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NOXx emisyonlari

e R Total weighted cycle emission limit (g/kWh)
Tier datz R n = engine’s rated speed (rpm)
n <130 n=130-1999 n = 2000
ni-2)
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NOx Emisyonlarinin azaltilmasi
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SOx Emisyonlarinin azaltilmasi

Sulphur limit (%)

45
35
—86%
1.5
1.0
5 EUin ports
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Fueltype HNotregulated = both HFO and distillate are permitted.
Exhaustgas cleaning Permitted allermative under Regulation 4 to achieve any requlated limit.

Outside an ECA established to limit SOx and particulate Inside an ECA established to limit SOx and
matter emissions particulate matter emissions

4.50% m/m prior to 1 January 2012 1.50% m/m prior to 1 July 2010

3.50% m/m on and after 1 January 2012 1.00% m/m on and after 1 July 2010

0.50% m/m on and after 1 January 2020* (0.10% m/m on and after 1 January 2015




SOx Emisyonlarinin azaltilmasi

10CAK 2020 DEN SONRA YAKIT ISIMLERI

“*1 Ocak 2020 tarihinden sonra yakit terminolojisi degismektedir. Bu terminolojide
yakitlar isitilip isilmadigina ve kikirt icerigine gére kategorize edilmektedir.

HFO: Heavy Fuel Qil
MGO: Marine Gas Oil

L

L

DM: Distillate Marine (fuel that does not need heating) .

RM: Residual Marine (fuel that needs heating)

MDO: Marine Diesel Qil

ULSFO: Ultra Low Sulphur Fuel Oil
VLSFO: Very Low Sulphur Fuel Oil
HSFO: High Sulphur Fuel Qil|

Sulphur content HFO MDO MGO

(RM-grades) (DMB, DFB) (DMA, DFA, DMZ, DFZ)
S$<0.10% ULSFO RM ULSFO DM
0.10%<S<050% VLSFO RM VLSFO DM
0.50 % <S HSFO RM* HSFO DM*

* Sadece Scrubber kullanan gemiler icin misaade edilmektedir.




CO, Emisyonlari - EU MRV

5000 GRT ve Uzeri gemiler icin 1 Ocak 2018 tarihi itibari ile uygulanmasi zorunlu hale
gelecek olan (2018-2019 takvim yil igin) Gemi kaynakli CO, emisyonlari igin yakit
sarfiyatini izleme, raporlama ve dogrulama (MRV: Monitoring, Reporting and
Verification) yonetmeligi 1 Temmuz 2015 tarihinde yirtrlige girmistir.
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1 i R b el : |
_________________________________________ 1
i B ' | |
| |
R t ]
2015 1
2016 2017 L 2018 2019 APR |
|
Document of I
Compliance o e e o o o - —
from JUN 2019
5 A
3. Flow Meters §
3
D ]
o Q
1.BDN’s and 4. Direct g
periodic stock Emission T
takes o ‘ Measurement e
Emission F
Report S
(3]
Q
7]
@
| | | |
1 I 1 —>
Bunker Fuel Delivery Tank Flow Direct Emissions

Note Monitoring Meter  Measurement




CO, Emisyonlari - EU MRV

Emission Reports
sent from
ship owner.

DoC sent

from Verifier. ' —
Flagstate & EU Comission

Monitoring Plan and Emission
Reports sent for verification.

Data sent securely
from ships to Office.




CO, Emisyonlari - IMO MARPOL

/, N
(2N — MEPC
\I‘ )\/) Marine Environment MARPOL
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nited Nations

6-10 Ekim 2008 tarihinde yapilan 58. oturumda, gemi
kaynakll sera gazlarinin azaltilmasi ile ilgili enerji
Olcltlerinin belirlenmesinin gerekliligi vurgulanmistir.

International Convention

. . for the Prevention of

or Pollution from Ships
Bu Olcltlerle ilgili olarak da; yeni

both g_emiler_ icin | enerji  verimliligi

dizayn indeksi (EEDI), mevcut

gemiler icin enerji verimliligi

operasyon indeksi (EEOI) ve hem
Environmental Passport Environmental Passport yeni insa hem de mevcut gem”er

DESIGN OPERATION 7= . Lo L _
icin enerji verimliligi yonetim plani

Scope Scope onerilerinde bulunulmustur

O newbuilds O fleet in service

O design criteria O operational emissions
O open class




CO, Emisyonlari - IMO MARPOL
Y FC %0, 2.2, (FC,;xCp))

J L_J
u Average EEOI =
EEOI = verage Z (oo % D,)

x D

cargo

EEOI, isletmecilere geminin isletilmesi esnasindaki yakit verimliligini 6lgcme
ve operasyonlar esnasinda yakit tiketimine etki eden faktorleri dnceden
tespit ederek onlem alinmasina imkan saglamaktadir.

- e =
—— —

EEOI

means

Energy Efficiency
Operational Indicator

SEEMP enerji verimliligi arttirmak icin sirket yonetimi tarafindan hazirlanan
iyilestirici tedbirleri icerir. Ayni zamanda sirket de bu planin uygulandigina
dair ilgili Loyd Kurulusu tarafindan denetlenir. Kisaca SEEMP, operasyon
indeksin dusiridlmesinde izlenecek yol ve yodntemleri bir plan halinde
barindiran bir yonetim sistemidir.




CO, Emisyonlari - IMO-DCS

IMO DCS which enters into force on 1 March 2018, all ships above
5000 GT will have to report their annual CO2 emissions from 1 January
2019 onwards. Owners will have to update their Ship Energy Efficiency
Management Plans (SEEMP) and submit them to the RO before that
date.

SEEMP Structure

The SEEMP may contain 2 parts, Annexes ('t‘:-*:u"r'||::.a|nvfF specific) and a ship- speci'F': Appendix:

PART | PARTII
ANNEXES APPENDIX
(old SEEMP) (IMO DCS)

* Opportunity fora « EEOI Calculation * Methodology * Ship Particulars
thorough review Methodology (basic) (similar to MRV) 2 Erhiccinn Sources
and reduction in * SOx, NOx & PM * Reporting (as per » Fuel types used
size Calculation 2016 SEEMP e Measurement

» Dnl'}r measures Methndnlngy {optinnai, GUidEHnEE} Instruments
actually adopted depending on TMSA / « Data quality . E Effici
and monitored ISO 14001/50001) (similar to MRY) Mn:arsg; o iciency
should be included * Best Practices (optional) = Simplified MRV (depending on

* 10-30 pages max * Reporting Form(s) [ Monitoring Plan TMSA compliance)
(depending on Software .

10-15 pages max
TMSA compliance) > Pad



Emission Control

TMSA — Best Practice for Stage 3 and above

ISO 14001 [ 50001

Y. OCIME

seemp

| 50x | T

SOFTWARE PLATFORM (aggregation [ reporting)

i i o

To control all the components;

-SCR or EGR (NO,)

-Low Sulphur Fuel of Scrubber (SO,)

-High efficient diesel engine or auxiliary systems
-Alternative fuels (LNG, Methanol)




Emisyonlarin azaltilmasi

2020 ITIBARIYLE GEMILERDE KULLANILABILECEK YAKIT TURLERI

UYGUN OPSiYONLAR

a) Marine Gas Oil (Low Sulfur Distillate Fuel)

b) 0.10% Heavy Fuel Oil (ECA Fuel)

c) 0.50% Heavy Fuel Oil (Global Fuel) (Karisim olabilir, spesifikasyonlar bilinmiyor)
d) Exhaust Gas Cleaning System (EGCS) with Heavy Fuel Qil

e) LNG
f) LPG, Etanol, Metanol, Biyodizel, Gunes enerjisi, Yakit Hicresi vb.

VLSFO/ULSFO  VLSFO/ULSFO MDO MGO

J

Final
Filtration

Temperature
Adjustment




Enerji Tasarruf Potansiyelleri, Pompalar

isletme Maliyeti, USD/h

12,16

Pay Yakit Maliyet

ANA TUKETICILER % ke/h uso/h
Cooling SW Pump 9,55 18,9 17,67
Cooling SW Pump (Port Use) 3,21 7,9 6,88
Main LO Pump 11,29 21,5 20,11
Bilge & Ballast Pump 9,55 18,9 17,67
Fire & G.S. Pump 9,55 18,9 17,67
Ballast Pump 19,11 31,2 29,23
Main Air Compressor 8,69 17,5 16,37
Auxiliary Blower 6,08 13 12,16

® Cooling

Sea Water Pump

H Cooling Sea Water
Pump (Port Use )

= Main Lubricating Oil
Pump

m Bilge&Balast Pump

W Fire&G.S. Pump
® Ballast Pump
= Main Air Compressor

w Auxillary Blower

Enerji Dagilimi, %

6,08

8,69

N\

m Cooling
Sea Water Pump

® Cooling Sea Water
Pump (Port Use)

B Main Lubricating Oil
Pump
Bilge&Balast Pump

B Fire&G.S. Pump
m Ballast Pump
Main Air Compressor

Auxillary Blower

Yakit Tiketimleri (Kg/h) = Cooline

Sea Water Pump

® Cooling Sea Water
Pump (Port Use)

® Main Lubricating Oil
Pump
Bilge&Balast Pump
? Fire&G.S. Pump
B Ballast Pump

Main Air Compressor

Auxillary B




Enerji Tasarruf Potansiyelleri, Manevra

Tiim Gemiler I¢in (IFO 180), %50 Yiik Tiim Gemiler I¢in (MDO), %50 Yiik
160000 250000
146469
140000 131822 213877
192489

120000 117175 200000

A = Tiim Gemiler Senaryo A = Tiim Gemiler Senaryo A 171102
102528
% 100000 B Tiim Gemiler Senaryo B a B Tiim Gemiler Senaryo B 149714
87881 »n 150000
g 4 128326
= 3235 5l
§ 80000 7 o1 1357 g 106938 4196
58588 Tc 3777
= 60000 ous0 17085 100000 85551
> 43941 2814 64163
5678
40000 29294 8543 50000 42775 1679 2098
1407 1259
20000 14647 4271 21388 0839
I I 0420 I I
5
Saat, h Saat, h

Senaryo A’ da 4 adet bas ve kig irgat motorlarinin aralikl
calismalar dikkate alinarak tek bir irgat motorunun surekli
calistigi kabull yapilmistir. Ayrica demir irgat motorunun

devrede oldugu distnulmustir. Senaryo B de ise Irgat
motorlari dikkate alinmamistir.



Enerji Tasarruf Potansiyelleri, Liman Elektrigi

Tasarruf, USD

100.000 -
90.000 - 86313,83
80.000 - AKTIF ENERJI
TZ:TEK ZAMANLI GZ:GUNDUZ P:PUANT G:GECE
70.000 1 TL/KWh 0,2473 0,245074 0,387475 0,118536
60.000 | USD /kWh 0,115 0,114 0,180 0,055
USD,satis kuru 2,15
50.000 -
M/V ANADOLU ACIKLAMA
40.000 - Giic 35 oW
30.000 - Ozgiil Yakit 0371 ke/kWh
20000 Sarfivati
- Yakit sarf 13,0 kg/h
10.000 + 3452,55 Yakit Simifi MDO IF380,IF180,MDO,MGO yazilacak
a ) Yakit maliyeti 0,936 USD/kg
KAZANC/LIMAN KAZANG/YIL
“ oY Calisma saati 1 Saat/Yil
KAZANC
Liman Maliyet 12,16 usD/liman
Tiim Gemiler I¢in Yilhk Kazan¢ Durumlan Yillik Liman siiresi 3000 Saat/Yil
800.000 ’
733045 Yillik maliyet | 3648551 | USD/vil
700.000 - ELEKTRiK MALIYETi
TARIFE TZ T2,GZ,P,G veya R
600.000 Liman Elektrik Fiyati 0,12 USD/kWh
Liman Maliyeti uUsD/liman
a 500.000 - Yillik Maliyet uso/yil
=) TASARRUF POTANSIYELI
3 400.000 KAZANC/LIMAN USD/LIMAN
o KAZANC/YIL USD/YIL
£ 300.000
200,000 190056
100.000

[FO180 MDO
Yalkt Tiirii / Kazang




Enerji Tasarruf Potansiyelleri, M/E On Isitma

YANLIS UYGULAMA: On isitma sirekli devrede ve cok
daha yuksek sicaklikta(75-80 °C)!..

Temperature

increase Preheater capacity in %
of jacket water of nominal MCR power
°C 1.50% 1.25% 1.00% 0.75%

60

501
-1 0.50%

4[‘]-. == anm .
-On 1sitma suresi 2 kat

artiyor!

304

204

-Yuksek Kazan Yakit
Sarfiyati!

10 -;:_.:'

. v —
0 10 20 30 40 50 60 70 hours
Preheating time



Enerji Tasarruf Potansiyelleri, Dusik yukli D/G kullanimi

.0.293 — OIS
\\_ ke/lkWh

V
.!
E

DD
IRV
"

OYS,kg/kWh

Fazla Yakit sarfiyati :302 kg/gln
Yilhk Fazla Yakit Sarfi(250 gun seyir) :75.500 kg/YIL

Gunluk kayip :0.72%$/kg*302 kg/gun=217%/gun
Yilhk Kayip :54.360 $/YIL
Filo(14 gemi) :761.040 $/YIL



2500 1750 143.6 30.00 61.82
2125 1486 122.0 21.60 o1l % 37.85
1875 1312 107.6 16.80 1.65 26.05
1250 875 71.7 7.50 0.73 7.72
625 440 35.9 1.90 0.18 0.98
Pompanin M/E Yiikiine Bagh Gii¢ Thtiyaci
70
60
i 50
2 40
&)
% 30
£
£ 20
10
. -
100 85 75 50 25
B Gug, kW 61,82 37,85 26,05 7,72 0,9826

Enerji Tasarruf Potansiyelleri, Degisken devirli pompa

38.77

57.86

87.51

98.41




Enerji Tasarruf Potansiyelleri, Kazanlar

Liman ve demirde 1000 kg IF380 yakit kullanan ve verimi %60 olan bir
kazanin giris havasi bir isitici yardimiyla 25 9C den 120 9C ye cikarilmak
isteniyor. Kazanin toplam calisma stresi 5000 saat olup yakitin 1sil
degeri 41.900 kJ/kg dir. Yakit maliyeti 0.72 $/kg olduguna gbre kazan
havasinin isitilmasiyla saglanacak yillik tasarrufu hesaplayiniz.

COzZUM:

Exhaust Gases

44— Recuperator
Preheated

Combustion Alr

Burner Furnace

Tasarruf =

1.745x10°x5000saat| 1 1
41900 0,60 0,634

} =18.620,75kg/YIL

Parasal Kazang = 13.406 $/YIL/Gemi
Filonun yilhik tasarrufu = 187.689 $/YIL/Filo



Enerji Tasarruf Potansiyelleri, Hava kompresorileri

KOMPRESOR BASINCINI DUSURME

0 0

5 230
10 490
15 820
20 1090
25 1380
29 1740

Farkl Basinglarda calisan kompresorin kazang potansiyeli

Normal Calisma Yillik Maliyet

Dlgurulecek Kompresor basing P, 15 bar
Tup dolma siresit, ; 783.6 s
Normal Doldurma Basincli, P,,,q 29 bar
Tup dolma slresi t,, 1711.8 s
Dlgurilen Kompresér Gici W, 33.3 kW
Normal halde Kompresor Giici W, , 46.2 kW
Normal halde toplam ¢alisma saati 3000 h
Dusurilen basingtaki yillik calisma stiresi 1373 h

48176.72 USD/Yil

indirilen Basing Yillik Maliyet

22052.84 USD/YIl

Yilik Kazang

26123.88 USD/YIl

3000 h, 15 bar basing icin yillik kazang

800000
700000 -
600000 -
500000 -
400000 -
300000 -
200000 -
100000

0 -

674474

365734

308740

MALIYET, USD/YIL

Normal Basing Dusilik Basing Yillik Kazang

2000 h, 15 bar basing igin yillik kazang
500000 | 449649

400000 -

300000 - 243823

205826
200000

MALIYET, USD/YIL

100000

0 -

Normal Basing

Diislik Basing Yillik Kazang

o Hava kompresorleri devreye alindiginda hava fanlarinin devrede olduguna dikkat edilmelidir.

)




Enerji Tasarruf Potansiyelleri, M/E ve D/G

Beklenen Referans
Performans Egrisi Desder
1
l -
$ B;k:;nen I Toplam
= i I BOZUNUM
y | =
=
I I |
T |
| Diiizeltilmis
Deger Tn: Po, Ta:
| = ve Hy
I j
Bigitlen . T TTETE
Deger .
Performans Egrisi
Cevre yada isletme parametresi
Performansreferans = Performansbek/enen I I (Portam ’ Tortam ’ -Cjeniz suyu’ Hu )
| Carpan Faktéri
P erf orm ansd[/'ze/ti/mi,s =P erf orm ansdl;l’]len I I (Portam ’ Tortam ’ Tdeniz suyu? Hu )
| Carpan Faktérii

Toplam Bozunum = Performans

referans o P er f orman Sd(Jze/ti/mi,s



Enerji Tasarruf Potansiyelleri, M/E ve D/G

Olgtilen Duzeltme Dizeltilmis EESETCSE BOZUNUM
Performans Faktora Performans B4

PERFORMANS FARKLILASMASI

ISLETME YA DA EKIPMAN

J

Yipranma,yaslanma, mekaniksel
problemiler, kirlenme vb. sebeplere
bagh performans kayiplari

BOZUNUM

Isletme ve Cevre

Sartlanndaki Degisim

BOZUNUM DEGIL

Kiiclk bakim ve

Isletmede iken
giderilebilecekler

Rehabilitasyonla
giderilebilecekler

onanmla
giderilebilecekler
BOZUNUM : BOZUNUM

BOZUNUM




Enerji Tasarruf Potansiyelleri, M/E ve D/G
A

BOZUNUM

______________ & ELDE EDILECEK

: : NET KAR

1 1 (Bakim-tutum

: : yapildigi zaman)

t1 t2 [ K] >

ZAMAN, ISLETME SURESI

Hava Girigi (Dig Ortam)

150 3046
-Ortam Sicakhg
-Ortam Basinci
___________________ -
~N
A\

/ \

f I

f |

l Egzoz Cikisi ¥ I

l I

I | Sistem Digt

| Sistem I¢i I 1-ISO 30"16 (T, Py, Ta)
1 1-Hava Giris Sicakhigi | 2-Yakat Ozellikleri (Hu)
l Basingl Hava (Ara Sogutucuya) gatinrn CAtlzioa e I

3-Avans
4-Piiskiirtme Basinci

| |

I 5-Siks Basmer |

| O\ |

t |

[ Moatora Hava Girigi | Vilotsitrcras
l Yakit Pompasli

Buhar Gukap Buhar Girig
\ / Gl #
/
-~

-Deniz Suyu Girigi, IS0 3046



Enerji Tasarruf Potansiyelleri, M/E ve D/G

Parca Masraflart
Iscilik Masraflar
Navlun Gelir Kaybi

| Bakim i¢in durmak gerekiyorsa maliyet |

I = masraflar

1- Bozunumu geri kazanmak i¢in bakim ve masraf yapalim mi1?

2- Bakim siiresi optimum ne kadar olmali1?

A
I
E I
- I
I
£ .
]
N P
) |
e :
I
o I
L I
_____________ ," ELDE EDILECEK !
i : NET KAR I
: I (Bakim-tutum !
! : yapildigi zaman) : >
1 fz tﬁ

ZAMAN, ISLETME SURESI



Enerji Tasarruf Potansiyelleri, M/E ve

Gii¢, kW

Referans
Deger
6634 KW

6014 KW

Toplam
BOZUNUM
620 KW, %9.3

Driizeltilmis | TP Ta
Deger ve Hy
93 kKW
5921 kKW
Olgiilen
Deger
Cevre yada isletme parametresi
z
-
=
)
A
v
>.‘ -
Q

Tg, Pg, Tas ve

H,
1,88 g/kWh

Beklenen
Deger
178,5 g/’kWh

205,92 g/kWh
Olgiilen
Deger

D/G

‘Beklenen Performans Egrisi

Gergek Performans Egrisi

204,04 g/kWh
Diizeltilmis

Referans
Deger
1773 g’kWh

BOZUNUM
26,74 g/kWh,
%15

Deger

Cevre yada isletme parametreleri



Enerji Tasarruf Potansiyelleri, M/E ve D/G

Seyir T I - m— Y akat Parasal Parasal

Parametreler Tgcriibesi— (kW) (a/kWh) Tiiketimi, Deger, Deger,

Olgiilen 5 kg/h USD/500h USD/yil

Skav. Sicakhgi, °C 40-50 -141 +2.49 14.8 2.500 40.000

Skav. Basinci, bar 2.8-2.7 -88 230 13.8 2.100 33.600

Avans, CA (-3.5)—(-1.5) -81 +3.76 223 3.400 54.400

Sikistirma Basinci, bar 98-89 -129 +71.72 45.7 6.900 110.000

Enjektor Basinci, bar 300-290 -87 +4.85 28.7 4.300 68.800

Digerleri (Yipranma 94 15,60 33.2 5.000 80.000
Yaslanma, vb)




Enerji Tasarruf Potansiyelleri, M/E ve D/G

Ekonomik Bozunum (Skaven¢ Hava Sicakligr)

80000
70000 Masraflar

60000 =@=IFO 180 /
50000

Bozunum, $

40000 /
30000 4"”’,,7
20000

10000

0 1000 2000 3000 4000 5000 6000 7000 8000 9000
Zaman, saat

Masraflar =1 Miktar Fiyat
1- Kuler hava tarafi kirli 1 500 $/2000h
2- Kuler deniz suyu tarafi kirli 200 $/2000h
3- Skaveng temizligi 100 $/2000h

1500 = $/4000h
3000  $/12000h

4- Asinma Ringi (Deniz Suyu pompasi)
5- impeller (Deniz Suyu pompasi)

[E T T




Enerji Tasarruf Potansiyelleri, M/E ve D/G

RART 2001

-
o

!

Ekonomik Bozunum (Avans)

0 NO U WN R

80000
Masraflar
70000
60000 ==]1FO 180
s
g 50000 /
=
=
= 40000
S
/M
30000
20000 4
10000
0 1 1 1 ]
0 2000 4000 6000 8000
Zaman, saat
Masraflar =1 Miktar Fiyat
- Plunger barrel degisimi 6 18000  $/12000h
- Suction valve 6 2100 $/4000h
- Delivery valve 6 2100 $/4000h
- Enjektér atomizer 12 9000 $/8000h
- Enjektér yay, pul vs. 12 4200 = $/4000h
- Yakit Pompasi O-ring komple 6 2100  $/12000h
- VIT Actuator bakimi 6 3000  $/12000h
- Booster pompa, Viskozimetre ve emn. V/V 1 2000 $/8000h

10000
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