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GENERAL

CO, transport & storage at scale ) Northern

Lights

NORTHERN LIGHTS SCOPE
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CO, capture Transport Receiving terminal Permanent storage
Capture from industrial plants. Liquid CO, Intermediate onshore storage. CO, is injected into a saline aquifer.
Liquefaction and temporary storage. transported by ship. Pipeline transport to offshore

storage location.
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Northern European infrastructure
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GENERAL

Becoming a reality ) Northern

Lights

Receiving terminal at @ygarden

Workshop Substation Injection pumps Storage tanks Pipeline into tunnel
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GENERAL

Buillding a market for CO, sforage
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— Focus:

* Deliver Phase 1, operational in 2024

@ e Building a commercial business
Selected volumes &
sectors with strong o
dependency on CCS to — Secure commercial contracts
decarbonize
— Investment decision for capacity expansion

f

— Hard to abate emissions from industry in Northern Europe

19 * Process industry
* Cement
* Steel
* Woaste incineration

* Negative emissions

— Market potential: 319 Mtpa
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GENERAL

Value Chain

& Northern

Lights

b = B /w =~ Platform services
Feed in of New Customers e C°“;{3r|er°°m LI Oseberg A
CO, Source-Capture-Storage claalellietel Umbilical
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&? TS-ooemr an.¢ Subsea Template
h [Ei Transport / Plant-Storage 100 km
___________ ./ @ygarden
ﬂ Wells \2.6 km vertical depth
Authorities Northern Lights Office CO, Storage
Norway, European Union Stavanger
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GENERAL

Interoperable digital CCS value chain

Northern
Lights
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“Vessel 2, | am at 70% of max CO,
capacity. Please, see my 5 days

Y4

forecast. When do you pick up CO,2"
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“Plant 5, | will slow

down to save fuel.

Ready to load in 3
days, OKg"

—————————

SLB-Private

“Port 1, here are
your report for the
CO, off-loading

yesterday” y

“Guys, based on Al, | predict the
optical fiber switch will fail in
3 months. Suggest to replace while
S Plant 4 has turnaround, OK#e"
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GENERAL

Digital CCS value chain

—>Use Case examples
« Automatic reporting
« Logistics simulation & optimization
« Subsurface simulation & optimization

— Enablers for value-chain optimization
« Sharing data across value chain elements
« Scalable & secure solutions
« Open industry standards

Northern
Lights

Optimized CCS operations

Scalable CCS data platform

[ CCS value-chain data sources J
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CCS digital ecosystem

CO, Port Terminal Pipeline & m
Source Storage Storage Subsea =

Interoperability

Plant, Capture, Storage Vessel @ygarden Plant Pipeline/Subsea Well Storage
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Max number of Unlaading in parallel 2
Wait Storage Before Loading 0
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Subsea Metaverse

Metaverse

« Gaming mulfiplayer environment
« Operational training

» HSE: Hazid & Hazop

« What if scenarios in digital twins

Technology (courtesy Equinor, Echo):
« Digital twins

* Unreal Engine 4

 Meta Quest 2




GENERAL
Subsurface CCS focus ) Northern
Lights
— Safe CO, storage by geological seal of storage complex: Rock mechanics & large models
— Commitment of future CO, injection volume: Injectivity & storage capacity, uncertainty

- Monitoring CO, for safe storage in saline acquifer

— Digital collaboration with Schlumberger and Microsoft:
« Data platform
« Uncertainty modeling: Agile Reservoir Modeling
* Optimize subsurface tools for CCS
« Super-fast CO, flow simulatfion: 30 000X speedup by Arfificial Intelligence

Conventional

Conventional

Courtesy: Philipp Witte, Microsoft Research for Industry
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DELFI Agile Reservoir Modeling (ARM): Stochastic modeling - Northern
ights

as saturation (SGAS)
as saturation

*** Northern Lights Model
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NL-SLB Workshop: Way Forward

Transition FMU workflow to DELFI and demonstrate added value of DELFI technologies
Objective for uncertnaty centric modeling worklfow for CO2 storage project.

Digital Forum
20-22 Sep

July September

1. Geomodel RMS-to-Petrel migration —— (02 |ateral distance from well (m)
Activity 2. Sim. model to Petrel conversion
3. Integrated Geo-Sim. modeling loop in Petrel Uncertanty

4. Agile Reservoir Modeling - proof of value

o ARM: Agile Reservoir Modeling
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