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Figure 9: CO; emissions scenario EEDI and no-EEDI
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Figure 13: Shipping carbon price, as estimated by GloTraM, all indexed to the value of the global carbon
price in 2050
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o W HFO and scrubber
v B Electichy from
20 grid

10 Bl Ammonia

0 | A.dva_n:ed

2020 2025 2030 2035 2040 2045 2050 biodiesel

LSFO, low-sulphur fuel oil; MGO, marine gas oil; LPG, liquefied petroleum gas;
LNG, liquefied natural gas; HFO, heavy fuel oil
Advanced biodiesel, produced by advanced processes from non-food feedstocks

FRERIR: DNV HREHASSRASFR

FRERIR: DNV sR{EHALERRSRFR

DNV 5, 7ERITEKREET, FAETTEREEELLILNG BRI AE, 2040 F£/F
BEWRIUE; REEREKRET, NG B StLiaAREHS4I, AmIESEE LNG

1EAT KRS B REL

B39 BREREERS

FIGURE 7: PRODUCTION OF POSSIBLE SHIP FUELS

PER YEAR (RELATIVE ENERGY CONTENT)

% of today’s ship fuel (100% = energy content ship fuel)

HFO/MGO

Approx. 10% of
natural gas market

Methanol Biodiesel - FAME H,

Source: DNV GL internal evaluations and various other sources (e.g. "World LNG Report - 2015 Edition”, International Gas Union)

BIRLRIR: DNV AR {SERLRRRSAR
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FIGURE 5.5

Current development stage for selected alternative fuels

Units: Energy demand/infrastructure

LNG
=
Deep-sea shipping
(intercontinental)
Short-sea and feeder
shipping (intra-regional)
HVO Battery
. Coastal shipping/
NH, (ICE) H, (FC) Offshore vessels

Inland ferries
. . Fjords and islands

R&D and piloting

Time
NH, (ICE), ammonia burned in internal combustion engines; H, (FC), hydrogen in fuel cells;
HVO, hydrotreated vegetable oil; Battery, full electric with batteries; LNG, liquefied natural gas
©DNV GL 2019

BRIskiE: DNV h{SHAESASRER

EE LA RE, NG BRTZAARGE IHE PR R E— BT 2
PR, ERERARKEAE, N6 BRIZM—ESTFASHIRE, ERmimA
AR RERT IR

B 41: AEMSOEERE

Units: Volumetric energy density (MJ/1)

(O Fuel only
/\ Including
Diesel storage
st
o % Synthetic diesel : systam
Biodiesel @ @ Gasoline
) @ Ligquefied petroleum gas
Bicethanol @ Liquefied natural gas
Methano! @
A : A
mmonia
~ —@CNG200bar LH,20.3K
Ah———— = & cGh,700bar
CGH, 350 bar
NMC battery cell @ Natural gas H, ambient
0 20 40 60 80 100 120 140

Gravimetric energy density (MJ/kg)

Note: Arrows show shifts in energy density when storage is required.
Key: CGH,, compressed gaseous hydrogen; CNG, compressed natural gas;

H, ambient, hydrogen at ambient temperature; LH, 20.3 K, liquefied hydrogen at 20.3 kelvin;
NMC, lithium nickel manganese cobalt oxide

BERISKE: DNV FRSEALERRSSAR
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L ERNN BRI S5mEtE, B SNEREEEERR, ERE

FIFAEFTEEARNER; NG FREEFER, EREFFRETKIFRE
Ko

42:  ARAE FROMON 2R R TR S TS 2
MRRE RAE ko) BERARN RUBHMEME (J/o) RURAERANE (o/kJ) BB/

B/ 42700 3.206 13.3188 0. 1502 3.07
ZPkd (LFO) 41200 3.151 13.0752 0.153 1.27
EH (HFO) 40200 3.114 12.9094 0. 1549 0

Al (LPG) 46300 3 15. 4333 0.1296 16. 35
T4 (LPG) 45700 3.03 15. 0825 0.1326 14, 41
WLERRE (LNG) 48000 2.75 17. 4545 0.1146 26. 04
S 19900 1.375 14. 4727 0.1382 10.8
B 26800 1.913 14. 0094 0.1428 7.85

FRRIR: HFEE PEMEMRRA
PElBHIRE, NG REFHREKFETHERE HEREIRE .

43:  FEIRERA RN

Tonne
nonia Methan v
EUR usD MMBtu MWh Tonne MGO Biodiesel AMMONia Methanol — LNG LPG =0
equivalent (fossil)  (fossil) (TTF) 0.5%

"/I.C" I S DNV-GL

40

e Biodiesel

s Ammonia (fossil)

e Methanol (fossil)

¢ LNG (TTF)

oL PG

o VLFSO 0.5%
Fuel Qil 3.5%5S

Frice

Explore ICIS' Services

2013= 20145 2015 2016= 2017 2018= 2019 2020%F 2021

BRIRIE: DNV SRR

2022 FHREFRFEZKRSFBRASNIBRKIXS LNG A5 FAAREARRATETRH
Bk .
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VLSFO Reference line —

LNG ] (VLSFO-fuelled vessel)
LPG
Methanol (fossil)
e-LNG
e-LPG
e-methanol
e-hydrogen
e-ammonia
e-MGO
Blue hydrogen

sainseauwl [an4

Blue ammonia

Bio-LNG

Bio-MGO
Bio-methanol —

VLSFO (30% bio-MGO) ] g
LNG (50% bio-LNG) -g "
CCS-LNG -8 §
=
z
Hydrogen in port - VLSFO 3 CARE §
Solar panels - VLSFO 8 Q 3
Rotor sails - VLSFO £ — el s
Cold ironina - VLSFO @ B Fuel expenditure E

ZRIKRIR: DNV REEASEIARER

NEAFXZNBE, ETERBKRAR, N6 BRIZERFIHER LM
FR#REE

B 45: AEAR TRIR A D]
Break-even daily rate and total discounted costs for selected vessels with different fuel system designs

Units: USD/day Units: USD million

Maximum allowed 56 000 USD/day 1518
carbon intensity -

52 000 USD/day
50 000 USD/day

46 000 USD/day
=

Break-even daily rate

Total discounted cost

30 000-32 000 USD/day

f 8 B 8 8B 5 8 8 2 8 82 8B 8 &8 8 g § 2 3 22 5 8 8 8 MF MF DFLNG DFLNG

g 8 28 28 8 83 8 &£ 2838 8383388 28 38 S 3 s 2 32 2 2 8

& &8 f fE 8 § & & 8 8 & f® ¥ 8 €& 8§ €fL &8 |8 ¥ 8 & 8§ 8§ €« Fuel Ready Fuel Ready
Year (ammonia) (ammonia)

- MF Bl MF Ammonia Ready Bl DF LNG Bl DF LNG Ammonia Ready

Key: Capital expenditure (CAPEX); Dual-fuel (DF); liquefied natural gas (LNG); mono-fuel (MF)
©DNV 2021

FRIRIR: DNV A{EEASEIRER
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46: AEALEHARERHER

FIGURE 3: CO2 EMISSIONS OF FUEL ALTERNATIVES IN SHIPPING

Qil fuel (HFO!
Oil fuel (MGO; M TTP - Tank to propeller

LNG (from Qatar used in Europe WTT - Well to tank

LNG (from Qatar used in Qatar;
LPG

Methanol (from CH,)

Methanol (from black liquor) I
Biodiesel

Biogas (97% methane - liquefied)
Hydrogen (liquid - from CH,)
Hydrogen (liquid - from water) ||

10 20 30 40 50 60 70 80 90 100

CO, emissions; g/MJ

Source: DNV GL calculations; Bio diesel: emissions depend on the production method. Graphic
uses data from the European Renewable Energy Directive (Council of the European Union,
Interinstitutional File: 2016/0382 (COD), Brussels, 21 June 2018 )

FERLRIR: DNV A {SEALERRSER

RE NG ABRE, BEHEMIHANEZIMNERRENTERE, HiHMAE
ﬁ?ﬂlh%mm%&ﬂﬂﬁﬁ BEAEEwEARNEENAES, ERKHIS
REZ RIEHI S RANERE .

=\ Al bERER

TEACERHEUEAREL., EBE. KN BRI ERRY. FARUIRIERRI
RERZRREM. MEFERERAZE TRIBEEZEZEXFES B SRR
AN, LEAEEEIFEMERFER (REY 15%RMRAHEFME R, 85%HIEE LA
TPERATRLURE EEXI 3K, BREBIERLD 6%2] 10%), HALNG ARAA. EREE
PARLN % . ARRARBMLA AREE, KEREER AN A RIS RERIG B R
s, flumsEs. ""L‘*ﬂﬂ“ﬁﬁ LR TESHHIAERE AT, MERAMIT
HTflEﬂLk—rﬁ/ﬁJEE’BZZHEﬂ' THEM. BREMEREERAT HRARSE
WM, ENFESHEFERE%E, T8 KEREH, BESBSAMRBRETRE,
REIDHIEH, L"*#Jnm*;}ziﬂﬂ R EATHA T

i i
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B 47:  BeRURBHERTE ST RIS
GDP GDP
per capita total
EEXI only scenario

Transport costs % change 0.26 0.02
Time costs % change -0.03 -0.01
Logistics costs % change 0.20 -0.00
Total exports % change 0.26 -0.01
Total imports % change 0.18 -0.08
GDP % change 0.11 0.02

HIGH scenario
Transport costs % change -0.04 -0.06
Time costs % change -0.33 -0.02
Logistics costs % change -0.21 -0.06
Total exports % change 0.33 0.01
Total imports % change 0.25 -0.05
GDP % change 0.17 0.07

LOW scenario
Transport costs % change 0.01 -0.07
Time costs % change -0.13 0.07
Logistics costs % change -0.03 0.01
Total exports % change 0.35 0.02
Total imports % change 0.26 -0.04
GDP % change 0.15 0.03

FRIRIR: IM0 PIEEASEIRRER

48: 2030 SR EESARHARARATE)

Table 19: Ship cost changes under the 2030 HIGH-GHG reduction scenario (Bulk carriers of 200,000 dwt and
above)

Speed
reduction
(% relative
to design

speed)

Number Transport work
of capacity
voyages (dwt-mile)

Number of
ships

Cruising
hours

Transportation

Scenario in 2030 work (tonne-mile)

Current Total 3,435,753 8,973 10,220,941,397,109 6,559,927,950,432

. 14.7% 627
Regulations o, ship 5,480 143 16,301,341,941 10,462,405,025
HIGH.GHG  Total 3,924,673 9,012 10,223,919,686,546 6,561,839,453,822

- 25.1% 713
reduction per ship 5,504 12.6 14,339,208,298 9,203,140,889
Total 10.5 14.2% 0.4% 0.0% 0.0%

Change percentage 13.7%
per ship point 0.5% “11.7% -12.0% -12.0%

BRLRIE: IN0 HR{SERLRRRSER
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co2 Carbon Annual Base Fuel ] Gl 1;2:::‘:;1?
Scenario in 2030 emissions  Intensity e e expenditure ., yione (USD/
(tonnes) (gCo2/ (millions (millions (millions of of USD) e
dwt-mile)  of USD) of USD) USD) mile)
Current Total 20,749,982 503 1,320 1,637 2,435 5,393 0.082
Regulations | Lo ship 33,094 ’ 2.10 2.61 3.88 8.60 ’
HiGH.GHG | Tetal 17,519,454 1,511 1,830 2,471 5,812
o 1.71 0.089
reduction per ship 24,571 2.12 2.57 3.47 8.15
Total -15.6% 14.5% 11.8% 1.4% 7.8%
Change -15.6% T7.7%
per ship -25.8% 0.6% A1.7% -10.8% -5.2%

BIRLRIR: IN0 HISERLRRRRER

& 50: HEEYIRBAZK

Table 21: Impact of changes in maritime logistics costs on exports of Mining and Quarrying products from Brazil
and Australia to China

HIGH- LOW-
EOEn)I(I- GHG GHG
y reduction | reduction
(% change) 1.0% 6.4% 1.3%
Maritime logistics costs i i
g (Percentage change in costs in 07 4.4 0.9
ad valorem term) [
(% change) -1.7% -0.8% -0.7%
---- Transport/Shipping costs (percentage point change in 0.3 o 01
costs in ad valorem term) | . . .
Brazil (% change) 1.8% 8.4% 1.8%
---- Time costs (percentage point change in 1.0 45 1.0
costs in ad valorem term) . . .
Impact of maritime logistics costs on 1.4% 8.7% 1.7%
exports
Impact of transport/shipping costs (% change) 0.8% 0.6% 0.4%
on exports
. Impact of time costs on exports -2.0% -9.9% -2.2%
(% change) 0.7% 6.8% 0.9%
Maritime logistics costs (percentage point change in ad
0.2 25 0.3
valorem term)
(% change) -1.3% -0.5% -0.3%
---- Transport/shipping costs (percentage point change in ad
-0.1 0.0 0.0
valorem term)
Australia (% Change) 1.2% 8.7% 1.2%
---- Time costs (percentage point change inad | 0.3 | 25 0.3
valorem term) . . .
Impact of maritime logistics costs on -0.5% 5.7% -0.6%
exports
Impact of transport/ shipping costs (% change) 0.3% 0.4% 0.1%
on exports
Impact of time costs on exports -0.7% -6.3% -0.7%

FERIKIR: IM0 PIEHALEARFR

2019 FEREFENGT AFERAFE S OKM2MNE 14. 7%. TR
20 AL ETFRIEEARAE 566 8, 2030 4F DNV FiiHizRAIAR R B EIAE) 627 .
7£2030 SR E R ESARHES T, DNV ¥R B RAIE G B4 2020 £ R 10. 5%,
FEH R HEE 713 f8E GEHIRFA 13. 7%8X 86 %) Rz EHEREHERN 4.
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EZHIMRABREEZIMMIARE (BAFZ. SEMSAK. BEH) KEHEE

K 7. 8% AUIBAAT ATEE S B4R, H rpBfiE] B A B PR AR AR S8 K RO A TR (B T

1RIt 6. 6%, BHIRKATRE 0. 1%, BAR EANMEL O~%81ER, HPERY

D%TB%S 7%, BAF|ILH O TS 7% MRFRREUEMIAREE, SRANE T AR
BHERNENAE, REFBUEERE.

Table 38: Impact of IMO short-term measure on container vessels of 3,000-14,500 TEU, Changes from Current

Regulations 2030 scenario

EEXI-Only

HIGH-
GHG
reduction
LOW-GHG
reduction

Sum
Per ship
Sum

Per ship

Sum
Per ship

-0.04% 1.2% -0.1% 1.0% 0.1% 0.1%

1.3% 1.2%
-1.2% 0.02% -1.2% -0.2% -1.1% -1.1%
-0.5% 12.4% -0.6% 12.5% -0.03% -0.03%
11.5% 12.3% -11.4% 0.1% -11.4% 0.2% -11.0% -11.0%
-0.4% 5.6% -0.4% 5.4% -0.02% -0.02%

5.7% 5.6%
-5.7% 0.1% -5.7% -0.1% -5.3% -5.3%

BURPRIR: INO REHASERRRAR

52: EEEFEMRRARTTE)

3000-14500TEU £ XA AR SMEFEIFEMEET, 7 2030 SREEERK
HHERT, FIOAETRE 1. 5%, BERFHESFFEIE K 12. 3%. ARAAEE
1’ﬁﬁJi2Mm7’+12 8%, E 2030 {X B EEXI fERT, MR TFE1.3%, FEEZH
AR SRAMERAIRME, FEEARTHIEM 22. 3%, BRRARABTARITERIEE KR
F 10.5%, FAFTETEHRF 12. 4%, ¥EI5SRRAHEM 8. 79%, TR AIEF 8. 79%,
RFEIRR A 8. 76%.

Table 39: Impact of IMO short-term measure on container vessels of 3,000-14,500 TEU, Changes from Current

Regulations 2030 scenario

EEXI-Only

HIGH-GHG
reduction

LOW-GHG
reduction

Sum
Per ship
Sum
Per ship
Sum
Per ship

-1.3% 2.5% 1.1% -0.1% 0.6%
-1.3% 0.6%

-2.4% 1.3% -0.1% -1.3% -0.6%

-25.3% 22.3% 10.9% 10.5% 12.8%
-25.3% 12.8%

-33.5% 8.9% -1.3% -1.6% 0.4%

-10.3% 10.8% 4.9% 2.2% 4.3%
-10.3% 4.3%

-15.0% 5.0% -0.6% -3.2% -1.2%

FRIRIR: IM0 PIEHALRARRFR

KN ERIBEEERFAMRHERGEE T, RHRE TN AR HIRH,
BRRARE
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BRIEZBUAA, PEAKARQRMERRESHIMAF/ S HE A XFIR . REHEH
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Ry RFBIRERARC AT ERERRARAARE QAR RBITA AN EAR. BRFIRICK
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BRAAKFBFENRER, ANSIAEASEHRM, HEPEREBRABREIRNELG
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