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Who am I? - Tommy Hjalmas BSc.Mar.E.

« 30+ years in maritime industry

* 15 years with gas vessels (Navigator Gas / Dorchester Maritime (Bernard Schulte GmBH)
 Jnd Survey AB 2018 -

* IGF code examinator at Chalmers University, Sweden -

» Consultant for various local and international companies from time to time -

Gymnasium University At Sea Superintendent Fleet Manager Chief Operating Officer
1985-1987 1987-1990 1990-1994 1994-2002 2002-2006 Director — Newbuilds and special

projects 2006-2018 |
-



Future fuels “and other things...”
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Global Seaborne Trade, billion tonnes
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Seaborne Trade - Emissions

Carbon Footprint Per Annum of VLCCs, Tankers & Shipping As A Share Of
Global CO, Emissions

1VLCC

4

VLCC Fleet:
c.850 vessels

4

Oil Tanker Fleet
(10k+ dwt):
5,453 vessels

World Fleet:
Ic.103,000 vessels|
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Ships emissions = 850-
900 million tonnes of

CO, per year.

700 tonnes CO2 every
second, every day
around the clock!

Source: Clarkson's Research
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“Titanic”

“Torrey Canyon”
“Amoco Cadiz”
“Herald of Free Enterprise”
“Exxon Valdez”
“Scandinavian Star”
“Estonia”

“Sea Empress”
“Erika”

“Sept 117
“Prestige”

“Costa Concordia”

“Titanic” 1912

“Torrey Canyon” 1967

“Herald of Free Enterprise” 1987
“11 Sept 2001 gave ISPS”

1912
1967
1978
1987
1989
1990
1994
1996
1999
2001
2002
2013

Yy vy

Rules / Regulations - History

1,517
40,000
220,000

36,000
159
852
70,000
30,000
2,966
78,000

SOLAS The International Convent on Life at Sea 1914
MARPOL/STWC The International Convention for the Prevention of Pollution from Ships.
ISM The International Safety Management Code

The International Ship & Shore Facility Security Code

life's
tonnes oil
tonnes oil
life's
tonnes oil
life's
life's
tonnes oil
tonnes oil
life's
tonnes oil
life's



http://en.wikipedia.org/wiki/Image:The_AMOCO_CADIZ_ran_aground_off_the_coast_of_Brittany,_France_on_March_16,_1978,_spilling_68.7_million_gallons_of_oil.jpeg
http://upload.wikimedia.org/wikipedia/commons/f/fd/National_Park_Service_9-11_Statue_of_Liberty_and_WTC_fire.jpg
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EEDI / EEXI

Result table based on 2020 operational figures and unchanged operation over time.
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Baltic Sea
ECA in effect

1.0% ECA
Sulphur Limit

3.5% Global
Sulphur Limit
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Global Warming Potential (GWP)

* CO,, by definition, has a GWP of 1 regardless of the time period used,

because it is the gas being used as the reference. CO, remains in the climate
system for a very long time: CO, emissions cause increases in atmospheric
concentrations of CO, that will last thousands of years.

Methane (CH,) is estimated to have a GWP of 28-36 over 100 years.

CH, emitted today lasts about a decade on average, which is much less time
than CO,. But CH, also absorbs much more energy than CO,. The net effect
of the shorter lifetime and higher energy absorption is reflected in the GWP.
The CH, GWP also accounts for some indirect effects, such as the fact that
CH, is a precursor to ozone, and ozone is itself a GHG.

Chlorofluorocarbons (CFCs), hydrofluorocarbons (HFCs),
hydrochlorofluorocarbons (HCFCs), perfluorocarbons (PFCs), and sulfur
hexafluoride (SFg) are sometimes called high-GWP gases because, for a
given amount of mass, they trap substantially more heat than CO,. (The
GWRPs for these gases can be in the tens of thousands.)

Industrial

designation Chemical formula

or common
name

Carbon dioxide COz
Methane CHq
Nitrous oxide Nz0

Global warming potential (GWP) values relative to CO;

GWP values for 100-year time horizon

Second
Assessment
Report (SAR)

1

2
310

Substances controlled by the Montreal Protocol

CFC-11 CCl:E
CFC-12 CCl:F2
CFC-13 CCIF;
CFC-113 CCI:FCCIF2
CFC-114 CCIF;CCIF,
CFC-115 CCIF.CFs
Halon-1301 CBrFs
Halon-1211 CBrCIF;
Halon-2402 CBrF;CBrF;
Carbon tetrachloride CCly
Methyl bromide CHaBr
Methyl chloroform CH1CCla

3,800

8,100

4,800

5,400

1,400

Fourth
Assessment
Report (AR4)
1

25

298

4,750
10,900
14,400
6,130
10,000
7,370
7,140
1,890
1,640
1,400
5

146

Fifth Assessment
Report (AR5)

28
265

4,660
10,200
13,900
5,820
8,590
7,670
6,290
1,750
1,470
1,730

160

https://www.epa.gov/ghgemissions/understanding-global-warming-potentials



https://www.epa.gov/ghgemissions/understanding-global-warming-potentials
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ExonMobil Global / National / Regional

Chevron

58,y 1
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INTERNATIONAL ¥ aBs .]_[Lﬁ I
MARITIME —_—
m ORGANIZATION LIBERIAN REGISTRY

www.liscr.com

LNG Operating Regulations

GAS AND OTHER LOW-FLASHPOINT FUEL READY

Including LNG Bunkering oo
SED R RUERDYIONT O |
s,

2140372017

21 GENERAL ﬂ d LNG BUNKER CHECKLIST e
rortor PORT OF ENERGY W GOTHENBURG - SHIP T0 S T
Allbunkering operations in tha Port of Gothenburg harbour arca are subject e R
Port Regulations. In order to perform ship to ship bunkering the following cont
= prerT— = The bunker vessel must have acereditation from Port of Gothenburg (see 2.1
’ - T rcobiag sl st compy with h I coce
Bisieas - The terminal must have 2

or allowing bunker opealions longside terminal berths withor without si
operations (see 21.3)

= All bunkering operations must be approved by Port of Gothenburg.

T operatorr, fartyg och lufartyy
Siktonen o e

2.1, Bunker vessel criteria
‘The bunker vessel shall:

« be built according to1GC code. L PART A PRE SUNKER 0P

= be inspected according to the Green Bunkering concept. =

~ hold proof of adequate training and certification according to STCW and
the standard IS0 20519:2017. VERITA

Gas Fuelled Ships B I M c 0

January 2020

2.2 Racelving vessel criteria
‘The receiving vessel must fully comply with the IGF code and also have  sate
procedure, which is carried out according to the approved ISM

‘The receiving vessel should comply with the standard IS0 20519:2017 or simil

21.3 Torminal criteria
‘The terminal must have safe bunkering procedures which are carried out acc
the approved sarety manual.

Nationella riktlinjer fér bunkring
av flytande metan i Sverige

2.2 APPLICABLE REGULATIONS AND STANDARDS.

« National Regutations.
« IMO IGF-code,

- 150 20519:2017.

. T —— Rule Note
Fort Bye-Laws. D NRS29 DT RO3 E
« General harbour regulations for Port of Gothanburg.
+ Operating regulations for Energy Port Gothenburg.
i 8 rtsore
st Wi S

o e Voo A v v

i International

IHTIHI'I.III(O W Chamberof Shipping

UNITED STATES COAST GUARD ~r— v e Oil Companies International
U.S. DEPARTMENT OF HOMELAND SECURITY = Marine Forum

4




Future fuels — World fleet
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World wide seaborne trade

Global Seaborne Trade, billion tonnes
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World Wide - Fleet

Numbers, end: m. GT, end: Forecast
Total Fleet
2018 2019 2020 2021 | Aug* 2018 2019 2020 2021 | Aug* 2022 2023
TOTAL CARGO FLEET 60,832 61,784 62,572 63,382 64,045 1,237.7 1,290.2 1,330.1 1,374.0 1,402.4 1,414.1 1,442.9
% change 1.1% 1.6% 1.3% 1.3% 1.0% 3.1% 4.2% 31%  33% | 2.1% 2.9% 2.0%
GLOBAL TOTAL FLEET 98,523 100,191 101,463 102,944 | 103,883 1,347.5 1,401.3 1,441.2 1,487.4 1,517.0 1,530.9 1,563.1
% change 1.3% 1.7% 1.3% 1.5% | 0.9% 3.0% 4.0% 28%  32% | 2.0% 2.9% 2.1%

In 2021, global newbuild contracting reached its highest tonnage levels

since 2013, supported by all time high containership orders.

Source: Clarkson's

Research I I
s
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82,480 >100 GT and LOA >30 m (103,925) - In Service.
3,980 >100 GT and LOA >30 m (4,545) - On Order

Ships in the world - ALL!

4,214 Chemical Carriers (incl. 168 on order where 19 are LNG fuelled + 4 MEOH.)
1,709 LPG carriers (includes 156 on order where 99 are LPG fuelled)

838 Car carriers (incl. 82 on order, 82 alt. fuelled (LNG))

550 Cruise ships (incl. 74 on order, 27 alt. fuelled (LNG) + 8 other)

Orders for alternative fuel capable units this year reached 341 ships of 27.1m GT as of start September, representing 59%
of GT ordered. This includes 272 units set to be LNG capable and 15 methanol capable units ordered in 2022 so far
(following orders for 19 units in 2021).
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Orderbook - Alternative Fuelled ships (Excl LNG cargo vessels)!

Fuel Type In Service Total Orderbook
LNG (CH4) 317 / 325 493 / 501
ALTERN. FUEL (TOT) 142 159
METHANOL (CH3-OH) 19 42

LPG (C3/C4) 61 99
ETHANE (C2H6) 18 12
Ammonia (NH3) 0 0 (1)
Hydrogen (H2) 0 3-9
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126 ships
LNG Fueled Fleet, excl. LNG Carriers

213 3 10

LNG as fuel — Fleet, In Service

LNG Fueled Fleet
826 ships

LMGEMulti Gas Carrier

m Gas Carrier (non LRG)
Contairer Ship
Ro-RofCon-Ro

W Car Carrier

m Tanker

M Bulk Carrier

B Gereral Cargn

WPV O5Y
Harbour Vessel
Car/Passenger Ferry
Cruise Ship

B Dredger

u Other

56

LNG Fueled Fleet, excl. LNG Carriers

325 ships

MW Gas Carrier (non LNG)
Container Ship
Ro-Ro/Con-Ro

m Car Carrier

W Tanker

M Bulk Carrier

W General Cargo

W PSV/OSY
Harbour Vessel
Car/Passenger Ferry
Cruise Ship

o [cebreaker

W Dredger
Other
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LNG as fuel — Fleet, On Order

Orderbook by Ship Type
. = 792 ships LNG/Multi Gas Carrier
B Gas Carrier (non LNG)
Container Ship Orderbook - Non-LNG carriers

Ro-RofCon-Ro .
501 ships
M Car Carrier P
B Tanker

W Bulk Carrier

M Gas Carrier (non LNG)

Container Ship
Ro-Rao/fCon-Ro
M General Cargo
W PSV/OSV

m Car Carrier

M Tanker
Harbour Vessel
M Bulk Carrier
Car/Passenger Ferry
Cruise Ship ¥ General Cargo
W Icebreaker W PS5V /OsY
W Dredger Harbour Vessel
Other Car/Passenger Ferry
Cruise Ship
M |cebreaker
m Dredger
Other

I A
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Seagas (170 m3) - AGA

Coralius: (5,800 m3) — A.V / Sirius AB

Engie Zeebrugge (5,100 m3) — Nippon / NYK
Kairos (7,500 m3) —BS / LGE

Cardissa (6,500 m3) — Shell

NB x 27 (4,000 — 28,000 m3)

LNG bunker Ships

hl Contract Date Bl Built Date
N/B EK Heavy Industries LNG Bunkering Vessel On Order 01-Feb-2020| 01-lan-2022 500 300 EK Heawy Industries |5 Korea Fisheries
N/B Hyundai Mipo Ulsan 8298 LMG Bunkering Vessel On Order 18-Nov-2019| 01-Jan-2022 18,000( 15,000 166.00|Hyundai Mipo Korea Line Shell Western LNG
N/B Hudong Zhonghua Shanghai H1E70A LNG Bunkering Vessel 0On Order 03-Dec-2019| 01-Now-2021 18,600| 15,000 135.00|Hudong Zhonghua Mitsui OSK Lines Total
N/B Nantong CIMC SOE LNG Carrier On Order 12-Apr-2018| 01-Aug-2021 7,500 7,000 116.00)|CIMC SOE Avenir LNG
N/B Nantong CIMC SOE LNG Carrier On Order 12-Apr-2019| 01-May-2021 7,500 7,000 116.00|CIMC SOE Avenir LNG
N/B CIMC SOE Nantong 51044 LNG Carrier On Order 31-lan-201%| 01-Mar-2021 20,000 12,000 158.70|CIMC SOE Avenir LNG
N/B Sembcorp Boulevard Singapore J420004 LNG Bunkering Vessel 0On Order 25-Feb-2019| 01-Feb-2021 12,000| 10,000 112.00|Sembcorp Boulevard |Mitsui OSK Lines Pavilion Gas
Ecobunker Tokyo Bay LMG & Qil Bunkering Vessel [On Order 26-Feb-20158| 01-lan-2021 2,500 5,000 55.57[JMU Isogo Works Ecobunker Shipping
N/B CIMC SOE Nantong 51043 LNG Carrier On Order 31-lan-2019| 01-lan-2021 20,000 12,000 159.70|CIMC SOE Avenir LNG
N/B Damen Yichang Yichang 553014 LNG Bunkering Vessel On Order 02-0ct-2018 01-lan-2021 6,000 3,300 95.80[Damen Yichang Infortar Eesti Gaas
N/B Keppel Nantong Nantong H414 LNG Bunkering Vessel On Order 26-Dec-2018| 01-Dec-2020 5,800( 5,000 Keppel Nantong Shturman Koshelev Gazpromneft Marine
N/B Dalian Shipbuilding Dalian GE500-1 LNG Bunkering Vessel On Order 18-Oct-2018 01-Oct-2020 8,500 7,500 119.30|Dalian Shipbuilding |Xinao Energy
FuelNG Bellina LNG Bunkering Vessel 0On Order 05-lun-2018 01-0ct-2020 7,500 6,500 Keppel Nantong FuelNG FuelNG
N/B Keppel NantongNﬂtong_r-MleHDSE LMG Carrier On Order 24-May-2017 01-0ct-2020 7,500{ 7,000 Keppel Nantong Avenir LNG H\.l_go Energy
Kaguya LNG Bunkering Vessel 0On Order 06-1ul-2018| 01-Sep-2020 3,500 2,500 81.70|Kawasaki Hl Sakaide |Central LNG Shipping
Avenir Advantage LNG Carrier On Order 24-May-2017| 01-Sep-2020 7,500 7,000 Keppel Nantong Avenir LNG Petronas
Gas Agility LNG Bunkering Vessel In Service 06-Feb-2018| 01-Apr-2020 18,600 9457 135.50|5CS Shipbuilding Mitsui OSK Lines Total
SM Jeju LNG2 LNG Carrier In Service 05-May-2017 01-lan-2020 7,654 5752 896.96(Samsung HI Korea Line KOGAS
CNTIC VPower Global LNG Carrier In Service 05-Apr-2013| 01-Jan-2020 28,6B9| 15,996 176.80|COSCO HI [Dalian) CNTIC VPower CNTIC VPower
EM Jeju LNG1 LNG Carrier In Senvice 05-May-2017| 01-S5ep-2019 7654 5B57 96.96(Samsung HI Korea Line KOGAS
Kairos LMG Bunkering Vessel In Service 30-Nov-2016| 01-Oct-2018 7,500 4,376 117.00|Hyundai Mipo Schulte Group Nauticor
Coral Energice LNG Carrier In Service 26-Jun-2015 01-lan-2018 18,000| 9,125 163.86|Neptun Werft Anthony Veder Anthony Veder
Coralius LNG Bunkering Vessel In Service 14-lan-2015| 01-Aug-2017 5737 3,163 09.60|Royal Bodewes SY Anthony Veder Sirius Shipping
Cardissa LMG Bunkering Vessel In Service 04-Dec-2014|  01-Jun-2017 6,469 5,320 115.94|5TX 5B (linhae) Shell Western LNG Shell Western LNG
Engie Zeebrugge LNG Bunkering Vessel In Service 30-Jun-2014| 01-Feb-2017 5100 3,121 107.60|HHIC [Yeongdo) Nippon Yusen Kaisha [Nippon Yusen Kaisha
Hua Xiang 8 LNG Carrier Dedicated Storage 01-Mar-2014| 01-Dec-2016 14,000 9,094 125.80|Fengshun Ship Hwy Zhejiang Huaxiang
Coral Energy LNG Carrier In Senvice 25-lan-2011| 01-Dec-2012 15,600 12,268 155.64|Neptun Werft Anthony Veder Anthony Veder
Pioneer Knutsen LNG Carrier In Service 03-May-2002| 01-Feb-2004 1,100 817 69.00(Veka SY Lemmer Knutsen OAS Shipping [Knutsen OAS %
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Emission (CO2) /| power (kWh)

- . Specific Specific Specific CO, emission Specific CO, emission
Fuel quUld denslty Cal’bl:ll:'n content Enefg‘r content piamount uffzuel basis) :Jarnuun‘lofenzemy basis)
kil KOcKTruer | KWhKGyye Btu/lbg,e; KOcoo/KOryer KOcozGalryer Icox/0alnyer KgcookWh kgcor/GJ Ibeomill B | 1 tonne of MDO = 3.11
Methane 075 [ 154 N2300f 275 ) (018 ) 50 115 tonnes of CO2
—) (natural gas)
Propane 0.510 0.82 138 21300 2.99 5.78 127 0.22 60 140
Butane 0.564 0.83 136 21100 303 6.47 143 0.22 62 144 1 tonne of LNG = 2.75
LPG 0537 0.82 137 21200 3.01 6.12 135 0.22 61 142
—) (i of C3=C4) tonnes of CO2
Gasoline 0.737 0.90 129 |19900 3.30 9.20 203 0.26 71 165.3
Kerosene (Jet) 0.821 0.82 120 | |18500 3.00 9.33 206 0.25 70 1625
— Diesel 0.846 0.86 127 | 19605 315 101 23 0.25 69 160.8
Heavy fuel ol 0.980 0.85 16 18000 311 16 255 0.27 75 1733 (3.15-2,75) 1311 =12,7 %
(Mo.6/Bunker C) d tion Of C02
Petroleum coke 0.89 94 14500 326 147 324 0.35 97 2251 reduc
Coal 2273 emissions
Anthracite 0.92 9.0 14000 337 0.37 104 2295
Bituminous 0.65 8.4 13000 238 0.28 79 2317
Subbituminous 0.4 638 10500 147 0.22 60 2339 + LNG has 20 % more
Lignite 03 3.9 6000 1.10 0.28 79 236.1 energy per kg
Coke 0.77 72 11200 282 0.39 108 2515
Peat (dry)" 0.52 47 7300 191 0.40 12 2607 .
Ethanol fuel (E1002 0789 0.52 83 12800 1.91 5.71 126 0.23 64 1496 So the NET reduction of
) | Methanol fusl M100) | 0791 037 55 8500 137 411 9.1 0.25 70 1622 CO2 emissions should be
Biodiesel 0.880 078 113 17400 285 948 209 025 70 1628 25-30 % or ??
(B100y2
Wood 12 0.50 45 7000 183 0.41 13 2631
——/

Bio energy 2 07
“ﬁ-n—-.-_
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Bunker prices 2016 - 2022

—Barges 3,5%

™

e

w—Barges 0,1%

w— LNG (LSMGO eguivalent)

e Methanol (LSMGO equivalent)
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HP FUEL GAS

PV-6522-XA1E-1"-NO

650615
BAF18

TOGVT @\
- - -
NOTE 4!

PV-6517-XF1R-2"

PV-6519-XF 1R-2"-NO

N2 CONNECTION SPOOL
1G-4065-XA1C-1"-NO
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810) 650614
(810) BAF18

MASTER GAS

FUEL VALVE
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Tommy Hjalmas
Mob: +46 (0)709199777

E-mail:

yald

ALTAMARINE
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