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Future Energy Efficiency Trends in the

Maritime Industry

* Only Regulation at the moment is EEDI, which is

not that stringent (approx. 10% reduction).

EEDI Values

Tanker source: MEPC 69/5/5
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Figure 3: EEDI database for tankers (database as of 27 May 2015)




Future Energy Efficiency Trends in the
Maritime Industry

* Only Regulation at the moment is EEDI, which is
not that stringent (approx. 10% reduction).

 ...but the Paris agreement CO2 emissions need
to “peak and rapidly decline”.

 ...if shipping were to decarbonise in this manner
this would mean designers would have to design
ships with a 75% to 90% reduction in the
emissions of individuals ships in 2050 (Traut et
al. 2015).
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ShiEping 'pro;gressi\}es' call for industry
carbon emission cuts

Some of the world’s biggest shipping groups say ‘ambitious’ action is needed at a
key UN meeting to bring the industry in line with Paris climate goals

B Maersk is among the organisations saying shipping must play its part in holding global temperatures rises to
less than 2C. Photograph: Ingo Wagner/EPA
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Whole Ship Model

* Decision Making Tool: e

— Complex sub-models.
— Both a design process

and an operational ——

performance evaluation

Measures

rocess. .
p [Ship Design] [ Efficiency

|

Costs

[ Operation]

Whole Ship
Model (WSM)

Add to Run Queue

bow theust
design speed: 25.0
n : 100.0

cargo capacity units: tonnes

endurance: 35.0
Propuisors:
midship coefficient: 0.98
to: 322
to: 2942
10: 065

Add to Run Queue a number of times

Aun Queued

Hul Generation  Layout  CRT Integration  Machinery _ Operational Profile
seloct al technology/design options: fuel_cell_auxiliary_engine:

Weather

wasto_heat_recovery_system:
‘carbon_capture_and_storage:
‘windi_assist_sals:
windi_assist_rotors:
wind_assist_iites:
low_ballast_extreme_trim:
‘onergy_storage:
33_streamiining:

nadders:
hull_opt_for_single_skeg:

pro_swirl_duct:
Prop_upgrade:

hull_openings:  prop_section_optimisation:

huil_prop_optimisation:
‘air_librication_bubbie:
air_lubrication_cavity:
hull_coatings._biockial:
hull_coatings._foul_release:
engine_improvemen:

Performance

Evaluation

|




Whole Ship Model

Conditions: Speed, draught, weather

Technologies
Combination

User
Preferences

Operational

Length,

Beam, Block
Coefficient Change in:
* Resistance
_ * Power
glze, Slades, Energy Efficient — * SFC
pee .
Propeller Measures Mass
e Volume
* (Costs

SFC, GHG, —_
Power




Whole Ship Model (WSM) 0.9.3.7.8 (beta)

Setup
1. Preset ship definition

design speed: 25.0 knots

Select a Container Ship: 11999 TEUs
Container Ship 999 TEUs

perating conditions: Aggregate (time)

Reset fields to Default values
R e —11999 TEUs
. Calculated ship parameters 2999 TEUs
ship (or run) name: Container Ship Size ¢4999 TEUs
7999 TEUs
cargo type: Containers 11999 TEUs
cargo density: 0.34 114500 TEUs
15602 TEUs
maximum cargo capacity: 103229.0 TFe

propulsion type: fixed pitch propeller

sea margin (on effective power): 0.15 %
engine margin (on service point): 0.1 %
set: beam
set: overall
set: block coefficient

p parameters Add described ship to run queue

Add ship(s) with all engine/fuel options

Select a Bulk Carrier: Nothing Selected

Select a Tanker: Nothing Selected Run all shig

iship parameters

n in design: 75.0 %
cargo capacity units: tonnes
endurance: 35 davs
propulsors: 1
midship coefficient: 0.985
to: 43.9 m
to: 312.78 m

to: 0.6161504423249948

OLD GLOTRAM BUTTON I
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Whole Ship Model

Design Process

» Operational Performance
Evaluation Process

Ship Parameters anc

Design Assumptions

4
i-»Hull Fouling, Waves and Wind

+
Propeller Performance

|-+ Engine and Marine
System Performance

| +Efﬁciencyt/|easures Performance

+
5 -» Energy use of Regulatory Controls

{4
~Total Impact on Performance
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Hull Design

« Equations of generic curve sets making up the
hull form are adjusted to meet the deadweight
requirement (this allows Cb to be an input).

« Output is to provide waterplane characteristics.
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Lightweight

 Lightweight of existing ships is calculated based
on design “deadweight/cargo”.

* This is based on work by Hans Otto Kristensen.

Still Water Resistance

* Holtrop-Mennen is used with some adjustments
to match current ships, this model has been
used by Rolls-Royce and for other projects.
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Propeller Design

« Wageningen B-series is in the model, a constant

number or override can also be used.
 Allows “off-design” to be evaluated.

1

09 P/D:18 .
0.8 .
Thust Cofficient {Kt)
07F Torque Coefficient (Kq) |4
Open YWater Efficiency
0.bF Design Point -
Operating Paint i
U | | | | 1 | 1 |
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6

Design Condition Propeller Efficiency Curve

Advance Coefficient {J)

1.8
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Whole Ship Model

Design Process

» Operational Performance
- Evaluation Process

I--*Hull in Loading Condition

Still Water Resistance

+
{-»Hull Fouling, Waves and Wind

4 4
-+ Propeller Performance

|''> Engine and Marine
System Performance

| -)Efﬁciencytlleasures Performance

, +
ols |-+ Energy use of Regulatory Controls

<+
gn | Total Impact on Performance

Aggregate Results and Output to Analysis Tools
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Engine and Marine System Model

User Interface

* Engine types and
loading

* Fuels

* Sea and engine margins

* Power take-off and its
efficiency

* Light running factor

* Torque
* Propeller speed
* Shaft number

—

Operational

Propeller

Model

) —
Back to WSM
design process

Engines’ maximum and
operational power
output

Emissions (CO,, NO,
and SO,)

Engines’ mass and
volume

Number of engines
Fuel consumption
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Engine and Marine System Model

12 Fuels can be selected for main and auxiliary engine use.
 Initial GEM model by David Trodden (Newcastle) was:

— A MAN engine database by David Trodden, based on MAN
Project Guides.

— Engine and service points selected for lowest SFOC in
demanded condition

« When WSM looks for engines that do not exist at the moment
— The model had to be modified to make it more robust.

* The final model is a combination of assumptions between two
models:

— Accurate enough whilst being robust, fast and predictable.
16
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Efficiency Measures Design

 Efficiency Measures are modelled on a “first
principles” level.

Technology Sails Air Lubrication (Air Cavity) Twisted Rudder (or Pre-Swirl)
Viscous Resistance - Decrease -

Wetted Surface Area

Propulsion Coefficient | Decrease - Increase

Thrust Requirement | Decrease -
Alternative Fuel Use
Auxiliary Power - Increase
Cargo Capacity Decrease Decrease

« Performance can be scaled to different ships
types sizes and speeds.

17



4+
Propeller Performance

Engine and Marine
System Performance

Efficiency t/leasures Performance

+
Energy use of Regulatory Controls

4
Total Impact on Performance




Aggregate Results and Output to

Analysis Tools
Outputs are used:

* to refine the design of efficiency measures and
ship designs.

* to provide design variants for economic model,
GloTraM.

Currently some outputs consist of over 30000

designs so methods are needed to better search
and filter this data.
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—
0 100
ign shaft
: 250
ton in design: 1000 .
personnol (crew and passengers}: 22 cargo capacity uks: tonnes 10,0003
T Lo s s
68 margin (on MCRY: 15.0 propuleces: 9,000 °
engine margin (on MCR): midship cooficient: 0.98 000 (]
boam o 22 4)
set: overall length o 2042 7,000
set: prismatic cosfic to: 065 s
Run options 6,000
Fun Queued §
5,000
Hul Generation  Layout  CAT Integration _ Machinery _ Operational Profile g .
T e (e o e wom ] )
e = s §e .
maximum technologies used in combination: 1 carbon_capture_and_storage: - Il openings:  prop_section_optimisation: 3000
wind_assist_sais: hu_prop_optimsaton: hotel_systoms: M
[ p—— Abrication bubbie: shore_power:
wid_asst tos: ar ubricaton_caviy e horvester 2000 ]
low_ballast_extreme_trim: hull_coatings_tiocidal: ‘solar_power: . .
onergy_storage: hull_coatinga.foul_rlease: uclear_powse: 1,000
83_streamiining: ‘engine_improvement: test_technology:
"""""""

20 4 6 8 100 120 1
P design waterine length (m)

. St(a':\[ted as a joint paper between NTNU/Ulstein and

* Interface can run with pre-calculated results from
python WSM.
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Lessons from Modelling Process

* For the integrated ship model, WSM, there has
been a balance between accuracy and
robustness.

* |t is necessary to understand underlying physics
to model ships better, a combination of
regression and mathematical modelling has

been used.
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Reduction in Fuel Consumption from
Combination of Efficiency Measures

Fuel Consumption (tonnes per day)

53541 dwt Panamax Bulk

No technologies fitted

—— Flettner Rotor
—4&— Combination of Technologies used in 2015
2050 Combination without Wind Technologies

—&— 2050 Combination with Wind Technologies

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
Operating Speed (knots)
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The future of Efficiency Measures and

Fuels

« Combinations of efficiency measures alone have
emissions reduction of approximately between
10% and 20%...

 ...but we may need to be looking at 75% to 90%.

« Speed flexibility and switching to fuels are
Important.

* As alternative fuels may be more expensive the
role of energy efficiency measures may increase
in the future.
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Future Work on Technology
Combinations

Combinations of technologies can be designed to work
better over a speed range:

— e.g. WHRS can be optimised to perform at lower
engine powers

— e.g. Flettner rotors and kites were also modelled in a
generically

Development of a web-based approach to make the
massive dataset from WSM more useful.

This work also has important implications for the ongoing
discussion at the IMO assessing the potential energy
saving from technologies which allows for a path for
future technologies and fuels to be developed.
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Added resistance &

Whole-ship Newcastle Models motions from sea state
propulsion/electrical model
power model

19 Principles
Engine/Prop Model
Hull/prop/engine
interaction model

Deterioration, reliability
Representation of & maintenance model
retrofitting

(emphasis on diesel-> gas)

Nuclear and alternative
fuels model

Wind assist models
Extreme ballast model

v

Theme 3
output

pr—— Ener. ,
RCP, comriyodity Comtrade/ Fleet Fixture GloTraM
atmtamnce model climate oroduction eurostat/ data data transport
Strathclyde Models scenarios... assumpﬁons NEA costs
UCL Models -
Whole Ship Model Voyage-Level Model /
(WSM) (VL)
' Model menass /- Teadle scenakias
pv— Tool to optimise minimum for energy R
fuel consumption over . i
vovase commodities processing analysis
Aggregate Trade Ship/route
demand analysis, matching, route
¢ . ysis/ ——>» aggregator R kgl
scenario networ
1 tool L
BT EIOREED generation operational data,
Consumption: population, wealth Fuel N Pn:l;y /\ ca paaty
jon,
et Free vy T ASK demand GloTraM demand utilisation
data data
\
GLOBAL TRANSPORT —
Transport l_)i“‘;:—g}r“‘l OTHERMODES] Theme 3 inputs
demand H Passenger |
Allocation to mode: Other modes:
i pipe, train,
pipe, train etc. etc.
Routes
Portto port T I
> Other modes SHIPPING
- @lo
Ships
Existing, retrofit, new Ship stock
Technologies/fuels model

| Port model *——>|

Ship model |

v
Energy supply lz—
]
¥
| Feedback of outputs into — feai
system I- -" energy emission cost "

laYa

£ YU




Ship owners maximising their profits
under different mrrket conditions,
whilst 'co#mplying with regulation

—

1 |
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SCC
Modelling Process - Whole Ship Model

Advise on design of
ships/technologies

5 Advise on
/ ________ Regulation
Whole Ship —===="7"1 Shipping /
Ship —> performance —> System Model
Model data (GloTraM)
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Note on large quoted savings

« Large quoted savings often mean:
— Performance calculated at design speed.

— Scaling issues (e.g. surface tension or Re
scaling issues).

— Physics not fully understood or missing from
the modelling process.
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A Note on Multiple Technologies

I
I
| Engine
I
I
I

e —— —— —————— — — — — —

Vessel

— Compatibility
matrices
have been
used

— The ship /
technology
interface can
be used to
describe a
system of
technologies
and their
architecture
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Future Fuels

Marine Technology Development

Wood Iron Steel

?

Age of Sail Coal-fired Steam Diesel Alternative and
assisted propulsion
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1750 1800 1850 1900 1950 2000 2050
1760 1847 1952 2006
HMS Victory S.S.Great Britain Dorthe Maersk Emma Maersk

Source: ‘250 Years of Marine Technology Development’, Lloyd’s Register, V. Pomeroy, 2010
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