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CHALMERS

HullMASTER

Hull Maintenance Strategy for Emission Reduction

 Vessel-tailored decision-support tool
* Life cycle cost (LCC) analysis — both economic and societal (health + environment) costs

» Goal: cost comparison between different hull maintenance scenarios for a single ship
and route

input output

average annual cost
difference (€/yr) of
switching to the
Alternative scenario

User-defined Business

As Usual (BAU) &
Alternative scenario
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HULLMASTER - DECISION SUPPORT TOOL FOR SHIPPING

Hull MAintenance STrategiles for Emission Reduction

Tool Input Models & calculations Tool Output

COST COMPARISON TO BAU SCENARIO

FOULING GROWTH MODEL -----.._ . cortting FOR INCREASED SUSTAINABILITY
Fouling ™, roughness
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Oliveira, D. R., Lagerstrom, M., Granhag, L., Werner, S., Larsson, A. 1., & Ytreberg, E. (2022). A novel
tool for cost and emission reduction related to ship underwater hull maintenance. Journal of Cleaner
Production, 356, 131882.




Data sources

: .. Socio-
Foullr?]g dgerlowth B|0C|r<3]%erzllease Operator costs environmental
damage costs
» Own field studies » Own field studies * Price estimates « Scientific literature
« Scientific literature from industry
(IWHC)

e

Field A- Biocide release Price estimates from industry Scientific literature
coatings measurements
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Fouling growth model -
Static Immersion Tests
in European Seas Gothenburg, Sweden

+ 3 locations on the
Swedish coastline (HALL)

Immingham, UK

7 Iocatlons in Europe

Source: Copernicus Marine Service (https://marine.copernicus. eu/)
* Note: Some ports close to inland may not be accurate in salinity due to the inflow of rivers




Experimental set-up
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Fouling growth model (12 months static immersion)

Copenhage Ghent Immingham Vla

N

ardingen Gothenburg Pendik Trieste

Biocide-free
inert coating
(1 product)

Antifouling

biocidal
2250 copper coating

(2 products)

Foul-release
with biocide
LILEEEA silicone coating

(1 product)

Foul-release
biocide-free
silicone coating
(2 products)

+ Novel coatings : F sl ll X1 L :
8 (to be further investigated) * Note: Fouling at the edge of the panels from frame.



Fouling Rating Scale

CHALMERS
frusma -] | Type Hull fouling condition
3 V| S u al 0 undetectable | Foul-free surface.
i 10 soft Incipient slime, visible underlying paint/metal surface.
4 .
r | ns pe Ct| on 20 soft Advanced slime, obscured underlying paint/metal surface. Juvenile
‘ barnacles = 1 mm (Oliveira and Granhag, 2020).
q 30 soft Soft fouling (e.qg. filaments) <76 mm in length and <6.4 mm in height.
40 hard Tubeworms <6.4 mm in height. Encrusting bryozoans (Oliveira and
{ + Granhag, 2020).
. 50 hard Barnacles <6.4 mm in height.
60 hard Combination of tubeworms and barnacles <6.4 mm in height.
70 hard Combination of tubeworms and barnacles > 6.4 mm in height.
St N i 80 hard Tubeworms closely packed and upright from surface, or barnacles on top
‘ of each other, < 6.4 mm in height.
Clean FOU |ed Cover age 90 hard Densely packed tubeworms or barnacles, > 6.4 mm in height; presence
rf rf v of mussels or oysters; or slime/grass overlay.
Su ace S u ace 100 composite All forms of fouling; soft animal fouling (tunicates) growing on various
H a rd PO forms of hard fouling

Degree of fouling (frNSTM)

1 n
Mean(frNSTM) = mz coverage;XfrNSTM;
i=1
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CHALMERS

Fouling growth model

90
- Based on field data from static long- | | |

term testing of coatings

' \|—6—|

 Evaluation of fouling rating

* HUlIMASTER assumption: fouling
only occurs during ship idle times.

» Salinity-dependent

NSTM fouling rating [-]

0 50 100 100 200 250 300 350 400
Time [days]

Inert coating Antifouling biocidal Foul-release biocide-free
copper coating silicone coating
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The different steps of HUIIMASTER

- \
e Vessel dimensions & engine type
e Cruising speed & activity profile ote O—>@—>0—>@—>0—>@—>0—>0—0
IS e Route: selection of 2 pendulum ports Speed A
o active
(el cruising - T 1 T 1 r 1 T 1 r 1 T 1 T 1
= port (D == port @ speed [ 40 E DD b T D
: el el 2 0 sdle Time
LU | e Specification of BAU & alternative ¢ ¢ © ¢ & >
S scengrios n tqrms of: DD IWHC DD IWHC DD
- coating & maintenance schedule (application) (touch-up) (removal)
biocidal (copper) I:dry docking (DD) scheduled
foul release (FR) in-water hull cleaning triggered
inert (IWHC)
\ J
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-
. 1 2 1 2 1 2 1 2
Metal release from coatin assumed mm mm mm
g salinity nge
e Only modelled for biocidal coating Release A between ports
e Salinity-dependent Cu release rate rate
e Release during and after IWHC depends L_Kk
on user-specified degree of wear K Time
negligible ¢ ¢ ¢ $ 0 >
moderate DD IWHC DD IWHC DD
o high (application) (touch-up) (removal)
P
=
—
— :
g Propulsion penalty
O
=
N
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72 .MODELLING

Propulsion penalty

e Fouling on hull assumed homogeneous
and to only occur during idle periods

e Powering penalty calculated relative to
hydraulically smooth hull

e Roughness height (k) of hull
= coating roughness + fouling roughness

e Granville similarity-law scaling method
used to derive powering penalty from k,

e Powering penalty used to derive:

- emissions due to energy (fuel) penalty

- emissions from scrubber (if present)
due to increased fuel consumption

Fouling A ,
rating
0- 5 sze
\ 4
DD IWHC DD IWHC DD
(application) (touch-up) (removal)
l + assumed coating roughness condition
. for each modelled event
Propulsion
penalty A
s Time
4 4 4 & @ >
DD IWHC DD IWHC DD
(application) (touch-up) (removal)

J
9/10/25




'5 e Results for the alternative scenario ggerator.costs
: . . ; emission costs
o. | given as the difference in cost relative to
'5 the BAU scenario A costs (€)
QO | ¢ Results presented with propagated = modelled costs ., naiive - Mmodelled costsy
o~ | uncertainties
\ J
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Validation of powering penalties

HullMASTER compared to onboard measurements:

% increase in propulsion power (kW) for a rough hull
compared to smooth hull

120 I I I T [ I I

100

D
o
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20
0 =
20+ ® - ., ° .
40 Antifouling Antifouling Foul-release

| | |

| |
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15 Time [days]

CHALMERS

e Voyage data, 10-min
o 3-mo average

- HullMASTER

| Dry-docking
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Validation of powering penalties

CHALMERS

10
0 * HullMASTER
_.(L) > 0 T T T d t h
c 2 N EF I L m Il predictions show
82 s | [ good agreement
X, i with measured
= 8 -10 . .
S5 | propulsion penalties
g P | | | | | | T | * average difference
O 20 . | | | | . (S | of -3.2+3.8
e percentage points
) A B C D E F G H | Average
(h=21)(n=21)(n=10) (n=5) (n=7) (n=8) (n=10)(n=13)(n=46) (n=9)
Vessel
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Cost calculation

: — CHALMERS
Operators + Society =
_‘z Ul Figure
- - — G2. Visualize results
R A vescel cetals [ COSTDIFFERENCE  Total cost [EUR] | Operator costs [EUR] | Operator costs: time serles [EUR] | §
x10°
A1. Select vessel case: —_
@
Vessel case & details Preview power-speed curves | ;2, 0 BAU
: z
O >
Bulk carrier, 0-9999 dwt I= H
Whemmmil: | Bulk carrier, 10000-34999 dwt ] Economics
Bulk carrier, 35000-59999 dwt o -4 C|imate, air
E Bulk carrier, 60000-99999 dwt 9' an d marine
R 2 6} : Total
Length Between Perpendiculars [m] 123.8¢ 8 water quallty
Breadth 81 1
B = Soerario No.
*BAU = biocidal antifouling coatings Cost comparison with baseline scenario

.

Health impact, Climate change impact,
Bunker penalty, Surface Marine eutrophication (N), Marine
freatment & coating, IWHC ecoftoxicity (Cu, Zn),

2025-09-11
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Scenarios from the Baltic Sea

Marine Pollution Bulletin 211 (2025) 117453

Contents lists available at ScienceDirect

Marine Pollution Bulletin

e
ELSEVIER journal homepage: www.elsevier.com/locate/marpolbul

Sustainable Hull maintenance strategies in Baltic Sea region through case
studies of RoPax vessels

Youngrong Kim ', Maria Lagerstrom, Lena Granhag, Erik Ytreberg

Department of Mechanics and Maritime Sciences, Chalmers University of Technology, SE 412 96 Gothenburg, Sweden

ARTICLE INFO ABSTRACT

Keywords: Determining optimal maintenance strategies in unique maritime environments like the Baltic Sea is challenging,
Sustainable shipping as it should consider various aspects, including ship ch istics and envi I conditions. This study
:n“gfm“m““ gy employs the decision support tool HullMASTER (Hull MAintenance STrategies for Emission Reduction) to assess
Biofo‘;mg 2 the life cycle costs of different hull maintenance scenarios for RoPax vessels in the Baltic Sea. Findings indicate

Cost-benefit analysis that optimal hull management can save operators up to €9.3 million and reduce socio-environmental damage
costs by €7.9 million over ten years compared to a less proactive baseline. Notably, biofouling pressure decreases
from the high-salinity Skagerrak and Kattegat to the low-salinity Baltic Proper, emphasizing the need for tailored
maintenance strategies. Among the coatings analyzed, non-biocide foul-release coatings are the most sustainable
choice, reducing emissions to the ocean and the atmosphere. These findings will provide practical guidelines for
ble hull ies, contributing to enhanced operational efficiency and marine environ-

mental protection.

Decision support tool

0 5 10 15 20 25 30
Annual average seawater salinity [psu]

CHALMERS
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Vessel specs & operational profiles

g' < Ship detail

Main dimension
(m)

MCR (kW)

20,000

Approx.
L: 190/B: 26.5/T: 7.5

s Operational profile
RoPax 1: Gothenburg-North Sea

19.0
%)
e
Q o
C
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ke, g
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D 75
Q_ o
7))
, 0
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CHALMERS

Fuel & Abatement
techniques

LSMGO (0.07% Sulphur)
No scrubber/NOx abatement

RoPax 3: Swinoujscie-Trelleborg

16.0 j
0

0 025 05 075 10 125 15

RoPax 4: Kiel-Klaipedia
215 ‘

0

0 0.5 1.0 15 2.0 25 3.0
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Hull maintenance scenarios

Hull surface IWHC Number of
Coating type ~ treatmentin DD DD interval intensity & frequency  scenarios

Initial DD

full blasting and
application of new
coating

2 years

Subsequent DD

spot blasting and
touch-up of coating

ANy J SV

No cleaning }

20 * Assuming 93 different hull maintenance scenarios in 10 years operation

CHALMERS
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Cost-Benefit Analysis

N

Best scenario for
each coating type

21

Socio & Environmental cost difference
compared to baseline scenario [M EUR]
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(b) RoPax 2

/(d) RoPax 4

Operator’s cost difference compared
to baseline scenario [M EUR]

CHALMERS

b

O Baseline [Worst case: Copper coating]

© Inert coating [45 cases]
© Copper coating [45 cases]

O Foul-release coating [3 cases] No IWHC

Interpretation
Savings (+) Savings (+)
Socio&Enwv. Operator

Expenses (—) | Savings (+)
Operator Socio&Env.
O Baseline
Expenses (—) | Savings (+)
Operator Operator
Expenses (—) | Expenses (—)
Socio&Env. Socio&Env.
Baseline

Savings for operators up to €9.3 million,
and socio-environmental damage €7.9
million compared to baseline.
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Input from experts like you most %
welcome!

4\ Ul Figure - ]

0 A. Vessel details B. Activity & Route C. Maintenance & Pricing D. Biocides E. Fouling F. Propulsion G. RESULTS MULTI-SCENARIO Advanced

HULLMASTER - DECISION SUPPORT TOOL FOR SHIPPING
Hull MAintenance STrategies for Emission Reduction

Tool Input Models & calculations Tool Output

COST COMPARISON TO BAU SCENARIO

% % & FOULING GROWTH MODEL -----.._ + coating FOR INCREASED SUSTAINABILITY

Fouling %, roughness

SHIP TYPE rating i } % ‘I“M‘\'

PENALTY Operator ¢ Socio-environmental
PREDICTION costs  : costs

P Idle time 8 Marine
A~ : ecotoxicity

/,"
" ANTIFOULING
SYSTEM < Release ‘ BIOCIDE MODEL Expense 1

f HULL rate cha
CLEANING k—k\ saving| L i Ll
DRY m 1 B
DOCKING H
@' In-water  Dry-docking

e 5 Current version [Baltic Sea Region]

_

Funded by Lighthouse Swedish Maritime Competence Centre “LIGHTHOUSE Z‘B I — N
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