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Trendide uldine vaade

_ed 2025  Praktilised rakendused 2035
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2018 2025

retrofittimine

l Methanooli tarneahelad

Alternatiivkitused

“Konsept”level

Energiatdhusus

Operations

EEXI/ETS/Cll/FuelEU moddikutel
& pohinevad meetmed

Hidrodiinaamika
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Vordlus 2018
2018 2025

. Praktikas kasutuses

l Reglementeeritud
Digikaksik & . Klassi reeglid !
ship as a sensor l Andmete kvaliteet

. Kaugseire & Kuberturvalisus

3D printimine
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Teema 018 Ideed

Praktilised rakendused
2025

Digitaalne kaksik Laev kui “andurite susteem

Andmepohised susteemid,
kaugseire reeglid

3D printimine Eksperimentaalne

Reeglitega heakskiidetud

Alternatiivkutused Visioonid

Retrofittimine uutele kitustele
+ metanooli tarneahelad

Tohusus |deed ja visioonid

Tuuletoe krediit, EEXI/CII-
pBhised programmid

Majanduslikud otsused Tehnoloogia maksumus

SuUsiniku hinnastamise
rahavood maaravad
projekteerimisvalikud

mihkel.korgesaar@taltech.ee
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STRATEEGILINE MOJU LAEVAEHITUSELE

= Disain for Retrofit — Uldpaigutus, tankide asetus ja ventilatsiooniruumid
peavad arvestama tulevaste kutustega.

= Reeglite areng: uued koormusskeemid ja materjalid tankidele ning
pealisehitiste seadmetele (metanooli tangid, WAPS)

= Laevatehased ja tarneahelad surve all: tasakaal uusehitiste ja umberehituste
vahel.

= Valdkondadelilesed padevused: elektriautomaatika, juhtimissusteemid ja
ohutustehnika on nuud sama olulised (voi olulisemad) kui kerekuju
optimeerimine ja tugevusarvutused.
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Ennustus

$266.5 B

- AUTOMATISEERIMINE
- DIGITALISEERIMINE

- ROHEENERGIA

i
v

2023 2028

Maritime technologies

KBV-Research, 2023
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Naide: Meresoiduohutuse susteemid

Global Maritime Safety System Market
Size, By System, 2021-2032 (USD Billion)

60.5 Bn

20 e OTHER

B SHIP SECURITY ALERT SYSTEMS (SSAS)

| B NAVIGATION & SURVEILLANCE SYSTEMS
“% GLOBAL MARITIME DISTRESS & SAFETY (GMDSS)
B AIS

i
o

USD Billion

19.3 Bn

N
o

10

0

2022 2024 2026 2028 2030 2032

Kasvu pohjustab: kasvav meretranspordi maht, rahvusvahelised
regulatsioonid, turvaohtude kasv, tehnolooigiline areng
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Susteem / tehnoloogia

Eesmark / funktsioon

Kasutusvaldkond / naited

AlS - Automatic
|dentification System

Laeva automaatne
tuvastamine ja jalgimine,
kokkupdrgete valtimine

Koik kauba-, reisija- ja
toolaevad; liikluse
juhtimiskeskused

GMDSS - Global
Maritime Distress and
Safety System

Hadaabi- ja ohutusside;
hairesignaalide ja paasteinfo
edastus

Koik SOLAS-laevad, paaste- ja
juhtimiskeskused

Navigatsiooni- ja
seiresusteemid (radar,
sonar, satelliitseire)

Olukorrateadlikkus ja
navigatsiooni ohutus

Laevad, sadamad,
rannikuseirekeskused

SSAS - Ship Security
Alert System

Haire turvaohtude korral
(piraatlus, rinnakud,
rodvliaevad)

Kaubalaevad, tankerid,
reisilaevad

Muud susteemid

mihkel.korgesaar@taltech.ee

Keskkonna ja konstruktsiooni
monitoorimine

MERETEHNOLOOGI TRENDID 2025

Koik, merevagi,
rannavalve




Meetmed kasvuhoonegaaside (KHG) vahendamiseks

Aktuaalne kaamera. lim

= ETS (Emissions Trading g~
System) Heitkogustega
kauplemise susteem

— 1 luba =1 tonn CO,-ekvivalentset
heidet.

— Turupohine meede ehk “saastaja
maksab” suisteem

> ) 14:24/32:06
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Meetmed kasvuhoonegaaside (KHG) vahendamiseks

= ETS (Emissions Trading * FuelEU
System) Heitkogustega — Adresseerib kiituseid otse
kauplemise susteem noudes puhtamaid kutuseid
—1 luba = 1 tonn CO,-ekvivalentset — Tehniline meede (2025-2050)
heidet. — “kasuta puhtamat kitust”
— Turupohine meede ehk “saastaja susteem.

maksab” slisteem

MOJU: iga % efektiivsust saab moota ETS/FuelEU kaudu

- lga slisteemi, rakenduse, voi disainimuudatuse kasumlikkust
saab hinnata
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MOJU:
RETROFITTIMISE
DEKAAD




MOJU: RETROFITTIMISE DEKAAD

Required yard capacity for fuel conversions

(No. Repairs x No. Days)

9 000—-12 900 suurt laeva on 100

tehniliselt voimalik umber ehitada. 50

= Praegu on voimalik teha vaid umbes

300 umberehitust aastas — suur ;’ 7
voimekuse puudujaak. 2 40
= Metanooli umberehitused: 20
TRL 4-5 — algus 2025. I !
0
= Ammoniaagi imberehitused: S8
TRL 3 — alates umbes 2027. B Required Capacity
Estimated

(No. Repairs x No. Days)

Source: LR ENGINE RETROFIT REPORT 2023: Applying alternative fuels to existing ships

2031 I
2032 I
2033 I
2034 NS

2028 D
2029 N
2035 [

2030

2027

B Average capacity of
yards currently with fuel
handling capability for
retrofits
(repair days)

(o)
o
o
o

Max. capacity of yards
currently with fuel
handling capability for
retrofits

(repair days)

mihkel.korgesaar@taltech.ee
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ZERO-CARBON FUEL MONITOR

TRL IRL CRL
Technology Investment Community
Resource Resource Resource

Propulsion Production Propulsion Production Propulsion Production
Onboard , Onboard . Onboard :
Bunkering Bunkering Bunkering
storage and and ports storage and and ports storage and and ports
handling P handling P handling P

AMMOONIUM

METANOOL

METAAN

Source: LR ENGINE RETROFIT REPORT 2023: Applying alternative fuels to existing ships
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KUTUSED

mihkel.korgesaar@taltech.ee

Alternative fuel technology uptake in the world fleet in the number of ships

NUMBER OF SHIPS IN OPERATION

1539 LNG
2851 1072 Battery/
of - 159 LPG
120936 70 Methanol
8 Hydrogen
3 Ammonia

NUMBER OF SHIPS ON ORDER

966 LNG
440 Battery/Hybrid
1941 vy
of ] 336 Methanol
7329 128 LPG .
38 Ammonia
33 Hydrogdan

Units: Number of ships

1750

Opeéyation &
orddar book

1500

Ships in operation

1250

1000

750

500

250

0

2015 2016 2017 2018 2019 2020 2021

Bl LNG carriers # LNG-fuelled BN | PG mm Methanol

©DNV 2025

MERETEHNOLOOGI TRENDID 2025

2022 2023 2024 2025

Bl Ammonia B Hydrogen

Source: Alternative Fuels Insight (AFI) - afi.dnv.com, as of August 2025
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Uued kiitused: Riski pohine hindamine

Risk Based Certification (RBC) Process

r I NN N 1
| 1.Design & Safety I; 5. Risk Assessment I - 3. Supporting - 4. Final Design
o Statement I' ’ I - Studies 1l Assessment A
y [ i
> 5. Construction and In-Service Assessments

ﬁreliminary \ /Safety Performance
Analysis Scopedefinition B =SS = Evaluation

1
1
1
1
(" Design casualty scenario definition R : Performance
— il of proposed
05:;:::;": Risk factor Deviation et - designs Hazardous Area 1: —._ 1/
e identification identification ! acceptable? Radius range 0 - 6m
identification ! o
g E around ventilation outlet
I
1 /
l 1 Hazardous Area 2: —
a Deviation Simulation based quantification approach N : Radius range 6 - 10m
Sl T ATETEE | around ventilation outlet
ormariasetsction [ [ pinelpiss satection I cocesomentioot S | 1 acanie
BLICE (SPAT) selection evaluated?
\> >
yes ¢
/Quamitative Analysis \ @ 4 / o 7 N
! 1 \
5 Quantify the safety 2 g : i ] 7 7
e?;?:gctr;ifs;f]zt;D W performance of the Final design selection : — = : / g |
d candidate ADs y [
=\ ~—— e

\ / Figure 4: Prescriptive design solution for a MTPRO in accordance with the Interim Guidelines for>the Safety of Ships
Figure 2: Specified Framework based on the alternative design development process according to IMO  using Methyl/Ethyl Alcohol as Fuel (IMO, 2020).

MSC.1/Circ.1212 (IMO, 2019¢).

Schmid, F., Kbrgesaar M, et al. A framework for alternative design of methanol tank pressure relief outlets on ships. Submitted to Ocean
Engineering. October 2025
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WAPS - wind assisted propulsion
= WAPS tehnoloogia kasutuselevott seotud
heitmetrahvide ja rohekUtuste ebakindlusega turul

» Aastane kutuse kokkuhoid: 5—20 % + FuelEU
credit.

= 7 ->integratsioon propulsioon susteemiga,
nahtavus, tugevusarvutused

Number of vessels operating and on order with WAPS 2010-2028

In Operatlon Order bOOk Unit: Number of vessels
30 . Kites Hard sails
s m= Newbuild ‘ ’
Bl Retrofits Wing sails Sqftion
sails
20

Rotor sails

Suction sails

Kites
2018 19 20 21 22 23 24 25 25 26 27 2028 Rotor sails

Wing sails Soft sails

15

10

5

Number of vessels

0
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Millised trendid on jatkusuutlikud?

= Ulevaade Jalali & Tei (2025), kes
vaatlesid meretehnoloogia viimase 30 PIKAAJALISED
aasta trende kasutades erinevaid KESTVAD TRENDID
allikaid

= Scopus (teaduskirjanduse andmebaas) VS

= Meedia

= EU rahastatud projektid BUZZWORDS

» Praktikas olevad lahendused

Jalali & Tei (2025), “Maritime technology attention trends: Buzzwords, stability, and emerging patterns,” Environmental Innovation and Societal
Transitions, 57, 101035.
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1990 2024 1990 2024
PUSIVAD PIKAAJALISED TRENDID BUZZWORDS
el @
Green ports

Plokiahel Automatiseerimine Synchromodality Rohekiitused Elektrifitseerimine |, &smart ports

C, Jo /R

A

. ¢ ;
n Port
Decarbon|§atlon Asjade internet Green shipping Community AIS and
strategies Cloud computing System data integration o
Artificial In-
telligence

mihkel.korgesaar@taltech.ee MERETEHNOLOOGI TRENDID 2025



mihkel.korgesaar@taltech.ee

1990 2024

PUSIVAD PIKAAJALISED TRENDID

1990 2024

BUZZWORDS

Alternatiivsed kitused (vesinik,
ammoniaak, metanool)

8

Plokiahel (Blockchain)

-®

Roheline toukejoud (sh tuule- ja o o .
hiibriidsiisteemid) i Asjade internet (loT)

Elektrifitseerimine ja kaldavoolu kasutus

Pilvandmetootlus (Cloud
computing)

Automatiseerimine / autonoomne
laevandus

Sadama
kogukonnasiisteemid (PCS)

Susinikuvahendamise strateegiad

Sunkromodaalsus
(Synchromodality)

Tehisintellekt (Al)

Rohelised ja targad sadamad

AlS ja andmete integreerimine

MERETEHNOLOOGI TRENDID 2025



A [2F @

Sadamad & Automatiseerimine
logistika &
a

o 4= AIS

Energiapoore Digipoore

&
I
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“Pusiv fookus teadusuuringutes, rahastuses ja toostuslikus kasutuses
on parim indikaator.”

A (B @

Sadamad & Automatiseerimine

i
PN
>- I

Energiapoore Digipoore logistika —— 2 —
e AlIS
-
- =]
N
s IA"@"
B TR
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MERETOOSTUSE PEAMISED UURIMISSUUNAD?

Ocean Climate & Geophysics

T E E M A D E _:-_,\-"“”':7:. « A gap bewteen cluster 3 and others
KAU PA Ocean Renewable . @= A e

Control & Automation
in the Ocean

Studies using SPH
Structural Engineering &

Manufacturing for the Ocean

S Tavakoli, D Khojasteh, M Haghani, S Hirdaris (2023), “A review on the progress and research directions of ocean engineering

,- Ocean engineering

MERETEHNOLOOGI TRENDID 2025
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MERETOOSTUSE PEAMISED UURIMISSUUNAD?

Rapidly Growing Research Areas Drivers
s Ocean renewable energy (conceptualization, hydrodynamics of Clean energy demand, policy pressure

OWC, tidal & offshore wind turbines)

« Dynamic control & path tracking of marine vehicles Autonomy & Al in navigation

™ CFD modelling of upper ocean boundary layers Computing power, advanced numerical tools
& Machine learning & neural networks in hydrodynamics and safety Data availability & Al methods

Vortex-induced vibration & hydroelastic modelling Offshore structural design challenges

S Tavakoli, D Khojasteh, M Haghani, S Hirdaris (2023), “A review on the progress and research directions of ocean engineering
,- Ocean engineering
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MERETOOSTUSE PEAMISED UURIMISSUUNAD?

. osed Iagp system
grotige a 2 ¢
e gl @

o Sniglion

A -
19 Gasw umon-r'
— y
= by controller
e o g ornén
wr v == “eants rPac
....... e, Sl |,
L »\.0;.'.-";;':.““ - contr tepy
- _control system - s
v e
w " . e disturbanc
Wiertiol v gatige Hte o “-Q"' g ) eyes
i 4 ® NS delwatu vehig@' e dyrargiggnode! ot gt
- tita :vehucle controlﬁ 'Gn,.\.. ......... o
o Liven o e e B,
hardware o - R L L ;h '
of o -
Pt T2 ?a_ﬂ.'l b - gy 2 — N &y wradifgm
P Sath - Ld 2 N * 9 s hydrodfgamiccoefficient
navigation regimgon & . <y cofjygiter it s hrdrodRuglc e
..... phatin -
. & . . generator anve verter no g ool
FOOKUSSUUNAD b g 2 AR L e
regrge'™® * Ay recever S : ) =
cunpgugen wigvicy  ongilONe Lt T O e ,.' - "DTOP 95" % "'“EW

mapping . s @ ',ﬂ y
.<:v-- R ':ur(.‘v' " magng w.. WD arste < ‘ ’meab sgeed <
B A .“‘;“3" T R i T .'1?,
_.,;,,_,\;}{“ n,dmo,,,,éafety colusion "‘ 50T e . r.mwn’ - "““""r'"n_-m-v ‘
g " W ey © 0 "2 - '

vnbntl
7 g @ e bod "'"" ‘
- ntmgm‘lnig:' na p 1" . w, slon & VA
o mmparl lsk ']mage‘ s g ." i w‘- fsce o “"““."" S ",
nee” i O "3«”!‘! ) '"dUSt’Y. e e dois ™ - .. equatl WH(I PDiuit” - rnw e
. 2 : N e "oy iy wyvglier “"&"I‘"KV W wakediae M <ucface
- UV Tmkg vl - » - .
_____ s Y. "W gty = e auee [SPwe via Jem ;ygood agreement * O gt
. > Y e fatigur v .~
s e actwnty S, "TNebuilding . gt W finite eledient anolysis @ .vron ‘*f“n fluid ©
— oo y . et o s L — lnlrele e e . vae
- o o site subseapipeline - “wall » n—-’ ou | W o .
. <o o - v pages malefor U aearme SSAg cef ot
- { . N 4 - -....“.":w joint & plate ¥ reflection - s - -
ing 7 & bed Jet o
- _sateliite @ d coast T—— - < o strain : P
- [ . hewer TaOM - "
2010 2012 2014 2016 - : 2, observation. ___ .. . el b, @ o
species MONth o, b > ol gl c bty
v s tide el e slope turbulence -
seaon MW concentration T atmosphere @ P e et e gravity wave
e h v flu .
- ~ . o .
Dy os e Sme circulation O il (e o 0 >

.....

S Tavakoli, D Khojasteh, M Haghani, S Hirdaris (2023), “A review on the progress and research directions of ocean engineering
" Ocean engineering

mihkel.korgesaar@taltech.ee MERETEHNOLOOGI TRENDID 2025



MERETOOSTUSE PEAMISED UURIMISSUUNAD?
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MASINOPPE MEETODID KONSTRUKTSIOONI ANALUUSIS

3 7’%- —

‘ b L
"i-..\-“ 2 ey i ‘_ﬂ"‘;q‘;,,

P L R e RS

- pra BEE -

Sim 1
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. Konstruktsioon
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Laevade puhul piirdub
tapsus tavaliselt
suurte plaadi
elementidega.

EESMARK:
Lokaalse info
sildamine suurte
konstruktsioonide
analuusi



DN for Improving Safety of New Ship Designs in Changing
Arctic Sea and Ice Conditions “ISEShArc”

ESL based design approach

FORWARD DESIGN

N

Simplified structure with
equivalent stiffness

2 2>

. ‘%/// . % Stiffness

K"%.E/ » Strength

\/‘%/ Response
- \ J B s
Scantlings Simulation / mechanical testing  Properties / Behavior <
6 different simulations to
determine stiffness
matrices A, B, CjaD
INVERSE DESIGN { N} }= [ (4] (] ]{ {0} } II-
{m} B D] | {}
Laborious & time
consuming
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SINIMAJANDUSES DOMINEERIVAD TRENDID

= ROBOOTIKA
;@ Autonoomsed ja parvena tootavad susteemid
(kontrolliks, kaardistamiseks ja prahi kogumiseks)

m MERETEHNOLOOGILINE BIOTEADUS

Vesiviljelus, merest parit bioplastid (Uhendab eri iy °
valdkonnad — tervishoid, toidutoostus ja TOOStUSl!kU
rohematerjalid) maS’[aablga

SININE TAASTUVENERGIA automatiseerimine

laine-, tdusu- ja termiline energia;

@ SUGAVAMERELINE KAEVANDAMINE Ja
Suurenev surve tagada saastlik juurdepaas energ latootmine

merepdhja maavaradele (ROVid)

SAASTEV VESIVILJELUS
parem ressursside kasutusefektiivsus, reostuse
ohjamine, teadlik tarbimine
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