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* Australia: Richard Aldous
* Korea: Chang-KeunYi

* Norway: LarsIngolf Eide
* USA: Mark Ackiewicz

* Also valuable input from CO2CRC researchers and
Valery Linton & Stanley Santos
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Considers the dynamics around CCS
technology development

Supports 2013 CSLF - TRM
A CSLF listing of R&D pilot plants

Capital Requirement * Technology Risk
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* Capture and Integrated Combustion T —
CCS Technology Development
* CO, Transport o e——
* Storage RNt = =
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* Knowledge & capability building

* Industry dynamics and technology
development

Listing of pilot projects
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Prospective Technology Fronts : Solvents

- Amines Precipitating amino acids
Oxidation inhibitors
Reducing vapour pressure

Post -

- Carbonates Promoting reaction rates et
apture
Solids handling
- Blends Combining best features of solvents
- lonic liquids & Separation techniques
Immiscible ligs. material manufacturing
-Physical Solvents Blends to improve absorption rates Pre -
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High temperature thermal stability Capture



Capital Requirement * Technology Risk

Current Status of Adsorbent Technology
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Radial flow beds,
circulating fluidised

beds Vacuum Swing

Adzorplion

MNowvel Feolite composilions

MHowvel Activated Carboms Traditional Zeolites or
activated carbons in Gas

Procassing

Structured Adsorbents

Combined TSA and PSA
Alternative
Processes — TDA

Traditional Pressure
Swing and Tempearature
Metal Organic Frameworks Swing in Gas Processing
Aluminas with Modified Surface Chemistry

Hybrids with Modified Surface Chemistry

Comventional axial
flow packed bed
configurations

Dry Regenerable Salls
Large/Commercial
Lab Work i Filal Scale Scale Projects Widely Deployed
Resaarch Development Demonstration Deployment Mature Technology

& Adsorbent Materials Technology Maturity
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At a high level there are no major technology gaps
CCS technologies are ready and available and being deployed today.

There are many contending capture technologies — in both
current technologies & 2" and 3" generation technologies

Next generation technologies vital for substantial cost reduction
No strong market pull for technologies at the moment

The lack of exploration is a significant barrier to rapid
deployment and thus learning by doing
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* Capture technologies are available (mostly solvent-based) and deployed
— cost of these technologies will continue to fall substantially by 2025-2030.
*  Need to support 2" and 3™ generation technologies,

— Lead times can run to decades.
— Adsorbents and membranes may well play a big role.

* Pre-combustion capture also progressing

* Chemical looping — cement industry developments

* Oxy fuel technologies progressing well — low cost ASU the key
* Capture of CO, from gas combustion needs to be progressed



Technology and Engineering Fronts for Oxyfuel Combustion

Core R&D
Objectives

Improving the paerformanca
and efficiency of Cwyfuel

Powear Plants with G0
Captura

combustion for Coal Based [

Contending
Technologies

Fual Praparation

Buoilar Design, materials & operation

Oy gan production

Flue gas processing and
Heat imtegration

G0 Processing Unit (CPLU) aftar
coryfual combustion

Challenges

Optimising the spacific fual
for the procass

Optimising tha boiler dasign
for efficient and flexible
oparation, limiting comrosion
and downtime and also
progressively moving to Uitra
Supsar Critical - USC
Mostly vandor specific)

Commercial demonstration of
mega-scala ASU (i.e. single train
cotygen production = SO00 tpd)
Dewvelop noval ceoygen production

Develop technologies for
multi-pollutants rarmoval
Im prove tachnologias for low:
grade heat recovery
Cptimise waste water managemeant

Improving CO» separation process
from flua gas and ramoval of specific
impurities (noting tha link to transport

and storage specs)

Prospective
Technology Fronts

Demonstrating lignite drying
technologies in large scale

Control and kocation of tha flua
gas and cxygan injection
Warmn flue gas injection
Test materals for advance LISC
application suitablke for high
concaentration of acidic gas
and watar

Raliability of large scale units with
greater turn dewn rangea
Membranes and ceramics for high
temp ocxygen producton

Improva flus gas processing
aquipmeant to address high
temperature comosion issues in tha
recycle path and boilars
A varnaty of removal technologias
baing developad and improved by
different vendors

Auto refrigeration using iIMmpura
C0g as mefrigerant
Pra-treatment of COs ax bailar
‘ariety of vendaor
spacific technologies
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* Transport pipeline technology is mature and
available; however, some technology
improvements are needed to get costs
down and further increase safety.

* Large scale transport of CO, by ship offers
promise and needs to be demonstrated at
scale.

* Experience is needed in planning, designing
and implementation of large-scale CO,
transport networks.




Fundamental
Storage R&D

Storage

* CO, storage technology
builds on years of research
& experience in oil & gas

Storage Geology

Eg Seals, faults saline aquifers

* There are fundamental and
applied aspects of CCS that
Sub surface CO2

behaviour are unique

Eg fluid flow, trapping
mechanisms.

MMV technologies

Eg seismic EM etc
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* Need to continue both fundamental and applied R&D

— Modelling and understanding CO, behavior in the subsurface must
be continued to improve operational efficiency and effectiveness
of storage

* Internationally consistent standards required (based on
oil and gas industry practice) for:
— Storage site characterisation methodologies;
— Storage efficiency factors; and
— Capacity estimation and reporting standards.

* Technology and risk management strategies to mitigate
or manage unintended CO, migration.
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Continue towards continuous, high resolution,
low cost, low impact subsurface monitoring;

Develop new seismic interpretation and inversion
techniques for enhanced CO, detection.

Establish technologies and methodologies for
offshore (sub marine) MMV

Continue work on controlled release calibration
and natural analogues; important for CO,
detection and accounting;

Develop an agreed methodology and language for
dealing with most monitoring — a null result;
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Building technical knowledge capability and people

* Continue R&D and technology development to both develop the
knowledge base and to train engineers and scientists in CCS technologies.

» Stimulate international collaboration.

Industry dynamics associated with exploration and technology development

e Start the identification and pre-competitive data generation of prospective storage
basins, making assessments of the likely realistic storage capacity.

* Either start exploration or incentivise the private sector to start exploration.
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Incentives Dynamics Exploration & Technology %~
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Government Carbon c o ' b o n
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* Governments provide
Faster CCS . .
Technology grants or incentives

Development

* Market dynamics will
drive exploration and
technology progress

Lower Cost CO,
Management




Concluding Thoughts

Governments now have a technology that can be
deployed to manage carbon emissions.

Consider the role of government in USA SO, scrubbing
and the nuclear industry, and gas pipelines in many
countries

The rate of take-up and associated improvements in
technology needs to be incentivized.

— important for getting new projects up
— vital to pull next generation technologies through development

sequestration leadership forum
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Prepared for the GSLF by The CRG for Greenhouse Gas Technologies (CO2CRG)
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