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KARBONSUZLASTIRMA NEDIR?

2015 yihinda Paris'te duzenlenen Birlesmis Milletler
Iklim Degisikligi Konferansi, COP21'de 196 taraf
ulke, kdresel Isinmayr 2°C'nin g¢ok altinda
sinirlandirarak ve 1,5°C ile sinirlandirma cabalarini
ortaya koymuslardir.

Bu amagcla kuresel 1sinmanin en buyuk nedeni olan
Sera gazi etkisini, yani atmosferde biriken karbon T —
icerikli emisyon gazlarinin azaltiimasina, yonelik PR TN
g| lar & Y kg Y (@Y PARIS2015
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Bu hedefe yonelik ifade edilen Dekarbonizasyon
(Karbonsuzlastirma) tanimi da temel
olarak atmosferde insan kaynakli olusan karbon
emisyonlarini (Karbondioksit, Karbonmonoksit vs.)
azaltma surecini ifade etmektir.




KARBONSUZLASTIRMA

Anlagsmanin uygulanmasina yardimci olmak uzere,
g klim degisikligi bilimini degerlendiren BM organi,
= HukUmetlerarasi lklim Degisikligi Paneli (IPCC)
kuresel ISiInmanin 1.5°C ile nasil
sinirlandirilabilecegine dair bir rapor hazirlamaya
davet edildi.

2018 yilinda hazirlanan ilk raporda, ilk olarak kuresel
sera gazi emisyonlarinin 2020 ile 2025 vyillari
arasinda zirve yapacagl ongorulmus olup, asagidaki
sonuclar cikariimistir.

- Emisyonlar 2010 seviyelerine kiyasla 2030 yilina
Limiting global warming to 1.5°C kadar %45 oraninda azaltiimahdir ve 2050 yilina
means reducing emissions oy kadar net sifira ulagmaldur.

- Hedef 2050'den sonra da devam etmeli ve tarihi
emisyonlari telafi etmek igin net negatif CO2

4 5 O/O seviyelerine ulasmalidir. @

in 2030 and reaching net zero in 2050
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Kuresel ticaretin yaklasik %80-90'inin deniz
tasimaciligr  ile  gerceklestirildigi  denizcilik
sektorl, karbondioksit (CO2) esdegeri bazinda
yilhk kuresel sera gazi (GHG) emisyonlarinin
yaklasik %3-4'Unden sorumludur.

Tek basina uluslararasi deniz tasimaciligi,
tasimacilik sektoruyle iligkili kuresel
emisyonlarin yaklasik %9'unu olusturmaktadir.

Bunu bir baglama oturtmak gerekirse,
uluslararasi denizcilik sektort bir Ulke olsaydi,
Almanya ile karsilastirilabilir CO2 emisyon
seviyeleri ile altinci ila yedinci en buyuk CO2
yayicisi olurdu (Balcombe vd., 2019).
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KARBONSUZLASTIRMA

IPCC, modellemelerine dayanarak kuresel emisyonlarda hizli bir dusus ve derin
emisyon azaltimlari icin denizcilik dahil tim sektorlere cagrida bulunmustur.

icinde bulundugumuz durumda devam edersek,

= Denizcilik sektorinun onumuzdeki on yillar boyunca ayni hirs seviyelerini surdirmesi
halinde emisyonlarin artmaya devam edecegini gostermektedir.

= Karbonsuzlastirma cabalari ve stratejileri, munferit gemiler, rotalar veya sirketlerle
iligkili emisyonlari azaltacaktir.

= Bununla birlikte, karesel deniz ticaretinin yilda ortalama %21,2 oraninda buyuyeceqi
tahmin edildiginden, emisyonlarin 2050 yilinda bugune kiyasla yaklasik %10 oraninda
artmasini bekleyebiliriz.
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KARBONSUZLASTIRMA

IMO agreement on technical regulations will reduce ships’' CO2

MARPOL Annex V1, Chapter 4 adopted July 2011 , which entered nto force in January 2015

Regulations EEDIrequires  New ships New ships New ships

enter into new ships to must improve  must improve  must improve

force forover meetagreed  efficiency 10% efficiency efficiency 30%

90% of world  efficiency up to 20%

fleet targets

Ship Energy 20% CO; 50% CO;
Efficiency reduction per reduction per
Management tonne/km tonne/km
Plan (SEEMP) (industry goal) (industry goal)
mandatory

implementation

for all ships

2013 <) 2015 <) 2020 <) 2025 <) 2030 <P $ 2050

Diagram showing the International Maritime Organization’s (IMO) plan for ship improvements
from 2013 to 2050
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Mumber of ships

Forecast growth in the world merchant fleet
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Avrupa kurulu giiciine kiyasla diinya denizcilik makine giici (Grafik, Balcombe @
et.al (2019) ve Statista'dan alinan verilere dayanarak olusturulmustur.)



KARBONSUZLASTIRMA

Emisyon indirgeme ve Karbonsuzlastirma hedefinde
yillardir sure gelen tekniklerin yetersiz kaldigi
asikardir.

Gemiler kaynakli atmosfere salinan karbonmonoksit
(CO), azot oksitler (NOx), kukurt oksitler (SOx) ve
partikil madde (PM) emisyonlarina yonelik
motorlarda uygulanan iyilestirme teknolojileri devam
ederken, karbondioksit (COz2) saliniminin sadece
yakit tiketimini dusurmekle, hatta dusuk veya sifir
karbon iceren yakit kullanmakla mumkin olacagi
anlasiimistir.

Uluslararasi Denizcilik Orgutd’'ndn (IMO) gemilerden
kaynaklanan sera gazi (GHG) emisyonlarinin
azaltiimasina yonelik ilk stratejisini kabul etmesiyle
birlikte, alternatif yakit ve enerji kaynaklarinin
kullanimina gegis, birgcok denizcilik sirketi igin
gercgekgci bir ihtiya¢ haline gelmigtir (IMO, 2018).




KARBONSUZLASTIRMA

Carbon Intensity Indicator (ClIlI)

Karbon Yogunlugu Gostergesi (ClIlI)

Cll, yuk tagima kapasitesi ve deniz mili basina
salinan CO2 grami cinsinden gergek enerji
verimliligine dayali olarak bir gemi igin
derecelendirme saglar.

Can egrisi sistemine benzer bir yontemle A-E
derecelendirmelerini kullanir ve A en iyi enerji
verimliligi performansini temsil eder.
Derecelendirme esikleri zaman icinde giderek
daha kati hale gelecektir. Eger bir gemi art arda
uc D derecesi veya bir E derecesi alirsa, gemi
sahibi bir sonraki takvim yilinda uyumluluga
nasil ulasacagini gosteren bir duzeltici eylem
plani sunmalidir.

* Major superior

* Minor superior

* Moderate

e Minor inferior

e Inferior
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KARBONSUZLASTIRMA

Attained Cll =

Year
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KARBONSUZLASTIRMA

Relative Carbon Intensity Indicator level
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ALTERNATIF YAKITLAR

Gunumuzde denizcilik endustrisi dort ana alternatif yakit yolunu degerlendirmektedir:
metan, metanol, amonyak ve biyodizeller.

Bazilari hidrojeni de alternatif yakit olarak degerlendirmektedir. Ancak hidrojenin deniz
tasimaciliginda kullaniimasinin 6ntinde dusuk hacimsel enerji yogunlugu, guverte ve
kargo alani Uzerindeki etkisi, yuksek basin¢ ve dusuk sicaklikta depolama gereklilikleri
ve yanicilik endiseleri gibi ¢esitli engeller bulunmaktadir.

Calismalar dusuk sudlfarld akaryakittan (LSFO) alternatif yakitlara gecisin karbon
emisyonlarini %80 ila %100 oraninda azaltabilecegini gostermektedir.

Alternative fuels
Alternative fuels can reduce GHG
emissions by over

S0Y%

compared with LSFO

o



ALTERNATIF YAKITLAR

Measures

Possible CO, Emissions Reductions

Advanced biofuels
Liquefied Natural Gas (LNG)
Hydrogen
Ammonia
Fuel cells
Electricity
Wind
Solar
Nuclear

25-100%
0-20%
0—~100%
0-100%
2-20%
0-100%
1_3 2 ‘?'{J
0-12%
0-100%

Alternatif yakitlarin kullanimi yoluyla olas1 CO2 emisyonu azaltimlari

(ITE. Decarbonising Maritime Transport. Pathways to Zero-Carbon Shipping by 2035;

International Transport Forum: Paris, France, 2018.)
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ALTERNATIF YAKITLAR
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Figure 5. Alternative fuels cited (the figure was constructed based on the selected papers of this

present study taken from the web of science database) [30]. @



ALTERNATIF YAKITLAR

Volumetric energy | Storage pressure Storage
{M,u‘kg;. density (GJ/m?) (bar) temperature (°C)

42.7 36.6
LNG 50 25.4 1 -162
Methanol 19.9 15.8 1 20
1 -34
Liquid ammonia 18.6 12.7
8.6 20
Liquid H: 120 8.5 1 -253
Compressed H: 120 7.5 700 20

Mote: GJ = gigajoules; m* = cubic metres.
Source: IRENA (2019a)



ALTERNATIF YAKITLAR

Key fuel properties of alternative marine fuels (DNVGL, 2019b; Xing et al., 2021Db).

Fuel Chemical Density at Cetane Boiling Auto-ignition Flammability Toxicity  CO»" 50, NO,* PM*
formula 15°C number point temperature in air limits in air
(kgm ¥ °C °C vol%
LSHFO CaCos 975-1010 =20 =180 230 0.6-7.5 - High Medium High Medium
MDO Ci0-Cq5 796-841 =35 =180 210 0.6-7.5 - High Low High Low
NG CH, 0.78 130° 162 240 5.0-15.0 NT Medium Low Medium Low
METH CH;0OH 792 <D 65 464 6.7-306 LAT Medium Low Medium Low
HYD H- 0.09 ~130° 253 085 4.0-75.0 NT Low Low High Low
AMMO NH5 0.73 120° 33 6ol 15.0-28.0 HT Low Low High Low
HVO Ci5—Cqg 770-790 =70 =180 204 0.6-7.5 NT High Low High Low
ELEC N/A A N/A N/A N/A N/A - - - - -
Note-.

3 Combustion emissions in ICE; LSHFO: low sulfur HFO; MDO: marine diesel oil; NG: natural gas; METH: methanol; HYD: hydrogen; HVO: Hydrotreated vegetable oil
(advanced biodiesel); AMMO: ammonia; ELEC; electricity; N/A: not applicable; NT: Not toxic; LAT: Low acute toxicity; HT: Highly toxic.
b Octane number.

1)



ALTERNATIF YAKITLAR

Status of viability for different alternative fuels (DNVGL, 2019a, b).

Criteria LNG Methanol HVO Ammeonia® Hydrogen® Fully electric®
Energy density 4 4 5 3 2 1
Technological maturity 4 3 5 2 2 3
Local emissions 4 4 2 3 5 5
GHG emissions 2P 2b 4 5 o 5
Energy cost o 3 2 1 1 Ve
Capital cost 4 4 5 4 1 5
Converter storage 3 4 o 4 1 1
Bunkering availability 4 3 1 2 1 2
Commercial readiness® 5 4 3 2 1 Vv
Flammability 5 4 5 2 1 5
Toxicity o 3 o 1 o 5
Regulations and guidelines 5 4 5 3 1 4
Global production capacity and locations 5 3 2 3 3 1

1-5: status rating with 1 being extremely poor and 5 being excellent.
V: varies.
e. Needs to be evaluated case-by-case. Not applicable for deep-sea shipping.
? Taking into account maturity and availability of technology and fuel.
P GHG benefits for LNG and methanol will proportionally increase with the fraction of corresponding bio- or synthetic energy carrier used as drop-in fuel.
¢ Only from renewable energy sources.
d Large regional variations.

()






DOGALGAZ - CH4

CO2 emisyonlariyla mucadele iklim Uzerindeki etkilerin sinirlandiriimasi agisindan kilit
onem tasisa da, IPCC metan gibi diger sera gazlarinin etkilerine de dikkat cekmistir

Metan, 100 yil icinde CO2'den 28 kat daha yuksek bir klresel 1sinma potansiyeline
sahiptir.

Tahminler, metan emisyonlarinin sanayi oncesi donemden bu yana yaklasik 0.5°C
Isinmaya neden oldugunu gostermektedir.

Fast-Fill Station
NATU RAL GAS Utility Storage Sequencing and

Gas Meter Temperature Compensation

Gas Line

COMPRESSED
CNG

Card Dispenser
Reader

Dryer ?
-—» -----------




DOGALGAZ — CH4

Dogalgaz, karbondioksit emisyonlarini gercekten azaltsa da, karbon bazli bir yakit
oldugu icin karbondioksit yaymaya devam eder (Balcombe vd., 2022) ve bir ¢6zim
olmanin aksine yalnizca bir azaltim secenegi olarak kullanilabilir (Bouman vd., 2017;

Hwang vd., 2020).
3ut

«}———1— Natural Gas Jet

L— Injector Unit

rm— —

- “\
m\\ Pilot Diesel
Fuel Spray

Fig. 2. The schematic diagram of high pressure direct injection system.
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DOGALGAZ - CH4

Pressure Regulator Natural Gas

Injector Emission Analyzer

P

/ q\ Diesel Injector

Air Filter

I

Natural Gas .
~ Diesel Fuel

Combustion Analyzer

=\ Dynamometer

“~———  Angle Encoder S /

Fig. 1. The schematic diagram of dual fuel system. (CNG: compressed natural gas) [49).



DOGALGAZ - CH4




DOGALGAZ — CH4

ME-GI Dual Fuel
MAN B&W Engines

A Technical, Operational and Cost-effective
Solution for Ships Fuelled by Gas

Enginoenng the Futire ~ siros 1756
MAN Diesel & Turbo

MAN Dual-Fuel GenSets

L23/30DF and L28/32DF

ENg rsdnng T Fulure - sincs 1758
MAN Diesel & Turbo




DOGALGAZ — DEPOLAMA

LNG tanker (side view)

LNG Tanks

=—

Ballast

\} Tank




DOGALGAZ - CH4

Comparison*

Butane .
Propane i

By-product obtained from
oil refining

' Methane

l ” Natural resource ~ increasingly
enriched with bio natural gas from
renewable resources

LNG CNG LPG
A - sodinkg B  sodinkg & - Soldin litres
+ Liquefaction by cooling to approx. » CNG is stored under » LPG 1s hiquefied under pressure
164 ° C ~ LNG requires just 1/600 of pressure at about 200 bar and stored at 8-10 bar
the volume that it needs in gas form ﬂ » DKV network (filling E » DKV network (filling stations in
E * DKV network (filling stations in stations in Europe): ca. Europe): ca. 15,000

Europe): 45 1,300






HIDROJEN

IMO'nun emisyon azaltma hedefleri dogrultusunda denizcilik sektort icin potansiyel bir
alternatif yakit secenegi olarak hidrojen (H2) uzun vadede en uygulanabilir yakitlardan
biridir. H2, yakit pillerinde veya icten yanmali motorlarda kullanilabilir (McKinlay,

Turnock ve Hudson, 2020).

Halihazirda hidrojen kaynakli yakit pilleri ulagim sektortinde, ozellikle de otobus gibi
toplu tagsima araglarinda kullanilmaktadir. Ornegin, Londra hidrojen yakitli otobusleri

isletmeye baslamistir (GOV.UK, 2020).
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HIDROJEN

Cin, 2009 yilindan bu yana H2 yakith araclarin kullanimini incelemektedir. Foshan
Sehri, 2016 yilinda Cin'deki ilk H2 altyapisi ve ara¢ dagitiminda H2 ile calisan toplu
tasima araclarini isletmeye baslamistir (Kendall vd., 2017).

World’s first hydrogen-powered tram
goes into operation in China




HIDROJEN

Hidrojen kaynakli yakit pilleri ve hidrojen kullanan motorlar, henuz ticari gemiler igin
olceklendirilmemigtir, halen gelistirme asamasindadir, ancak 2016 yilinda denizcilikte
kullanim icin basariyla test edilmistir (Shell, 2017).

World’s first liquid-powered hydrogen First Newbuild Inland Hvdrosen
ship, MF Hydra, is powered by Ballard’s Cargo Vessel Prepares t!(,) Entger
fuel cells o

Service

Hydrogen Fuel Cell Ships, #PoweredByBallard, Marine Technology, Marine News, Hydrogen Ferry, Marine Blogs
Oct. 9,2023 & 3 minute read

Article by Betina Holtze

Antonie passed trials and is waiting for the installation of the hydrogen containers before enterign
pryaprel IE0ERYY /) YOURBNESOEIETE | fEY o VO TR REA, | \



MEDYADA HIDROJEN ©

& Elektrik Mihendisleri Odasi

™ hitps://www.emo.org tr > genel » bizden_detay 3 @ Habertiirk
VESTEL,IN YAK'T P”.' HAZ'R (SABAH) https-/fwww._haberturk com » Ekonomi » Para
23 Ara 2006 — Yungul, sunlar sdyledi: "Yakit pilini hazirladik. Subat ya da Mart ayinda piyasa’ Vestel'in devrim pI|I - Makro Ekonomi Haberleri
tanitacagiz. Pil hemen tiim sektérlerde kullanilabilecek. Vestel'in yakit pili teknolojisine sahip ilk nesil Grlinlerin satigina subat ayinda baglanacak. Girig:

15.12.2006 - 16:53 Glncelleme: 15.12.2006 - 16:53.

bigpara.hurriyet.com.tr
b gp Y

https://bigpara. hurriyet.com tr » genel-haberler » veste .

Yeni Safak

https-/iwww. yenisafak com » teknoloji
Vestel: Hidrojen pili yaptik, 2006'da pazardayiz - Bigpara
13 Tem 2005 — Bilgisayar, cep telefonu, sabit veya tasinabilir her tlrll cihaza enerji saglamak
icin gelistirilen yakit pillerine patent aldiklarini séyleyen ...

10 kat daha dayaniklh yerli hidrojen yakit pili gelistirildi

27 Eki 2018 — Prof. Dr. Nejat Veziroglu Temiz Enerji Uygulama ve Aragtirma Merkezi ile Vestel
Savunma Sanayinin ig birliginde, yaklasik 15 yildir devam eden ...

B Haber Bilim Teknoloji
https-/fwww.haberbilimteknoloji.com » HABER

Lityum bataryalardan 10 kat daha verimli “yerli ...

30 Eki 2018 — ... yakit pilleri geligtirildi. Prof. Dr. Nejat Veziroglu Temiz Enerji
Uygulamad&aArastirma Merkezi ve Vestel'in is birliginde, yaklasik 15 yildir ...




HIDROJEN
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HIDROJEN URETIMI

Methane pyrolysis

Carbon capture and

Gasification process

g
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HIDROJEN URETIMI

Uretim metoduna gore,

Grey (Fosil yakitlardan uretilen),

Blue (Karbon yakalama (Steam Reforming) teknolojisiyle),
Green (Elektroliz ile sudan),

Purple/pink (NUkleer),

Black (Komurden),

Turkuaz (Metane pirolizi)

Bu gun dretilen hidrojenin %95’i dogalgazin buhar donusumu (steam reforming) ile
uretilmektedir.
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HIDROJEN DEPOLAMA

Volumetric H2

Hydrogen Molecular Molecular Density Gravimetric H:
Carrier formula mass (g/mol) (kg/m3) content (wt. %0) corlw_tltza/nr;[]a()kg-
H, Compressed H> 2.0 42.0 100.0 42.0
H. Liquid H> 2.0 71.0 100.0 71.0
Diesel C12H26 170.3 750.0 154 1154
Toluene C7Hs 92.1 888.0 8.8 77.7
Methanol CH30H 32.0 792.0 12.6 99.7
Ammonia NH3 17.0 681.9 17.8 121.1
Mﬁ%fﬁ;gm MgH. 26.3 1450.0 7.7 111.1
Sodium
aluminium NaAlH4 54.0 905.0 7.5 67.6
hydride
Ammonia Borane NH3:BH3 30.9 780.0 19.6 152.8
Bosrgg;/‘gﬂ e NaBH, 37.8 1070.0 10.7 114.0

(=)



HIDROJEN DEPOLAMA

Hydrogen Storage

‘ Physical Storage \

* Compressed H, tank

* Liquid H. tank _ Chemical Hydrides
* Cryo-compressed tank - S
disendh « MOF (metal-organic  * Simple metal hydrides  * Borohydrides
framworks) e Complex metal ¢ Ammonia borane
* Carbon-based material  hydrides
| |
Reversible on-board Regenerable off-board



HIDROJEN DEPOLAMA

Faurecia
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Compressed Gas (CGH,)
Type IV
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Cryo-compressed (CcH,)

Type ll inner/MLI + vacuum/metal outer
350-400 bar | 20-340 K/ -253 10 67°C

72 kg/m? | Carbon Fiber: 0.20

Brunner,
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BASIC TYPES OF

HYDROGEN STORAGE TANKS

TYPE III

METAL LINER

TYPE I TYPE II

ALL METAL METAL WITH WRAP

3,000 PSI (200 BAR] 4,500 PSI (300 BAR) 10,000 PSI [700 BAR]

WITHDIV.2 OR 3: NON-LOAD BEARING

+15,000 PSI [LODO BAR)

LIGHTWEIGHT

TYPE IV

PLASTIC LINER
e

10,000 PSI (700 BAR]
NON-LOAD BEARING
LIGHTEST
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Fuel cell (PEM)

H2+0.502—’H20
+ Electricity
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H,0O
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4 mol
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H,0,

—H,0+0.50,
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Alfa Aesar 0357886 Sodium borohydride, 97+% 100q 5819
Alfa Aesar 013432 Sodium borohydride, 98% 100q S84
Alfa Aesar 088983 Sodium borohydride, 98% min 100q $585.9
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Figure 18 Green H, cost projections
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METANOL - CH30OH

Denizcilik icin alternatif bir yakit olarak bilinen metanol, son yillarda artan bir ilgi
gormektedir.

Bu alkol, diger yakitlara kiyasla en dugsuk karbon ve en yuksek H2 iceriklerinden birine
sahiptir.

Ayrica metanol, sulfar oksit (SOx) ve NOx emisyonlarini HFO'ya kiyasla %60'a kadar
azaltmakta (ITF, 2018) ve partikil madde emisyonlarini %95 oraninda dusturmektedir
(Methanex, 2020). f -




METANOL - CH30OH

Su anda metanolin ¢ogu komur veya NG'den uretilmektedir, ancak metanol tarimsal
atiklar gibi lignoselllozik hammaddelerden, biyo-metanol Uretmek icin surdurtlebilir
sekilde yoOnetilen ormanlardan toplanan biyokutleden veya kentsel kati atiklarin

gazlastiriimasindan da uretilebilir.




DIFFERENT TYPES
OF METHANOL
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: Natural gas | /
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GREEN

METHANOL

Bio-methanol

produced from biomass
or e-methanol produced
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and renewable electricity

|_|/

Production considered
to reach carbon neutrality
on well-to-wake basis.
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Hydraulic oil

Sealing oil
FBIV-M

@MAN ExpertTalks

“ Methanol as
marine fuel

Scalable energy transition with
MAN B&W ME-LGIM

Gas block

Methanol supply
through bore in
cylinder cover
LGl adapter block
Double-walled pipe
methanol inlet

Double-walled pipe
methanol outlet
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METANOL

Shipping giant Maersk unveils world’s
first vessel using green methanol

PUBLISHED THU, SEP 14 2023.1:02 AM EDT | UPDATED MON, SEP 25 2023.1:30 AM EDT

silvia Amaro siare X in =
ﬁ @5ILVIA_AMARO
KEY * The new container ship, ordered in 2021, has two engines: one moved by traditional
POINTS fuels and another run with green methanol — an alternative component, which uses

hiomass or captured carbon and hydrogen from renewable power.

* Practically speaking, the new vessel emits 100 tons of carbon dioxide less per day
compared to diesel-based ships.

* “lt's a really symbolic day of our energy transition, really becoming a reality,
something concrete that we can actually demonstrate, not just commitments and
hard work, but actually something that everybody can see,” Maersk CEQ Vincent

Clerc told CNEC. TotulEnergies @
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vompany Careers vigial venter Fress & Meaia  DISCOover Locauon rinager  Lvontact EN

MAN| MAN Energy Solutions Our focus Energy & Storage Marine Process Industry Oil & Gas Services

Methanol-fueled ships: Testing of an ME-
LGIM engine in Korea

As the world races to decarbonize amid rising temperatures and intensifying heatwaves,
the global shipping industry has struggled to wean itself off heavy fuel oil. But now in
South Korea, MAN Energy Solutions and HD Hyundai Heavy Industries - Engine and
Machinery Division are building large-scale engines for container ships that can run on
green methanol - a key signal to the shipping industry that climate-neutral fuels are
about to take over and the technologies enabling the transition are available today.

By Tim Hornyak

©



METANOL MALIYETLERI

Figure 20 Methanol cost projections
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AMONYAK — NH3

En ¢cok umut vaat eden alternatif nakliye yakitlarindan biri karbonsuz amonyaktir.
IMO'nun sera gazi emisyon hedeflerine ulasmak icin yaygin bir ara¢c olarak lanse
edilmektedir (Kim ve ark., 2020).

Son zamanlarda yapilan calismalar, amonyak Uretiminin yenilenebilir enerji kaynakli
elektroliz ¢calismalarinda oldukga faydali olacaktir. Denizcilik sektorUnun derinlemesine
karbonsuzlastirilmasini saglamak.

Ancak, gemi motorlari yenilenebilir enerji olan amonyakla calismak igcin hala az
miktarda pilot yakita ihtiya¢c vardir Bu nedenle pilot yakitin da karbon sifir olmasi
onemlidir (Ash, 2019).

Ammonia

©
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AMONYAK URETIMI

Green Ammonia
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AMONYAK

vompany areers  LNgQmal venter Fress & Medd | ISCOVEer Locauon rinder  LOontact EN @

MAMNI MAN Energy Solutions Our focus Energy & Storage Marine Process Industry  Oil & Gas  Services Q

MAN Energy Solutions is developing a fuel-flexible, two-stroke
ammonia engine as a key technology in the maritime energy
transition

Green ammonia is among several synthetic fuels key to establishing a greener shipping
industry in the near future. MAN Energy Solutions aims to have a commercially available two-
stroke ammonia engine by as early as 2024, followed by a retrofit package for the gradual
rebuild of existing maritime vessels by 2025.

By Nils Lindstrand



AMONYAK

ARTICLE

Marine ammonia engines: working

towards deployment in Japan
Julian Atchison May 07, 2024

MAN Energy Solutions has announced one of the first deployments of
its ammonia two-stroke engine will take place in Japan. Mitsui E&S
will construct the MAN B&W 7S60ME dual-fuel engine, with Imabari
Shipbuilding to then install it aboard a Newcastlemax bulk carrier,
along with an integrated SCR catalytic converter to treat engine NOy
emissions. The news underscores significant momentum for the
deployment of marine ammonia engines, with Wartsild, WinGD and
Mitsubishi Shipbuilding also engaged in ongoing projects.

Continue Reading
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ARTICLE

Ammonia-fueled vessels: shipyard
orders and new concepts

Geofrey Njovu May 07, 2024

Eastern Pacific Shipping’s on-order very large ammonia carriers
(VLACs) will be registered in Singapore, thanks to a new partnership
with the Maritime and Port Authority. Trafigura has announced the
first of its ammonia-fueled, medium gas carriers will be delivered from

South Korea in 2027. In Japan, K LINE and MAN are leading a 5-party

collaboration to develop ammonia fueled-engines and deploy them in
200,000 dwt bulk carriers. We also explore ammonia-fueled
Aframaxes in Malaysia, a concept study for a large-volume, coastal
ammonia carrier in Japan, and a new salmon fishing vessel design in
Norway.
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Figure 24 Ammonia cost projections
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HATIRLAYALIM — YAKIT OZELLIKLERI

Volumetric energy | Storage pressure Storage
{M,u‘kg;. density (GJ/m?) (bar) temperature (°C)

42.7 36.6
LNG 50 25.4 1 -162
Methanol 19.9 15.8 1 20
1 -34
Liquid ammonia 18.6 12.7
8.6 20
Liquid H: 120 8.5 1 -253
Compressed H: 120 7.5 700 20

Mote: GJ = gigajoules; m* = cubic metres.
Source: IRENA (2019a)
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Key fuel properties of alternative marine fuels (DNVGL, 2019b; Xing et al., 2021Db).

Fuel Chemical Density at Cetane Boiling Auto-ignition Flammability Toxicity  CO»" 50, NO,* PM*
formula 15°C number point temperature in air limits in air
(kgm ¥ °C °C vol%
LSHFO CaCos 975-1010 =20 =180 230 0.6-7.5 - High Medium High Medium
MDO Ci0-Cq5 796-841 =35 =180 210 0.6-7.5 - High Low High Low
NG CH, 0.78 130° 162 240 5.0-15.0 NT Medium Low Medium Low
METH CH;0OH 792 <D 65 464 6.7-36 LAT Medium Low Medium Low
HYD H- 0.09 ~130° 253 085 4.0-75.0 NT Low Low High Low
AMMO NH5 0.73 120° 33 6ol 15.0-28.0 HT Low Low High Low
HVO Ci5—Cqg 770-790 =70 =180 204 0.6-7.5 NT High Low High Low
ELEC N/A N/A N/A N/A N/A N/A - - - - -
Note-.

3 Combustion emissions in ICE; LSHFO: low sulfur HFO; MDO: marine diesel oil; NG: natural gas; METH: methanol; HYD: hydrogen; HVO: Hydrotreated vegetable oil
(advanced biodiesel); AMMO: ammonia; ELEC; electricity; N/A: not applicable; NT: Not toxic; LAT: Low acute toxicity; HT: Highly toxic.

b Octane number.

o
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Status of viability for different alternative fuels (DNVGL, 2019a, b).

Criteria LNG Methanol HVO Ammeonia® Hydrogen® Fully electric®
Energy density 4 4 5 3 2 1
Technological maturity 4 3 5 2 2 3
Local emissions 4 4 2 3 5 5
GHG emissions 2P 2b 4 5 o 5
Energy cost o 3 2 1 1 Ve
Capital cost 4 4 5 4 1 5
Converter storage 3 4 o 4 1 1
Bunkering availability 4 3 1 2 1 2
Commercial readiness® 5 4 3 2 1 Vv
Flammability 5 4 5 2 1 5
Toxicity o 3 o 1 o 5
Regulations and guidelines 5 4 5 3 1 4
Global production capacity and locations 5 3 2 3 3 1

1-5: status rating with 1 being extremely poor and 5 being excellent.
V: varies.
e. Needs to be evaluated case-by-case. Not applicable for deep-sea shipping.
? Taking into account maturity and availability of technology and fuel.
P GHG benefits for LNG and methanol will proportionally increase with the fraction of corresponding bio- or synthetic energy carrier used as drop-in fuel.
¢ Only from renewable energy sources.
d Large regional variations.

()



DOGALGAZ - SILINDIR iCi BASING

In-cylinder pressure [bar]

120

100 -

80

60

Diesel
15% natural gas | o,
40% natural gas ' 4
75% natural gas | - ".

-

=

300 350
Crank angle [degree]

400

450




DOGALGAZ - SILINDIR iCi BASINGC

- 1500 rpm - 80% Load
o
- Diesel

g n ] |
2 a
®
ol
.
&

0 .

m

' » £ e 2

Crank angle ("CA)



DOGALGAZ -

HC EMISYONLARI
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DOGALGAZ, HIDROJEN — KARBONMONOKSIT EMISYONLARI
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Volumetric efficiency (%)
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Exhaust gas temperature (deg.C)
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Journal of the Energy Institute 114 (2024) 101641

Contents lists available at ScienceDirect

Journal of the Energy Institute

FELSEVIER journal homepage: www_elsevier.com/locate/joei

# - - ® - - - Rl fio
Investigation on the combustion of ammonia using direct high/ e
medium-pressure-Otto injection approach in a diesel two-stroke marine
slow speed engine
Antony John Nyongesa ™", Jeong Kuk Kim °, Won-Ju Lee *-*

? Institite of Thermodymarmics and Sustainable Propulson Systems, Groz University of Technology, Groz, 8010, Ansiria

¥ Large Fngines Competence Center, Graz, 8010, Austria

© Division of Marine Engineering, Korem Maritime and Oceon University, Busan, 49112, South Koreo

9 Interdisciplinary Mojor of Maritime Al Convergence, Korea Moritime and Ocean University, Busor, 49112, South Karea

* Division of Marine System Engineering, Koreo Moritime and Ocean University, Busan, 49112, South Korea

ARTICLE INFO ABSTRACT

Handling Editor: Dr. Paul Williams The urgent need to reduce exhaust gas emissions has led to increased research activites on the potential of using
ammaonia as fuel in marine engines. Various researchers have already investigated the combuston of ammonia

Keywords: specifically in two-stroke, slow-speed marine engines, and obtained promising results. In the available literature,

Ammunia both high-pressure direct injection-DMesel (HPDF) and low-pressure direct injection dual fuel - Otto (LPDF) two-

rl:’j:'g:':]]sm'r” stroke engines have been well-researched. This study numerically investigates the potential of using a direct

high/medium pressure (Otto) ammonia injection strategy on A marine two-stroke engine. A diesel-fueled engine
was retrofitted with ammonia injectors on the cylinder head. The effects of ammonia injection direction, timing,
and injection pressure on the combustion efficiency, engine performance, and exhaust gas emissions were

Emissions
Two-stroke engine
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The effects of ammeonia addition on the emission and performance e
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ARTICLE INFO ABSTRACT

Handling editor: J. W. Sheffield Ammonia, future of the carbonless marine fuel, presents significant potential in achieving zerc-emission targets
within maritime transportation. In this context, this stdy explores the wse of an ammonia,/diese] fuel mixture in

KEJ"W"’_S: a diesel engine, employing both experimental and numerical methods. We focus on the impact of injection timing

Amcwialy and compression ratio to optimize the engine while using ammonia/diesel mixture in terms of both engine

Enjectien ming performance and exhaust emissions. The resulis show a decrease in engine power with an increasing content of

m;:; ammonia, reaching the lowest power of 4.53 KW at 60% ammonia content. On the other hand, the increase in

compression ratio generally enhances engine power. Thermal efficiency shows an increase up to 40% ammonia
content, followed by a decline. CO; emissions significantly reduce with an increase in ammonia content, reaching
the bowest lewvel, especially at 60% ammonia content. NO emissions rise with increasing ammonia content up o
40%. Furthermore, increasing the compression ratio reduces C05 emissions and contributes to an increase in MOy
emissions. These findings have assessed the potential usage of ammaonia-diesel fuel mixture with regards to
environmental impacts and energy efficiency in internal combustion engines.
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