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Presentation Notes
Rules, regulations and business pressure  develop and operate vessels with a smaller environmental footprint. 

Will fuel always be unconditionally billed to the charterer?

A DP vessel is equipped with a dynamic positioning system intended for offshore work.

What is special about DP vessels? 

Green vessel?
Lower CO2 or particle emissions
Operate closer to highest efficiency level
Built for a longer life span
Easier recycling of components and materials

Will talk about 
Solutions for new buildings and upgrades for retrofit
Concentrate on software systems
Operational changes for existing vessels – human factor VERY important: requirement for
Relative low cost 




Regulatory incentives

Global

*Kyoto protocol (1997): IMO is mandated to deal with

international shipping GHG emissions. @ E”lr?‘t’w’;:'cgt
*Paris agreement (2015): new binding decisions post-Kyoto

Concentrations of Greenhouse Gases from O to 2005

Loca W TEED |-
*Sulphur Emissions Control Areas (SECAS) 2 Jre0g
National regulations : Jm0s
g 1000

-1800

FAQ 2.1, Figure 1. Atmospheric concentrations of important long-lived green-
house gases over the last 2,000 years. Increases since about 1750 are attributed to
human activities in the industrial era. Concentration units are parts per million (ppm)
or parts per billion (ppb), indicating the number of molecules of the greenhouse gas
per million or billion air molecules, respectively, in an atmospheric sample. (Data
combined and simplified from Chapters 6 and 2 of this report.)
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Start with the regulatory reasons for considering a greener vessel

Globally 
Kyoto protocol: international treaty to reduce greenhouse gas emissions. IMO mandated to lower GHG from international shipping
Paris agreement: will from 2020 reduce GHG to hold increase below 2 deg celsius

Locally
Different areas where emissions are heavily controlled. Both reguional and national regulations

Sulphur Emissions Control Areas (SECA) are areas with stricter controls on airborne emissions (SOx, NOx, ODS, VOC). These emissions are determined from emission and fuel quality requirements and typically less affected by vessel operational changes.
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Shipping is energy efficient, but fleet is increasing

IMO 2nd GHG report 2009. Shipping represents only 3% but is having a great growth potential in the future


IMO 3rd GHG report 2012 Various scenarios modelled.
An average increase of 50% to up to 250% of shipping emissions by 2050.
This study plus a number of other past studies all point to the fact that future shipping GHG emissions will increase.

Developments on emissions and efficiency can mitigate emissions growth but almost all scenarios project higher emissions in the future. 
Regulators aim to stabilise or reduce future emissions.



IMO regulatory framework
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IMO has several energy efficiency measures to prevent pollution

EEDI – Mandatory. Minimum energy efficiency per tonmile for different ship type and size segments. Not applicable to specialized vessels such as offshore or DE.	 CO2emssion/TransportWork

EEOI – Voluntary. Monitoring CO2 performance improvements of different effort.

SEEMP  - mandatory. operational tool for managing the environmental performance of ships and support operational efficiency improvements.
Ship-specific, the ship owner should have a Company Energy Management System for fleet-level energy management. 
Both shore-based and ship-based energy efficiency aspects



Energy measures

» Hull/propeller cleaning

* Slow steaming

* Hull coating

» Performance monitoring
* Voyage planning

* Weather routing

» Engine optimization

« Trim/draft optimization

e Speed pattern optimization
* Port optimization

* Awareness/incentives

» Retrofits

ENERGY
MANAGEMENT
STUDY 2015

' THE FRAM PROJECT

=
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Published guides and project reports, industry initiatives have published measures and recommended best practice
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Examples of incentives
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NO: Tax on NOx emissions arising from propulsion machinery, large engines and turbines, and flaring on offshore installations and onshore plants
Report and pay to the NOx Fund:
Lower cost per NOx unit 
 financial support from the fund for projects they propose that reduce NOx emissions.

ESI
International Association of Ports and Harbors.
ESI port incentives: several (Oslo, Stavanger, Ålesund, Bergen, Gøteborg, Busan, Florø, Drammen, Panama, Barcelona, Amsterdam, Rotterdam, Hamburg)

CSI: cargo owners and forwarders.
Promote transparency 

Upper two  most relevant for offshore segment


®)

DP vessel challenges

e Different operations with varying power demand

e Shorter transit periods

{ Rolls-Royce
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DP vessel:
different operational profile than traditional vessels 
particular problems not always addressed in usual energy measures recommendations.  

Energy savings measures usually focus on the potential during transit operations as seen in the EEOI score. DP vessels are specialized without a measurable transportation task, so the EEOI score is of limited use. 
To evaluate the performance of offshore operations we must consider alternate methods.



®)
DP vessel challenges

* Different operations with varylng pojMemand
e Shorter transit periods ;
* Redundant power & thrust capability
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Must prioritize safety, but this does not require full capability at all times.


DP vessel challenges

* Different operations with varying p

e Shorter transit periods {

Redundant power & thrust capability
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Energy savings measures usually focus on the potential during transit operations as seen in the EEOI score. DP vessels are specialized without a measurable transportation task, so the EEOI score is of limited use. 
To evaluate the performance of offshore operations we must consider alternate methods.
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Comparison Operational Profile
Time, tanker Time, PSV

At Port Transit
23% 22%
Maneuver At Port Fast
2 % 47% Transit
_ 7%
Transit
75%
Maneuver
6%
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IMO tanker example
PSV of UT design, six months of data
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DP mode

* Engines and redundancy requirements Engine Efficiency Histogram - Total

e DP operations for PSV typically change
the working point away from design
conditions

Cumulated Time [%]

0 20 40 60 80 100
Engine Load [%]
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DP operation redundancy requirement: safety requirements


®)
Reduce energy consumption
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* Have equipment/systems that facilitate lower energy consumption
e Configure equipment properly for operation with lower energy consumption, and
* Plan, organize and operate to accommodate energy savings

il
=
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Achieve the highest potential all parts of the organization must be motivated to reduce energy consumption

Well maintained equipment


Technical upgrades

[ROLLS
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New builds

Existing equipment and lots more will soon be available


®
Vessel equipment and systems

e Fuel cells: FellowShip project, Viking Lady
e Dual-fuel and gas engines
- In operation
- Low CO2, NOx and SOx emissions
e Hybrid Shaft Generator
- Variable engine speed while frequency/voltage stable
- Reduce zero-pitch loss
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Fuel cells are tested in the industry R&D project

LNG 
180 vessels ordererd or in operation worldwide.
Gas engine Island crusader 2012


The Hybrid Shaft Generator (HSG) upgrade is a modification to the power electronics system which controls the shaft generator 
to switchboard power flow. This means that the diesel engine and the propeller can operate at variable speeds, whilst keeping the
network frequency-stable and the voltage fixed.


Energy storage

e Reduce local pollution

e Reduce load variation and peaks

e Operate with less running generators

e Generators run at highest efficiency

* Power system uses back power from winch/crane

Delivery

* O/V Bgkfjord, multi-purpose vessel for
Norwegian Coastal Authority

e 850 kWh for operations (incl DP) and port use

16
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Battery package for OV Bøkfjord
Norway’s largest single package so far
Reduce load for on-board generators. Use in port when current is not available. Use for operation and automation purposes.



Software solutions
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Vessel software: Weather-optimal positioning

e Minimize sway motion Position warning & alarm watch area

« Search for optimal heading SO NeHToINT

Pendulum
path

Wind

« Control surge to position setpoint
e Control heading to aim angle

 Moves on pendulum path
« Waitch areas for warning and alarms

fnvironmental force
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minimize the external forces acting on the vessel by changing the heading and position such that the bow faces the dominant environmental forces

uses the governing weather forces actively in the search for an optimal vessel heading.


®
Vessel software: Weather-optimal positioning

 Weather direction may change
- Vessel moves

» Biggest efficiency gains when combined
with other measures

]
[Aim point )
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The operator determines if the system can automatically update the aim angle and position setpoint at certain intervals. This enables the vessel to remain in WOP with low energy consumption for a long time. 


»
Simulation example

* Reduced thruster configuration
- Reduced energy demand

20

180

« Changing wind direction
- 75deg
- 90 deg
- 50 deg

1 Rolls-Royce
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Position keeping with fewer thrusters and engines.

most suitable for standby operations for longer periods.
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A traditional route planner for a deep-sea voyage considers distances between two ports, often on different continents and with a significant time in transit conditions. On long routes, vessels can change the course significantly which gives the operators a larger possibilities to avoid bad weather and find beneficial conditions (tide, tail wind, etc.).  

Larger DP vessels, such as construction vessels, can also benefit from weather routing when travelling between assignments

Platform supply vessels often follow a weekly schedule to supply the installations. Due to relatively small distances between port and installation the energy savings potential for weather routing are small


Vessel software: route planning ; “

Additional:

* Optimal speed to ensure arrival just-in-time
e Account for nightly close-downs

* Include wave forecast for crane operations
e Extendto

- Ship owner fleet
- Combined pool

e Suggested speed profiles
» Advice on thruster configurations

Statoil supply routes, 2013 = ="

MSc, Kjglleberg, 2015
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Incorporating speed profile and thruster setup in the route planner may yield additional environmental benefits. 

the energy savings potential can be much higher by including a larger part of the organization


»
Vessel data collection and analysis )

* Vessel log — important tool for navigation

* Benjamin Franklin chartered the Gulf
Stream used information from log books

* Noon log: deep-sea shipping operational
backbone

Rolls-Royce
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promoted it to speed up delivery of mail from America to Europe, and to improve other commercial shipping

For deep-sea shipping, noon reports with vessel performance data have been prepared onboard and communicated daily to the main office through various channels.



®
Vessel data collection

« Growing amount of on-board sensors

« Establish vessel operational pattern

* Voyage performance profile

« Performance baseline for energy measures
« Trends for equipment performance

o Detect errors and irregularities
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Process onboard or onshore


®)

Energy Monitoring: One vs Two Engines

Fuel Consumption [I/hr]

25

Fuel Consumption - Trip nr.33 - From: 27-Mar-2014 18:57:30 - To: 28-Mar-2014 03:17:55
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Ship owners has expressed great interest in knowing how crew operate their vessel. 

Efficiency in transit.


26

... And the Corresponding Load—Chart

__ Engine Load - Trip nr.33 - From: 27-Mar-2014 18:57:30 - To: 28-Mar-2014 03.:17:_5?/Iax

1007+ — 1
g 90
Te] Arsasssmnsratitaatanfs, naetinn, :
K 80 : Ww | ==s=ssiEngine1 - 6564 108 &
E\_‘ E . bl o ssx2221 Engine 2 ..g.
o 70 : —=== Engine 3 * wanen = =
Ei‘c': : TOtgall s RaT Ve s T A . E L%
5 60 . . = 4923 = 10.6
i : = : o 2
® 50 : ! 3 3 £
i ) DO S - : = E
£ 40 BN 143282 § | {045
3 ! | z P &
"g 30 : ::_r. =
x 20 : 2 1641 102 ¥
{s) | |
% 10 !

27/0319:12  27/03 20:24  27/03 21:36  27/03 22:48  28/03 00:00 28/03 01:12  28/03 02:24

(=]
o 16 F1 T T T T T T 38 £
=12 o T G 45 E
B 8 M E
2 E‘Jm
7] =
w 1 1 | | | 1 1 s

0
27/0319:12  27/03 20:24  27/03 21:36  27/03 22:48  28/03 00:00 28/03 01:12  28/03 02:24

Rolls-Royce




®

Planning & Operation —the human factor .
Energy measures &i -
BN Vau _
:I,—LH:I X

PIanninf?’ Maintenance Viaster
SChed-UIm.g pgrade Chief officer
Coordination New builds Chief engineer
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 technical equipment onboard is an important element and enabler for saving energy

the human factor is the most important component and must be used together with technical improvements.
the DNV GL Energy Management Study for 2015: Technical retrofits/upgrades vs Operational and managerial measures 50%/50%

Operations
maximize the economic deployment by planning and scheduling, and coordination with ships, charterers, ports, agents, etc.

Technical
Seaworthy, good maintenance. New builds

Crew:
Important roles, maintenance, operations

Even the smarter vessels we expect to see in the future will depend on human effort for efficient operations. 





Improve human effort :
* Training on ship energy efficiency

e Raise awareness and interest

* Regular meetings Long-term commitment

e Gather ideas of best practice »

 Motivate with the best incentives

Advisory station

. Power configuration + L.
Information Operation <@ Decision
Safety

Thruster settings
Weather

Rolls-Royce
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Crew engagement may likely provide the biggest energy efficiency increase at a relatively low cost

Energy savings can be substantial at an early stage when the concept is novel and a source of entertainment
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Final words

* Increasing regulatory pressure to lower shipping emissions
 DP vessels have distinctive challenges and solutions

e Biggest efficiency gains when vessel, onboard equipment,
crew and shipping company accommodates for energy
savings

& Rolls-Royce
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