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* AWO is the tugboat, towboat, and barge industry’s advocate,
resource, and united voice for safe, sustainable, and efficient

transportation on America’s waterways, oceans, and coasts EESOEREEH

MILLION TON-MILES

171.83

* The largest segment of the U.S.-flag domestic fleet
* 5,000 towing vessels
* 33,000 barges
* 665 million tons of cargo annually
* 90% less CO, than trucking
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« Zero-emission goals
* Regulatory Drivers
« Economic Incentives
 Technology Integration
 Energy Storage Systems (ESS)
« Safety & Training Considerations
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~ Powering the Future

Today’s Discussion
The Integration of

o Power the Future



Eirik R. Olsen Https://www.kongsberg.com/
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Transitioning from mechanical to electric propulsion

Onboard power systems with fuel cells and batteries

* New vessels will have more complex electric power systems than
before. As both fuel cells and batteries are sources of electric
power.

* Owners and operators needs to familiarize with electric power
systems and electric drive-lines for propulsion.

* Both batteries and fuel cells are DC (Direct Current) sources of
power.

* DC based power systems can invert DC to three-phase AC power
for vessel auxiliaries (lights, pumps, HVAC, controls, etc.)

* DCvoltage levels are typically 800V for smaller systems and 1000V
DC for larger power systems

* DC based power systems are typically arranged as DC-switchboards
(one or several). With individual modules for each function
(propulsion, fuel-cells, batteries, aux).

* Fortugs and other workboats, it’s possible to run electric winches
from the DC power system.

?‘ KONGSBERG See Statement of Proprietary information




From mechanical to electric propulsion

Topology transition

Fully electric propulsion, with fuel-cells and

Conventional power and propulsion.
batteries for electric power production.1

Main engines for propulsion and
generator sets for electric power
production

480V, 60 Hz 000V DC
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Hybrid propulsion system

Or, something in between

- Hyrbid propulsion with shaft
generators that can do both PTl and
PTO (ACis shown)

- Alternatively, dual input thrusters.

- Systems can be based on AC or DC,
depending on size and complexity

- Various soruces of energy can be
used, in combination with energy
storage (batteries)

’ KONG SBERG See Statement of Proprietary information




Energy Control

* When combining mulitiple sources and it s - ﬁ w o '"m‘e”‘“"“fﬂ“e"“
consumers of electric energy, a common control i - — x’f““ cal o ‘%
system is necessary. . Econsiors otligent Efcency w

* To make operations safe and robust for the | == QQ(E;
operator, the power and energy management Loy m B R
system needs to interface the various Y s ® ‘ [-) :ﬁ. w "
components and know their operational limits. mT 44 mT 22 & e i

* A common control system interfaces all parts of e 1 :
the power and propulsion plant. W $m Gl

* It also serves as a data-provider for reporting == | |

| pres'
K

and analytical services through cloud-based

Edge oriented sensors

soulutions.
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Weather forecast and
connection to remote
control center

Remote control
centers

(Mission Management / OrchestatoD

A mission manager for planning the

Mission Layer activities to be performed in a mission.

* A Continual learning Energy Management system

Intelligent Energy Management System considering the ageing and degradation characteristics
of producers like Fuel cell, battery, solar cell etc.,

Utilizing the
full orchestra

p
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Real-time Control Energy Control
Layer System
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Power Management System g

—>

=y SN

\_/

Fuel Cell Solar Cell Engine Battery
Management Management Management Management lgq—
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Weather v v v
Fuel Cell Solar Cell Engine > Battery
. Control Control Control Control
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—— HVBddg1Genmess/OutLosd/PRIM _ 808.4001
—— ESS1_AC_LOAD/Meas1/PRIM 14,5590
HVBswbd/TotLoad/PRIM 41.1765

2000.00 T 900.00
1750.00 + 706.25
1500.00 + 512.50
1250.00 + 318.75
1000.00 + 125.00
75000+ -68.75
500.00 1 -262.50

250.00 1 -456.25

-

Engine Takes all load . -

Dynamic Control of Responsiveness

Dynamic Inertia Control

Performance Boost

—— HVBddg1 585.2000

Company Protected

Genmeas/Outload/PRIM » — HVI Genmeas/OutLoad/PRIM  756.9000
— ESS1_AC_LOAD/Meas1/PRIM -477.87710 — ESS1_AC_LOAD/Meas1/PRIM 91,0650
HVBswbd/TotLoad/PRIM 54803 HVBawbd/TotLoad/PRIM 423412
Ti
2000.00+ 900.00 Timespan: 00:01:00 2000.00 T 900.00 imespan: 00:01:00
1750.00 + 706.25 1750.00 T 706.25

Engine Slow Ramp Down

1500.00 + 512.50 1500.00 + 512.50

1250.00 + 318.75

1000.00 + 125.00 1000.00 + 125.00

09:29:20

—— HVBddg1Genmeas/OutLoad/PRIM 1322000
—— ESS1_AC_LOAD/Meas1/PRIM 85641
HVBawbd/TotL.oad/PRIM 6.8955

2000.00 T 900.00

1750.00 + 706.25

1500.00 + 512.50

1250.00 + 318.75

1000.00 + 125.00

750.00 1+ -68.75

500.00 + -262.50

250.00 1 -456.25

0.00 * -650.00

09:29:30

Performance & Power Boost

750.00 -68.75 750.00 -68.75
500.00 1 -262.50 500.00 + -262.50
250.00 1+ -456.25 250.00 1 -456.25
&~
= e o ened Al P Pt o et
0.00 + -650.00 0.00 + -650.00
09:2840 09:30:30 09:30:40 09:30:50 09:31:00 09:31:10 09:32:50 09:33:00 09:33:10 09:33:20
} ~— HVBddg1Genmeas/Outload/PRIM  423.1000 —— HVBddg1Genmeas/OutLoad/PRIM _ 776.4000
= ESS1_AC_LOAD/Meas1/PRIM -301,1710 —— ESS1_AC_LOAD/Meas1/PRIM 55.3812
HVBswhbd/TotLoad/PRIM 59394 HVBswbd/TotLoad/PRIM 417318
Timespan: 00:01:00

2000.00 T 900.00 Timespen: 000100 2000.00 7 900.00

1750.00 1 706.25

Engine Fast Rai’np T -

1750.00 T 706.25

1500.00 T 512.50

1250.00 + 318.75

Engine Slow Ramp Up o | ste7s

1000.00 T 125.00

1000.00 + 125.00

750.00 1 -68.75
750.00 + -68.75

500.00 1 -262.50
500.00 1 -262.50

250.00 + 456.25

250.00 T -456.25

09:29:40

WORLD CLASS — Through people, technology and dedication

09:29:50

0.00 - .650.00
09:30:30 09:31:10 09:31:20 09:31:30 09:31:40
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09:30:00 09:30:10

09:30:20 0.00 + -650.00

- Engine Sweet Spot

09:340

09:33:50

09:34:10 14



HYBRID AND ELECTRIC POWER AND PROPULSION SYSTEMS
PROS & CONS

Pro’s Con’s

« Depending on the level of electrification, large savings * Generally, higher capital expenditures.
in Operating Expenses can be achieved.

* Higher complexity of electrical installations.
* ltis easierto meet both coming and current

environmental regulations, especially emissions and * Will require somewhat different skills and
noise. knowledge of crew, engineers and vessel
« Possible to reduce underwater radiated noise, to meet management.

current and possible new regulations.

* Fuel savings and reduced running hours for
reciprocating engines.

* Operational reporting and analytic work is possible
through better, more detailed data.
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Audience Q & A
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HAVE A FOLLOW-UP QUESTION<

Eirlk Olsen — Kongsberg - Eirik.olsen@km.kongsberg.com
Erik Larsen — Corvus Energy -

Elarsen@corvusenergy.com

Ricardo Cogliatti - Kongsberg -

Ricardo.cog io’r’ri@km.kongsberg.com

Michael Breslin - A

Mbreslm@cmenca
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RECORDINGS OF ALL WEBINARS ARE
AVAILABLE ON THE AWO RESOURCES
WEBSITE:

hitps://www.americanwaterways.com/re

SOUIrces

Thank you!
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