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" A
H epyaaoia

m Baoiletal og TTpoc@ATn MEAETN TTOU
eKTTOVNOE TO EpyaoTtnpio ©alaocaoiwv
MeTapopwyv Tou EMIT yia Aoyaplacuo Tou
NauTikou EmigeAntnpiou EAAGOOC (NEE)

WEB TOOL & calculator (OXIl)

AvaAuon ekmmouTTwy CO2 TTAYKOOUIOU OTOAOU
(NAI)
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YToabpo

NMPAXZINH NAYTIAIA:

m [1oAU ynAd otnv
agenda tou IMO

m Toidloyia EE &
TTOAAEC XWPEC

m [lpoTtepaloTnTa.
Meiwaon EKTTOUTTWV
KQUOOEPIWV
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" J
Eidon eKTTOUTTWYV

= AEpla BepuoknTriou-
GHG (kupiwg CO2,
aAAd etTiong CH4 Kkai
AAAQ)

m UTTOAOITTa (KUPIWG
SO2, aAAa eTTionC
NOX kal aAAQ)
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" J
[TowTOKOAAO TOU Kyoto

m United Nations Framework Convention on Climate
Change -UNFCCC (1997)

m ETTeiyovra YETPA yIa peiwon TwV eKTTONTTWY CO2 gival
avayKaia yia TNV avaoTpo@n Tou TTPORAETTOPEVOU
puBuou augnonc GHG ava tov KOolo.

m H vautihia AEN €xel pExpr oTIYUNG TTEPIANPOEI OTOUC
OTOXOUG peiwaNng ekToutTTwy CO2 Kal aAAwv GHGs

oUMPWVA UE TO TTPWTOKOAAO TOU Kyoto
m Atro@aocecic £xouv AngoBei yia SOx kai yia NOX.
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Texviko¢ kwdikag NOx (IMO)

m OcoTrilel Opla ekTTOuTTWY (gr/kwWh)
OUVAPTACEI TWV OTPOPWYV TNC UNXaAvNg

m KavovIouoi yIa VEEC + TTOAIEC UNXAVEC
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I
SOX

m H MEPC 58 (Okrt. 2008) opopwva
uI0B£TNOE TNV avaBewpnon Twv
kKavoviopwyv TG MARPOL (MapdapTtnua
V1).

m Meiwon ekmmouttwy (SOX) atrd 1a 1TAOIQ,
apxika o€ 3.50%, amo 1 lav. 2012

m Kal yetd otadiokd oto 0.50 %, atd 1 lav.
2020
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" JEE
[Tepioxec EAEyxou EkTTopuTTIOV O¢iou
(Sulphur Emissions Control Areas): SECAs

m BaATikn, Bopeia
O@alaocoa & Mayxn

B «TOTTIKECY TTOMITIKEC

m Mcya B<pa: INwce va
LEIWOEi To SO2

m Aldpopa YETPA
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AEpla BepuoknTTiou

m APKETN TTPOEPYOCIa
m AIIOTAUEVEC ATTOWYEIC TTEPI TOU TTPOAKTEOU

m Kauuia ammogaon yia Kavoviououg UEXPI
OTIYHNG
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TEANOC eTTOXNC

m ETTOXN atmroudiag kavoviopwy yia Ta GHG
oTN vauTIAia TTANCIACEl OTO TEAOC TNC

m MeTpa avadntouvTal ETTEIYOVTWC

m EoTtiaon oto CO2

m EupwTraikn Emrpotn 1mpocg IMO:
ATToQaoioTe Twpa, aAAIwg Ba
QTTOPACIOOUME EMEIC!
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[TIBava yeTpa

TEXNOAOTI'IKA

KaAUTeEpEC unXaveg

KaAUTepeC YAOTPEG YIa MIKPOTEPN AVTIOTAOON
KaAutepa ouoTtripara rpoéwong

“Cold ironing” ota Aipyavia

EvaAAakTikd kauvoipa (fuel cells, biofuels, etc)
AAAeC TEXVOAOYIEC

NEITOYPTIKA

Meiwaon Taxutnrag

m  BéATioTo routing

m AN\, oxeTika pe Ta logistics (11X, Aiyotepa, yeyaAuTepa TTAoia, oxediaon
OIKTUOU, KATT)
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2. UJBOAN VauTIAiOC oTnV TTayKOOoHIa
putravon (CO2)

International u 29m95t‘§
 Intemational Shipping shipping
Aviation 27% ﬁShl?/g
1.9% ' 0,6 %
Other Sectors
11,6 % Main Activity
Electricity and
a7 A Heat Production
ranspo _ p
g ‘7?,/0 \ 350 %
B Unallocated
Autoproducers
0,
Manufacturing Other Energy 37 %
Industries and Industn_es
Construction 46 %

182 %

Data: International Shipping: This study. Other IEA. Reference year: 2005

MARINTEK @ SINTEF
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Comparison with other modes (2005)

Domestic shipping
& fishing Rail (IEA)
4% 4%

Int'l shipping
21 %

Road diesel (IEA)
51 %

Aviation (IEA)
20 %

Data: International Shipping: This study. Other IEA. Reference year: 2005

MARINTEK @ SINTEF
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H peAetn Tou EMIT yia to NEE

—

Fle Edt Vew History Bookmarks Tooks Hep
; ~

|
= . & A L] = = 2= http://www.martrans.ocg/emis/emis.htm
Back Reload Home Hstory Bookmarks Print  New Window
[T customize Links [} Free Hotmal _| Windovss Marketpiace € Celtics Blog - Boston.com ‘S MEPC CG WEB SITE | Windows Media || Windows
Soogle L IC Search~ + @5 Search News mmwWeather (02139) - #Schobr EyButton Galery - 9 Bookmarks- 73293 - 35 Chack - © = Sendtor &
o - M0

= NTUA LMT - Ship Emission... i

mmp Laboratory for Maritime Transport

National Technical University of Athens

Ship Emissions Study

= Download Ship Emissions Study (pdf format -1,1 Mbytes)

Psaraftis, H.N,, Kontovas, C.A,, (2008), "Ship Emessions Study®, National Technical University of Athens,
raport to Helerac Chamber of Shipping, May

™ Emissions Calculator (web tool)
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: Laboratary For Maritime Transpork

™ SHIP EMISSIONS - LABORATORY F...[oJ

NATIONAL TECHNICAL UNIWERSITY OF A THENS
@ LeoioR.a TOR Yy FoR MeepIiITtTIiMmE TROSMNSERPOBRT
& Ship Emissions Calculator

" VESSEL DETAILS

SELECT SHIP TYPE | Dry Bulk Carrier v | SELECT SHIP SIZE |Handysize BC | | |

ROUTE | Tubsrao-Ratterdam v | TRIP DISTANCE 4974 nm 9232 km

PAYLOAD (tonnes) | ESDIIIIII| DWT (tonnes) 27000
- DPERATIONAL DETAILS

TIME FUEL OIL DIESEL DIL
STATE {days) SPEED (knots)
5% Consumption 59%  Consumption
{tonnes/day) {tonnes/ day)

SEA LADEN 15.94 =R 24| [ 15 | 0|

SE4 BALLAST 15.94 BEER 24 |15 | 0|

PORT (Inading discharging) [ 39 | 4.5] [ 19 | 0
- EMISSIONS

co2 S02 NOx

ROUNDTRIP EMISSIONS KG PER tonne TRANSPORTED 99,31 2.19 2,73
ROUNDTRIP EMISSIONS GRAMS PER LADEN tonne-MILE 19,07 0.44 0.55
ROUNDTRIP EMISSIONS GRAMS PER LADEN tonne-Km 10.76 0.24 0.30
| SHOW/HIDE DETAILED RESULTS: | CALCULATE [ HELP | | ABOUT
-DETAILED RESULTS

TOTAL BALLAST-LADEN DISTANCE fim 9,948.00

LADEM tonne-MILES tonne*nm 124,350,000.00

TIME TN PORT days 4,00

TRIP DURATION SEA-LADEN days 15.94  EMISSIONS

TRIF DURATION SEA-BALLAST days 15.94 CO2 S02 NOx

TOTAL RTRIP DURATION days 25,88 tonnes tonnes tonnes

CONSUMPTION FO SEA LADEN tonnes 382,62 1,212.89 26,78 33.29

CORSLIMPTTON D5 fonnms n.nn n.nn m.nn n.nn




2 BAOCIKEC TTPOCEYYIOEIC

m TOP DOWN m BOTTOM UP
(fuel-based) (activity-based)

m YTTOAOYIONOG BAoEl m YTTOAOYIONOGC BACEl
TTWANCEWV KAUTIUWYV EKTINNONC TNC £TNOIAC
yia TTAoia KATavaAwaong

KOQUOIJOU TOU KABE
TTAOIOU OTO OTOAO
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" A
[TapaTnpNoEIC

m AKOUN KaI TTPOCEYYIOTIKEC
EKTIUNOEIC OUVOAIKWYV
TTWANCEWYV marine
bunkers gival atré E i
OUOKOAEC £WC AdUVATEC e Y

m Ol TEPIOTOTEPEC W
OQAIPIKEC EKTIMNOEIC
EKTTOUTTWV PaacifovTtal o€
JuovTeAoTTOINON

2N

DRVID0I K E3HG, 2Fé11 /2008 18



BaoIKOI CUVTEAEOTEC EKTTOUTTWYV

ENAZ (1) TOVVOG KOUuOoiuou TTapPAYEl:
m 3.17 16vvoug CO2 (avecapTnTa TOU £i00UC
TOU KAUQJiJou, €idoug pnxavneg)*

m 0.02*S 1ovvoucg SO2, otTou S €ival 1o %
Ociou 010 Kauoluo (0.5<5<4.5)

m 0.057-0.087 10vvouc NOX (ecapTtaral aTro
TO €i00C TNC UNXAVNC)

DRVID0I K E3HG, 2Fé11 /2008 19



" B
AvaAuon TTaykOOoUIoU OTOAOU

AEAOMENA (ava tutro & péyebog TAoiou)

Deadweight (DWT) (tovvor)

Méon TTAnpoTnTa popTtiou w (O<w<1)

Méon taxutnta V (XAp/nueEPQ)

[TooooTd AsiIToupyikou Xpovou €v TTAw, s (0<s<1)

OAIKr KatavAAwaon KAuaigou v TTAW, TTEPIAaUBAvOUEVNG KUPIOG
unxavng kai Bondntikwv F (Tovvol/nuepa)

OAIKN KaTtavAAwaon Kauaigou oTo Aldvi, TTEPIAAUBAVONEVNC KUPIAG
unxavrg kai Bonbntikwv G (Tovvol/nuepa)

m Huépeg Asitoupyiag ava €1og, D (nuépeg) (D<365)

ZYMMNOZIO EAINT 27/11/2008
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AAVEBPA EKTTOUTTWYV

m OAIKN €TROIO KATAVOAWON KAUCOiUOU
(Tovvol): (sF + pG)D

m OAIKO etrjo1o CO2 (tévvol): 3.17(skF +
pG)D = 3.17[s(F-D)+G]D

m OAIKa eTnoia Tovvo-xIAiopeTpa: (WW)(sDV)

m CO2 avda Tovvo-XIANIOUETPO:
3.17[F+(p/s)G]/wWv

ZYMMNOZIO EAINT 27/11/2008



2. TOAOC
(Lloyds Fairplay database, 2007)

Table 2: Break down of world fleet database

(atré 1O
Vessel type DWix1000 | Mummber of Vessel type DWTx1o00 | Mumber of
e v 100.293 oTa
Coastal 515 236 Reefer 0-5 508 -
Handysize 15'-35" 1,774 Reefer 5-10 358
Handymax 3560/ 1,732 Reefer >10 225 ’
Panamax_60/-85 1,363 | | Total Reefer 1,091 5 I I O I a
Post-Panamax 851200 58 -
22 >1208 722 Product, chemical (-5 3125
Total Dry Bulk 06,462 Product, chemical 5'-15° 1407
Product, chemmical 15-25" 430
Feeder  (-500 TEU 363 Product, chemcal 25-%)' 643
Feedermax_S00-1000 57 Product, chemical 40760 08
| Handysize _1000-2000 1,143 Product, chemical >60 238
Sub-Panemax 2000-3000 669 Total Chemical 6,548
Panamax  3000-4400 568
Post Panamax__ >4400 712
Tolal Container 4,232 RO-RO excl. Pax (1-5000 932
RO-RO excl. Pax 5-15 674
Small tanker 010 115 RO-RO excl, Pax_15-25 342
Handysize 10-60 240 RO-RO excl. Pax 25-40 51
Panamax  60-80 177 Total RO-RO 1,999
Aframax_ 80-120 643
Suezmax  120-200 xR General Cargo 0-5 9,008
VLCO/LLCE 200 516 General Cargo 5-15 3,014
Total Crude oil 2,028 General Cargo 15-35 816
Total General Cargo 12,839
LNG -5 29 SUBTOTAL: 36,538 vessels
NG >50 221
Total LNG 250
Other cateqories
Vessels O-400 GT 6,281
s o [ |
LPG 20-40 &8 (=400GT) 2,801
LPG >40 135
Total LPG 1089

TOTAL : 45,620 vessels

ZYMMNOZIO EAINT 27/11/2008
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YTToAoyiouoi

Average Payload

- ! | [mt}

Total tonneKms

(=]
=

2t ez (km)

Distance travelled

L (tonne kms}

Fuel Consumption

atsea [mt)
Total Bunkers
per year
({tonnes)
Fuel Consumption T
L in port [mz)

Figure I: Calculation flowchart
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ATroteAeocpara-1

' size bracket

cango
Number of Sea | Port coz total CO2 Dilon MT.
Typucol Vessel lpes and | jcoin size Pmyoad |5 days | days | PN Toral per size RiT e
3zes per vessel segment qroun w | % Totsl CO2, ONNE.|  [orscket % of [size
alsed Loy ioemes)| YR Toks toone-kms, yr (malon) ot |pracket
Foeder {0-500 369 5164 13| 70 | 30 | 0% VAEI0 | 467200 350332 316 5.38] 200 70
Feadeimar 1000 757 957 165 70 | 30 70% s 7,182 1,137 846 68! Q) 17.24] 6.40) &51
i'§§| 36| % %375 11,760, i &)1
30 | 7o% 58 8,400.00 a7e1 122
g u% 11 £.000 455 18
;% [ 28| 14404 108
382,650 37,525,885 22 121
®_|_50% 269 120,361 1
10,304 1 4
g % s.ggé 11,392 00| 5,545,133 59,
70 | 50% 96,460 | 14,666 00 170, 57|
20 | 5% 51329 | 1619200  12.495.006.794 a1
20 | 50% 85615 006 00| 106,183 35)
258 409 53471 S
2 50% 52167
| 50% | 83400
138 867 |
g 50% 6137
0 | 5%
|20 | s0% |

ARRAAD

729 3] 70 | 90 |
2334 [ 30|
17605| 18] 70 | 30
77580 9| 70 | 90 |
54
2138 70 | 30
/549 7o | 50 |
19,570 4] 70 | 30 |

e | 3ol | | pississ

GRAND TOTAL

Total CO!

|Bunker Consumption (miilion tonnes per year)=

l r
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ATTOTEAECUATO-2

Total CO2 per ship category (million tonnes per year) CO2 percentage per ship category
300 LPG
— LNG
5 s 2374
g 2 08%
>, /
L Crude ol
oy 12.65%
w200
)
=
=
b~ 151.03 ' \ Rselo
& 150 29
2 130.08
B 106.28
e~ 100 o
@) 83.37
U 17 98% sy
- o et P
D s 42.87
F‘
1994 .01 219 l
ﬂ H = B
N Dry Bulk Crude oil LPG Product/Chemical General Cargo
Containerships LNG Reefer Ro-Ro (excl. Pass)
Ship Categories
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ATTOTEAECUATO-3

'y

Total CO2 (million tonnes per year)

Dry Bulk Carriers

Total COZ (mikion tonnes per year)

= Tonno-Km (blllons per year)
W COR2 par lonne-km (in grams per year)

39 \

R

|;1A'>.ﬁ
(ki L —
Il 21°| i
Pms

Mandymas 15 -80° Fost-Fanamax 85"

Ship Categories (DWTx1000)

-t
Handdywae 15738

140K

(2201 4

LY

o

0m

Total CO2 (million tonnes per vear)

1

Containerships

s Togal COZ (millon tonnes per year)

- Toone-Km (blbons per year)
w 4w COZ per lorne-km (n grams per year)

10255

110,54 1950
4900
6,000
4000
2000

5368 ‘gm
e
. e
g 24
G
S i}
]2 | I
Fonder | B-500 ) uomm) PMIMI

——

Feodermans [ 300-1000 ) Sub-Paramax | J000-3000 )

Ship Caregories (TEUs)
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ATToTeAecuaTta-4

ronnes per year)

-

Total CO

Crude Oil Carriers
s Totsl COZ (mellion tonnes per year)

- Torew-Xm (Bilcos par yoal)
CO2 per Sorw-km (I greeves po yoar)

b, ) 7.04
04
-1 LY
L0 R Rt R 4
J s - |
el Il | '

140

1332

12,000

10

sad £000

(00

200

Soab tevter 510 Mandhuus 10460 Panermax (080

Ship Categories (DWTx1000)

Areeex 53-110 Seszmax 1234200 VAOC/WMCC »290

Tonne-km (billions per year)

vear)

l'otal CO2

(million tonnes per

LPG Carriers
sss Toml CO2 (milen 100084 DOf yoaad)

- Torna-Km (bIkans por year)
w5 02 per foono-km (In grams per yesr)

470
E
15 - ~
3 o
[} [

A . Ans g
) =
L L] L R LS 2%-an

Ship Categories (DWTx1000)
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ATToTeEAeouaTO-5

year)

pe

LNG Carriers

Total CO2 (milicn 100res Par yaar)

U | TooneKm (¥cns par year|

COZ per lonnadm {in grams pev yoar)

LU

i josa)

Ship Categories (DWTx1000)

v (>5%0)

Reefers
1418 Tolal CO2 (mikon toones per year|
o
- Toroe-Km (oikons por yoar)
CO2 par Yonem-m (n crans per yusr)
N i "
=
= ~
1
"y 2 i)
AN
¥ 3
= -
poe |
[
m o
o = 285
w E
-
-~
c =~ 85
e < o 11
Q - .
[t 3
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(= 2 i
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ATTOTEAECUATO-6

vear)

otal CO2 {million tonnes per

'l{r
I l |~ | 0
m

Chemical/Product Carriers Ro-Ro (excl. passenger)

o | Toksl COR [milon Innees pe yaa) on s | Toted COZ (milion 10n0es et year)

- Tonne-Km (bikons per yoar) o | == Toees-Km (bifions per year)
wh o COZ per oone-km {0 grims par year) s CO2 per tonre-km (N grams per year)

L

\ 181 1472

660

<

Tonne-km (billions per year)

Total CO2 (million tonnes per yeay)

.

Praduct. chemicyl 18°-2Y Procuct. charscst
Mﬂ. s 518 Pondect, chewical 25 400

em
“\
l ‘“
ma - 2

-u
|

Ship Categories (DWTx1000) KOO (wacl Pan) 0-5080 WORO (s, Pave) S-14 RO-RO (ancs. Pas) 14-3%

Ship Categories (DWTx1000)
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ATToTeEAeCUATO-7

General Cargo Vessels

Total CO2 (million tonnes per year)

= Tonne-Km (billions per year)
CO2 per tonne-km (in grams per year)

1.826

1,308

l'otal CO2 (million tonnes per year)

—

179

ET,

108

General Cargo (5-15)

Ship Categories (DWTx1000)

General Cargo (o-?)
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2500

2,000

1,500
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CO2 vs tonne-km (bulk carriers

Coastal Coastal
Capesize Small Vessels 5-15' 5-15'
>120' 0-5' 1.7% Small Vessels 0- 0.5%

21.6% 1.6% Handysize 15'-
12.0%
Handysize
/— 35
21.7%  Capesize >120'
38.5%
Post-Panamax
85'-120'
2.4% Handymax
35'-60'
20.4%
Post-Panamax
85'-120'
2.6%
Handymax
35'-60'
Panamax 26.2%
60'-85' Panamax
24.8% 60'-85'

25.7%
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CO2 vs tonne-km (crude oil carriers)

Small tanker Handysize

(0-10) (10-60) Handysize
- - (10-60)
0.7% 7.4% Sm;llltgnker 3.2% Panamax
(0-10) (60-80)
0.1% 4.2%

Panamax (

60-80 )
/_ 6.0%

Aframax
( 80-120)
22.6%
VLCC/ULCC
(>200)
41.6%
VLCC/ULCC
(>200)
52.3%
Aframax
( 80-120)
28.3%
Suezmax Suezmax
(120-200) (120-200)
16.0% 17.6%
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CO2 emissions per vessel category (million tonnes)
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2.UYKPION UE OAAEC MEAETEC

Table 6: Comparison af Bunker Consumption Results of Various Studies

Base year Total (Mt) Adjusted Total 2007 est (Mt)
Eyring et al., 2005 2001 280 277 361
Corbett et al. 2003 2001 289 254 339
Endresen et al, 2007 2000 195 210 282
IMO Expert Group 2007 369 359 359
IEA total marine sales 2005 214 214 234
EIA bunker 2004 225 225 260
Buhaug et al., 2008 2007 333 333 333
Psaraftis and Kontovas 2007 2938 283 283
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2. UYKpIOon OUVEXEIQ

m EMI: 943 ek. TOvvol CO2 (2007)

Table 5: Consensus estimate 2007 CO2 emissions [million tonnes CO2] (Source: Buhaug et al (2008))

Low | Consensus | High Consensus estimate %o

bound estimarte bound Global CO; emissions
Total ship emissions’ 854 1019 1224 33
International .-':.hipping“: 685 843 1039 2.7

' Activity based estimate including domestic shipping and fishing, but excluding military vessels.

Calculated by subtracting domestic emissions estimated from fusl statistics from the activity based total
excluding fishing vessels.
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COMPARISON OF CO2 EMISSIONS AMONG TRANSPORT MODES

(grams per tonne-kilometer)

Boeing 747-400

. wy
(o
[

Small Size Truck’

Heavy Truck'

Rail (Diesel)’

VLCC[ULCC Crude
oil Carrier*

Capesize Bulk Carrier*

PS-type Container Q%j& i
Vessel (11,000 TEU)’

Sources:
1 Swedish Network for Transport and the Enwironment (NTM)
2 Maersk Line
3 Man BaW Diesel
4 National Technical University of Athens (NTUA)
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Units Relative

Produced by
NTUA Laboratery for Maritime Transport
WWW.Mmartrans.org
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" B
AINNUUATA

m MeIWOEIC OTIC EKTTOUTTEC MTTOPEI VA £XOUV
TTAPATTAEUPEC AAAA ONUAVTIKEC ETTITITWOEIC
oTNV OAN €QOOIACTIKN aAuCidd

m METpa OTTWC peEiwaon TG TaXUTNTAC N AAAQ
VEVIKA UTTOPOUV VA EVEXOUV ONUAVTIKO

KOOTOG (TTEPICOOTEPA TTAOIA VI TO iDI0
(POPTIO, KOOTOC ATTOOEPATWY, KATT).
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" S
Boomerang?

m KaBapoTtepa kauoiya og ©¢lo
UTTOPEI VA JUETATOTTIOOUV POpPTIia
TTPOC TIGC OOIKEC PETAPOPEC, AOYW
KOOTOUG

m EKTOC a1mmo ammwAegleg oTO short-
sea shipping, auto UTTOPEi va
TTPOKOAECEI TTEPIOCOTEPEC
ektmoutrec GHG otnv utroAoitmn
UETAPOPIKN aAuaida!
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[ EVIKO OCUNTTEPAO U

m Exmroutréc CO2: AUOKOAO B€ua yia 1o
OTTOI0 OOPBAPEC ATTOPACEIC EivVal AVAYKAIEC

m Opwcg, dI00TAOEIC ATTOWEWV UTTOPEI VA
kKaBuoTepnoouv TN ANYnN atToeAaocEWY OTO
EYYUC JEAAOV
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[1€PIO0O0TEPEC AETTTOUEPEIEC

WMU Journal of Maritime Affairs, (2009)

CO, Emission Statistics for the World Commercial Fleet

Harilaos N. Psaraftis' and Christos A. Kontovas

Laboratory for Maritime Transport, National Technical University of Athens, Greece
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mWWw.martrans.org/emis/emis.htm
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" SN
EYXAPIZTQ MNOAY!

m hnpsar@mail.ntua.gr
® Www.martrans.org
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