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What is an air lubrication system? Air lubrication systems release
microbubbles under the hull, creating an aerated layer that reduces friction and
drag—cutting fuel use, lowering emissions, and boosting vessel profitability.
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How do the 1Ist generation technologies work? First-generation
legacy Air Lubrication Systems (ALS) generally fall into two categories:

The first category uses air dispensed cavities, which are cavities built into the
bottom of the hull and filled with air at or near the pressure corresponding to the
vessel's draft. Compressed air is “scraped” by hull flow to create a bubble carpet
along the hull. However, this design has limitations: deeper drafts require more
compressor power to overcome the static head of pressure, whilst slower speed
vessels may not generate the required level of “scraping” across the open part of
the cavity to produce an effective bubble layer. Cavity-based systems may also
cause added drag when the system is inactive.

The second category includes systems using external Fluidic Bands, which are
bolted to the flat bottom of the hull and are fed by compressed air from onboard
compressors mounted somewhere on the ship. Each band—typically up to three
per vessel—features small holes along its trailing edge that release air into the
flow beneath the vessel. Like cavity-based ALS, these systems face challenges:
they require high air volumes, which increases power consumption, and deeper
drafts impose greater static pressure, making it more difficult to maintain effective
lubrication.

How do traditional systems fall short? Even well-designed
compressor-based air lubrication systems face significant limitations. Maintaining
a stable air layer is difficult across varying drafts and rough seas, and high
compressor power can offset fuel savings. Systems cannot adapt airflow to
different hull regions (e.g., bilge turn water blanketing). As a result, these
systems have a narrow effective operating window—usually shallow draft, speeds
above 14 knots, and calm conditions.
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What are the disadvantages of using air compressors? A major drawback of first-generation air lubrication systems
is their reliance on multiple compressors—typically 4 to 10, depending on vessel size. The power required to run these compressors
can significantly offset fuel savings, and in some cases may even require an additional auxiliary engine, further disrupting the
vessel's energy balance. This active, compressor-heavy design also increases the risk of equipment failure, generates more
onboard noise and vibration, and adds significant capital and maintenance costs.

What are the potential fuel savings from first generation hull air lubrication systems on the market?
Competitor systems typically claim 5 - 12% savings, but only under perfect conditions. Outside their narrow operating window,
savings often drop to zero — or below zero due to compressor load.

What makes Armada’s Passive Air Lubrication System (PALS) different from 1st Generation
technologies? PALS operates without compressors, instead harnessing the ship’s own forward motion to drive the system. Its
hull-mounted pods naturally draw in air using venturi principles and mix it with water to create a stable air—water blend. This design
delivers a more resilient lubrication layer, enhanced bubble retention in rough seas, reduced power requirements, and a much wider
operating window compared to traditional systems.

How does PALS work? As the vessel moves forward, PALS creates a dynamic instability between the inlet and outlet
transition pieces (Step 1). Water enters through the inlet and drives a venturi ejector (Step 2), which then draws in air from deck
level using the vacuum effect of the Bernoulli principle (Step 3). The ejector’s diffuser disperses this entrained air into uniform
microbubbles (Step 4), and the resulting pressurized water—air mixture is released into the hull boundary layer through each unit's
outlet (Step 5).

What is PALS operational window advantage? Traditional ALS perform effectively only within a restricted performance
band. PALS broadens that band — delivering real savings across more speeds, more drafts, and more sea states!

SPEED: Flexible & Adaptable
Pods are turned for the vessel’s typical speed, operating fully passive at that point. Performance remains strong from 3 - 19
knots, and optional blowers/pumps can support extreme off-design considerations.

DRAFT: Power Efficient at Any Depth
PALS does not fight static pressure.
Eductors, not compressors, handle air movement — so deeper drafts don’t require more power.

SEA STATE: Stable Lubrication When it Matters the Most
PALS injects a premixed flow that stays attached to the hull more reliably than pure air. Each pod self-adjusts to maintain bubble
coverage during roll and pitch.

What is PALS portfolio of system options:
. Fully Passive Systems — Most vessels qualify, validated by study
. Passive-Ready Systems — Mix of passive and assisted pods
. Enhanced Systems — Add pumps/blowers for extreme off-design needs
. Water-Only Mode — Exclusive to PALS

Performance Verification
How has PALS performance been proven?

* In September 2022, Armada’s PALS went through Hydrodynamic & Cavitation Tunnel (HYKAT) testing at HSVA, one of the
world’s leading pressurized cavitation tunnel testing facilities. The results verified that PALS offers credible double-digit on-plate
drag reduction. Testing results showed a stable, well engaged, and high-quality rigid carpet of aerated water into the boundary
layer and significant on-plate reduction was recorded. Additionally, the Armada team documented a drag reduction “sweet spot”
that could be targeted where two identified hydrodynamic phenomena were effectively balanced within every operating condition

« In 2024, Armada Technologies reached a significant commercial milestone with the successful installation and operational
launch of its Passive Air Lubrication System (PALS) aboard Kool Husky, a 160,000 cbm LNG carrier owned by CoolCo. System
configuration included a full 14-pod PALS installation. Hull integrity work was completed in under 7 days.Independent testing is
ongoing and will generate full long-range datasets

+  Through our association with RETROFIT55, PALS underwent research at the National Research Council (CNR) to test a model
scale large bulk carrier and coastal container ship to discover the dynamic effect of PALS on these vessel types
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What is PALS fuel savings? Air lubrications systems fuel savings cannot be captured by a single percentage—it depends on
how effectively an air lubrication system performs across the vessel's actual operating profile. PALS wider operating window means
more consistent savings across more conditions. Additionally, we conduct detailed, vessel-specific analyses to determine realistic
savings for each project. When we commit to a number, it's fully supported by data and verified by independent third parties.

Operations

How does PALS optimize the distribution of air bubbles? PALS uses a carefully designed venturi combined with the
forward motion of the ship to passively create the optimum distribution of lubrication bubbles. The net result is an even lubrication
over a wide range of speed and depth variables.

Can PALS operate effectively under less than optimal conditions, such as deep drafts and slow
operating speeds? Yes, PALS utilizes a small number of low energy pumps to provide the air: water flow to ensure ongoing
optimal performance at slow vessel speeds and higher sea states. This allows better system control and drag reduction optimization
that is aligned to the vessels speed, draft and the prevailing weather conditions. The reason why this is so important is the ongoing
prevalence of slow steaming across the world merchant fleet and the uptake of Engine Power Limitation (EPL) as a means of
regulatory compliance.

Can each of the Armada Pods be independently controlled? Yes, given the versatility of the system, PALS can
tune the output from each pod independently and thus provide a significant optimization of performance over a much wider array of
sea states and operating conditions.

What influence does sea state have on PALS? PALS drag reduction optimization is aligned to the vessel's speed, draft,
and the prevailing weather conditions, so the system operation does not fluctuate as significantly as other air lubrication systems
when operating in heavy or variable sea state.

Is there potential for cavitation erosion around the propeller that may damage the propeller? No, air
lubrication systems have been proven not to induce increased cavitation of the ships propeller(s).

Will air entering the vessel’s pre-existing sea chests enable mass water transition to the deck through
adhesion? Depending on the design and location of sea chest(s), an aeration chamber may be required to separate air from
water to prevent such adhesion suction to the deck level. This requires a very minor modification to the sea chest drop lines as part
of the PALS installation.

How will PALS impact the underwater noise produced by ship and impact wildlife migration
patterns? PALS will reduce the underwater noise pollution emitted to the ocean as the bubbles themselves suppress the noise
attenuation across the air carpet.

Will the presence of a stable air carpet interrupt the accurate functioning of an echo sounder? Most
vessels have a single echo sounder positioned forward. Forward eco sounders will not be impacted by a PALS installation.

The relocation of an aft echo sounder may be required / decommissioned if the air carpet interacts with its effective operation.
Alternatively, PALS can be switched to a pure water-mode when aft echo sounder operation is required.

What is the risk of the water intake blocking and if it does, how can this be fixed? PALS is designed to
enable full flushing capability, the system can be flushed both forward (through the inlet) and backwards (through the outlet) to
dislodge and agitate any biofilm / fouling. Flusing operations can be conducted when the vessel is static or traveling below 1 knot
speed.

Will the system require additional on board staff to operate? No, PALS needs no additional crew or technical
engineers to operate the system.
Manufacturing

What is the build lead time? The lead time to build PALS is specific to the ship type and size but ranges from 6 to 12
months.

Has the Armada PALS been approved by any classification societies? Armada has been design approved by
DNV, ABS, and Lloyd's Register (LR). In addition, Armada has an Approval in Principle (AiP) with RINA.
Installation

What is the complexity of an Armada PALS installation? A PALS installation is relatively easy with costs anticipated
to be lower than many other air lubrication systems. This is due to the footprint of the system as it is designed to fit cleanly between
the longitudinal and transverse structure of most merchant vessels and because it does not use compressors.

Has the Armada PALS been installed on a ship? The first-ever installation of PALS was successfully completed in
October 2024 on the CoolCo LNG carrier, Kool Husky.
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What were some of the performance highlights of the Kool Husky installation? The Kool Husky installation
demonstrated confirmed drag reduction across a wide speed range, with peak performance between 5 and 19 knots. There was
no degradation at transitional speeds (e.g., 910 knots), a common issue with traditional systems. Consistent bubble delivery was
achieved even under pitch, roll, and deep draft conditions, thanks to the non-pressurized outlets, while boundary layer optimization
through a fine air-water premix proved to be a key driver of performance. The system’s modular design also enables decoupled
fabrication and installation, and its pod pumps provide precise control with significantly lower power consumption, enhancing
efficiency across varied operating conditions.

What was the data results from the Kool Husky sea trials? The Kool Husky is currently undergoing long-term
independent sea trials to evaluate and verify PALS performance across a broad range of speeds, drafts, and sea states. This
ongoing assessment is intended to provide comprehensive, third-party validation of the system’s operational capabilities.

Can PALS be fitted on existing ships? Yes, the Armada pod system can be retrofitted to an existing vessel or be installed
as part of a new design and construction project.

Can the Armada team provide supervision through the feasibility study, engineering design,
installation and commissioning phases of the system? Yes. Our team of highly skilled technicians can oversee the
installation and commissioning of PALS. Furthermore, we have access to a network of expert service partners who are well-versed
in working with class and flag state, installation project management, and any regulatory requirements that ensure compliance with
all applicable standards and regulations.

How long does it take to install the Armada PALS system? Duration is project specific, however, PALS can
generally be installed during a standard dry-docking window.

Maintenance

What is the risk of the water intake blocking and if it does, how can this be fixed? The PALS water intake
system is designed to prevent blockages, with hydrodynamic bars at the inlet to stop large debris and a bore size that allows
smaller debris to pass through. If a blockage does occur, the affected pod can be quickly isolated without impacting the rest of the
system, which remains fully operational.

What are the annual maintenance costs associated with PALS? Annual maintenance costs are ship-specific, but
because there are no compressors to maintain and fewer equipment parts to service, PALS requires less maintenance than other
air lubrication systems on the market.

Return on Investment

What are the CAPEX and OPEX cost of PALS? The cost of PALS is ship-specific, but has relatively low capital
investment and operating costs due to the elimination of the compressors. Its unique design uses less power than other hull
lubrication technologies, decouples speed from drag reduction and is easier to maintain.

Would PALS still provide fuel savings and CO, reductions on ships operating on short duration with
multi-port trade routes? Yes, even for ships operating on short-duration multi-port trade routes, PALS can provide significant
fuel savings and CO, reductions. For example, air lubrication systems reduce frictional resistance and therefore ensures the vessel
requires less power to achieve an ordered speed. The owner can materialize this benefit by reducing power (and therefore fuel)

to achieve the ordered speed, or alternatively, achieve a higher speed for the same power delivery. This speed increase benefit is
generally attractive to liner trades with vessels operating on tight schedules. Time saved on passage provides more time in port
and/ or more round trips per annum and therefore offers more tangible financial benefits.

How are my fuels savings measured and reported? There are a few ways to measure fuel savings. Maritime software
solutions that can provide in-depth vessel performance metrics to track and manage the data of a ship’s carbon emissions footprint.

Additionally, a simple method of measuring PALS performance, is by doing an initial baseline performance test that is conducted
with the system turned off. This baseline test provides a benchmark for fuel and power consumption against which the savings
achieved, by utilizing the PALS system, can be independently measured and reported in line with industry accepted ISO standards
and protocols.
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