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Net Zero
The UK's contribution to
stopping global warming

Committee on Climate Change
May 2019

Why? — Net Zero

“CCS is a necessity, not an iDCC
Option for reaChing net— INTERGOVERNMENTAL PANEL on ClimaTe change

zero GHG emissions” .
Climate Change 2022

Mitigation of Climate Change

“The deployment of CDR i
to counterbalance hard-to- &
abate residual emissions is : i
unavoidable if net zero il 0
CO, and GHG emissions i e
are to be achieved”

Intergovernmental Panel on Climate Change



Ensuring Net Zero

Greenhouse gas emissions (stylised pathway)

I Enissions: Non-CO, GHGs
Emissions: Fossil CO,

Emissions: Managed land

CDR: Removals on managed land
CDR: Other removals

Net GHG emissions

- — - Net CO, emissions

| .
- Gross emissions

|
~ - — \ net zero
-= \

Gross CO, removals

net zero

(1) Before net zero | ‘ (2) Net zero CO, or GHG

| (3) Net negative ‘

2010 2100

Monitoring, Reporting and Verification (MRV)
1. Carbon accounting — prove the ‘net’ in Net Zero

2. Evidence base for CCS and CDR business models

CLIMATE = POLICY

The Inflation Reduction Act Includes a Bonanza
for the Carbon Capture Industry

World’s biggest ‘direct air capture’
plant starts pulling in CO2

Developer of Orca project in Iceland plans much larger facility in next
few years




Geological CO, storage

Aminu et al. (2017)

Trapping:
Monitoring:

Example:

(a) Structural/stratigraphic trapping  (b) Residual trapping



Carbfix — in-situ CO, mineralisation

Sparkling water
Dissolved CO,

Basalt
Ca, Mg and Fe

B

e o
e

SPARKLING

Ca2+/Mg2+/Fe2+ ( CO32-(aq)

aq)

Mineralised CO,
CaCO,

CaCO,;/MgCO;/FeCO;



Carbfix verification

Injection well Monitoring well

VAN
A

il

CO, dissolved in water CO, and C

: b 14 seques ' ' o
spiked with **C and SFq gussisres [Nie Gl Remaining water has lower

CO, and #C concentrations,
but the same SF,




Carbfix verification
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Carbfix M.R.V. methodology
- T—

Tracking CO, injection, migration and
‘ Carbfix fate at Carbfix using isotopes of CO.,,
water and noble gases

PERMANENT AND SECURE

GEOLOGICAL STORAGE OF CO; BY Carbon isotopes Noble gases
IN-SITU CARBON MINERALIZATION

He Helium
Processes and requirements for greenhouse gas emissions
accounting for CO; capture, transport, and geological storage Ne Neon
by rapid in-situ carbon mineralization.
__ m 0 | Ar Argon

Kr Krypton

Xe Xenon

Rn Radon

Abstract

for permanent and secure CO:
In-situ carbon mineralization
in water and interacts with
ci si

- Reactive tracer Unreactive tracer

This methodology outlines processes, requirements, and emission quantification fi
capture, transport, and geological storage by rapid in-situ carbon mineralization.
replicates and accelerates natural processes, in which carbon dioxide is dissolved
reactive rack formations to form stable minerals providing a permanent and safe
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Injection well

il

Carbon isotope verification

13C is preferentially
sequestered into calcite

13C

Monitoring well

VA
A

e Remaining CO,

/ \ enriched in 12C

10 mmmm 0




Noble gas tracers

Lollar & Ballentine 2009

Atmospheric component

Gas well

Accumulate in
groundwater f(t)

Aquifer recharge

4He
i ‘
“Ne In situ + deep
40Ar production 3He
Crustal-radiogenic \ \ \
component Mantle component Groundwater

1) 1) 1)




Injection well

il

Carbon isotopes & noble gases

13C is preferentially
sequestered into calcite

13C

Monitoring well

VA
A

Remaining CO,
enriched in 12C
and 3He
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Example data
(numbers are hypothetical)

Reduction in 13C
relative to 12C

Reduction in CO,
relative to 3He

13C/12CCO2

20



Sampling
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Take home message

Greenhouse gas emissions (stylised pathway) .
He Helium
I Enissions: Non-CO, GHGs
Emissions: Fossil CO, Ne Neon
Emissions: Managed land
CDR: Removals on managed land . m E Ar Argon
CDR: Other removals N
s Net GHG emissions Kr Krypton
- — = Net CO, emissions
Xe Xenon
| RN Radon
- Gross emissions
net zero = \ _— net zero
________ s Gross CO, removals
(1) Before net zero (2) Net zero C0, or GHG (3) Net negative
2010 2100

We need reliable and deployable M.R.V. techniques for
all forms of CO, storage.

Natural isotope tracers can be a key method for M.R.V.
particularly when CO, is chemically sequestered.



Literature examples

nature Vol 458|2 April 2009|doi:10.1038/nature07852

LETTERS

Solubility trapping in formation water as dominant
CO, sink in natural gas fields

Stuart M. V. Gilfillan'?, Barbara Sherwood Lollar®, Greg Holland’, Dave Blagburn', Scott Stevens®, Martin Schoell®,
Martin Cassidy®, Zhenju Ding"’, Zheng Zhou', Georges Lacrampe-Couloume® & Chris J. Ballentine'

Applied Geochemistry 78 (2017) 116—-128

Contents lists available at ScienceDirect B gt

Applied Geochemistry

journal homepage: www.elsevier.com/locate/apgeochem

Tracking the interaction between injected CO, and reservoir fluids @CMM
using noble gas isotopes in an analogue of large-scale carbon capture
and storage

Domokos Gyore *°, Stuart M.V. Gilfillan b Finlay M. Stuart °

? Isotope Geosciences Unit, Scottish Universities Environmental Research Centre, East Kilbride G75 0QF, UK
Y School of GeoSciences, University of Edinburgh, Edinburgh EH9 3)W, UK

PG

Research article Petroleum Geoscience

https://doi.org/10.1144/petgeo2020-120 | Vol. 27 | 2021 | petgeo2020-120

Quantification of solubility trapping in natural and engineered
CO; reservoirs

l.t,

Check for
updates

Rory Leslie!”, Andrew J. Cavanagh!, R. Stuart Haszeldine!-2, Gareth Johnson® and
Stuart M. V. Gilfillan!

! School of GeoSciences, Grant Institute, University of Edinburgh, Edinburgh EH9 3FE, UK
2 SCCS, High School Yards, Infirmary Street, Edinburgh EH1 1L.Z, UK
3 Department of Civil and Environmental Engineering, University of Strathclyde, Glasgow G1 1XZ, UK
RL, 0000-0002-0901-1481; RSH, 0000-0002-7015-8394; GJ, 0000-0002-3151-5045; SMVG, 0000-0003-1929-2843
* Correspondence: rory.leslie@ed.ac.uk

International Journal of Greenhouse Gas Control 63 (2017) 215-225

" —
Contents lists available at ScienceDirect

Green htl‘l:i;é
Gas Control

International Journal of Greenhouse Gas Control

journal homepage: www.elsevier.com/locate/ijggc

Using noble gas fingerprints at the Kerr Farm to assess CO, leakage @Gm,mk
allegations linked to the Weyburn-Midale CO, monitoring and storage

project

Stuart M.V. Gilfillan™", George William Sherk”, Robert J. Poreda®, R. Stuart Haszeldine”

* Scottish Carbon Capture and Storage, School of GeoSciences, University of Edinburgh, James Hutton Road, Fdinburgh EH9 3FE, UK

" School of Environment & inahility, University of Soskatch 117 Science Place, Saskatoon, SK S7N 5C8, Canada
= Dep of Earth and Envi I Sciences, University of Rochester, New York, USA
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