2 N E R M Cranfield
%/r &\\T University

Petrofac

(@UKCCS

RESEARCH COMMUNITY

UKCCSRC FLEXIBLE FUNDING 2022
SPRING CONFERENCE 2024

Fugitive amine
scrubbing using
electrostatic
precipitation

DR PETER CLOUGH

Sustainability is our business

© Copyright 2024 by The ERM International Group Limited and/or its affiliates ("ERM’). All rights reserved. No part of
this work may be reproduced or transmitted in any form or by any means, without prior written permission of ERM.




@UKCCS

RESEARCH CENTRE
Petrofac

fmew ) How do they work?
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Filtration mechanisms

* Aerosol filtration is similar to
particulate filtration

« Capture mechanisms in flue gases
must limit pressure drop

Options

 Activated carbon / sorbent bed
Water wash
Chemical scrubbing

Better operation of capture system?

Electrostatic precipitation of aerosols
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Inertial Impaction

Interception
Diffusion
Electrostatic Attraction
LEGEND
Cross-section ' Debris Particle
of a filter fiber

Path of Airflow
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Background

» CCS clusters will mean multiple amine scrubbing plants are closely located
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» This will result in tighter emission limits for fugitive amine emissions due to cumulative impact
« Atechnology solution is needed to achieve these emission limits that has minimal pressure drop
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m=y) Fugitive amine emissions

How bad is the issue?
EA limit on amine emissions = 100 pg/m3
EA limit on NDMA emissions = 0.2 ng/m?3

Data from Mongstad, Norway
Emission levels = 490 pug/m3

Data from Fortum Oslo Varme WtE, Norway
Emission levels = 16 pug/m?3

Data from Piperazine literature
Emission levels = 3.9x10° ug/m3
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and ESP Petrofac

Gas without CO,

and amines
Gas without CO, but CO, to
with fugitive amines storage

CO, capture
CO, release

Flue gas / \
EEE—

https://www.gov.uk/government/consultations/environmental-assessment-levels-eals-used-in-air-

emissions-risk-assessments/public-feedback/consultation-response-document-new-eals-for-emissions-to-air
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e | Why ESP?
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% Clean \ —
flue gas / \ Charged aerosols

\ move towards

S | attractive mesh at
/ 2> ; a force depending
a | | oncharge and

dipole moment

Gas without strong dipole
moments and with low
relative permittivity aren’t
affected by electric fields

Non-uniform electric field
generated using standard
ESP technology

Electrically charged meshes I
positioned within ducting Q
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Key advantages

Minimal pressure drop

High collection efficiency
Manageable energy demands

No replenishment resource demands

Key disadvantages

- Costs

- Complexity in design

- Need to avoid re-entrainment
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Dielectrophoresis
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Collection of amine-containing aerosols using
dipole interactions in a non-uniform electric field

DFT modelling to determine dipoles of different
amines and their degradation products

T

6+ side

Red: high electron density (-) Blue: low electron density (+)

Aerosols act as one big dipole — all poles align

+ve

When exposed to an electric field a rotational
force is applied
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ey ) Dielectrophoresis

Collection of amine-containing aerosols using
dipole interactions in an non-uniform electric field
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DFT modelling to determine dipoles of different

amines and their degradation products MES

«

AMP

Red: high electron density (-) Blue: low electron density (+)

If the field is non-uniform the aerosol will collect a
tV€  charge and move to the opposite electrode

If the aerosol impacts a surface it can be captured




i | Modelling outputs

The equation of motion for the droplet is

du =
m-- = 6 Ra(w — w) +qF

number of particles captured

capture ef ficiency(%) = , X 100%
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Charge on plate
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» Pressure drop in single digit mBar

« Strength of dipole / charge determines
speed of capture

« Aerosol particle sizes: 0.1-10 pm

« Consideration given to re-entrainment and
“bounce off” potential

MEA + H20
AMP + H20
MDEA + H20
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Length of plate
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oy ) Design to build
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Issues we had...
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Suppliers delivered late

Facility took too long to build

Pressure drop higher than expected
Fan didn’t perform as per specifications

Nozzle wasn’t as controllable as we would
have hoped

Nebuliser air supply availability
Atmospheric conditions influence
Electrical faults

High voltage equipment limitations

Noise in capacitive charge measurement
Equipment failures



@)UK

RESEARCH CENTRE

Cranfield 2
ey )  But we finally got results Petrofac
28% vs 39% water captured when applying 10 kV
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Case Case
Performance of the amine ESP without high voltage Performance of the amine ESP with high voltage.
Collection due to impaction and other passive mechanisms. Cases 4-9 correspond to voltages of 1, 5, 7, 8, 9, and 10 kV.

Cases 1, 2, and 3 use water flow rates of 10, 15 and 20 ml/min.  Water flow rate of 15 ml/min and for 20 mins.
All were performed for 20 mins.



) Next steps?

« Upgrade the system

* Investigate the effect of operating parameters —
electric field strength, distance, temperature,
concentration, particle size, dimensions etc.

But... Would need to rebuild the system...

There is interest out there in industry.
Someone else will need to take this forward.
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Sustainability is our business

We are the world’s largest pure play
sustainability consultancy

Founded in 1971, we are the largest advisory firm in the world
focusing solely on sustainability, offering unparalleled depth

and breadth of expertise.

We shape a sustainable future with the world’s leading

organizations

Our purpose guides everything we do. We create a better future
by helping the world’s biggest brands address today’s

sustainability imperatives.

We are the recognized market leader in sustainability

services

Numerous industry benchmarks attest to our market
leadership and the majority of our work is sole-sourced,
reflecting trusted partnerships we build with our clients.
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8000+ 40

Professionals Countries & territories

Climate change

consulting Leader
Verdantix Green
Quadrant 2024
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We partner with...
P 70%
of Fortune 100
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of Fortune 500
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Sustainable Energy Solutions combines the complementary skills and
experience of acquisitions Element Energy and E4tech

O E4teCh %ﬁ\\\% EFRM :ustainable elementenergy
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Strategy | E n1-1rq}.I | Susfllnablll W Energy SOlutlonS

A Group an ERM Group company

Strategic consultancy focused on The leading consultancy focused on Specialist energy consultancy
sustainable energy, with offices in the helping clients identify, manage and take founded in 2003 with a team of

UK and Switzerland. Since 1997 advantage of the innovation challenges experts based in the UK, France and
E4tech has worked with companies, and opportunities presented by the Australia working across all major
governments and investors wanting energy transition. We have about 150 low carbon energy sectors for

to understand the global experts across 10 activity areas, working companies, governments and NGOs
opportunities and challenges of clean globally as part of the ERM Group. worldwide, with an excellent
energy, building up a strong track Sustainable Energy Solutions is uniquely g o for sl smelss
record (?f pr0V1.d1ng strategic business place.d.to support clients with the energy thelarea of low carbonlenersy.

and policy advice backed up by sound transition.

technical knowledge.
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ERM’s unrivalled end-to-end decarbonization capabilities

With a focus on driving profitable commercial outcomes through practical, deliverable strategy and on-the-ground project execution

Strategy, i i i i . . . .
plannigrz,g 1.Framing of risk 2.Setting ambition, 3.Designing detailed 4.Enabling compelling
) & opportunit oal & target strate disclosures
& disclosure: pp y & & gy
A. Decarbonizing your B. Rethinking your products C. Addressing major capital D. Adjusting the
. operations & value chain & services projects portfolio
Delivery: o _ _ o
Using a * Digital solutions and Al * Product/ service * Low carbon technology * Accessing finance
combination * Low carbon technologies development project development & * Mergers & acquisitions
of opportunities » Market solutions . Demons.trating & verifying operation |
(renewable energy credentials * Asset repurposing or
procurement, offsets) retirement
Supported by: Data & Digital Optimization Business Transformation

Fully informed by technology expertise across all the key low carbon technology options:

.

2 R O e m & kB O &

Renewable Energy systems Hydrogen Low carbon ccus Industrial Low carbon Low carbon Building energy Energy Nature-based Engineered

Electricity and networks and fuel cells transportation decarbonization fuels chemicals systems storage solutions GHG removals
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Our offering to industrial regions and clusters

ERM has a wide range of experience supporting industrial communities in developing
decarbonisation strategies and roadmaps, providing a wide range of services:

Strategy development for a consolidated
decarbonisation plan across multiple regional
stakeholders

Market, policy and regulatory assessments
concerning the potential uptake of hydrogen, CCS and
other low-carbon technologies within the region

Scenario analysis considering different potential futures
and understand key risks and opportunities

Stakeholder engagement to build local buy-in and
inform regional analysis, ensuring relevance to local
context

Funding acquisition support, helping project
developers secure public funding for the demonstration
and deployment of CCS and hydrogen technologies

Economic benefits assessments to quantify the value
added and employment benefits to the local economies
and support the just transition of local economies

Our offering is complemented by ERM’s traditional sustainability and
environmental services, including Health and Safety assessments, Planning,
Consenting, Permitting, and Stakeholder Engagement
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Involvement in >10 clusters around
the North Sea region & 1 in Australia

Humber Groningen
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Sample projects

Scenario development for hydrogen uptake in Scotland
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Comprehensive offering to the Humber Industrial Cluster

Hydrogen demand assessment —

OLG Mafor (2020, Humber LEP / CATCH:Humber Industrial
Decarbonisation Roadmap — Business as
Usual Emissions Assessment (2020/21)
Drax White Rose - Flanning and EIA

Project Pessa

INEOS acquis

Zero Carbon Humber - Capturing for
Growth: scenario development and

- Hy-lm o, four siudh
economic assessment (2015) Equinor (2019) - Hy-lmpact serfes, four siudies

= wxamining i role of bloe hydrogen

—~ Equinor (2021) = ¢
b

Humber Zero ~ P66 Humber Refinery and VP1

North Lincolnshire Green Energy
Park - EIA f; og

__ Immingham - ISCE, IETF, cluster sequencing

AT support (2020-2021)
eadby 2 - EiA anc
Tronox, Immingham

Services . - Permit Variation 2018
Eritish Steel - RGF Support . __ Harbour Energy - Cluste 2
~ COUS innovation 2.0 8ppICation Sugpon
Able Marine Energy Park - £14 and
s

e
T (2021)

]
HRA

Gigastack project — Orsted, ITM, and P85 (2019 - | Lindsey il Refinery -
2021) = busingss model Suppor], polcy assessmont, | methadology and anviror
funding appiications
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« Dr Sigi Wang (Cranfield)

* Dr Aleks Gonciaruk (Cranfield)

« Dr Monica Da Silva Santos (Cranfield)
 Zigi Shen (Cranfield)

* Miguel Gomez (Cranfield)

« Howard Smith (Cranfield)

« Duncan Harrison (Petrofac)
« Chet Biliyok (Petrofac)
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