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@ GHG Reduction in Maritime Industry
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World’s first emissions-free port

PORT OF Port of Oslo's vision is to become the world's most environmentally

0 s L o friendly urban port. The plan for a zero-emissions port was

established and approved by Oslo City Council in 2018.

By 2030, Oslo will eliminate 95% of greenhouse gas emissions. Port of
Oslo will reduce emissions by 85% in the same period, and become
emissions-free over the long term.
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Zero-emissions urban port: Oslo is well on its way to g a zero-emissions port.

5 - d renewable fuels
Municipality of Oslo

https://www.oslohavn.no/en/menu/klima-og-miljo-i-oslo-by-o0g-havn/zero-emissions-port/



https://www.oslohavn.no/en/menu/klima-og-miljo-i-oslo-by-og-havn/zero-emissions-port/

@ Battery Powered Ships in Norway
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n 2022: About 80 el-

NORLED ferries in Norway

2015: The first el-ferry
“Ampere” is launched
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@ Battery Powered Ships in South Korea

NTNU

Charging facilities in Norway and Finland Different weather condition in South Korea
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@ A Novel Battery Power Supply System
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https://www.youtube.com/watch?v=_ikCqaYrHj6Q
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Launched on March 2022

Gross Tonnage
Length Overall All
Capacity

Power Supply

@ A Novel Battery Power Supply System

: 460 ton

: 60m

: 120 persons + 20 cars

: 2 X 800kW battery trailers



@ A Novel Battery Power Supply System
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Car deck (front)

Propulsion motors Propulsion motor test w/ battery Power distribution panels Fixed battery



@ Objective
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Analyze safety of the car ferry with a novel battery power supply system



@ Too Many UCAs and Loss Scenarios

NTNU

i

ZERO [ ((( PYARA '
EMISSION & | BIRKELAND

81-155 UCAs and

130 UCAs and 256-766 Loss Scenarios

976 Loss Scenarios



?

@ Too Many




Method

Prioritizing the Results from STPA
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@ Prioritizing the Results from STPA
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1) Define Purpose of 2) Model the Control 3) Identify Unsafe 4) Identify Loss
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@ Evaluation Criteria
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Table 3. Evaluation criteria for UCAs.

Criteria

Category and description

Severity® (SV)

Awvailable time to respond (ATR)

Strength of knowledge on UCA (SOK)

5. Catastrophic loss to human, environment, and/or property.

4. Severe loss to human, environment, and/or property.

3. Major damage to human, environment, and/or property.

2. Damage to human, environment, and/or property.

|. Minor damage to human, environment, and/or property.

5. Not possible to prevent occurrence of accident after UCA.

4. Accident can be prevented or mitigated, only if required action is provided
instantly.

3. Accident can be prevented or mitigated, if required action is provided in time.
2. UCA causes accident rather slowly, so we have some time to respond to UCA
and prevent or mitigate accident.

I. UCA causes accident very slowly, so we have far enough time to respond to
UCA and prevent or occurrence of accident.

5. Complex control action with no or little experience.

4. Complex control action with a small number of experiences.

3. Complex control action with a large number of experiences.

2. Straightforward control action with a small number of experiences.

|. Straightforward control action with a large number of experiences.

Table 4. Evaluation criteria for loss scenarios.

Criteria

Category and description

Likelihood® (LH)

Strength of knowledge on loss scenario (SOK)

5. Event that is expected to occur frequently.

4. Event that happens now and then and will normally be experienced
by the personnel.

. Rare event, but will possibly be experienced by the personnel.

. Very rare event that will not necessarily be experienced in any similar plant.
. Extremely rare event.

Complex scenario with no or few experience.

Complex scenario with a small number of experiences.

. Complex scenario with a large number of experiences.

. Straightforward scenario with a small number of experiences.

. Straightforward scenario with a large number of experiences.
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STPA
1) Define 2) Model 3) Identify 4) Identify
Purpose of (= the Control = Unsafe Control e Loss
the Analysis Structure Actions Scenarios
No Loss
1) Define Purpose of L1 Loss of human life/injury
the Analysis
Identify Losses, Hazards L2 Asset damage (ship, battery trailer)
Define
Jystem . Environment L3 Loss of time (inefficient operation)
oundary \
mTTTTTT
1 1
1 System \
! 1
P 4
No Hazard
H1 Vessel related hazards
H1.1 Collision, contact, grounding [L1, L2]
H1.2 Uncontrollable fire occurs [L1, L2]
H1.3 Delayed vessel operation [L3]
H2 Passenger related hazards
H2.1 Passengers fail to evacuate when emergency [L1]
H2.2 Passengers evacuate when no emergency [L3]
H3 Battery trailer related hazards
H3.1 Trailer crashes into human, ship structure, other obstacles [L1, L2]
H3.2 Delayed trailer operation
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Structure Captain
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1) Define 2) Model 3) Identify 4) Identify
Purpose of = the Control = Unsafe Control j=—p| Loss
the Analysis Structure Actions Scenarios

Captain ‘
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Controller: Onboard crew

Condition Unsafe Control Actions?

Battery trailer is

ID Control Action Vessel is ready to Not

properly K Provided Too early Too late Too short Too long
secured be connected provided

CA.0C.003 | Connect battery trailer to Yes Yes Unsafe [H3.2] Safe Unsafe [H3.1] Unsafe [H3.2] N/A N/A
vessel Yes No Safe Unsafe [H3.1] N/A N/A N/A N/A
No Yes Safe Unsafe [H3.1] N/A N/A N/A N/A
No No Safe Unsafe [H3.1] N/A N/A N/A N/A




STPA
1) Define 2) Model 3) Identify 4) Identify
Purpose of = the Control = Unsafe Control j=p Loss
the Analysis Structure Actions Scenarios
3) Identify Unsafe
Control Actions
UCAs by Each Hazards
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Prioritizing UCAs
Controller No. UCA sV ATR SKU RPN
UCA.OC.001 Onboard Crew does not provide Guide Battery Trailer to Securing Position command when the securing positionis clear [H3.2) | o2 3. 6 |
Onboard Crew provides Guide Battery Trailer to Securing Position command too early before the securing position is clear [H3.1] 4 4 3 11

Onboard Crew

.. .UCA.0C.002

" UcA.0c.004

Onboard Crew provides Guide Battery Trailer to Securing Position command when the securing position is not clear [H3.1]

" Uca.0c.006

" UCA.0C.009

Onboard Crew provides Secure Battery Trailer command too early before the battery trailer is parked on correct securing position [H3.1]
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1) Define 2) Model 3) Identify 4) Identify
Purpose of = the Control p=#{ Unsafe Control p==p Loss
the Analysis Structure Actions Scenarios . .
290 Loss Scenarios (LSs) from 10 critical UCAs
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Controller LS No Loss Scenario Risk Reducing Measures
Onboard Crew does not receive the information that the
Onboard ejection is required, so Onboard Crew does not provide - Apply a back-up communication with Onboard Crew

LS.0C.033.009

Crew Eject Battery Trailer to the Sea command when - Install separate alarm system for ejection situation
uncontrollable fire occurs from the battery trailer
Onboard Crew provides Guide Battery Trailer from Securing . . .

. L - Install automatic alarm system to warn occupied trailer route
Position command too early when the battery trailer is . . .
Onboard ) - . - Allocate additional crew to support trailer guide
LS.0C.028.008 | released from securing position but the route is not clear, .
Crew - Apply fully autonomous trailer

because Onboard Crew misunderstands that the route is
clear or ignore checking the route before guide the trailer

- Provide periodic training of guiding trailer to Onboard Crew




Discussion




@ Discussion
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1) Main Findings by STPA

« Additional important roles for onboard crew members UCAs by Each Controller
: guiding, connecting, securing battery trailers

* Regular safety training, backup communication,
separate alarm system, additional crew, etc.
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2) Evaluation Criteria

Table 3. Evaluation criteria for UCAs.

Criteria

Category and description

Severity® (SV)

Available time to respond (ATR)

Strength of knowledge on UCA (SOK)

5. Catastrophic loss to human, environment, and/or property.

4. Severe loss to human, environment, and/or property.

3. Major damage to human, environment, and/or property.

2. Damage to human, environment, andfor property.

|. Minor damage to human, environment, and/or property.

5. Not possible to prevent occurrence of accident after UCA.

4. Accident can be prevented or mitigated, only if required action is provided
instantly.

3. Accident can be prevented or mitigated, if required action is provided in time.
2. UCA causes accident rather slowly, so we have some time to respond to UCA
and prevent or mitigate accident.

|. UCA causes accident very slowly, so we have far enough time to respond to
UCA and prevent or occurrence of accident.

5. Complex control action with no or little experience.

4. Complex control action with a small number of experiences.

3. Complex control action with a large number of experiences.

2. Straightforward control action with a small number of experiences.

|. Straightforward control action with a large number of experiences.

Table 4. Evaluation criteria for loss scenarios.

Criteria

Category and description

Likelihood® (LH)

Strength of knowledge on loss scenario (SOK)

5. Event that is expected to occur frequently.

4. Event that happens now and then and will normally be experienced
by the personnel.

3. Rare event, but will possibly be experienced by the personnel.

2. Very rare event that will not necessarily be experienced in any similar plant.
|. Extremely rare event.

5. Complex scenario with no or few experience.

4. Complex scenario with a small number of experiences.

3. Complex scenario with a large number of experiences.

2. Straightforward scenario with a small number of experiences.

|. Straightforward scenario with a large number of experiences.
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STPA HANDBOOK

NANCY G. LEVESON

JOHN P. THOMAS

MARCH 2018

This handbook is intended for those interested in using STPA on real systems. It is not meant
to introduce the theoretical foundation, which is described elsewhere. Here our goal is to
provide direction for those starting out with STPA on a real project or to supplement other
materials in a class teaching STPA.

COPYRIGHT @ 2018 BY NANCY LEVESON AND JOHN THOMAS. ALL RIGHTS RESERVED. THE UNALTERED VERSION OF
THIS HANDBOOK AND ITS CONTENTS MAY BE USED FOR NON-PROFIT CLASSES AND OTHER NON-COMMERCIAL
PURPOSES BUT MAY NOT BE SOLD.
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