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Inorganic CDRvith ERW
promises HUGEOTENTIAI

nature

Article = Published: 08 July 2020
Potential for large-scale CO, removal via enhanced

rock weathering with croplands

David J. Beerling &3, Euripides P. Kantzas, Mark R. Lomas, Peter Wade, Rafael M. Eufrasio, Phil Renforth,

Binoy Sarkar, M. Grace Andrews, Rachael H. James, Christopher R. Pearce, Jean-Francois Mercure, Hector

Pollitt, Philip B. Holden, Neil R. Edwards, Madhu Khanna, Lenny Koh, Shaun Quegan, Nick F. Pidgeon, lvan

A. Janssens, James Hansen & Steven A. Banwart 05 to 29|gat0nne3)f CQ per year
With extraction costs of approximately
S$8@180 pertonne of CQ

Nature 583, 242-248 (2020) | Cite this article

63k Accesses | 574 Citations | 1389 Altmetric | Metrlcs

nature reviews earth & environment

Explore content ¥ About the journal ¥ Publish with us v Subscribe

nature » nature reviews earth & environment » review articles » article

Review Article  Published: 23 September 2025
Challenges and opportunities in scaling enhanced

weathering for carbon dioxide removal

David J. Beerling &3, Christopher T. Reinhard, Rachael H. James, Anu Khan, Nick Pidgeon & Noah J.

Planavsky

Nature Reviews Earth & Environment 6, 672-686 (2025) | Cite this article

Article  Open access = Published: 05 February 2025
Transforming US agriculture for carbon removal with

enhanced weathering

David J. Beerling &, Euripides P. Kantzas, Mark R. Lomas, Lyla L. Taylor, Shuang Zhang, Yoshiki Kanzaki,

Rafael M. Eufrasio, Phil Renforth, Jean-Francois Mecure, Hector Pollitt, Philip B. Holden, Neil R. Edwards

Lenny Koh, Dimitar Z. Epihov, Adam Wolf, James E. Hansen, Steven A. Banwart, Nick F. Pidgeon,

Christopher T. Reinhard, Noah J. Planavsky & Maria Val Martin

Nature 638, 425-434 (2025) | Cite this article

That EW depioyed o agricultural land co
sequester 0.161 ® o n , CRHINI2050 in

Enhanced weathering in the US Corn Belt
delivers carbon removal with agronomic

benefits
David |. Beerling B Dimitar 7. Epihov '@, lisa B. Kantola, |+13|, and Steven A Banwart Authors Info & Affiliations
Edited by Peter Kelemen, Lamont-Dizherty Earth Observatory, Palisades, NY: received Movember 14, 2023; accepred December 30, 2023

February 22, 2024 | 121 (5) e2319436121 htfps//doi.org/10.1073/pn5s.23154361.21

Abstract 2.5 CQ/ha/yr

Terrestrial enhanced weathering (EW) of silicate rocks, such as crushed basalt, on

farmlands is a promising scalable atmospheric carbon dioxide removal (CDR) strategy
that urgently requires performance assessment with commercial farming practices. We
report findings from a large-scale replicated EW field trial across a typical maize-soybean
rotation on an experimental farm in the heart of the United Sates Corn Belt over 4y (2016
to 2020). We show an average combined loss of major cations (Ca®* and Mg2*) from
crushed basalt applied each fall over 4y (50 t ha™ y~') gave a conservative time-
integrated cumulative CDR potential of 10.5 + 3.8 t CO; ha™'. Maize and soybean yields
increased significantly (P = 0.05) by 12 to 16% with EW following improved soil fertility,
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The caveat is in the wopbtential, as
meaningfulCDR has not been detected,
and Monitoring, Reporting and Verification
(MRV) framework is not on point (yet)!

Modelling Is trying to account for (decadal)
time-delays.

Schiedunget al. 2026



Soll organic carbon sequestration through soil
managementhas been a hot and much debated topic

e ceodermne .. |l J6lobal Change Biology

ELSEVIER Volume 292, 15 April 2017, Pages 59-86

OPINION (& Free Access

Managing for soil carbon sequestration: Let’s get realistic

Soil carbon 4 per mille

William H. Schlesinger 4 Ronald Amundson

Budiman Minasny © & &, Brendan P. Malone °, Alex B. McBratney ®, Denis A. Angers  First published: 28 November 2018 | https://doi.org/10.1111/gch.14478 |  ~ VIEW METRICS
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Solution:
enhancedrockweathering
or Rock Dust (RD)?

ContainAcid NeutralisingCapacity(ANC)
Slower bufferingthan lime

Macronutrients
Ca, Mg, K, P, S

Micronutrients
Fe, Mn, B, Ni, Zn, Cu, Mo

Phonolite. | ‘7._'7‘Ba$a:.|_t‘2..,. o Trachy-andesite
5.5 m?/g FeCTEREmMEEESRE - 03w 9 3.1 m?/g




NEW CARBON CAPTURE TECHNIQUE

Soll Organic Carbon
(SOC) sequestratior
with Enhanced Rocl
Weathering

Low charge
2:1 mineral
(smectite)

Formation ofMineral
Associated organic
matter (MAOM)

Hydrous
Underwood et al. 2024 !




A new pathway fosoll organic carbon sequestration

through enhanced rock weathering
% [)[- Rineay F. et alEnhanced % [)'[ﬁ bal Change Biology

RESEARCH ARTICLE B OpenAccess @ ® Weath e ri n g Iead StO Su bStantial C

Balancing Organic and IrTorganic .Cart.mn Dynamics in accru alon CI’Op RESEARCH ARTICLE | & F"." Access . )

Enhanced Rock Weathering: Implications for Carbon Beyond Inorganic C: MC as a Key Pathway for
Sequestration macrocosmseG Uspher,92025 Carbon Sequestration in Enhanced Weathering
E?ﬁgma Bfucka Pedro PG Teelia Branz Bucgzer. Chrsiopherlust 1_25 . Laura Steinwidder y¥« Lucilla Boito, Patrick ). Frings, Harun Niron, Jet Rijnders, Anthony de Schutter

Arthur Vienne, Sara Vicca

First published: 16 April 2025 | https://doi.org/10.1111/gcb.70186 |  ~ VIEW METRICS
First published: 22 July 2025 | https://doi.org/10.1111/gcbh.70340

3 Global Change Biology
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Enhanced silicate weathering accelerates forest carbon _

sequestration by stimulating the soil mineral carbon RESEARCH ARTICLE (& Full Access

pump

Tongtong Xu Zuogjang Yuan B, Sara Vicca Darlel . Gall, Guochen L, Ludang Lin, i Cher, Enhanced Rock Weathering Promotes Soil Organic Carbon
Boyuan Bi, Qiong Chen, Chenlu Li, Xing Wang, Chao Wang ... See all authors v - . -
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Xu et al. 2024
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RESEARCH ARTICLE @ Full Access

Enhanced Rock Weathering Promotes Soil Organic Carbon
Accumulation: A Global Meta-Analysis Based on Experimental

Evidence

Tongtong Xu, Huiwen Li, Sara Vicca, Daniel S. Goll, David J. Beerling, Qiong Chen, Boyuan Bi,
Zhichun Yang, Xing Wang ¥4, Zuogiang Yuan k%

lobal Change Biology

First published: 21 September 2025 | https://doi.org/10.1111/gcb.70483 |
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Longterm effects
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Ungediingte Versuchsiliche,
Kotsemke 1934

Die gleichzeitig vorgenommenc che-
mische Analyse des zu diin-
genden Bodens hatte ergeben,
derselbe in seiner obersten 50 em ¥
tigen Schicht an jedem der vorgenannten

zennihrstoffe  ziemlich gleichmébis
einen Gehalt von nur 0,01 % aufwieb,
was aui die je Hektar und 50 cm Tiele
vorhandene Bodenmasse umgerechnet
einen Gehalt von je 750 kg ergibt.

Ans dem fiber den gesamten Versuch

Jfiihrten Lagerbuch geht hervor, dall
in den ersten Jahren sich wesentliche
Unterschiede in dem achs-
tum der Kiefern auf den verschi
behandelten Parzellen noch nicht zu er-
kennen gaben, hingegen nob sich die
Basalidiingungsfld in dieser Zeit be-
reits auflerlich dadurch von den iibrigen
Teilflichen ab, daB sich daselbst leichter
Graswuchs einfand, wihrend auwf den
letzteren die Heide wieder einznwandern
begann. Von 1913 ab also 6 Jahre nach
Beginn des Versuches, hoben sich da-

en e Basaltparzellen, was Farbe,

entrieb und Giesamihabitus der K

&
%

schloss

1905

mit Basalt gedangte
siliche, Kotsemke 1934,

;ion des Gesteinsmehles

) 1988, steiler nach SSW
der Hang mit starkem Auf-
S Rippenfarns.

Kristberg B
teilweise dicht lster
aus Torfmoosen, anmoorige {3;:
dingungen. )

Labkraut-Tannenwald

(Galio-Abietetum)
" Applikation des Gestei
nsmehles am 18. O
.naé:h AbschluB der Erhebung des Ist—Zustzté e
Ende des ersten Untersuchungsjahres e




Solil organic carbon stock increases (+26% up to +12
SOIL CARBON STOCK (MNSRE) in 2022025

Ton C/ha
Horizons FOREST FLOOR ORGANGMINERAIfor 10 000 tonsoil/ha

(OL) (A + E + B)
Application year 20162019 1985 1905 20162019 1985 1905

Time that passed 4-7 years 40 years 120years 4-7 years 40 years 120years

123+8 83+15
+33 +39 +11

Application 5248 23+8 95+11 156+9 12249 30+4
10 Mg RD/ha

Nojos | N 39|6 12|1 101 | 46| 6 27| 4 60|1

p-value NS NS NS 0.03 0.05 0.01

+121tCQo/ha +143t CQ/ha +40t CQO/ha
+17t CQ/halyr  +3.5t CQ/halyr  +0.3t CQ/halyr

Control 53t8 33*+7 94+12




Mineral assoclated organic matter also
Increases by 50% on average

CONTROL MAOIZ (610 cm) = 0,6%

ROCK DUST MAG®!(G10 cm) = 0,9%




Basal Area Increment

Basal Area Increment

Mg-deficient 107 yo Scots pine

2012 2016
Ca-deficient 40 yo pedunculate oak

2020

ko

2012

2016

2020

@ Control
/10 Mg/ha RD4

@ Control
8 Mg/ha RD1
16 Mg/ha RD1

Basal Area Increment

Basal Area Increment

No deficiencies 107 yo Scots pine

40 H

30 |
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1980 1990 2000

Ca-deficient 110 yo Scots pine

2010

2020

* ik ok

1925 1950

Year

1975

2000

Tree radial growth increases for Ca or Mg deficli
pedunculate oak and Scots pine

. Control
10 Mg/ha RD1

@ Control
150 Mg/ha Tefrite (40% augite)

Unpublished results



Structural Equation Model

Fisher's C = 111.5 Rock Dust
df = 84 [0 or 1]
AIC=781.4

n =33

A
0.52

Gstock
Litter Layer

Radial Tree Growth
0.29

0000 Mo
osi| soil/lha

at 10000 Mg
soil/ha
R2=0.80




Potential for Belgian forests/00,000 ha?y

BelowgroundCcapturepotential realisedby 2035 applyingl0 ton/ha):
Conservative350,000 ha x 36 ton Gba =13 Mt CQ

Optimistic 350,000 ha x 108 ton GBa =39 Mt CQ
Penalty:0.8tCA LJISNJ KSOUGIFI NS o6wvHnn, 1Y RA&A

At what cost? Alkin cost 4000eurosha at 10 ton/haapplied, expensivefor nature management, BUT
interesting for Ccapturecredits

C 40-110eurostCO,

AbovegroundCcapturepotential realisedtill 2050:
Conservative350,000 ha x 36 ton Gba = 6.5 Mt CQ
Optimistic 350,000 ha x 108 ton Ga =26 Mt CQ



Cpenalty

x 10 Mg rock/ha x 350 000 ha

FN (Y

C-cost

Gpenalty  Gpenalty

(Mg CQMg  for 10 Mg/ha for 350 000 ha

rock)
Mining/grinding 0.0092:
Truck (200 km) 0.012¢
Helicopter 0.05¢
or Truck with Blowe 0.006:

Totalwith helicopter
Total with truck-blower

(Mg CQha) (Mt CQ)

0.0€

0.12
0.5€
0.06<

0.81
0.28

Remark

(grinding at 530kWh/Mg
_rock with grid at 0.2 kg
0.0Zca/kwhy)
(driving 200 km with a truc
0.04i0aded with 20 Mg)

0.21Medium heli (Bell 412 style
0.0z

0.2€
0.1C



Potential for SOC sequestration in Belgian
agriculture (1 300 000 ha{? UNCLEAR

BelowgroundCcapturepotential realisedat 2030:
10 ton CQha x 1 300 000 ha x 50%6.5 Mt CQ

Dosed at 5 ton rock dust/ha, mean transport distance (200 km):
APenalty: 0.4 t Cgha x 1300 000 ha x 50% = 0.26 Mt,CO

C Potential 6.24 Mt CQcaptured
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Liming rate limited by ® Conro

10 Mg/ha RD4

DOCassociated alkalinity transport 8 Mg/ha RD!

10 Mg/ha RD1
16 Mg/ha RD1

Site 1-4 four -seven years post RD4 Site 5 seven years post RD1 Site 6 seven years post RD1 Site 7 40 years post RD1

Q
< 5
O : /
= : /o 5 5 5 - N
o ¢ ft
i 1 !
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) o 3 | Y 3| PV 3
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Site 1-4 four -seven years post-RD  Site 5 seven years post-RD

Site 6 seven years post-RD

Bl

C
o 1%

e

)
Al ’

[ 4
e |

%

A

F=28
R2=0.03
p = 0.009

0-8 F=28R?=0.14 p=0.02
0-16 F=3.0R?=0.14 p = 0.005
8-16 F=22R?=0.11 p =0.02

F=0.8

Herb layer community subtly shift
towards higherkEllenbergN and R
=N on poorer sites, but towards lowel
EllenbergN on Nsaturated sites

R2=0.04
p=0.58

Site 7 40 years post-RD

Site 8 120 years post-RD

F=41
R2=0.10
p = 0.005

F=23
R2=0.08
p=0.07

2 -1 0 1 2
@ Control

10 Mg/ha RD4 Foidite

8 Mg/ha RD1Basalt
10 Mg/ha RD1Basalt

16 Mg/ha RD1Basalt

150 Mg/ha Porf. basaItSpruce Stands Austria Spruce Stand Germany

Control
Rockdust

NMDS 2
NMDS 2

RD

NINMAD 1 NIMARNC 1



