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Strategia redukcji emisji gazow cieplarnianych -
(GHG) WEdeug IMO E'lur:gwacyjnus'ci

Units: GHG emissions
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Business as usual

Table 1: Estimated distribution of emissions per generation (one decade),
assuming no changes in carbon intensity

Generation Current | Low growth High growth
2015 2030 | 2050 | 2030 2050
Ships built before 2000 24% - - - -
Ships built 2000-2010 40% 7% - 12% -
Ships built 2010-2020 36% 45% - 36% -
Ships built 2020-2030 i 48% 16% 52% 15%
Ships built 2030-2040 / - 38% - 33%
Ships built 2040-2050 ! - 46% - 52% |

Fleet composition - low growth Fleet composition - high growth

5000 5000
= 4000
S 4000

SU

© § 3000 3000

w £

£ § 2000

E2 2000
E 1000 1000

2015 2020 2025 2030 2035 2040 2045 2050

E—

0
2015 2020 2025 2030 2035 2040 2045 2050

m Ships built -2000
W Ships built 2010-2020
® Ships built 2030-2040

m Ships built 2000-2010
Ships built 2020-2030
® Ships built 2040-2050

Figure 2: Fleet composition under low and high growth scenarios (BAU Scenarios 15
and 13 in the Third IMO GHG Study 2014), assuming no changes in carbon intensity.
Each colour represents the emissions from one generation of ships (one decade)
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IMO ambition scenario

Table 2: Necessary carbon intensity improvement per generation of ship (one decade).
The percentages are relative to the average carbon intensity of the fleet in 2015

. Low High
Generation growth groarlh
Ships built 2000-2010 -10% -20%
Ships built 2010-2020 -15% -25%
Ships built 2020-2030 -50% -70%
Ships built 2030-2040 -75% -85%
Ships built 2040-2050 -85% -95%
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Figure 3: Fleet composition under low and high growth scenarios (BAU Scenarios 15
and 13 in the Third IMO GHG Study 2014), with assumed reduction per generation
(see table 2). Each colour represents the emissions from one generation of ships

(one decade)
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Filary zmian w transporcie morskim Eﬁ,‘ﬁswacyjmm

THE BRIDGING PHILOSOPHY

Fuel-flexible Fuel-flexible * Fuel-flexible x

energy storage tanks | shore-side fuel '|

converters and onboard \ infrastructure |
systems /

H,, HVO, LBG, LNG, LPG, MGO, NH,, etc.
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CO2 — efektywnosc¢ energetyczna (EEXI) 1.

Units: CO, emissions (Mt)

- Baseline
600 Il Logistics
B Energy efficiency
40 B Speed reduction |
N Fuel
=== Pathway
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Dostepne mozliwosci R —e

7 & O,

LOGISTICS AND
DIGITALIZATION

FUELS AND

HYDRODYNAMICS ENERGY SOURCES

MACHINERY

= Significant GHG reduction can be achieved by technical and operational measures

= Up to 100% GHG reduction can only be achieved with Alternative fuels. Barriers to
implementation includes:

— Cost
— Availability and infrastructure
— Onboard storage
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Potencjalne dostepne paliwa i technologie Eﬁ,‘ﬁswacyjmm

Alternative

Fuels & "
Technologies

LNG

Batteries
LPG Fuel Cells
Biofuel Wind-assisted propulsion
Methanol
Hydrogen
Ammonia

. Fuel
m m
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ENERGY SOURCE PROCESSING ENERGY CARRIER CONVERTER FDrum
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NATURAL GAS PROCESSING

45 LBSI/LPDF
., 0 ----® 25 LPDF

PROCESSING

ELECTRICITY ELECTROLYSIS

NATURAL GAS === PROCESSING

RENEWABLE ---’(LLLCIRICHY)& ELECTROLYSIS PROCESSING

PROCESSING

PROCESSING

ADVANCED
SSING - -—-
FOSSIL + . BATTERY
REMNEWABLE ELECTRIC SYSTEM

Selected pathways for analysis
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Napedy elektryczne — niezbedny jest wodor R o

Compressed hydrogen
Liguefied hydrogen

ICE
Liquid Organic Hydrogen
Carriers
Turbine
Methane, methanol,
— T C02 diesel, etc.
Fuel cell

Ammonia and its

+ N 2 derivatives

Key: CO,, carbon dioxide; H,, hydrogen; N,, nitrogen; ICE, internal combustion engine
Source: Inspired by Paivi et al. (2018)
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Dojrzatosc¢ technologiczna napedow i

Units: Energy demand/infrastructure LNG

Deep-sea shipping
(intercontinental)

Short-sea and feeder
shipping (intra-regional)
HVO Battery

. Coastal shipping/
NH3 (ICE) H2 (FC) Offshore vessels

Inland ferries
. . Fjords and islands

R&D and piloting

Time
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Biezace przewidywania dt. miksu energii oo
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Units: EJ/yr LSFO or MGO I Hydrogen HEl Ammonia In 2050
Hl (PG Il HFO and scrubber I Advanced biodiesel
LNG Electricity from grid I Liquefied methane Liquefied methane

(bio/electro) (bio/electro)
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Wzrost floty napedzanej LNG
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®In operation ®On order * LNG ready
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Wzrost floty z napedem elektrycznym

@ |n operation ® Under construction © Unknown
_ - Battery
© Hybrid « . application
® Plug-in hybrid \
® Pure electric
Unknown
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Pozostate paliwa alternatywne

Methanol
(13)

LPG
(11)

*» 2017: no activitly * 1 passenger vessel
» 2019: = 7 methanol tankers
— 4 LPG carriers - = 5 new methanol
retrofits tankers ordered
— 7 new LPG carriers * Main challenge:
ordered Fuel cost

DNV GL just published class

DNV GL has low flashpoint
liquid fuel rules that address
methanol since 2013

rules for LPG as a fuel
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Ammonia

Hydrogen

(2)

= 2 Passenger ferries

(0)

= Can be used in

ordered internal combustion
= Main challenges: engines

— CapEx » Suitable for deep-sea

— Fuel cost shipping

» Easy to store

= Main challenge:
Toxic and corrosive

= Ammonia tankers
already interested

— Storage space
= Mainly for short-sea
shipping

DNV GL is working with industry partners for removing

barriers both for hydrogen and ammonia
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4 .
Korzysci
Environmental emissions for alternative concepts for a typical

- Spetnia wymogi emsji NOx (Tier Ill) baltic sea cargo ship

+ 5Ox Emissions (Tonneshyoar] + NOuEmssons (Tonmesyear)

- Pozytywny wspotczynnik do obliczen EEDI/EEXI

- SOx free SOx: 100%

- Gazy cieplarnianie do 23%

Wady:

= C02 Emessions (Tonnesfypear) ¢+ Particle Ervigsions (Tonneshear)

Wysoki CAPEX

Réznorodnosc cen

Poslizg metanowy

Objetosc¢ zbiornikéw
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Cechy i korzysci:
- Szeroka dostepnosé
- SOx emisja 90% nizsza

- Mozliwa adaptacja istniejgcych silnikow opartych o cykl diesla

NOXx SOXx PM  CO2
LNG 20-30%  90-99%  90%  24%
LPG 10-15% 90-100% 90%  18%
Methanol 30-50%  90-97%  90% 5%
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Cechy i korzysci:

- BlOdiesel — moze zastgpi¢ wprost MDO/MGO (okretowe paliwa lekkie)

- LBG — moze zastgpi¢ wprost LNG

- SVO (oparty o oleje roslinne) — moze zastapi¢ wprost HFO (paliow ciezkie)
- FAME — niska stabilonosc, korozyjnos¢

- HVO - kompatybilne z istniejgcg infrastrukturg

- Cecha wspodlna niska emisyjnos¢ SOx NOx i PM
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Cechy i korzysci

- W pelni zielone paliwo gdy produkowane
z biomasy

- Paliwo o cechach toksycznych

i niskim punkcie zaplonu

- Mozliwos¢ spalania w silnikach spalinowych

- Obiektywnie wysoka emisja NOx New Fuels Emission Reductions (cf. Tier II engines on HFO)*
NOx SOx PM co2
- Obiektywnie drogie paliwo LNG 20-30%  90-99%  90%  24%
LPG 10-15%  90-100%  90% 18%
Methanol 30-50% 90-97%  90% 5%
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Cechy i korzysci

- H2 obecnie gtéwnie produkowane z gazu ziemnego

- Potencjat produkcji z CCS (metody przechwytywania wegla)

- H2 moze byc produkowane procesie elktrolizy z uzyciem elektrycznosci ze zrodet
odnawialnych

- W transporcie morskim moze by¢ przechowywane w zbiornikach kriogenicznych, jako
skompresowany gaz, lub zwigzany chemicznie

- Gestosc energetyczna plynnego wodoru H2=71 kg/m3 (7% wartosci paliwa konwencjonalnego)
- W formie skompresowanej 10-15 x paliwa konwencjonalnego

- Przepisy dotyczgce bukrowania na ten moment nie zostaty wdrozone
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Paliwo: Amoniak (NH3)

Cechy i korzysci

Paliwo bezweglowe

Produkcja moze 100% by¢
oparta o energie elektryczng

- paliwo posrednie dla H2

- Mozliwosc kompresji do 20 bar
- Niska palnosc

- Wysoka toksycznosc

Moze byc produkowane z uzyciem odnawialnych zrédet energii

Ammonia synthesis from an energy

source
f_Methane |—s{ SMR | - e
I Compressor
Gaufication
I Bioenass
K | Nudlear }_.Hen Compeessor
:!{lkmo(n«-uw?
| O : Electricity
i I S ETTa lfeed
&H electrolyss =
Flectricity

Daagram of methods 1o produce ammonia from several energy sources
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The new MAN B&W ME-LGIP engine
This engine can be modified to burn ammonia as well

L L [ PR - T
= Development time of an ammonia engine 2-3
years

* We will be ready when the market comes

A Efficiency 50%

- Mozliwos¢ wykorzystania w silnikach spalinowych jak i ogniwach paliwowych
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