UKCCSRC Programme Conference, 12 September 2018, Sheffield
Supporting CCUS Implementation Through Innovation

CC(U)S trends
and getting effective
research questions
and hence impact
Jon Gibbins
Director, UK CCS Research Centre
Professor of Power Plant Engineering and Carbon Capture,
University of Sheffield
www.ukccsrc.ac.uk
Email: j.gibbins@sheffield.ac.uk

Now recognised that net zero or net negative
emissions are required – so CCS is essential

International Energy Agency (2017), World Energy Outlook 2017, OECD/IEA, Paris

Emissions going to zero means that the world has a finite budget for
all future CO2 emissions

http://www.iea.org/weo2017/

IEA Sustainable Development Scenario achieves
global 2040 CO2 emission targets by cutting coal
and oil use while increasing gas only slightly

International Energy Agency (2017), World Energy Outlook 2017, OECD/IEA, Paris
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World primary energy demand by fuel and energy related CO2 emissions

Fossil fuel prices fall or stabilise to 2040 in SDS

• Serious action on climate change will exert long-term
downward pressure on fossil fuel prices
• Lower prices weakens the original driver for renewables,
make CCS cheaper
Fossil fuel import prices

International Energy Agency (2017), World Energy Outlook 2017, OECD/IEA, Paris

Carbon prices rise more rapidly to 2040 in SDS

• May be explicit or implied by abatement costs of other
measures
• CO2 prices below reflect the highest cost abatement activity
being undertaken

CCS has a much smaller role than renewables, but this is
still a very significant increase from essentially zero CCS
now, to CCS on 10% of total fossil fuel use in 20 years

International Energy Agency (2017), World Energy Outlook 2017, OECD/IEA, Paris

• 2040 storage of > 1 GtCO2/yr would need perhaps 100 large sources or clusters
each taking 5-10 years to develop, even in China
• Larger amounts of CCS by 2040 have also been considered in previous IEA studies+
GtCO2/yr
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* http://www.globalccsinstitute.com/news/institute-updates/paris-climate-change-targets-cannot-be-met-without-ccs-cop23

+

https://www.iea.org/publications/freepublications/publication/20-years-of-carbon-capture-and-storage.html

By 2040 in the Sustainable Development Scenario CCS is
‘only’ 6% of global electricity generation, with renewables
over 60% and nuclear 15%, but this is a major increase

International Energy Agency (2017), World Energy Outlook 2017, OECD/IEA, Paris

2040 power CCS capacity is 375GW vs 360MW now* (plus capture from industry)
• 210 GW of coal power capacity with CCS
• 150 GW of this is in China (~15% of current Chinese power plant capacity)+
• 165 GW of gas power capacity with CCS worldwide
• Most of the coal CCS likely to be post-combustion and retrofits to existing plants
Annual Electricity generation by source

* Boundary Dam 3 120MW, Petra Nova 240MW

Installed capacity in 2040
Installed13100
capacity
GW in 2040
13100 GW

+ https://www.iea.org/publications/insights/insightpublications/ThePotentialforEquippingChinasExistingCoalFleetwithCarbonCaptureandStorage.pdf

Annual emissions relative to 2025 by country/region in the
IEA WEO 2017 Sustainable Development Scenario
• The highlighted countries with major reductions are likely CCS markets
Country/Region
Rest of North America
USA
Rest of C. and S. America
Brazil
Rest of Europe
EU
Rest of Africa
South Africa
Middle East
Rest of Eurasia
Russia
Rest of Asia Pacific
China
India
Japan
Southeast Asia

2025
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%

2030
92%
78%
93%
88%
86%
80%
106%
82%
98%
99%
89%
92%
81%
103%
74%
94%

2040
74%
46%
79%
73%
69%
50%
115%
48%
82%
91%
72%
77%
42%
96%
44%
81%

Technology options for coal power

https://www.gov.uk/guidance/funding-for-low-carbon-industry

Spreadsheet model now available

COAL – NEW PLANT COSTS
PCC

Oxy

IGCC

Technology options for gas power

https://www.gov.uk/guidance/funding-for-low-carbon-industry

Spreadsheet model now available
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The Energy Innovation Chain: where does R&D (not) fit?
Energy Research Partnership, reported in 2006 in http://www.epsrc.ac.uk/newsevents/pubs/second-uk-energy-research-summit/
(and subsequently reproduced in various forms including , www.ukerc.ac.uk/support/tiki-download_file.php?fileId=3619 )

A. UPDATING CCS KNOWLEDGE REQUIREMENTS

B. CCS
KNOWLEDGE
GENERATION
AND
MANAGEMENT

Research and
Pathways to Impact
Delivery (RAPID) a four-part approach
for delivering industryrelevant R&D

C. CCS KNOWLEDGE DELIVERY ACTIVITIES
D. CCS CAPACITY DEVELOPMENT AND CAPACITY DELIVERY

System-Level Technical Readiness, Sub-System TRL improvements
and Commercial Readiness Index - CRI
CRI

Should government fund R&D that will
evolve ‘current’ CCS technologies?
Yes – if it is ever to mature to
be a “bankable asset class” this
gap must be bridged
TRL
System test, launch and operation
System/subsystem development
Technology demonstration
Technology development
Research to prove feasibility
Basic technology research

9
8
7
6

6

Bankable Asset Class
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Market competition
driving widespread development

4

Multiple Commercial Applications

3

Commercial Scale Up

2

Commercial Trial Small Scale

Nuclear, Wind,
Solar, marine are all
TRL9. None are
“bankable” without
subsidy….
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Hypothetical Commercial Proposition
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From Bruce Adderley, Jeremy Carey, Jon Gibbins, Mathieu Lucquiaud and Richard Smith, “Post-Combustion Carbon Dioxide Capture Cost Reduction to
2030 and beyond”, Faraday Discussion on CCS, July 2016. http://pubs.rsc.org/en/Content/ArticleLanding/2016/FD/c6fd00046k#!divAbstract

Learning between CCS phases
2nd and 3rd generation technology projects
• MUST be based on previous projects, just using novel
technologies is clearly not a 2nd or 3rd generation
• Some learning from studies already, e.g. Boundary Dam
• But most proposed projects are still 1st generation
• Need learning by doing from successful projects on:
• technology (design, procure, construct, commission)
• markets (business models, contracts, financing)
• regulation, permitting etc. etc.
• Plus reference plants to reduce risk and financing costs
• Fully-developed market for supply chains has repeat units
• Also need PEOPLE with experience from repeat projects

From: R.K. Lester, Regionalizing Energy Technology Demonstrations, MIT Carbon Sequestration
Forum 16, Cambridge, MA, November 12-13, 2014

From: R.K. Lester, Regionalizing Energy Technology Demonstrations, MIT Carbon Sequestration
Forum 16, Cambridge, MA, November 12-13, 2014

CC(U)S development – a way forward
•

Build the next phase of projects with open access, at least in an initial phase, as a
justification for getting public support

•

Why is CC(U)S different? – only a very few, very big projects globally for large scale C, T
and S over the next decade (5-20?) and then a huge deployment rate increase to meet
climate targets

•

U generally at a smaller scale apart from EOR, which is well-developed already

•

T & S already do seem mostly to have many open-access aspects, C has been almost
entirely proprietary (e.g. see Peterhead KKDs)

•

Open access enables the feedback loops to research and development that support
innovation through very much better knowledge exchange

•

Open access will greatly increase the rate at which CCS technologies reduce their costs,
through increased commercial maturity and so become accepted as a proven technical
option for decarbonisation that is ready for rapid deployment

•

Open access also means that technology claims can be independently verified

•

Open-access capability will also help to achieve a CC(U)S market with a sufficient number
of competent suppliers with diverse products to give choice, competition and a minimal
risk of a class failure (e.g. from environmental emission issues)

•

And ensure the development of underpinning research capacity and people across a
wide range of relevant disciplines

CC(U)S development – open-access partners
Some potential open access CCUS partners:
•

USA – (coal) and natural gas power applications, industry, EOR

•

Canada – refinery, (coal power), EOR

•

China – industry, power, EOR

•

Norway – incinerator and cement, offshore storage, shipping

•

Netherlands – incinerators, industry, shipping

•

Australia – coal power, hydrogen from coal, offshore storage

•

India – coal power, EOR

•

South Africa – coal power, offshore storage

•

Indonesia – coal power, EOR

•

Mexico – natural gas power, EOR

UK – power, hydrogen, industry, offshore storage, shipping
Open-access CCUS is an effective way for governments, industries and researchers to
collaborate in bringing CCS through a critical period in its development
Open-access for the next decade’s 5-20 global CCUS projects will underpin the growth of
a future mature commercial global market for CCS technologies to deliver the necessary
rapid and large reductions in CO2 emissions from 2030 to 2040 and beyond

THE END

Global electricity generation capacity trends
from 2016 to 2040 in the SDS
While total electricity
generation (TWh) increases
by 42%:
• Total fossil+nuclear+hydro
capacity increases by 12%
• Total unabated fossil
capacity decreases by 20%
• 37% of the decrease in
unabated coal and oil
capacity is replaced by
unabated natural gas
capacity
• 29% of the decrease in
unabated coal and oil
capacity is replaced by CCS
capacity using coal or
natural gas
• Total wind+solar capacity
increases by 670%

International Energy Agency (2017), World Energy Outlook 2017, OECD/IEA, Paris
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Global coal capacity without CCS in 2040 is still equivalent
to nearly half of current capacity – but unabated coal
power plants without CCS are run at very low load factors

International Energy Agency (2017), World Energy Outlook 2017, OECD/IEA, Paris
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https://www.netl.doe.gov/File%20Library/Events/2016/c02%20cap%20review/1-Monday/H-LuNexant-NGCC-Applications-in-Mexico.pdf + full details in final Mexico World Bank project report
https://www.gob.mx/cms/uploads/attachment/file/107318/CCPP_Final_Report.pdf

Study for World Bank found first generation generic solvent gave only slightly
higher electricity costs than proprietary solvents for natural gas PCC retrofit
https://www.netl.doe.gov/File%20Library/Events/2016/c02%20cap%20review/1-Monday/H-Lu-Nexant-NGCCApplications-in-Mexico.pdf + full details in final Mexico World Bank project report
https://www.gob.mx/cms/uploads/attachment/file/107318/CCPP_Final_Report.pdf

