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e energy supply for CO, compression

Te C h n i C a | e water access for capture plant
e Resource related e.g. O, supply for oxyfuel combustion (cement)

P | : e Limited or no comprehensive plan, policy, regulatory framework
O I Cy e Lack of permitting deters investment

T t e uncertain availability of transport & storage - risk of stranded assets with no
ra n S p O r alternative use

e |[f infrastructure serving only 1 site — no economies of scale

: e Costs of transport site/method specific and range between £15/tCO2 to
e CO n O I I l I C £44/tCO2 (with varying carbon reduction potential) . A WORLD
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For industry with significant process emissions (cement, glass, lime), CCS
achieves a significantly higher level of abatement than hydrogen (H,) fuel
switching (or electrification). [1].

New paper looking at cost of CO, avoided of switching to H, from NG — at the
lower end of DACCS cost estimates (100-300 £/tCO2), the CCA of gas to blue H,
could be higher than using NG+DACCS. [2]

| CCA (grey-to-blue) | CCA (gas-to-blue) |
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This is Ilkely to change if prices of H, drop with the introduction of the
UK and EU hydrogen roadmaps and the US “1,1,1” strategy where
predicted price of green H, will be $1-2/Kg by 2030. .

[1] Element Energy for sites the Department for Business Energy and Industrial Strategy (BEIS), “CCS deployment at dispersed industrial
sites,” Aug. 2020. TOP 100
[2] Mullen, D., Gibbins, J., Lucquiaud, M. (2023) On the cost of Zero Carbon Hydrogen: A Techno-Economic Analysis of Steam Methane UNIVEhs“-Y
Reforming with Carbon Capture and Storage, Int J GHG Control, under review
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Apart from some technical issues (large land, low TRL, high energy demands
etc), main concerns are:

1.

Limited market size where CCU projects (~kt scale) cannot compete with
CCS (~Mt scale)

With geographically dispersed emitters, CCU would have to be co-located
to avoid same issues with transport as standard CCS.
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% Shatriclq Benefits of DACCS

Direct Air CO, Capture and Storage (DACCS), an emerging technology that uses
chemical processes to capture and separate CO, directly from ambient air
where it is then stored permanently underground.

1.High location flexibility — can be placed near storage, ports or hubs, avoiding
all of the transport and location limitations (such as water and electricity)
mentioned previously.

2.Can tackle emissions form all of the smaller sources where CCS is deemed
financially not viable.

3.Can be used to capture residual process emissions etc.
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Adsorption Technologies
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Thanks to Lucas Joel (University of Sheffield) for figures.

Climeworks, Global Thermostat,
Heirloom, Origen Power, Carbyon,
Sustaeera, Skytree, Airthena

Carbon Collect (Mechanical Trees),

Infinitree

Verdox, RedoxNRG

Cambridge Carbon Capture’s
CO2LOC, The Future Forest
Company, CO2-Zero, Rockfarm

Mosaic Materials, Carbon Infinity

Cuesta and Song (2020)
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Absorption Technologies

Carbon Engineering —
Metal KOH, Calcincation

Hydroxide- . '
based solvent CO, Circulair — KOH,
Membrane gas absorption

lon Selective

Electrochemical Mission Zero
Separation

Amine-based solvent Rolls Royce



o) hatioly  DACCS predicted prices

6t Carbon Budget on GGR

Widespread Innovation scenario

DACCS cost
effective
Early-stage deployment
£400/tCO2 £169/tC0O2 £120/tCO2

2020 ) 2030 2040 2050
t t

< DACCS cost £180/tC0O2
effective A WORLD
Balanced Pathway deployment TOP 100
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16th International Conference on Greenhouse Gas Control Technologies, GHGT-16

23 27" October 2022, Lyon, France ccet 2" bed
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A performance modelling study of integrating a MEA direct air (3 beds) T
o Flue gas
capture unit with a CCGT absorber — >
Stavros Michailos?, Abby Samson®, Mathieu Lucquiaud® and Jon Gibbins®* \. / \ J
“School of Engineering, University of Hull, Hull HU6 7RX, United Kingdom

"Department of Mechanical Engineering, The University of Sheffieid, Shefffeld 53 7RD, United Kingdom

Co-DACCS - findings so far:

Even in optimistic decarbonisation scenarios, there are most likely to be residual emissions that cannot be captured at source or
avoided. Hence, research on CDR technologies, such as DACCS, to identify ways for effective deployment is essential for

achieving net-zero targets. The scope of CCS deployment will rely on the amount of the residual emissions and, at the current _St u d y d O n e fo r CCGT b ut Ca n be a p p I ie d to a ny

standard for point sources of 90% to 95% CO: capture, DACCS can be strategically significant to global economies. Possible

integration opportunities for a DAC absorber with a conventional amine CCGT+PCC plant are examined, termed Co-DACCS. I
Modelling results suggest that the combination of an air absorber with a typical flue gas absorber can achieve specific reboiler P CC p a nt
duties down to 3.5 GJ/tCO: for separating COz from the air, a value in the range of standalone CCGT+PCC applications. Depending

optimisocombined Gpoation nd 10 make PO plas DACCS ready’ sn o i Y o Ways o -combination of an air absorber with a typical flue
Keywords: MEA direct air capture; fiybrid DAC+PCC, negative emissions; process modelling ga S a bso r b e r Ca n a C h i eve S p e C i fi C re b O i I e r d u t i e S
down to 3.5 GJ/tCO2 for separating CO, from the
A WORLD

air (comparable to CCGT+PCC applications). TOP 100
Project funded by UKCCSRC UN'VE“S'TY
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Some Direct Air Capture ambitions

Occidental Petroleum is planning “as many as 135 plants by 2035, each capable of
capturing 500,000-1 million tons of CO2 annually”[1]

CARBON REMOVALS

15,000

MTPA

[1] Energy Intelligence: https://www.energyintel.com/00000183-cal8-d8ee-a5cb-dadc9be30000

10,000 - 20,000 MTPA carbon
removal is expected to be
required to achieve net zero and
curb temperature rise to 1.5°C?

Today, we believe DAC can
economically address ~5,000
MTPA from hard-to-decarbonize
industries?

With cost reduction, we believe
DAC carbon removal credits will
be able to competitively address
~15,000 MTPA CO, emissions?
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[2] Figure: www.oxy.com/globalassets/documents/investors/Icv-investor-update/oxy-low-carbon-ventures-investor-update---selected-presentation-transcript.pdf UNIVE(RSII I


https://www.energyintel.com/00000183-ca18-d8ee-a5cb-dadc9be30000

We’re using CO, to create
sustainable fuels

Transitional Energy Research Centre (TERC)
CO, to fuels

Problem: Aviation cannot decarbonise without
integrating synthetic fuels to power planes

Solution: Mission Zero is building a Pilot plant with
TERC to deliver 50tCO,/ yr into an integrated
synthetic fuel project (SAF)

Benefit: CO, emissions circularised into drop-in

replacements for fossil jet fuels.
NORTHERN%.......
POWERHOUSE

European Union

** * **
SAF_ IC b Il European Regional
*oxk Development Fund
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We’re using CO, to create
sustainable fuels

Transitional Energy Research Centre (TERC)
CO, to fuels

Metrics:

Capacity: 50 tCO,/yr

Cost: CAPEX Sale

Energy: 750-1000 kWh/1CO,
Footprint: 14.86 m?

European Union
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*oxk Development Fund
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PTL Production: Direct and Indirect Pathway
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