ SOLUTIONS CENTER

This is not the solution to our climate problems; it's a sweetheart deal for Big Ag. - COLORADO STATE UNIVERSITY




~ CRITICISMS
B g

US scheme used by Australian
farmers reveals the dangers of | .
- (] L] | ’
i ‘tradlng soil carbon to tackle <

' climate change w
June 24, 2021 4.12pm EDT - ~
- AN . - -

Synthesis Article

Caught in between: credibility and feasibility of
the voluntary carbon market post-2020

Nicolas Kreibich & Lukas Hermwille %
Received 19 Nov 2020, Accepted 22 Jun 2021, Published online: 07 Jul 2021

Crediting agricultural soil carbon sequestration

EMILY E. OLDFIELD , ALISON J. EAGLE, RACHEL L. RUBIN, JOSEPH RUDEK, JONATHAN SANDERMAN, AND , DORIA R. GORDON  Authors Info & Affiliations

-

SCIENCE - 17 Mar 2022 -+ Vol 375, Issue 6586 - pp.1222-1225 -+ DOL: 10.1126/science.abl7991

66 Download citation https://doi.org/10.1080/14693062.2021.1948384 ) Check forupdates

https://www.tandfonline.com/doi/full/10.1080/14693062.2021.1948384

CLIMATE SCIENCE

A Soil-Science Revolution Upends Plans to
K lght Climate Change :-}_.,‘ SOLUTIONS CENTER

July 2021 @D COLORADO STATE UNIVERSITY
https://www.quantamagazine.org/a-soil-science-revolution-upends-plans-to-fight-climate-change-20210727/



WHAT DOES SCIENGE SAY?

NOT ALL CARBON IS CREATED EQUAL

l/

fragmentation,

Iy > / § ~
translocation ﬂ ex vivo
=4

>
SEHR '

\_/

POM MAOM

particulate mineral-associated
organic matter organic matter

1-50 . ﬁ e rbon
years larg ogen

CEC  aggregation
porosity repellancy

Cstorage habitat
nutrient provision

water infiltration and
storage

Jocelyn Lav

e

SOIL CARBON
SOLUTIONS CENTER

COLORADO STATE UNIVERSITY



WHAT DOES SCIENCE SAY?

-i&‘%é{?hf Tovy "-u T

Consefvation tillage

| l

| Soilenvironments Ml Processes  NEM Pools

= e pH

| | Soil erosion | Ll
== | Bulk density | + + | Nitrogen immobilization | [ﬁ
9= | Temperature | - | Carbon mineralization | ‘ B
+++ | Soil water ! - 2 | Autotrophic nitrification |
+++ | Porosity | — Denitrification |
++2 I Microbial biomass |

S | Breakdown organic mattcrl

+4+ I Cation exchange capacityl
- | Fermentation I

+++ | Organic matter | Bai et al. 2019
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WHAT DOES SCIENCE SAY?

Rotation Diversity -
Crop Count 1
Residue Retention 1
Organic Nutrients -

Cover Crops 1

Decreased Tillage 1

¢ ¢

-25

0 25 50
Soil Organic C

Lipzin et al SBB, 2022

75
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Technical assistance
and education
resources are critical
for farmers and
ranchers to implement
new practices and
capitalize on the value
of soil health.

CHALLENGES

Soil health and carbon

sequestering practices

need to be linked with
outcomes in an
accessible way.

Policies should help
derisk soil health
practices, reduce

market barriers, and

streamline access to
incentives that are
congruent with soll
health objectives.

SOIL CARBON
SOLUTIONS CENTER

COLORADO STATE UNIVERSITY
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CHALLENGES

y © N
ol
i W CURRENT ROADBLOCKS
FUNDERS:

PRODUCERS: TO SOIL CARBON
Need incentives to Now is the time! Capital
implement climate- MARKET INTEGRATION for carbon drawdown seeks
smart practices X soll solutions
E Carbon valuation, co-benefits :
% and policies must evolve p
PR . . . F——

The science is not aooessble) Soil science is misunderstood

... CARBON FINANCE & POLICY:
.. Currently lacking cost- F
* effective, verifiable o
Researn:;:dsz:?cements ) REZRUNg et gﬁit?f(ﬁ(’s”tig'ﬂ‘fﬁiimer
1N
. @) SOIL CARBON

COLORADO STATE UNIVERSITY
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SOIL CARBON MARKETS - THE WILD WILD WEST
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/V zona/AUocmt( NoURSH Field to Market
(‘ NOBLE Th ,N },\ Wﬁea NCORPORATED ilcorn.org ) National
RESEARCH cNature 5 & \\%/ Farmers
( ) INSTITUTE Conservancy N @ Farm dat A'klnson —~ == Union
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Credlts Issued by Type

100,000,000 200,000,000

AGRICULTURE
Compost Addition toRangeland -
Feed Additives | 309
Improved Irrigation Management | 396,504
Manure Methane Digester == 12,415,009
Nitrogen Management | 75
Rice Emission Reductions 1 720,597
Solid Waste Separation | 222,592
Sustainable Agriculture 1 325,825

Credits Issued by Scope
Agricdture | 14,080,911
Carbon Capture & Storage [l 21,780,080
Chemical Processes [ 77,979,401
Household & Community [N 78314,095
Industrial Manufacturing [N 83,674,279
Forestry & Land Use [ 61,925,057
Renewable Erersy | :<5.611.316

Transportation | 1,387,356

Waste Management [ o4.755,166
0 ®
oo™ 2000°° o e 0 e e e
https://gspp.berkeley.edu/faculty-and-impact/centers/cepp/projects/berkeley-carbon-trading-project/offsets-database
@ . SOIL CARBON
&= SOLUTIONS CENTER

.3 COLORADO STATE UNIVERSITY
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CARBON CREDIT QUALITY GRITERIA

Additionality & Baselines

Credited activities would not have occurred without carbon payments, activities are not common practice.
Baselines should be set conservatively to minimize risk of over-crediting.

Carbon Accounting

Quantification and monitoring uses credible, repeatable and verifiable methods, and project-specific uncertainty is
estimated in a conservative manner.

Do No Harm

Low risk of any material negative impacts on the surrounding ecosystems and local communities.

Durability

Low risk of stored carbon being re-released into the atmosphere through voluntary or involuntary reversal events.
Projects should have measures in place to minimize and account for such risk.

Leakage
Minimal risk of displacing activities that cause emissions from the project site to another site and account for any
displacement.

https://carbon-direct.com/wp-content/uploads/2021/03/CD-Principles-for-Carbon-Removal.docx.pdf



Soil carbon crediting protocols are inconsistent and lack rigor

ACRC
ACRG
Alb Cr*
Aus Est*
Aus Meas*
BCarbon
CAR Soil
FAO

Gold Std
Nori

Plan Vivo
Regen
Verra FG
Verra IA
Verra Soil
Verra SA
Verra SG

https://carbonplan.org/research/soil-protocols-explainer

Rigor
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Safeguards

Rating
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WHAT DO FARMERS SAY?

o 500 FARMER INSIGHTS
/\7| 90% are aware

of C markets How important are the following criteria to you in evaluating

what carbon market you might choose to participate in?

VERYIMPORTANT ~ SOMEWHAT IMPORTANT  NOTIMPORTANT

Annual payment amount per acre
= payn P
\/Z 0
A 3 /0 curre ntly _—. Credit for pre-existing practices
participatng ~~~~=~=~~=~.-.......... ./
Minimal paperwork and/or help with paperwork
L [
_ _- Support from a trusted adviser
_—_ Ability to use my existing software to provide data
59% won't
pa rtICI pate _—- Recommended to me from a farmer I trust
WIthOUt Changes _—_ Connection to my ag retailer or dealer

SOURCE: TRUST IN FOOD

@ SOIL CARBON
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Anything that makes regenerative
practices more profitable, easier, and
socially acceptable will lead to climate
positive outcomes.



QUESTIONS? GET IN TOUCH!

HELLO@SOILCARBONSOLUTIONSCENTER.COM



