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Overview of EU-ETS for shipping: Background ClassNK

m Visualization of emissions from ships/
timeline for implementation of regulations

Mid-term measures
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The FuelEU maritime regulation . -
will oblige vessels above 5000 gross 5 W - = 90%
tonnes calling at European ports |

(with exceptions such as fishing ships):

Vessels >5 000 of all ships of CO2
gross tonnes emissions from
the maritime
> to reduce the greenhouse Sevtor
gas intensity of the energy
used on board as follows
Annual average carbon intensity reduction compared to the average in 2020
INTERNATIONAL E
MARITIME
ORGANIZATION
-2% -6% -14.5% -31% -62% -80%
i l»r‘ ;ﬁ‘
*;‘,- = "~ MARINE ENVIRONMENT PROTECTION MEPC 81/6/18
2 S - COMMITTEE 26 January 2024
e i 81st session Original: ENGLISH
Iq i / Agenda item 6 Pre-session public release:
L ' B ENERGY EFFICIENCY OF SHIPS
2025 2030 2035 2040 2045 2050 The implications of the 2023 IMO GHG Strategy and work on the basket of mid-term

measures for the revision of the Cli
Submitted by WWF, Pacific Environment and CSC

< to connect to onshore power supply
for their electrical power needs while
moored at the quayside, unless they use
another zero-emission technology




FUELEU MARK T k KIEPSAMI

x2025"ten itibaren bayrrs@kGlave naz draik ed enaikls e
kapsayacak. Gel ecekte d¢zenl emenin kapsan
geni Il l etilebilir.

FuelEU D¢ zenl emes.| EU ETS de ol duku gi bi di

r.

Akki AB | imané& arasénda ve yanalma yerinde
%100' , ,
ABir AB |imané ile AB dél é& bir varé&l nokt ¢

enerjinin %50'si



FUEL EU PENALTY
2025 SONRASI

X FuelEU Maritime Regulation 2023/1805 AB Resmi
Gazetesinde 22/09/2023 de yayenl ande.

XYer ¢orl ¢k @ x2&kim 2023

x Uygulama tarihi  : 01/01/2025



FUEL EU MARITIME

Yenit aneml gamgazyeokunl (K@ Intesity ) @1 acakt er

AB/AEA'da ticaret yapan gemiler i - isera g a zeemi sy o (QC@ /N )
olarak ©° | - ¢ | egeemmikle kul | angledn e@thlama sera gaze
y ok unl ulkaualu rGHG Intensity ) gereken seviyenin(Target GHG
Intensity )a | t eonldnaa sgerakariyor .

Gemide k ul | a n e kagnaklanan emisyonlara ek olarak, sera g az e
emi syorylakreg ,ekar el maeame it ,vemti al e n mailgile y |
emisyonlar da dahil olmak ¢ z e r ggVell -to-Wakee ( Be |l | KMezam)

perspektifiyle hesapl aneér
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C02e = [C022= x c02 GWP(1)| + |CH4 == x CH4 GWP(25)| + [N20 2 x N20 GWP(298)
yr yr yr
78 Mof EA
100%
&0%
57642 M
0% of EA
40%
20%
’ 2023 2024 2025 2026 2027 2028 2030
EU MRV CHyve =400 GT CH;ve Offshore 30 Nisan EU ETS Muafiyetler icin
ileri N gemilerinin oncesi EU kapsaminin son tarih
ﬁ‘ﬁ::;rg:s :zlgfl;rr; Eamrvlﬁn Ejz'g ;en ﬁ_rﬂ | ?ﬁiﬂﬂ senisletiimesi (31/12/2030)
S dahil ye dahil dahil ok AP
fortt edilmesi cdimesi || edilmesi || ecimes geginimesi
“  EUMRV \/ B EUETS ‘

Yillik Karbon azalma yiizdesi 2024-2027 arasi yillik 524,32, 2030'dan itibaren %4,4 olacaktr.
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1 2 3 4 5 6 7 8 9
WitT TtW
Ca:].i|:|
LCV COZeq WiT Fuel Cf C0a Cf CHy Cf NaO As % of the
Fuel Class | Pathway name Consumer mass of the
[w] (B | Unit Class | [ec02 [SCH4 ] [sNzO ] fuel used by
g gFuel gFuel gFuel the engine
HFO
ISO 8217 0,0405 13,5 ALL ICEs 3,114 0,00005 | 0,00018 -
Grades RME to
RMK
LFO
ISO 8217 0,041 13,2 ALL ICEs 3,151 0,00005 | 0,00018 -
Fossil |Grades RMA to
RMD
MDO
MGO
SO 8217 0,0427 14,4 ALL ICEs 3,200 0,00005 0,00018 -
Grades DMX to
DMB

CO2eq, TtW [MGO]

CO2eq, TtW [LFO]

CO2eq, TtW [HFO]

3,261

3,206

3,169

( C) Prof.Dr.Adnan Parlak




VLSFO MGO LSMGO IFO380 MEOH MEoH-VLSFOe MEoH-MGOe VLSFO MGO LSMGO IFO380 MEOH MEoH-MGOe
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Zxample MEOH-MGOe equivalent calculation based on MMSA posting:

1. Price per metric ton MEOH: 300 USD/mt

2. Convert to unit GJ price: 300/ 19.93 (MEOH LHV) = 15.05 USD/GJ

3. Convert to MGO equivalent price = USD 15.05"42.5 (MGO LHV) = 639.7 USD/mt MEOH
MGO Equivalent

Example MEOH-VLSFOe equivalent calculation based on MMSA posting:

1. Price per metric ton MEOH: 300 USD/mt

2. Convert to unit GJ price: 300/ 19.93 (MEOH LHV) = 15.05 USD/GJ

3. Convert to VLSFO equivalent price = USD 15.05"41.0 (VLSFO LHV) = 617.2 USD/mt
MEOH VLSFO Equivalent ( C) Prof.Dr.Adnan Parlak




GHG intensity [gcmeq] = f X (WLT + TtW)

Well to Wake

n fuel C
i M *COgeq WT, i *LCVi +2kEk *CO2%q ¢lectricity k
AM;'—“

n fuel C
i M, XLCV; xRWD;+ ) | Eg H e AV o

n fuel<—m engine 1 1
Zi Zj Mi,j x 1 - mc slip j X COZeq, TtW.1. _]) + mc slip j % CDZeq TtW, slip, 1

n fuel
> M; XLCV;xRWD;+ ZkEk

( C) Prof.Dr.Adnan Parlak ‘ i



FUELEU MARKk TKk REBL kK CY

Period Required Maximum RFNBO RFNBO Multiplier
Emissions Emissions sub-target (Averaged Across
Intensity Intensity (g (Averaged Across Period)
Reduction C0.e/MJ) Period)

Reference Value - 91.16 - -
2025-2029 2.0% 89.34 0.0% 2.0
2030-2034 6.0% 85.69 0.4% 1.8
2035-2039% 14.5% 77.94 2.0% 1.0
2040-2044 31.0% 62.90 2.0% 1.0
2045-2049 62.0% 34.64 2.0% 1.0

2050+ 80.0% 18.23 2.0% 1.0

( C) Prof.Dr.Adnan Parlak




GHG INTENSITY OF MARINE FUELS

x Heder serag a z @ k u n Iretekans d e k @1r,16 gCO2e/MJ dir. HedefGHGy okunl uKk
azalmaor anbhanon&etddolaig®r /| mektedir

x HedefGHGyokunharkwé lbtale ki | ecektir

x Bu oranlar 2028y & | évenidand e k er | etmap Ir e tdéeskéinideab i | i r
Provisional
. Reduction Factors
calculations 2020 level

91.16
gl 2035~ : -14.5%
B 2040~: -31%

B 2045~: -62%
2050 ~ : =802,

3.0 '
h
HFO LFO mgg LNG LNG LNG ILFG LFG} NH3
T I B i ]
Medivm Slow Slow Natural m

5 : 3 ( C) Prof.Dr.Adnan Parlak
'SPEVa D vapeed




Wt W DEKERLERKNE G¥RE YAKI T

Fuel class LCV COuxqwer  |Consumer (Cicop Cicha  |Cinzo |Cslip,%
Fossil HFO 0,0405 13,5 ALL ICE 3,114 0,00005 0,00018

Fossil _LFO 0,041 13,2 ALL ICE 3,151 0,00005 0,00018

Fossil_ MDO_MGO 0,0427 14,4 ALL ICE 3,206 0,00005 0,00018

Fossil ING_Otto Dual_Medium Speed 0,0491 18,5 ALL ICE 2,75 0 0,00011 3,1%
Fossil ING_Otto Dual_Slow Speed 0,0491 18,5 ALL ICE 2,75 0 0,00011 1,7%
Fossil LING_Diesel Dual_Slow speed 0,0491 18,5 ALL ICE 2,75 0 0,00011 0,2%
Fossil _LBSI 0,0491 18,5 ALL ICE 2,75 0 0,00011 2,6%
Fossil LPG-Butane 0,046 7,8 ALL ICE 3,03

Fossil LPG Propane 0,046 7,8 ALL ICE 3

Fossil HZ2 (Natural gas) fuel cells 0,12 132 FUEL CELLS 0

Fossil _HZ2 (Natural gas) ICE 0,12 132 ALL ICE 0

Fossil_NH3 (Natural gas) Fuel cells 0,0186 121 FUEL CELLS 0

Fossil NH3 (Natural gas) ICE 0,0186 121 ALL ICE 0

Fossil_Methanol (Natural gas) 0,0199 31,3 ALL ICE 1,375

Biﬂfue_Is_Ethanol_RED sugarb-eet 0,027 -33,2 ALL ICE 1,913
Biofuels_Biodiesel_Rapseed-Incl.LUC 0,0372 115,1 ALL ICE 2,834 0,00005 0,00018
Biofuels_Biodiesel_Palm-Incl.LUC 0,0372 306,7 ALL ICE 2,834 0,00005 0,00018
Biofuels_Biodiesel RED II 0,0372 -26,1 ALL ICE 2,834 0,00005 0,00018
Biofuels_ HVO_RED I 0,044 -20,7 ALLICE 3,115 0,00005 0,00018
Biofuels_Bio-LNG_Otto DF_Medium Speed_RED I 0,05 -38,9 LNG OTTOMS| 2,755 0,00005 0,00018 3,1%
Biofuels_Bio-LNG_Otto DF_Slow Speed_RED Il 0,05 -38,9 LNG OTTOSS | 2,755 0,00005 0,00018 1,7%
Biofuels_Bio-LNG_Diesel DF_Slow Speed_RED I 0,05 -38,9 LNG DIESEL DF| 2,755 0,00005 0,00018 0,2%
Biofuels_Bio-LNG_LBSI_RED Il 0,05 -38,9 LNG OTTO 2,755 0,00005 0,00018 2,6%
Biofuels_Bio-H2_ICE 0,12 0 ALL ICE 0 0 0

( C) Prof.Dr.Adnan Parlak




WTW GHG REDUCTION FROM 2020 REFERENCE

50%
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LNG, METHANOL AND AMMONIA VERSUS FUELEU
MARITIME DECARBONISATION TRAJECTORY

Ammonia (grey)

-------- r—-——-—--———---—————————--——----———-———- Baseline

2025

2030

2035

2040

. LNG (grey)
%
| ]
. FuelEU Maritime
Trajectory
2045 2050

Source: ABS 2021 & Sphero, 2021
sea-Ing.org

Gri LNG kullanan gemiler 2039
l f Gkadacuyumlu olacak .

Biyo-LNG ve biyo-metanol gibi
FTITTI TEBRRYRIT g
elde edilen ! ¢t f qarta |
vadede BUIJG GHR  role
sahiptir .

( C) Prof.Dr.Adnan Parlak
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FUEL EU MARITIME PENALTY FORMULA
FOR NON-COMPLIANCE

Difference between
GHG target

ty

[(Compliance balance)] X 2,400
GHGIE__, , X 41,000

GHG intensity 41,000 MJ
attained = 1 metric ton
of VLSFO




FUELEU MARITIME POLICY

WTW Emissions Intensity (g CO,e/MJ)
Fuel
2025-29 2030-34 2035-39 2040-44 2045-49 2050-54
VLSFO 92.63 92.63 92.63 92.63 92.63 92.63
Biodiesel (WCO) 14.90 14.90 14.90 14.90 14.90 14.90
e-diesel 28.20 14.10 10.87 7.65 4.42 1.19
Fossil LNG 77.43 77.43 17.43 17.43 77.43 77.43
Bio-LNG 20.24 20.24 20.24 20.24 20.24 20.24
e-LNG 28.20 14.10 11.00 7.89 4.79 1.68
Bio-Methanol 12.60 12.60 12.60 12.60 12.60 12.60
e-methanol 28.20 14.10 11.21 8.32 543 2.54
e-ammonia 28.20 14.10 10.58 7.05 3.53 0.00
Electricity 0.00 0.00 0.00 0.00 0.00 0.00

( C) Prof.Dr.Adnan Parlak



CO, Emissions

On Voyage From EU and To EU 10.725 tonnes CO,, ;. ~— E1o €584k

EUETS-Fuel EUCeza-Ver gi Karl &l alt é&r

EU ETS and FuelEU Maritime cost comparison

By 2050 €3.60
=== FuelEU: € 3.6m FuelEU

Millions

Between EU Ports

|

:1.399 tonnes CO,,

Tax and Penalty

The cost of EUAS in 2026

Between 2035 ~ 2040
FuelE overtakes ETS

—t—

6X

)
o
&
o)
=
o
-

Fuel EU Maritime

|

€0.58

FuelEU Maritime penalty in 2026-2029

1 :
Penaltv wfé EUETS

O . 2 O ml IE(‘P‘! | dﬂ 2030 2035 2040 2045 2050
in 2030-2035 : 0 3B million
in 2035-2040 : 0 7 million
in 2035-2040 : G 1.32 million
in 2040-2045 : (0 2.86 million

(=)

VLSFO 19k TEU Boxship Fleet n x10

Waltl & o S ,|‘.v.,<‘\l':

1

-

¥ o 2030 :3.8 mil.€ x 10 = 38 mil.€

A T 2031:3.8mil.€ x 10 x 1.1 = 42 mil.€
in 2045-2050 : 0 3.60 million r e o T 2032:38mil€ x 10 x 1.2 = 45 mil.€
i'_" -"' 2033:3.8mil.€ x 10 x 1.3 = 49 mil.€
o L 034:3.8mil.€ x 10 x 1.4 = 52 mil.€

( C) Prof.Dr.Adnan Parlak



GE Mk NkHWZINI ARTI! RDI KI MRPANAIZLARDA G! ¢k HTK YACIHNA ¥ RE
EXPONANSKOLERAK ART T I Kd KYWKIT SARF«k Y,AUETS VE FUEL EU CEzASI
DAHA FAZLA ARTAR

Speed - Power Curves

9.800 - O at measurement i
8,300 | O CorrectedSpeed / Power points
8800 | X EEDI-Vref
8300 | —Speed Power curve based on S/P t:rial g
results 2

7,800 | —75% MCR (EEDI Powe

7300 | —-.TankTest Results(BAL
DRAUGHT(Non EEDI))
| ==-Tank Test Results(EEDI Di

ENGINE LOAD [%] Cll RATE
SHIP NAME MV 00000¢ 6

| LADEN SHIP SPEED [knt] 13,5
PERFORMANS KAYIP FAKTORU 10%

1R

LADEN DAILY IFO FC [MT] 31,0
LADEN DAILY LSFO FC [MT] 0,1
PORT CONSUMPTION (IDLE) [MT] 2,6
| PORT CONSUMPTION (WORKING) [MT] 4,2

CARBON ALLOWANCE PRICE[E/MTCO2] € 92,00

Lcnecy. - | | b1

10.0010.5011.0011.5012.0012.5013.0013.5014.0014.5015.0015.5016.0016.5017.0017.5018.00
Ship's speed (knots)

7o
ERAAT




TECHNOLOGIES & FUELS

Engine Fuel Ol LNG Dual Fuel Methanol Dual Ammonia Dual
Technology Fuel Fuel
VLSFO VLSFO VLSFO VLSFO
Available Biodiesel LNG Bio-methanol e-ammonia
Fuels e-diesel Bio-LNG e-methanol

e-LNG

( C) Prof.Dr.Adnan Parlak




AVAILABLE TECHNOLOGY AND FUEL PATHWAYS

Methanol
DF

Ammonia
DF

VLSFO

Fossil LNG

Biodiesel Bio-LNG Bio-Methanol

|

( C) Prof.Dr.Adnan Parlak




ANNUAL FUEL EU MARITIME
COMPLIANCE SCHEME

€ C

¢ * Monitoring plan ¢ + Reporting by ¢ + Administering authority
for each ship the verifier back to informs the shipping
submitted to the shipping company company of
verifier » Recording of the data the non-compliance
into the FuelEU database penalty

31 AUGUST = 31 JANUARY 31MARCH 30APRIL 15T JUNE 30 JUNE
2024 :
* Relevant data » Recording of pooling/ * Payment of penalty
submission banking/borrowing - ;
to verifier mechanisms in FuelEU goﬁmggﬁ? :)f
database after verifier's Compliance is issued
— approval

il % @J]

( C) Prof.Dr.Adnan Parlak



Attained GHG

GHG_TtW Intensity
[gCO2eq/MJ]

13,71 77.8 91,52
13,66 77,9 91,57
13,87 77,5 91,35
13,64 78,0 91,60
13,64 77.9 91,59
13,53 78,2 91,71
13,53 78,2 91,71
13,52 78,2 91,72
13,86 77,5 91,35
PENALTY/REWARD  AMOUNT [€] PENALTY/REWARD AMOUNT [€] PENALTY/REWARD AMOUNT [€]
PENALTY £ 153.550 PENALTY £ 402.380,35 PENALTY £ 941.513
PENALTY £ 224,939 PENALTY £ 582.432,00 PENALTY £ 1.357.000
Biodiesel PENALTY £ 94.922 PENALTY £ 261.880,16 PENALTY £ 623.623
PENALTY £ 67.788 PENALTY £ 173.999 88 PENALTY £ 404.125
PENALTY £ 80.546 PENALTY £ 207.190,12 PENALTY £ 481.585
PENALTY £ 640.118 PENALTY £ 1.594.497,72 PENALTY £ 3.662.321
PENALTY £ 639.381 PENALTY £ 1.593.068,72 PENALTY £ 3.655.392
PENALTY £ 636.627 PENALTY £ 1.583.801,96 PENALTY £ 3.636.015
PENALTY £ 71.206 PENALTY £ 196.296,98 PENALTY £ 467.328
TOTALPENALTY |€ 2.609.077 | TOTAL PENALTY | £ 6.595.548 [ TOTALPENALTY | £ 15.232.902

( C) Prof.Dr.Adnan Parlak



ALTERNATKF YAKI

Fossil_LNG_Otto Dual_Medium Speed 18,50

Fossil_LNG_Otto Dual_Slow Speed 18,50
Fossil_LNG_Diesel Dual_Slow speed 18,50

Fossil_Methanol (Natural gas)
Biofuels_Biodiesel_RED Il {(B100)

x Fosi

x2 stroklu duel

x 2045

MV ULUSOY-15

GHG_WtT GHG_TtW

Attained GHG
Intensity

REWARD/
PENALTY

TLARI N FUEL EU

REWARD/ REWARD/
2025-2030 PENALTY 2030-2035 PENALTY 2035-2040

72,52 091,02 PENALTY -£ 459.964, 09 |PENALTY -£€ 1.420.884.58 PENALTY -€ 3.502.878,98

65,3 83,83 REWARD € 1.584.762,56 REWARD £ 541.411, 88 |PENALTY -€ 1.719.181,26

57,63 76,13 REWARD € 420422615 REWARD € 3.055.275,59 REWARD £ 565.882,72

31,30 69,10 100,40 PENALTY -€ 2.685.152,52 |PENALTY -€ 3.556.367,77 | PENALTY -€ 5.444.000,80

-26,10 77,50 51,40 REWARD € 17.916.617,41 [ REWARD € 16.214.871,68 REWARD € 12.527.755,94
LNG 2040 Yelena kadar orta devirli di
Fuel LNG makineler 2039 yel e

yél éna kadar RED 1| bi odi zel | |l e ceza

( C) Prof.Dr.Adnan Parlak

\

y

U

lal)



GLOBAL ENERGY CONSUMPTION AND CO , EMISSIONS OF
INTERNATIONAL SHIPPING IN THE SUSTAINABLE DEVELOPMENT
SCENARIO 2019 -2070

Mtoe Mt CO,

T
=

-9
Lh
i}

ann —8— CO
JII i

emissions
Hydrogen
B Ammonia
15 Electricity
B Gas
Bl Biofuels
H Oil
2019 2020 2030 2040 2050 2060 2070
1 Mtoe = 1 million tons of ol equivalent = 41,868,000 GJ
Source: [EA 2020

( C) Prof.Dr.Adnan Parlak



ALTERNATIVE
FUEL COSTS
FOR LNG

METHANOL
AND AMMONIA
[MMMCZCS
FORECASTS]

$/GJ

80

70

10

2025 2030

= LSFO

e Biomethanol

s
- e
- e
s
=
e

2035

2040 2045 2050

— =BioLNG
= =Blue ammonia === e.ammonia

( C) Prof.Dr.Adnan Parlak



EUROPE ALTERNATIVE MARINE FUELS
[$/T VLSFO -EQUIVALENT 2022 AVG ]

4,000 =
mmm alternative marine fuels 3,563
3,500 = CO2 emissions cost
=VLSFO with CO2 emissions cost and EU tax
3,000 o 2,788

VLSFO
2,500 -

2,000 -

1,500 +

1,090
793

1,000 +

500 +

methanol B20 biodiesel* B100 biodiesel* LNG** ammonia green ammonia  green hydrogen biomethnaol

* biodiesel: Amsterdam-Rotterdam-Antwerp advanced FAME, less Netherlands renewable fuel credit, plus delivery and blending
**LNG price includes CO2 emissions cost and EU tax on LNG for bunkering
Source: Argus Marine Fuels

( C) Prof.Dr.Adnan Parlak



AVAILABLE TECHNOLOGY AND FUEL PATHWAYS

Methanol
DF

Fossil LNG

Biodiesel Bio-LNG Bio-Methanol

I

Ammonia
DF

VLSFO

e-Ammonia




ALTERNATKF YAKI TLAR LKRKETK 2030 HEDE

Fusel valve Methanol
traim (VL) service tank

Methanol
supply
system

1 ¥202°S0°9T

ME-LGI engine Methanol cargo
fusl pump

B Double-walled pipes
B Single-walled pipes

SO, \ -100%
NOX P~ '90%

4 CO, N ~ -20%

PM \ -100%

Prof.Dr. Adnan PARLAK



Alternative fuels

Properties
Energy storage Specific Energy | Required Tank Supply Injection Emission Reduction Compared To
: Energy Density Volume m?1 pressure | pressure HFO Tier
ype MJ/kg MJ/L bar bar
HFO 40,5 35 1000 7-8 950 SO, NO, coz2 PM
300 300
Liquefied natural gas (LNG - 50 99 1590 METHANE METHANE | 90-99% | 20-30% 24% 90%
162 =C) 380 380 0 0 0 0
ETHANE ETHANE 90-97% | 30-50% 15% 90%
LPG (including FPropane /
Butane) 42 26 1346 50 600-700 |90-100%| 10-15% | 13-18% 90%
Methanol 19.9 15 2333 10 500 90-97% | 30-50% | 5% 90%
Ethanol 26 21 1750 10 500
Compliant
Ammonia (liquid -33 °C) 18,6 12,7 2755 70 600-700 100% with >95% >90%
regulation
Hydrogen (liquid -253 °C) 120 8.5 4117
Marine battery market leader,
Corvus, battery rack 0.29 0,33 106.060
Tesla model 3 battery 0.8 55 14000

Cell 2170%. 2

( C) Prof.Dr.Adnan Parlak



REQUIREMENTS FOR MARINE DISTILLATE FUELS

ISO 8217 2017
FUEL STANDARD

F: Petr ol oréng¢
DM : Distile Marine

RM : Residual Marine

FA : Fatty Acid (Biyodizel %7)
X, A, B, C, éZ Y a Kk

Characteristic Unit | Limit Category ISO-F- Test methodls) and
DMX [ DMA [ DFA [[__DMZ | DMB | DFB references
. L . Max 5,500 6,000 6,000 11,00
@ 1/ @ s s o v
Kinematic viscosity at 40 C mm'/s Min 1,400 2,000 3,000 2,000 1SO 3104
Density at 15 °C kg/m? Max - 890,0 890,0 900,0 150 267 :;: 'ESF 12185,
Cetane index - Min 45 40 40 35 I1SO 4264
) I1SO 8754 or ISO 145396,
Sulfur mass % Max 1,00 1,00 1,00 1,50 ASTM D4254; see 6.3
Flash point °C Min 43,0 60,0 60,0 60,0 ISO 2719; see 6.4
Hydrogen sulfide mg/kg Max 2,00 2,00 2,00 2,00 IP 570; see 6.5
Acid number mg KOH/g Max 0,5 0,5 05 0,5 ASTM D664; see 6.6
Total sediment by hot filtration mass % Max - - - 0,10¢ ISO 10307-1; see 6.8
Oxidation stability g/m? Max 25 25 25 254 I1SO 12205
Fatty acid methyl ester [FAME) * volume % Max - - 7.0 _ - 7,0 ASTM [;Ziﬁg f é IP§79;
Carbon residue - Micro method on the 10

volume distilatian residue : | imass % Max 0,30 0,30 0,30 - ISO 10370
Carbon residue - Micro method mass % Max = - - 0,30 ISO 10370

inter *C Ma -16 report eport -

Cloud point ! ; PO A 1SO 3015; see 6.1
summer °C Max -16 - - -
Cold filter plugging winter °C Max - report report -

. P IPB12; A
point! summer c Max . : . . IP309orIP612;see 6.11
o r winter *C Max - -6 -6 0 .

our point { r ISO 3016, see 6.11

urpoint luppe summer °C Max - 0 0 6
Appearance Clear and Bright ® ¢ see 6.12
Water volume % Max - - - 030" I1SO 3733
Ash mass % Max 0,010 0,010 0,010 0,010 ISO 6245
Lubricity, corrected wear scar diameter .

| WeD) at 60 °C b pm Max 520 520 520 520 IS0 12156-1



Cabegory 150-F-

Characterisic Unit | Lmlit gk T RMERMD | RME RMG RMK Test method
referance
10| 30 | 80 | 180 | 180 | 380 | 500 | 700 | 380 | 500 | 700
“'“Er“a";;":“m“? L [ Max 10 | 30 | #0 |180 | 180 | 380 | 500|700 | 380 | s00 | FoO 150 3104
150 3675 ar
Density at 15C kg/m3 Max | 920,0 (960,0975,0591,0 991,00 1010,0 150 121 85; see
6.1
CCAl - Max | B50 | BeO | BAD | B6D 870 B70 see 6.2
150 8754 ar
150 14596 or
Sulfur & mass %o Max Statutory requirements ASTM D4294; see
6.3
Flash point C Min | 60,0 | 60,0 | 60,0 |60,0 60,0 60,0 150 zzlf; see
Hydropgen sulfide mz'kp hdax 2,00 (2,00|2,00)|200 2.00 2,00 IP570; see 6.5
Acid number € mg KOH/g | Max 25 | 25| 25|25 2,5 2.5 ASTM E:M: e
. ISCr 10307-2;
Total sediment — Aged | mass% | Max | 0,10 |0,0|0,70|0,10 0,10 0,10 iy - 588
rbo idue — Mi
Carbon :Z'th':; T mass s | Max | 250 [10,00(14.00015,00 16,00 20,00 I50 10370
winter C Max 0 o | 30 | 30 a0 30
Po irt
NTPRE | summer C Max & | & | 30 | 30 a0 30 IS0 3016
{uppear)
Waler volume % | Max | 0,20 | 0,50 | 0,50 |0,50 0,50 0,50 1Sy 3733
Ash mass % | Max | 0,040 |0,070|0,070(0,070 0,100 0,150 IS0 6245
IF&O0T, TFA70or
Vanadium ma/kg Max 50 | 150 [ 150 | 150 350 450 150 14597; see
£.14
Sodium mgkg | Max | 50 | 100|100 | S0 100 100 IP 501, IF 370;
IP 501, IP 470 or
Aluminium plus silicon mg/kg Max 25 | 40 | 40 | 50 60 60 150 1047 8; see
616
Used lubricating oil
(ULOw: . .
Calcium = 30 and zinc = 15 or
; IP 501 or IP 470,
mzkg - Calcium = 30 and phosphorus = 15

- Calcium and zinc; or
Calcium and phosphorus

IF 500; sea 617

1ISO 8217:2017
RESIDUAL

FUEL

E Prof.

Dr .

Adnan
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1 Ocak 2020 tarihinden sonra yaket ter minoa
e

yaketlar k¢gkert 1 -eri kine g°or kategori ze
e HFO: Heavy Fuel Oll e MDO: Marine Diesel QOil
e MGO: Marine Gas Qil e ULSFO: Ultra Low Sulphur Fuel Qil
e DM: Distillate Marine (fuel that does not need heating) e VLSFO: Very Low Sulphur Fuel Oil
e RM: Residual Marine (fuel that needs heating) e HSFO: High Sulphur Fuel Oil
Sulphur content HFO MDO MGO
(RM-grades) (DMB, DFB) (DMA, DFA, DMZ, DF2)
S<0.10% ULSFO RM ULSFO DM
0.10%<S<0.50% VLSFO RM VLSFO DM
0.50 % <S HSFO RM* HSFO DM*
* SadeceScrubberk ul | anan gemiler 1T -in m¢gsaade edi |l mekt ed.i

E Prof.Dr.Adnan Par



OKSKDASYON STABKLKTESK]/

OksidasyorStabilites

x Distile @ I | P ioKsidasyBnyoluylad 2 1 dzy ¥ I dsBhilite & 2 NJzy fol NJP

I cel OYA- ENA didileR 1 1 Rodl £11FNNEYoRyantk I NI A2

bu LI NI A8 IN{fialerkid 0 P 1 | &l OV Add&nlolabilir ve Sy 2 S 1

birikimlerine I ( pURADbIlit

x 1 & NJP&OH @&sidi metil esterleri (FAME), & | { Polisilgsyon stabilitesini

etkileyebilir
-RME(Kolza, | R8I EsterijoxidasyonunuranaN NN:Fpexy

OXI| DAT I

fNdzd (Soadlt o

E Prof.Dr. Adn:






1.y OKUNL UBENSITY

Yakét yokunluku gemilerde operasyone

farkl e yokunl uktaki yaket kareéelteérel
x Yakét yokunluku sécakl &8k artéi eyl a
deki yokunluku verilir.

x Birim hacmin k¢gtlesel dekdglem®ni n

Xx Yaketén separat®°rde verimli ayr

x Yokunl uk silindire yaketl a °nd

Q

Xx Yak&tokun I,du(j,(I'ut ¢ &ilindee g° nderydkeént
enerji d e k er¢il .eHFO den MGO ege-i |l daknae
rack d e k e r gemichee z € nadza&|i maedénnbudur .

-

Yéeksek yokunl ukl u yakeéetl ar én

o
S

er for mansé@é
f or mansé
k

CK°ete¢g tutulma p
r
i potansivyel.

J CK°t¢ yanma pe
= CY¢ksek kirl il

nedenl
i

r.
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er |

Dr .

e
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Kinematic viscoisty [mm?s]

2000 - 0.900
1800 0.890
1600 0.880
1400 0.870
1200 0860
£
]
1000 0850 =
oy
w
800 0840 §
]
600 - 0.830 V k t
400 0.820
20 \\M -
0 | | ! —? =‘-— 0800

0 10 20 30 40 50 60 70 80 a0 100
Temperature [°C]

—e—kinematic viscosity [nm%'s]  =e=density [g/cm?]




[ 1.Kinematik Viskozite / Kinematic viscosity ]

Viskozite : Vi skozite bir aké&lkané&n kendi akél &sdaupkar | &
(Imm?/s=1cSt).Di st i |l e yakeéet | a%CdenResiduat kak ét bar®dverdire 50

200 - oseo A Normal ana makine y a k@it rviskbzitesi 12-13cSt ar as éndad&r

1800 0.890

" A F ar wibkézitedeki VLSFO y a k & t makingg i r i | iviskdziteyii

0870

~ sabitlemek i - y a k8@ c a k | Be&klkdinlégerekri.
l\ 0.850 .
~] A Pompaveen j e k't crl [eenrmamea uud ma ma sadga Makine ve

S os0 DGy a k@it rviskbzitesi 2-3cStal t dpgbh¢r ¢l memel i dir

0.820

- A VLSFO y ak &t Iviskoztead e k i | k elergiaka&ltE mEnalak &t

0+ T + 0.800

o m W @ %@ @ w0 s & ¢ a ksterdldn éviskoziteyi s ak | ayiaeckadydaer | anmal 8dér

Temperature [°C]

1600

1400

1200

1000

coisty [mm?s]

800

Density [glem®]

Kinematic vis

600

400

200

=s+=kinematic viscosity [nm¥s]  =e=density [g/cm?]
- A D¢ | cviskoziteli y a k & tylask@d mp a siéinléew -l e k i téhdite
Kin. Viscosity [oSt)]
25 eder:

= 380 cSt at 50°C A
=== 180 ¢St at 50°C

Hidrodinamik y ak abak a$®mr &h nmmarsmu@ ,sonucunda mekanik
20 [ == Sotat 50 kilittenmeler(tutma, k az & k lodmua )abi | i r
10 cstan 50°C A Yetersiz enjeksiyon b a s &iikc tart ve d ¢ | ¢yke ki €1 eft anmet | ar &r
16 koete¢leltirebilir
A Yetersizy a kitdéx mar gemjnin h& z1 an man&mrd ar

N A Yakédevresi ¢zer i nd e knipompalarda(besleme r gor cn ¢t
uktm ncogfpogpntatsier. r gor c nve théesleme r gor cnct
viskozite 2cStal t dpbh¢er ¢ memel i dir

0 A Y ¢ k s eigkozite ise elektrik mot or | aaié&yé&k | en mee i n e

26 50 75 100 126 150

Temperaure ) pompalama s o r u n | reedee olua. E Prof.Dr. Adn:




1. Farkl é viskozitedeki
A Change-Over il | emi esnaseénda
Fuel system Engine
Temperature [*C] Fuel viscosity [cst]
F 3 F 3
Batch 1
Bl Baich 2
34 Change-over to
140 Change-over to new batch
new batch \
l 13 Batch 1
]
100 T Il Batch?
Mo temperature 2
change

[
i
Running hours

Running hours

Fig. 21: The figures show a change-owver from a fuel with a viscosity of 80 ¢St at 50°C (Batch 1) to a fuel with viscosity 380 cSt at 50°C (Batch 2)
without changing the temperature of the fuel. Mote that the viscosity at engine inlet will be too high.

yaketl ar

én ana makinede

vi skozite 2 ¢St
V A vy ak édse@50°8)0

VB yakéts @608 0

V Ay a k éendkimeye 13 cstile girmesi i - 100 C
ye € s ét paampaya sevk ederken, B yak ét e€n
(380 cSt ) aynsee c akdseekgaEpder i | di k
y a kakmd makineye 34 cSt de girecektir .

VBu k°t ¢ karakter

yanma demektir.

PéSkert me

Fuel system Engine
Temperature [*C]
A F'y
Batch 1
Hl Baich 2
130

[

No temperature

Change- t
nge-over to change

new batch
5.5

™.
Ll
Running hours

Fuel viscosity [cst]

Change over to
new batch

l Batch 1
Il Baich 2

Too low viscosity:
* Fuel pump seizures
*» Engine start?

Running hours

Fig. 22: The figures show a changs-over from a fuel with a viscosity of 380 ¢S5t at 50°C (Batch 1) to a fus! with viscosity 8 ¢S5t at 50°C (Batch 2)
without changing the temperature of the fuel. Note that the viscosity at engine inlet will be too low.

VA yak
VB yak

& tcSt @608C8 O
&St @50(CP

V Ay a k éendkimeye 13 cstile girmesi i - 130 C
ye € s € t pompaka sevk ederken,B y a k € {8é n €
cSt)ay nsee c a kélseelkgé&mpder i | yda ka tn d
ana makineye 1cStc i v a r greteki .

VBudurumdapdmpmal arda y¢ksek
tut ma(kazek| ama) Enmreryd.anr a Adne



1.2 YAKI T VKSKOZKTESKNKN 2 ¢St NA D! Kk ME DURU

Vizkoterm

(MDOMGO)

. flntt - Karisim

Tankina

D¢ | ¢ Wwiskoziteli yakét| gandadstécakdgkég O

Sogutucu

- I

ayar | an makdiréek émakine gi r i | i rvidkezkenin — | Ginsi
2cStal t dpht ¢ kppmpheeenj ekt or | @&ird@rer ™ | i’t
Yeksek al &pmanbaréfgrubunda ya O l ‘—‘—;1\813)@35;;('1;01
artéerdeke i-in il k hareket pr Viskplerm : s lur

) ’ . %= Tankmdan
Pompa basma b as éd g E e cie-kigeminin daha d ¢ | I T
h € z livanelenmesine neden olur ve geminin manevra (HEFO)

kabiliyetini olumsuz etkileyebilir .

Change-Overperi yodunda vy
kadar dg F
-ok dg¢l

-

aket esetéE
O e ge-il mesi durumunda viskozi't

Kondensat y f

il ¢rmeden H
me sorunu.

D¢ | ¢ kviskoziteli y ak &t | anakihe
gi ril Pndyeank €d ckiut u pompas €
veenj ekt Enm&@snd ey ecektir
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SEPERASYON VERKMKNE ETKk EDEN F

U Par+t (pr)p(étraprYokunl uk| f ar
t (‘[-I )

16000 ' : : ~ 1.440

e-Parti k¢l ¢t apeé | | |

,:\- H é V4 ,:\ 12000 T { T t 1430

] T- ¢ a p T gmooo - A - L 1425

h ‘I u £ 5000 p— b/T i
separator 7- YoJj unl uk :ﬁf ?. r k é Qe

1 - Viskozite [ —

}- Séca k I é/(ly/;; \ | 1405

15 20 25 30 35 40 45
Temperature [°C]

—e—dynamic viscosity [mPas] -e~density [g/cm?]

E Prof.Dr. Adn:
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Akeéel (wy zeleanze (Ut ) et ki si al sépdavarimbaetkisik 1 - apeéene
SEPERASYON VERIMI 15
+ _ N S ;
3 _._40 CS_[_ Diisiikioéunluk } :
_._60 CS_[_ Yiiksek verim sk verim
10
-8-80 cSt ,
I .' 1 00 CSt y ;:'."I:sek Viskoziteli
' | g & 140 cSt
- Partikil cap: T?:, —8-160 cSt
|
\34/ —-8-180 cSt
o
23 5
& >
-
- 0
5 10 15 20
: Partikiil Capi,um




Akél (w)yzelkeénzé (Ut ) etkisi viskozitenin seperasyon ver

n=75

120 -

100 1 U 3] ?
1 . CPf Seperasyon
0 | \ ;

N
~
]

— .-
(5 \ Y LN verimi
. +
> ] > 2 P
Z 1 N =
‘G 60 7
3 215
] ] e /
o 5 1] /8/
] : 1 J

1 — | ! | |
20 ]
] ] Vizkozite
e o o e B R e
40 45 50 55 60 65 70 75 80 8 90 95 100 60 65 70 75 80 85 90 95 100 105
Temperature, °C Temeperature, °C

©
\

S
o
S
w
93]
o
w
[
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Viscosity, cSt

Secakl eken Seperasyon ver.
120 - - 3,5
100 - 3

- 2,5
80 - B
2
60 -
1,5
40 -
1
20 - 0,5
0 - 0
40 45 50 55 60 65 70 75 80 85 90 95 100
Temperature, °C
Feed
.75°C
A .850c
B osoc

Particle Concentration

Particle Diameter

mi

Ut, m/s (x107)

ne

et ki1 si

SeperywaRgitrsiéicalalr & k & k -

Viskozite d ¢ | e
¢ ° k e Ihreaar@r

r

Daha fazla al €nd draéd &

- % ker

Y a k € @ daha iyi temzilenir .
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YAKIM AT@NMK ZYASLYVE DAMILACIK ¢ 4P P{)Z:RiRIKWEEZOR IOIZVHE W EZEE Y

GIRR.KIESMENERINGKNS K

200 ;
i : d;=0.3 mm
= v =0.7-14.10 mi/s
2 :

& 150f !

~ |
9] 1
& I

'_g' v =24-27.10"% m%/s

1

% 100}
®
=
o
=
Y 50F
5
w

| |
0 800 1000
Enjektor A¢ma Basmerbar

400

LS )
=
(=]

200

100

Sauter Ortalama Damlacik Capi,pm

L
=]

CViskozite ve y¢égzey ¢
daml acék -apé bg¢yeé me
Ke-¢l mektedir,
403 mm CP¢skegrtme baséncé ar
v =66.10" mm?/s -apé ke¢-¢l mektedir,
CBelirli y¢zey gerili
o =66.10" N/m basé&ncé arteéer mak dam

o = 66.10° N/m etkilememektedir.

@0‘3 N/m

200 400 600 800 1000

Enjektor Agma Basinci,bar
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YAKIT ¥ZELLK K&EXEFBEPERASYON LARTLARIBVEHINK RLENMESKk

ropoties __|35% (SFORW) _|05% LSFO RV

Parl ama Noktasé&C FI| a >100 71 C
Y o k u ndensity/at 15 AC, kg/ m3  990.1 926.5
Kinematic Viscosity at50 °C,cSt 380 128,9
Ak ma No ®Pouapmist/ °C 30 18

pr = p1s (1 —0,00645(T — 15))

Heater 1

HFO Purifier 1

HFO Purifier 1

HEO 0.5% VLSFO
Density at 15 °C 0.99 Density at 15 °C 0,9265
Seperator Inlet Temeperature °C 98 Seperator Inlet Temeperature °C 70
Density at sperator Inlet 0,9377 Density at sperator Inlet LB L, ¢




1000

(o)} ~ (o] ©
o o o o
o o o o

Optimum debi, L/h
S
o

400

300

1400

1200

1000

800

600

400

Optimum debi, L/h

200

20

20

he d,=5 Om
s
5
30 40 50 60 70 80
Viscosity at seperator inlet, cSt
81500
~8-1750
—-2000
30 40 50 60 70 80

Seper@itPirl i ndekicStVi sk

Particle Concentration

1o

30 40 50 60 g 70 80 90 98 100
T N"IITI T ITITIIIIIIIIIIII 1000
'
e k h I ]
e o
N 7 .‘.",’ 4 300
N 1% 0o 1
P ‘e (o + 200
0 1
\\\ ™ \L 1 150
1
"\‘ \Qo § : 100
\\.\ \ \\.\ }\ H ’s
O. ' .
%"’Q < \"< AN NN so
= '?0 b ] S \.\ N - \P\ 40
= ~
5 Y > [\ \ N FP =65 °C
':Eor purification N N \ y %°
prorerreeny SR e T n=100cst
- ] . ™~
= 1\.\, 3 \
- : ‘\\
- : 3=
EEENENNE RN ENENE EENEAEL I
20 30 40 50 60 T0 a0 90 100
Temperature (°C)
W Fead
W 100%
B 5%
0%
Particle Diameter
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Optimum Flow rate, L/h

1000

Olptimum flow rate, L/h

900 4------? dp= 5 Om
20 30 %0 50 60 |70 8 90 98 00 o
800 | t 000 T T Q—lnl TIT It lllllll:lll 1000
|
| %00 \\ \X\x coo i : 500
o0 £ S — T -
I = ) (4 —-
600 I 200 E \\\ \\ie;'ao N S . 200
| “ o 150 <3 AN \3 1 q 150
500 : %‘ 100 > 2 Q\\k 13 wo
| E s SESINEEEL WERN N\ B -
400 | . z N RS %’ N NN ©
200 I § N i - ‘\\ « FP =65 0C
S - - — ] j—
F Op{ithum viscosity, D AN SN 30 7 =40 cSt
20 30 40 50 60 70 80 E-for durification | S <3< < \E 30
Viscosity at seperator inlet, cSt 20 | =
1400 'S E
e 1500 -
1200 —6-1750 oliretltreafng
1000 —0—-2000 20 30 40
———— Temperature (°C)
[ >
800 : o
+
600 : S
I ©
400 ! g
: o
200 I b
I Ke]
0 ' 5
20 30 40 50 60 70 80

Viscosity at Separator inlet, cSt

Particle Diameter E Prof. Dr. Adn :
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skozite ve Seécakl ek
20 60 70 80 90 98 100 110
t000 TTTITITTT11 T 1000
98 °C \
500 —~—— 500
400 — 400
300 & s 300
Qo s |
200 \\ g —t 200
~ 150 _E ] 150
i
R4 - !
B 100 S 100
E s ¥
- 75 = 75
z '
E 50 <o
2 40 3 40
30 [Optimum viscosity a ! 30
'FJ.'TJ.L‘iﬁ,_ﬂl;ulri 3 EfmEEE EEEEN ]
20 - qf 20
s : : \- 15
[~ I
10 ! | 10
° 7 O 80 20 00 110
emperature (" C)
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Yakeét éncCldéki ¥3 g ¢ |
bilinmektedir.

¥r nelk

C HFO RMG 380

¥zgakerl ek

Specific gravity

1. 00

Gravitesi

: 0.9900

Seperasyons € ¢ a k 98&® é

Debi
Viskozite

¥r neXk

: 3000 L/h
: 180 cSt

C VLSFO RM (RMG 380)
¥zgaker |l e :0.9215
Seperasyons € ¢ a k |: ARE

Debi
Viskozite

: 3000 L/h
- 40 cSt

0.95

0.85

0.80

0.75

GRAVK TPk SKE ¢ kK MK

1520 30 40 50 60 70 80 90 100 °C

60

80 100 120 140 160 180 200
Separating temperature
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t e Di

E Prof .

s k

1500

6500

5000

4500

3500

2500

2000

1500

1000

Feed rate (L/h)

Dr .

Adn:



GRAVK TBk SKSE ¢ kK MK

Specific gravity

bO0 BOOO
= [ | e w p
e = oo ¥zg¢é¢l Ak éCH:eR2q @:
0,05 Pkl <t T —esns Yakét ését ma909E c
"f,_/ — 7.5
<[] E[}w Gravite Disk
" == \x\ v
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CEEEEE [ e
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0. 85 <] j"‘f‘,n{____ i - -apé ( mm) Y
T ] S
i e A
-R"‘-,,._‘_ L‘-“““""—--._____h B
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GRAVKTDK SSELECTK ON

Specific gravity

100 - BOO0
—— -i‘.—_ = . . 0
e = e Specific Gravity at 15 °C : 0,9520
0.95 et <t 5.5 Heating Temperature  :90 °C
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Z S -ape( mﬁg
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0.75 1000

1520 30 40 S0 60 70 80 90 100 C Feed rate (L/h)

60 80 100 720 140 {60 180 200 C°F

Separating temperature

E Prof.Dr. Adn:



(6 9) 8w
>§8.>22an.=z

L ON

[eS19A1LN
10GAES SPUCOES

&
Ay \\\\\ s
Ly {s
= / |
7, N e e e e
< ,|.i. PRet - .\- - AL . ..m
%% / \\\ / E
RSS!
V.| 8
717 g
M A L 1,
/SR m
w \\ x\\\\@ s / |®
£ v dvayiva A 7 |
sV 7T 7 1
85 Y [N ]
t\\\\ % \ mm
i \\\ ]
=
/ \ - VA g
\\\ \\\ Z] m.% S I
Y \%\%% :
S = 2
3 o ||| |
g d \ )
e .
/ 74 .
g
58 328 88 288 8 g35 gioposenne o -
888
5883 52 33888835393 89 8 5 5y s
g88
5653 23888885585 88 8 s 5 v 3

rq

100 110 120 130 140 150 160 170 180 150

| .
60 70 8 9%

Dr . Adn:

Prof

E



Mikro Karbon

Kal ént é
Carbon
Residue
(MCR)




MK KRO KARBON KALI NTI/ MI CRO CAI

Y a k Btoratuar or t a méespit adilir. ¢ o K ¢ | driktarda hava
g°nderi lvermotorda yanmangeir - ekl ell meadil lair
meydana gelen eksik yanmada a - eé-keak lamon mi kt ar édeéer

Bu oran gaz yol | arpétorg nvalfler ve yuval ar & & )|l
kanat | ave Bacakazan bor ul akiémléal € & € h d @ amz

eder. Yakiet er i skamhaheak it @ k €t &idkern®e okadar hez | €
ourYak| aymdiedbi r| ey ap e khk maddeo | ul t urur |l ar

Asfaltenler yaketya
asfalten | - er ilakit t
neden olabilir

amael | | &kilenlar . Yaket

K |
\’J ) v IQ:
epompa el emanl!| arntanenas

Yé¢ ks MER (y ¢ k sasfddten i - e rredeniyle) k©° ttout ul
ve yanma nedeniyle ana makinede vy ¢ k s amlekanik ve eés é |
deformasyona vyol a- ar s




NTI S1 [/

Ml

CRO CARB(

MKKRO KARBON KALI

Yeksek MCR ile birlikte Yanma | artl a
yanma odaseé, egzoz sistemi ve t¢rbo|
kirlilik artar Y¢ksek MCR ni sebep
arteéeran fakto°orler
C o 5= 307AP IO 24)
x Giril hava debisinin (skaven-
x Hava kulerinin yetersiz sokutmasp”
x KOt ¢ atomizasyon ve d¢gl ¢k enjel - ma
x Kompresyon ka-ake(segman ve Vaanf n 3
x Yaké&tén i-erisindeki sfalten: f oivd. &
~ 40 I~
2 z
8 'g S E 1.0 MPa %
A 2.0 MPa )
.-E-.. 100 =
7 4 |
= | ®
% 3 , ' Kompresyon basincinin yakit
& 2 0. . niifuz derinligine etkisi
2 e e
° o .. .0
Wﬁqﬁ‘
0o eoe®
0 5 10 15
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COLD FLOW PROPERT KIOKUKAKI £¥ZELLK KL ERK

(]

-Cloud Point/ CP-Bul ut | anma Sécakl éké e
-Cold Filter Plugging Point/ CFPC-Sokuk Fil tre Teéel Al ' c a k|
-Pour Point/ (PP-Bul ut | anma Seéecakl eke)

Bulutlanma noktas1 .
Partikiillerin toplanmaya ve bulutsu bir
goruntiye ulastign sicaklik )
§ A S o k th&valarda y a k & ttadsferini
Soguk filtre tikanma noktas: veilletamet]l at BnBiedi
Belirli kogullar altinda yakitin filtreden oneml.i dir
gegebilecedi en disitk sicaklik y A Bulutlanma nokt as Berrak
o _ _ . o

\kma noktast ) g r¢n¢_rﬂist|_&e yaketl a
Yakitin akicihigim kaybettigi en diisiik ge-er.l i dir
sicakhk ) A RM y ak &t | a rbdlatlanma

g°°r ¢l .emez

| SO 8217:2017 RMG 380 i-in ,
Tanklarda vey a kleat | ard&n dvdskoziteli y a kliile k ul | a waxlod ar | u nfumlue m
| -vakfdcak| dkBrsSnC ol maerekir.
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Carbon

C Tut ul gaakmesi (TG) distile dizel y akét Isetandsaa y €ils & Aromaticity
ak&makeéet lisadiHe s a p | a Karbdn Aromatiklk kKnde & s i
(CCA) ile karakterize edilmektedir .

C CCAI viskozite vey o k un b a kdlagak a | a k &ampikki f or my |
lehesapl aneéer

CCAl= r 140.7log(log( n0.85)) 210@;)’%3 2 80
g —




YAKI TLARI N KKMYASAL ¥ZELLKKLERKNKN TUTUL MAE RXE CK K

C Yak¥apeéeser i Aromatikel - e fadlakise CCAly ¢ kse k't i Aromatlar
-Vuruntu t e ma yvwdksektir H H
-Tut ulsnéac alylo&lsektir é:(':
-Sokutsayanun ilk - al él t 8 e mtaWtaul Masm@dl.i di r / \

, H-C C-H

C Parafin i - elyi;kisyeakk € t CGAt @ek elrgil ¢ kt ¢r \ B /
Tutuldahmakol aydé&r , i p
-Akma No kt asa&lntédwaxd @um) ol ul umu H H

35| Benzen(CgHe)
o Base fuel: 25% n-cetane + 75% i-octane
& n-paraffing }
30} x 4 [soalkanes 5-20% by volume
x © Cycloalkanes | in base fuel
. * Aromatics Normal Alkanlar
$ ook g (n -parafinler)
5 AL |
§ i i HHHHH
7 wr g{—mm R T T
: ] H-C GG CCGH
2,7-dimethyloctane I T T T
ﬂaﬂﬁ}d_jr:“a
5 hexyl benzene &5+ X488 50% 3,4-dimethyldecanc HHHHH
: M8 s L 50% 33-diethyloctane
E ot n-Pentan
ol ! 1 | ! |
30 35 40 45 50 35

Observed cetane number Prof. Dr.Adnan PARLAK! .\ <



CCAI Flash point
(°C)
828 97

111
110
97
118
94
116

es i

HESAPL ANMKARBON o o L
rika 10 911
Asya 110.7 926 801
A RO MATI K KN D E KSI (CCA I) Kuzey Amerika 14.7 925 833
2T + 273 Latin Amerika 52.1 911 797
+ 0 -
CCAI= r 140.7log(log( r0.85)) 210l o 80|  Ortadogu 180 934 803
¢ 323 ot Avrupa 17.2 908 813
Rusya 66.4 932 814
Viskozite Yogunluk COAT x VLSFO yokunl uk ve VISkOZI'[v
—1 ~ 800 800 ol dukundan yanma sorunl areéeyl a
_8200rtadog < U g10
B x Yeni parafinik veya
= — 820 v
B arasenda ol duku hes
— — 830 25 1 - : .
B I | | |
— — 840 | I | I
2 I | | |
— 850 B e I ]
E l !
— 860 é I I
______________ _ _ _ ~—_ 1 _ _ _ _____* _ _ _]
| 870 = 15 |
8 |
— | |
880 e | T o o
- un | |
890 2 ‘s | |
| 900 = l | | !
05 4+~ —---- 4 - - === - - - - - = e = = = = = = 4
I | | |
— 910 | | | [
— 920 0 E ! ! !
— 5000 L 930 750 800 850 900 950 1000
— 20000 CCAl
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TG NIN NORMALDEN FAZLA ARTARAK VURUNTUYA NEDEN OLMASININ

NEDENLERI

P I "J#Basmceérisi ‘ Basing egrisi
e //\ — A : D¢l ¢skd kil tcz & rarr]eéleniyle i
e SR \ o s ssinges |/ | \ o kompresyon bas éves €cakl €Kk ¢
T —f. 0 o tutul may€alter mase,
T | e Al & n npisfon,segman ve k°t ¢
s BN | valfler nedeniyle yanma b as & nc &n

. i i . de¢el mesi
-20 \/m UON 10 i 20 OKMA 20 \_40/ UON! 10 20 °KMA ¢ !

ilk kangim buharinin

o
¢ >

o ile unya il Ik ka buharinir \ 1
Futigrsaws vanmadi. | Piskiirtiilen kalan yakitin yanmast | 'Tmu‘;r’i':\‘m:;r:::::' i Puskirtiilen kalan yakitin yanmas D C.l I C.l k Setan S a y é Iyé k é t
. v .
kul | a(edmé- y p k sGCRI)
<< A
s 1 .
g : : H K ° tagomizasyon,
? ; i Uzayan TG suresinde :
' Puskirtulenilave
g | g | vawumi : Enj ektdamlnat mas é
' A =R 7 N aKitmiktari 1
_§>~ 7:,-416 sresinde plskirtilenyakit § __'_‘ E TG suresinde puskurtilen yakit miktan J rTZ’
K - /"/»_**:?‘;l‘\\ = - '*"*-L_yi ~” = 1 v (9 v 197
2 | o A LT 2 Gi rhava sécalkwd e&séncen
! — N . =
2 | g 3 | E : del €k mas e
16 110 UON 10 20 KMA 00N 10 20 KMA

pma karakteristi ki
e |

S | -0k uzamé

@
U)f—i'

t
)
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Sk Lk NDKkARKL AMAAKI NGMREVL ERK
«{AfAYRANI 31 YES] &NIS&A NISNRYRS So6Ad
2t dzo U dzZN)Y | t PRP NI
[ AYSN) @S LIAadz2y KFE1FEFNP N aPyREFE 3t
<« FyYyYlF ANNBOA NNNYyfSNAYRSY 2tdzly | aaii
t Add2y @éeNIl Set SNAYRS ¢S asS3ayly edzgl € N
indirmelidir.
t Add2y @NI S8t SNAYRSTA OANRLIAYGAL SNI &l
{SAYlIY @édzdl f I NPYRI{A OANRTAYOAE SN as3
neden olabilir.
<« FYYF 2RI
202NJ &ad
2NRIl &2y

X

X

X

X

FaPYyRF 2fdzoFy LI Niel OPlLf NP @S
2L SGGAEAYRS aAfAYRANI 3l Y SEA
dzy'dz | yf SYSt A RA N ‘

X

a
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SULPHUR CONTENT/K'! K! RR ¢ ERK KK

x K ket t eryeark 8y @mmaessén a s ésudal h ar éegkbiywna girmesiyle o | u | asidik
buhar ol ul ur

x Asidik buhar, y o k u lnnoak t a sad rnt &hg & eoktalarda(Silindir ve egzoz sistemi ¢ zer i nde)
y o k ul a o & kokozyona neden olur.

X S o k ukkrozyonu ° nl e me-kisilndir y a k | aynaak € allalitesinin (BN s ay easréet)ér €l ar a
asidk ol ul umuent r a kdilmesi gerekir. Yada asit buhar 8tentasm et t iykiizey
sécakl|l eksitgpEobnm&kt aggredntnud a | geeldré

Temel reaksiyonlar:

S+ 02 - 502
2502 + 02 - 2503
2503 + HOZ —d H2504,

x Yaket i -erisindeki den %0. 5 e

ri ski ni speten azal E Prof.Dr. Ad



REACTION MECHANISM FOR THE FORMATION OF SULPHURIC
ACID

[0;] [O] [H,0]
S(s) t Oz(g) = S02y) § ——> S0, ————> S0, €——> H,S0,
50z(g) + ¥205(g) = S03g)
SOB[g) + HZ O[!j - HESO4[ﬂq} ::.‘:% conversion fjls:::{ﬂ% E?:;!;::u:temp.
conversion dependent

S¢ | f msidin k piston ve layner y ¢ z ey ioth dié t u rasidik kour t amP&t r adtmek & - i n
y¢ ksakkli yakl|l aylkuelel awmiBntdie y ak |l aynask € all@alin © z e | | a rkti enriimaikn
k at matldesi olarak kalsiyum karbonat (CaCO;) k ul | a A& la & & deakkiyiona g © rasidi
netr aeter"z e

HgSOq,.[aq]. + CECOMS} — CESOq,{S} + HQO{” + COE{Qj
Eker s¢lfirik asit,ahakiadlakieredklsémensaeg®re demir

Fe{S} + HQSOd{aq} = FeSOd{SI T HEEQJ

E Prof.Dr. Adn:



Calcium carbonate (

CaCoO,)

CaCO 5 840 °C

n

n

izZer|

nde

dekarboni zasyon

CaOol ul [ur

1

Calcium carbonate will react with water that is saturated with carbon dioxide

a

to form the soluble calcium bicarbonate (CaSO ,)

H2504{aq} + CECOS{S} - CES'O;i{s} + HEO'[”' * COE{Q}

yada

kal si

E Prof .
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