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Advanced Subsea Production
Typical Subsea Process Block Diagram - Building Blocks
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Subsea Technology Development Timeline
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Asgard Subsea Compression — Process System
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Asgard Subsea coolers

In Asgard:
* Inlet/recycle coolers, multiphase, duty approx. 11 MW each
» Discharge coolers, single phase, duty approx. 8 MW each

Passive cooler module design is characterized by the following components:
* Inlet piping and header, ensuring even liquid/MEG distribution

» Cooler pipes, cooling the process fluid

» Structure, including sacrificial anodes

* Instrumentation, valves, connectors etc.

Based on experience from design, fabrication and operation there is potential for improvement to reduce size, weight
and cost and at the same time improve the efficiency.
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Cooler walls

Asgard cooler — no walls

+ Natural convection

» Seawater can be drawn from the side — weakening the cooling
» Sea current may increase cooler performance — however lower predictability

With walls

* Enhanced natural convection (chimney effect)
» Better cooling performance
» Less susceptible to seawater current — leading to reliable cooling duty with increased predictability

Cooler without walls
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Active vs Passive

Passive cooling
» Natural convection by seawater
* Chimney effect

Active Cooling
» Subsea pump (already qualified) is used to increase the seawater velocity hence the performance.

» Utilize baffles to channel the seawater through the cooler
» Incorporates louvers (open / close) in the lower section — to switch active / passive mode

Passive Cooler Active Cooler
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Aker Boxed Cooler

Key Features

Reduced size, weight and cost
Increase efficiency, especially for low process fluid temperatures

Enable temperature regulation for more advanced cooling requirements i.e.

hydrate control
Standardized system solution both for active and passive cooler

Current Qualification Activities

Qualify TSA coating system for cooler application

Detail cooler design for constructability and fabrication (baffles, support,
stacking, walls etc.)

Develop solution for CP protection in a compact cooler

Verify design tools to optimize cooler for efficient heat transfer with
minimum pressure drop

Cooler regulation (temperature control, response time, turndown)
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Performance comparison

« The measured performance of the Asgard Inlet Cooler is compared towards a CFD simulation of the new improved cooler (same
operating case).

Asgard Inlet /Recycle Cooler Asgard 2.0 Inlet /Recycle Cooler

Dimensions (L x W x H): 5.1m x 11.4m x 2.4m (140m3) Dimensions (L x W x H): 4.5m x 4.9m x 2.3m (51m3) (-63%)
# 3" pipes: 40 # 3" pipes: 36

Pipe length: 85m Pipe length: 69 m

Outer surface: 950 m? Outer surface: 784 m? (-17%)

Coating: Painted Coating: TSA

OHTC: 260 W/m2K (Passive) Minimum OHTC: 350 W/m2K (Passive) (+34%)
Pressure drop: 0.5-1 bar Pressure drop: 0.5 -1 bar

Design case: Compressor full recycle stream Design case: Compressor full recycle stream
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Summary

Standardized solution for
both passive and active

Actuated hatches for
passive mode

operation

Using proven passive cooler
tube design and size

Aker Boxed Cooler is
technology development
stemmed out of past project
experiences

A high efficiency cooler
using proven cooler design

Better temperature
predictability / regulation

Reduced size, weight and
cost
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Thank You!! Question?
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Copyright and Disclaimer

Copyright

Copyright of all published material including photographs, drawings and images in this document remains vested in Aker Solutions and third
party contributors as appropriate. Accordingly, neither the whole nor any part of this document shall be reproduced in any form nor used in any
manner without express prior permission and applicable acknowledgements. No trademark, copyright or other notice shall be altered or
removed from any reproduction.

Disclaimer

This Presentation includes and is based, inter alia, on forward-looking information and statements that are subject to risks and uncertainties
that could cause actual results to differ. These statements and this Presentation are based on current expectations, estimates and projections
about global economic conditions, the economic conditions of the regions and industries that are major markets for Aker Solutions ASA and
Aker Solutions ASA'’s (including subsidiaries and affiliates) lines of business. These expectations, estimates and projections are generally
identifiable by statements containing words such as “expects”, “believes”, “estimates” or similar expressions. Important factors that could
cause actual results to differ materially from those expectations include, among others, economic and market conditions in the geographic
areas and industries that are or will be major markets for Aker Solutions’ businesses, oil prices, market acceptance of new products and
services, changes in governmental regulations, interest rates, fluctuations in currency exchange rates and such other factors as may be
discussed from time to time in the Presentation. Although Aker Solutions ASA believes that its expectations and the Presentation are based
upon reasonable assumptions, it can give no assurance that those expectations will be achieved or that the actual results will be as set out in
the Presentation. Aker Solutions ASA is making no representation or warranty, expressed or implied, as to the accuracy, reliability or
completeness of the Presentation, and neither Aker Solutions ASA nor any of its directors, officers or employees will have any liability to you
or any other persons resulting from your use.

Aker Solutions consists of many legally independent entities, constituting their own separate identities. Aker Solutions is used as the common

brand or trade mark for most of these entities. In this presentation we may sometimes use “Aker Solutions”, “we” or “us” when we refer to Aker
Solutions companies in general or where no useful purpose is served by identifying any particular Aker Solutions company.
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