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Geo-Carb-Cymru was a Research Cluster that ran between 2013 and
2018 from the Sêr Cymru National Research Network for Low Carbon,
Energy & Environment (see: www.nrn-lcee.ac.uk).
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Geo-Carb-Cymru’s aim was
to address the role that new
geothermal energy sources and
carbon capture technologies play
in securing a low carbon future in
Wales, and the UK more widely.
This is a summary of the policy
implications of both scientific
review and original research
undertaken by Geo-Carb-Cymru
that fall within the remit of current
and evolving Welsh policy.

Key recommendations
• Triassic sandstones in the East Irish Sea offer 1.8 Gt of CO2 storage
capacity (~ 20 times more capacity than the South Wales Coalfield),
with a low risk for leakage and instability. Given current regulatory
restrictions on on-shore CO2 storage, the East Irish Sea therefore
offers the best prospects for long term CO2 storage for Wales,
with potential also for the UK more widely.
• The proximity of the South Wales Coalfield to major industry
necessitates further exploration and regulatory development to
promote on-shore carbon storage.
• Microbial technologies show great potential to enhance Carbon
Capture & Storage (CCS), and the continued research and
development of microbial CCS technologies should be supported.
• From a Welsh perspective, there is a key opportunity to link East
Irish Sea CCS storage sites with the industrial areas in south
Wales where most point-source CO2 emissions occur.
• The development of coal mine-derived geothermal heat in
Wales is feasible and should be encouraged. Supporting the
development of small-scale district heating networks would
mitigate greenhouse gas emissions, provide jobs in the local
economy, and be a means of ‘bringing something back’ from
discontinued coal mines.
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Background
Decarbonisation is already high on the national
agenda. The Welsh Government has pledged
to reduce its 2050 net emissions to at least
80% less than the 1990 baseline as set in the
Decarbonisation programme1.
The UK Government has recently made strong
commitments to carbon capture and storage,
particularly when combined with utilisation
(CCUS=Carbon Capture, Usage and Storage)[1].
(See Fig. 1 for details of the CCS process).
In CCUS, captured carbon dioxide (CO2) is used
for a variety of industrial purposes such as the
synthesis of polymers (e.g. carbonates) and
methanol, synthesis of hydrogen fuel, or the
enhancement of methane (natural gas) recovery
from coal beds. The most recent plan published
by the Government2 outlines development

•

Increasing the provision of geothermal heating is
a major feature in the National Grid future energy
scenarios4, while specifically in Wales, the UK
Climate Change Committee has advised the
Welsh Government to use regulations to ensure
that new buildings are designed for low carbon
heating systems.
Geo-Carb-Cymru research addressed the
opportunites for the development of geologic
CCS and geothermal energy in Wales, focusing
on characterising geologic CCS opportunities in
the north of Wales, and both geologic CCS and
geothermal energy in the South Wales Coalfield.

CCS policy has evolved rapidly over the last few years:
2015 - the UK Government cancelled a £1bn CCS competition, slowing down CCS research.
2017 - renewed interest and investment in CCS resulted from the UK Clean Growth Strategy.
2018 - the UK Government published Clean Growth: The UK Carbon Capture Usage and Storage deployment
pathway - An Action Plan2 which commits the UK to enable the development of the first CCUS facility in the UK for it to be up and
running by the mid-2020s and encourage and reduce the cost of carbon capture in industry, including the potential to use CCUS.
2018 - £175,000 UK Government grant announced in 2018 for the Acorn project at the St Fergus gas plant, match funded by the
Scottish Government and the European Commission, to develop ways of transporting carbon emissions for North Sea storage.
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[1]
•
•
•

of commercial models including risk-sharing
strategies, local industry support mechanisms,
and an operational CCUS facility in the 2020s
leading to wide-scale deployment in the 2030s.
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Figure 1
Schematic for how most CCS projects operate. CCS in the UK mostly involves
off-shore sites because the high pressure under hundreds of meters of water
reduces the likelihood of CO2 bubbling up, and the combination of impermeable
mudstones sitting atop permeable sandstones is ideal for trapping injected gas.
The premise at UK sites is to convert CO2 gas in both a mineral and aqueous form.
Basalt, a mineral which is highly reactive with CO2 and has shown promise in Iceland,
is largely absent in the UK. Image credit: Pale Blue Dot Energy and Technology3
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Box 1. Relevant policy strands
National Grid Future Energy Scenarios4
Stresses importance of developing low
carbon heating systems for buildings.
Environment Wales Act5
Includes key part such as I: Sustainable
management of natural resources, and
II: Climate change (carbon budgeting,
emission targets).
Decarbonisation Programme1
Develops pathways to ensuring 2050 net
emissions are at least 80% lower than the
1990 baseline set in legislation.

Low Carbon Housing the Challenge, 2018
Report by Welsh Assembly7
Reports on the Welsh Government’s
progress in low carbon housing provision
to ensure energy efficiency and emissions
reductions targets are met.
Clean Growth: The UK Carbon Capture
Usage and Storage deployment pathway
- An Action Plan8
Report by the Department for Business,
Energy and Industrial Strategy outlining
how UK will achieve deployment of CCUS at
scale in the 2030s.

Industrial Decarbonisation & Energy
Efficiency Action Plans6
Specific Action Plans for industry sectors to
decarbonise, highlighting the importance of
carbon capture and storage.
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Carbon capture and storage
A report on the UK’s strategic CO2 storage resource was commissioned in 2016 by the Energy
Technologies Institute with funding from the UK Government Department of Energy & Climate
Change (now Department for Business, Energy & Industrial Strategy)3. The report concluded that
Carbon Capture, Usage and Storage (CCUS) is critical for the delivery of a cost-effective transition
to the low carbon economy required by the United Nations COP21 agreement[2], especially in
supporting the decarbonisation of heavy industry and heat and power generation. Analysis
by the Energy Technologies Institute (ETI) has shown that failure to deploy CCS at scale could
double the cost to the UK government of achieving its 2050 decarbonisation targets3.
The main challenges to implement CCS at scale identified in the report included quantifying and
managing the risk involved in CO2 storage, which Geo-Carb-Cymru addressed in the East Irish
Sea and the South Wales Coalfield.
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CCS in the East Irish Sea
The physical stresses that follow from gas field depletion have previously not been adequately
known in the East Irish Sea Basin, and so the mapping of leakage risks has been a research
priority for local CCS development. Geo-Carb-Cymru used seismic data and computer models
to show that leakage risks are very low if identified pressure thresholds are not exceeded. The
basin’s capacity for geologic carbon storage is estimated at 1.8 Gt in Triassic-age reservoir rocks,
which provides significant carbon storage potential for Wales. There is scope to increase these
numbers by developing storage in secondary Permian reservoirs in the East Irish Sea Basin,
which are under active research9.
Gas fields in the Ellesmere Port area previously identified by the British Geological Society (BGS)
as offering potential storage opportunities and getting close to the end of production, are also now
proposed for the storage of CO2 captured from H2 production in NW England (the HyNet project).

CCS in the South Wales Coalfield
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Coal also has carbon capture capacity, and in Wales, this storage is in close proximity to the
country’s major point source carbon emitters (Fig.2). Coal carbon capture, however, has received
less research attention to date than basalt or sandstone. Pilot studies have shown that despite
differences in the CO2 absorption capacity across different coal types present in the South Wales
Coalfield, each type has potential to function as CO2 storage with the option to simultaneously
release natural gas (‘enhanced coal bed methane recovery’10).
Estimates by members of Geo-Carb-Cymru have identified that the South Wales Coalfields offers
a proved capacity of 70.1 Mt CO2, a probable capacity of 104.9 Mt CO2 and a possible capacity of
152.0 Mt CO 11.

Credit: iStock
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Figure 2
2015 emissions data, as tons of carbon, derived from the National Atmospheric Emissions
Inventory. Most carbon dioxide emissions in Wales arise in the south, where most industry is
situated. (Open Government Licence).
Figure: Emma Wiik (NRN-LCEE)

Credit: Emma Wiik (NRN-LCEE)
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Box 2. CO2 trapping and leakage control techniques in CCS
During CCS carbon dioxide (CO2) is usually injected in a supercritical state, which means
that it is contained at temperatures and pressures high enough to remain a gas but move
like a liquid. In this state, CO2 still pushes upwards after injection, and so measures to
control leaks are required.
The choice of leakage control in CCS depends on which method has been used to trap it
after injection. For each method, microbes can be harnessed to reduce risk or make the
process more efficient:
Structural trapping:
CO2 remains in a supercritical state. Leakage is prevented by natural caps consisting of
impermeable rock layers, e.g.mudstone, termed caprocks. Some caprocks may still benefit
from enhanced reinforcement.
Geo-Carb-Cymru investigated encouraging bacterial growth to plug rock pore spaces.
Solubility trapping:
CO2 diffuses into water and transforms into aqueous carbonate-based ions (HCO3-, CO32-).
Retention of these forms is conditional on water chemistry (acid conditions transform
carbonate-based ions back into CO2).
Geo-Carb-Cymru investigated encouraging the growth of microbes that maintain alkaline
conditions to prevent the backward transformation of CO2.
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Mineral/solid trapping:
Aqueous carbonate-based ions transform into solids by reacting with metal cations such
as magnesium and calcium. This is generally the most permanent storage form of CO2.
Solubility trapping can progress to mineral trapping with time as increasing concentrations
of carbonate-based ions encourage mineral precipitation.
Geo-Carb-Cymru investigated methods to speed up mineralisation using microbes.

Microbial CCS enhancement
Geo-Carb-Cymru also developed numerical models to evaluate
the extent to which microbes affect the CO2 storage capacity of
underground areas. Two key processes can occur12,13. Firstly, microbial
growth and precipitation of carbonate minerals can plug pores[3] in the
caprock, thereby reducing the chance of leakages. Secondly, microbial
activity can increase solubility trapping of CO2 by increasing pH, which
increases the capacity of water to absorb and hold on to CO2 and its
chemical reaction products. Geo-Carb-Cymru’s new model suggests
that microbes can both enhance solubility trapping of atmospheric
CO2 and successfully cement caprock holes even under the pressures
experienced at depths of over 1 km14,15. (See Box. 2 for further details of
CCS trapping and leakage control techniques).

The South Wales Coalfield as a geothermal
heating source
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The investigation of the abandoned mine water in the South Wales
Coalfield as a geothermal heating source was initiated by the Welsh
Assembly in 2007 when they commissioned a feasibility study. Since
then, progress has been made with our understanding of the water
flows, quality, and heat potential therein. For example, for reliable heat
production, resource predictability is important. From surveys spanning
multiple seasons in various parts of the Coalfield by Geo-Carb-Cymru
researchers16, it is now known that most of the sites studied have stable
enough temperatures for heat production especially in winter when
it is most required. According to the most recent estimates, 42 - 72
MW of energy could be produced from the Coalfield, the equivalent of
heating 6500 houses. This heat production would also reduce carbon
CO2 emissions by 59 and 76% compared with mains gas and electrical
heating, respectively, based on gas and electricity energy source use
projections16. European funding has already instigated the development
of ground heating at an old coalmine near Maesteg which could heat
1000 homes.

•

[2] 21st Session of the Conference of the Parties to the United Nations Framework Convention on Climate Change (COP
21) which set out a common framework for regular reporting of member nations’ emissions and implementation efforts.
[3] tiny pores the size of thousandths of a cm form connected networks in the caprock. Blocking of these pores reduces
these connections.
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•

Microbial activity and coal geothermal energy
Microbes can contribute to the heat-generating capacity of coal mines. Work by Geo-Carb-Cymru
demonstrates that abundant microbial populations do this via microbial growth and via
microbe-driven chemical reactions with sulphide minerals in coal. This is controlled by biomass,
hydrogeological conditions, and sulphide mineral abundance. The injection of oxygenated
waters may also offer a route of 'bio-stimulating' heat-generating reactions in future mine water
geothermal schemes.
Geo-Carb-Cymru has also identified that microbes can present deleterious effects for coal mine
water geothermal schemes via bio-fouling of heat exchangers and pumps. This can occur via
biofilms on surfaces and microbial driven corrosive reactions such as sulphate reduction and
methanogenesis.
Understanding the positive and negative role of microbiology and microbial geochemistry in
mine water geothermal is critical for its implementation and long-term efficiency.
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This science to policy briefing is based on the findings
from the Sêr Cymru National Research Network for
Low Carbon, Energy & Environment (www.nrn-lcee.ac.uk).
Financial support was provided by the Welsh Government
and Higher Education Funding Council for Wales.
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The Sêr Cymru National Research Network for Low Carbon, Energy and Environment
(NRN-LCEE) was funded by Welsh Government (WG) and the Higher Education
Funding Council for Wales (HEFCW) as part of the Sêr Cymru 1 funding initiatives.
The over-arching mission of the Network was to promote excellent research within
Wales into the sustainable use of natural resources for the provision of energy, water,
food, and other ecosystem services. The Network was the catalyst to bring a diverse
set of talented researchers and partners into new collaborations, in order to conduct
innovative research that was highly pertinent on an international research agenda.
Four themes tie together all research funded by the Network:
1. Sustainable Intensification
2. Low Carbon Energy Pathways
3. Developing the Bio-Economy
4. Impacts & Mitigation of Climate Change and Human Activities
The core of the Network research was centred around 8 Research Clusters (supporting
18 Research Fellows and 12 PhD students) and 10 Returning Fellowships. The latter were
individuals returning from extended career breaks. It also supported STEM outreach
opportunities, public lectures and a diverse range of workshops and events on topical
science issues. www.nrn-lcee.ac.uk
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