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What do these mean?

53
2006
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53 years — Canyon Reef CO2 Pipeline

» 5.2 million tonnes/year
= 270 MMSCFD

= 1972

= 225 km

» Dense phase / supercritical

= Notable others
= Cortez - 808km, 1984 19.3 Mt/y
= Sheep Mountain — 660km, 9.5 Mt/y o/
= Bravo — 350 km, 1984, 7.3 Mtly Current pipelines '
= Weyburn — 328km, 2000, 5 Mt/y
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IEA GHG Feasihility Study;:
CO2 Captare, Trahisport
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2006

» |[EA GHG R&D programme
» How do you do distributed collection?
= Can it be modelled?

= 2006

» Developed a model for collection, even include low pressure
systems

= As a last minute test developed a “cluster” — North West England

» Then very quickly — Yorkshire and Humber, Teesside/Tyneside,
Scotland followed by later repeats

= Scotland connected with offshore assets

» Teesside Collective 2015 provided a blueprint for the Tees Valley,
and business models

g~ Hynet CCS Ince/AGI
R #Hynet+CCS:Stanlow AGI|
Barbell'BVS W
Pentre Halkyn'BVS' 'Cornist Lane BV.S E

= Clusters are again a hot topic, but they aren’t new. O S, O Y RO

” Hynet CCS Northop!Hall = Mollington BVS
4 Aston Hills BVS = Y&
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Where are we now?

» Two funding rounds that didn’t consider clusters

» FEED’s for gas pipelines (White Rose (new), Longannet (new+repurposed)
particularly useful)

= Current funding looking at multiple sites and clusters
» Regulations and standards changing
= BS PD 8010 updated
» Pipeline Safety Regulations — amended to name CO2 as a dangerous fluid
= El guidance re-published
= API published RP 1192 - Transportation of Carbon Dioxide by Pipeline
» |SO issued and now updating CCS standards.
» Hot topics over the years
= Cluster or not cluster
= Safety, Dispersion
= Corrosion and integrity, Equation of state, Composition

= Shipping, road and rail (Non-Pipeline Transport)
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How did we get there?

= CASSEM
» Pipetrans
= Mattrans
= CoolTrans
» Social Licence to Operate
» ZEP — particularly early works on NPT with RCI
» Specific highlights
= Water solubility, EOS, Flow metering
= Knowledge transfer from 2 CCS project rounds
= Longannet, Kingsnorth, White Rose, Peterhead

» [nternational knowledge and co-operation
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What changed?

Funding competitions

No longer technology specific

Post combustion Coal in 2009
No clusters in 2015
Now technology agnostic

Encourages clusters
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Knowledge building and
capability/capacity increases

Research

Gas dispersion
Compositions and corrosion
Metering

System wide thinking
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What Changed - we did

» The challenge has changed
» |t has become more complex and more costly
* How do we decarbonise
» Electrify
= Decarbonise (CCS, re-formulate, re-fuel)
» Renewable vs combustion based energy is changing
» Industry becomes more knowledgeable — but less so at the same time |
» Loss of knowledge and experience is becoming a problem
= Qur tools are getting smarter.

= RunPilot, gCCS/gProms, Conitnuum, Goldset, InfraCCS, SimCCS,
Olsights

» Industrial decarbonisation plans, slowly we moved clusters forward

» Did we get more risk adverse, policy led or convinced it couldn’t be
done?
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Beyond drawing boards, maps and Google Earth
Automated and Digital Spatial Approach for Routing & Siting

DATA ACQUISITION CRITERIA SUITABILITY CORRIDOR/ROUTE OPTION ROUTE MAPS
AND PROCESSING ASSESSMENT ANALYSIS OPTIMIZATION ANALYSIS
Study Area Selection Scenarios evaluation Corridor Analysis Benchmarking & Option plotting in GIS
Criteria aggregation Detailed Routing Options evaluation

——————
-~

Data Catalog Classification

Environmental

Social

4 Constraints
Economic

Technical
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What’s next,...

Compositions
= \What will projects accept
= How does this impact performance in mixtures
= \What models, Equation of States can we use?
= \Where’s the empirical data?

= Corrosion/integrity issues

WSP | Footer goes here | Date

Dense Phase vs Gas
= Capacity question

= Can we do dense phase on land (in the UK!),
not just offshore

= Dispersion results — the verification of models
against empirical data
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What’s next,...

Cluster and pipeline dynamics

How do clusters work
What does the system dynamics look like?

Not just flow and pressure model or even surge — how do
they change over time

Commercial agreements, business models, operating
models, third party access

Composition impacts and rule setting

Location and routing
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Transported and rejected volumes
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What’s next,... e —

\/

- ——~Z
Non-pipeline transport Nmkm? Sidings
= Shipping, road and rail
= |ntegration into clusters L .
» Impacts on flexibility, steady flows
= Access points OO0

OO0
= Buffer storage

OO0

OOO | |Ujl

Buffer storage
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What’s next,... the biggest challenges?

» Knowledge transfer
= Design, construction and operations of projects — export of learning
= How do we import knowledge and experience to the next generation of engineers
= \Work smarter
» [ndustry/academia/sector engagement -
= Social acceptance
= Qur landscape is becoming hugely complicated
= How do we engage stakeholders on individual projects and themes
= Space — how do we use it for CCS, Hydrogen, power, water, people

* How do we go faster?
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