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Programme Area: Carbon Capture and Storage
Project: Mineralisation

Title: Mineralisation Project Final Summary Presentation.

Context:

CCS by mineralisation has been identified as a promising additional method of sequestering CO2 emissions.
Minerals and CO2 can react together to permanently store CO2 as a solid carbonate product, which can then be
safely stored, used as an aggregate or turned into useful end products such as bricks or filler for concrete. This
£1m project, launched in May 2010 carried out a detailed study of the availability and distribution of suitable
minerals across the UK along with studying the technologies that could be used to economically capture and
store CO2 emissions. The project consortium involved Caterpillar, BGS and the University of Nottingham. The
objective was to investigate the potential for CCS Mineralisation to mitigate at least 2% of current UK CO2
emissions and 2% of worldwide emissions over a 100- year period. The project has found that there is an
abundance of suitable minerals available in the UK and worldwide to meet these mitigation targets. However,
challenges remain to make the capture process economically attractive and to reduce its energy use. Significant
niche opportunities exist where waste materials are used as feedstock and/or the process produces value-added
products, but markets would not be at the level required to meet the mitigation targets.

Disclaimer:

The Energy Technologies Institute is making this document available to use under the Energy Technologies Institute Open Licence for
Materials. Please refer to the Energy Technologies Institute website for the terms and conditions of this licence. The Information is licensed
‘as is’ and the Energy Technologies Institute excludes all representations, warranties, obligations and liabilities in relation to the Information
to the maximum extent permitted by law. The Energy Technologies Institute is not liable for any errors or omissions in the Information and
shall not be liable for any loss, injury or damage of any kind caused by its use. This exclusion of liability includes, but is not limited to, any
direct, indirect, special, incidental, consequential, punitive, or exemplary damages in each case such as loss of revenue, data, anticipated
profits, and lost business. The Energy Technologies Institute does not guarantee the continued supply of the Information. Notwithstanding
any statement to the contrary contained on the face of this document, the Energy Technologies Institute confirms that the authors of the
document have consented to its publication by the Energy Technologies Institute.



energ
technologies

Institute

Mineralisation Project

Rebecca Sweeney

©2012 Energy Technologies Institute LLP

The information in this document is the property of Energy Technologies Institute LLP and may not be copied or communicated to a third party, or used for any purpose other than that for
which it is supplied without the express written consent of Energy Technologies Institute LLP.

This information is given in good faith based upon the latest information available to Energy Technologies Institute LLP, no warranty or representation is given concerning such information,
which must not be taken as establishing any contractual or other commitment binding upon Energy Technologies Institute LLP or any of its subsidiary or associated companies.


http://www.eti.co.uk/
http://www.eti.co.uk/

Project Background §//
energy

technologies

institute

« Commissioned and funded by the ETI to carry out a detailed study
of the availability and distribution of mineral deposits across the UK
and technologies that could be used to economically capture and
permanently store CO, emissions.

* Led by Caterpillar, with two other participants (BGS and University of
Nottingham).

« The project started in May 2010, and concluded in September 2012
» Final Project Outputs shared in full with ETI members
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« To identify accessible mineralisation reactant quantities and
locations in the UK and potential power and industrial applications
where mineralisation could be applied based on the relative
locations of the reactants and CO, sources;

» To assess the specific technology development needs to overcome
the barriers to implementation of CCSM,;

» To produce a techno-economic case for CCSM so that an economic
determination of the suitability of further research can be made;

» To identify potential ETI focus areas; and

» To produce a technology development roadmap to demonstration
stage including cost/benefit and risk analysis.
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* Mineral resource Assessment
« Technology Landscape
« Stage Gate 1

Stage 2a
« Techno economic scenarios and experimental plan
« Stakeholder Review

Stage 2b

« Laboratory evaluation of mineralisation process
« Techno economic assessment

» Life cycle analysis

* Review of UK and Global Reactant reserves

« Stage Gate 2

Stage 3

* Final report
 Dissemination Plan
* Presentation to Members
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Project was to investigate the potential for CCSM to mitigate at least
2% of current UK CO, emissions and 2% of worldwide emissions
over a 100-year period. The project investigated.:

— The availability of serpentinite rock to satisfy the UK target for CCSM. This
equates to 22—-33 Mt/yr of rock.
— Evidence of deposits of sufficient size, suitable minerals, and practically

extractable rock outside of the UK for the application of CCSM.
Project team assessed how mineral type affected the leaching time,

then re-evaluated the availability of minerals

— In the UK there are suitable and potentially extractable rock resources to capture
approx 10% of current emissions for over 100 years

— Global resource exists to capture nearly 400 years of total global emissions
(2006 levels)
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CCSM Groups
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(single step) (multi step)
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1: Gas-sod Agueous 4. Gas-solid 5. Aqueous with additives
<40% (gas-liquid-solid) 40-60% (gas-liquid-solid)
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2: No addigdves 3: With additives Double step Multi step
<50% 60-85% 60-80% 60-80%
/
High T=150-700°C Lower T=70-400°C

High P=20-180 bar
Long residence time 1-20hr
Small particles 5-75 um

Proprietary Process A
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Lower P=1-40 bar
Lower residence time 1-3hr
Larger particles 75-250 um

Ammonia based process



Technology Overview — Direct

Carbonation (Process A)
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e Pre-treatment

— Thermo-mechanical activation of minerals, including grinding and heat treatment
in simulated flue gas.

« Dissolution
— Mineral activation by chemical leaching using Na and NH, additives.

« Carbonation
— Investigation of the carbonation of active minerals

Output of the experimental work fed into the process design
examined during the TEA and LCA
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Direct Carbonation

Indirect Aqueous

Process A Carbonation Ammonia
Capital (EM) 1125 1161
CO, captured 80% 80%
CO, parasitic load 30% 88%
CO, avoided 50% (-8%)
£/te CO, avoided 306 n/a

Significant energy
users

*Thermal pretreatment
*Flue gas blower

sAmmonium sulphate
concentration and
decomposition

*Recovery of carbonate solution

GCCS for a small remote emitter calculated at £143/te CO, avoided
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« Conducted using ISO standard methods, of the whole CCSM value
chain

» Evaluated both Geological CCS life cycle and CCSM life cycle
» Geological CCS
* 0.367 tonneCO, per tonne CO, sequestrated
CCSM
« 1.830 tonneCO, per tonne CO, sequestrated
— Grinding 108 kgCO2
— NG in CCSM process 771 kgCO,
— Electricity in CCSM process 779 kgCO,
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* In principle CCSM highly attractive proposition as it provides safe,
long-term, stable storage of CO.,,.

* Inthe UK and globally there are sufficient ultramafic rocks that could
be used as a feed material

 The economics of technologies investigated were not competitive in
terms of cost and/or net CO, sequestration compared to GCCS

* Important to carry out a full evaluation of a process, including TEA to
understand the impact of ancillary processes

« GCCS is not possible in many parts of the world, and alternative
strategies are required; CCSM could be part of the solution if
technology improvements can be made.

« This project did not investigate the possibilities of making useful
products from the CCSM process.
— Local source materials and a valuable product would still be of interest
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Energy Technologies Institute
Holywell Building

Holywell Park

Loughborough

LE11 3UZ

For all general enquiries
telephone the ETl on
01509 202020.

—S

For more information
about the ETI visit
www.eti.co.uk

™

For the latest ETI news and
announcements email
info@eti.co.uk

¥

The ETI can also be
followed on Twitter at
twitter.com/the_ETI
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