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“The deployment of CDR 

to counterbalance hard-to-

abate residual emissions is 

unavoidable if net zero 

CO2 and GHG emissions 

are to be achieved” 

“CCS is a necessity, not an 

option for reaching net-

zero GHG emissions”

Why? – Net Zero



Ensuring Net Zero

Monitoring, Reporting and Verification (MRV)

1. Carbon accounting – prove the ‘net’ in Net Zero

2. Evidence base for CCS and CDR business models

From Chapter 12 of IPCC AR6 WGIII full report, cross chapter box 8, Figure 2



Trapping: Chemical

Monitoring: Geochemical

Example: Carbfix

Aminu et al. (2017)

Trapping: Physical

Monitoring: Geophysical

Example: Sleipner

Geological CO2 storage
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Carbfix – in-situ CO2 mineralisation



Monitoring wellInjection well

CO2 and 14C 
sequestered into calcite

Remaining water has lower 
CO2 and 14C concentrations, 

but the same SF6

~500m

>350m

CO2 dissolved in water 
spiked with 14C and SF6

Carbfix verification



>95% CO2 mineralised within 2 years

Carbfix verification



Carbfix M.R.V. methodology

Tracking CO2 injection, migration and 

fate at Carbfix using isotopes of CO2, 

water and noble gases 

Carbon isotopes

Reactive tracer

Noble gases

Unreactive tracer
https://www.carbfix.com/dacs-certification-methodology



Monitoring wellInjection well

13C is preferentially 
sequestered into calcite
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Carbon isotope verification



Lollar & Ballentine 2009

Noble gas tracers



Monitoring wellInjection well

13C is preferentially 
sequestered into calcite
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and 3He
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Carbon isotopes & noble gases



Example data
 (numbers are hypothetical)
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Produced 
fluid and 

steam

Condensed 
steam

Dry gas (CO2 and 
noble gases)

Sampling



Take home message
From Chapter 12 of IPCC AR6 WGIII full report, cross chapter box 8, Figure 2

We need reliable and deployable M.R.V. techniques for 

all forms of CO2 storage. 

Natural isotope tracers can be a key method for M.R.V. 

particularly when CO2 is chemically sequestered.



Literature examples
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