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1. UvOD

SRPRUVNL SULMHYR] MH JOREDOQD LQGXVWULMD WH NLC
SLWDQMD XNOMXpPpLYR DQWURSRJHQR XJURNRYDQH NOLPDV
LQGXVWULMD SRPRUVNRJ SULMHYR]D YLVRNR idaQWHUQDFLR
VYMHWVNH IORWH MH QHPRJXUH SRYH]DWL VDPR VD MHGQR
MRa XYLMHN.JNOD®V®H NDR “~LMOHVNDGDWDRQYBOGIR VDGD LVNO
prijevoz iz bilo kakvih odredbi koje reguliraju emisije ugp QRJ GLRNVLGD
ORM UDG UH LVWUDALWL XWMHFDM HPLVLMH VWDNOHQLPN
RSUHQLWR DQDOLJLUDWL XWMHFDM L XGLR LQGXVWULME
HNRQRPLMH WH QD NRMH QDpLQH SU Lduitd ¥ehdoRrmaUBIPjeG R SU L
SRVYHUHQ PHYyXQDURGQRP SRPRUVNRP SULMHYR]X L RG]
]IDMHGQLFH L UHJXODWRUQLK WLMHOD NUHLUDQMHP QRYLK
pitanje.

Kad je Okvirna konvencij@jedinjenih naroda promjeni klime usvojila Kyoto Protokol kao
HYLGHQWQX SRVOMHGLFX UDVWXUHJ OMXGVNRJ} B&& MHFD M|
UH]XOWDW L]JDUDQMD WH&NLK JRULYD VD EURGRYD MH EL
SURWRNRORP LVWDDWRWHIXQDINOBNMK SDaAQMD NUHDWRULI
SRpHOD IRNXVLUDWL QD SUHGVWDYOMDQMH L XYRYyHQMH G
WHKQLpND XQDSUHYyHQMD SRVWRMHUHJ L QRYRJ EURGRYONM
je ponorski prijevoz u pitanju.

BUHGVWDYOMHQH VX D L XYHGHQH EURMQH WHKQLpPNH C
VWDNOHQLpPNLK SOLQRYD LDNR WUHEW HKQIDANNQLX@LLY R DAINRA @/
QHUH ELWL GRYROMD QQGDNRIQ V H QNP D QM LMD VWVWDNDWH QL p N LK
XpPpLQNRYLWLMD XSRUDED IRVLOQLK JRULYD RWYDUD YHOLN
PMHUH VX PRaGD QHL]JEMHAQH

7TDNRYyHU HPLVLMD SROXWDQDWD NUR] L]JDUbBrciskish WHaNL
PRWRULPD L NRWORYLPD QLMH EDa ELOD PHGLMVNL SRNUI
KDYDULUDQLK WDQNHUD NRMH EU]J]R GRVSLMX QD QDVORYQ
MDYQRJ HNROR&NRJ LQWHUHYV B WG EH G/RIHREYIRAJHH FRL WR QW O R
6YMHGRFL VPR GD NULWLpPpNH L NRULVQH DNFLMH L SULWLV
WH MH X SURWHNOLK QHNROLNR JRGLQD SRYHUDQL PHYy:
ORNDOL]JLUDQLK Privdijd(SEGN) BOAQaNeHQMD H
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6YH MH YL&H pYUVWLK GRND]D GD VX NHPLMVNH SURPMFE
GMHORYDQMHP SRYHUuPION N Rty BHURMMBIRIIMDPRUD SRV W DM X
LPD ]QDpDMDQ L YUOR QHJIDWLY\RQe &de&hd Rigdia mowkd HF D M
RUJDQL]JPH QMLKRYX ILILRORJLMX SRSXODFLMH ]DMHGQLF
su oni integralni dio.

9HULQD LVWUDALYDQMD ED]JLUDQD MH QD PHYXQDURGQLP
OHYyXQDURGQH SRERIDVFNMHRUO02 L RVWDOLK 81 DIJHQFLMD NI
GRNXPHQWDFLML WH VWDWLVWLpPpNLP SRGDFLPD ,02 (8 WH F

2. ABSTRACT
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The maritime shipping industry is a global industry contributing to common and global
environmental issues, including thathropogenicdy triggeredclimate change. Considering
the high internationalization of the maritime industry, carbon d®XCO_2) emissions from
VKLSV FDQQRW EH DVVLIJQHG WR DQ\ SDUWLFX@mthate RXQWU
label, until now, excluded the shipping industry from any emissions inventories and regulations.
My thesis paper will try to explerthe problem of greenhouse gas (GHG) emissions in general
and will subsequently analyse the shippbh@@ G XVWU\V SDUW ZLWKLQ WKH JOF
it contributes to most of the global environmental trends that have economic growth as their
root cause.Part of my research will be dedicated to the international maritime industry and
how the responses from both, the international shipping community and the regulatory bodies
affected newly inspired regulatory actions in response to this complex andigieal
When the UN Framework Convention on Climate Change adopted the Kyoto Protocol as a
consequence of increasing evidence of a manmade global climate change, global bunker fuel
emissions from shippingereexcluded from any commitment by the protocol. | will explore
reasons why eventually the objectives of maritime policy instruments started to focus on the
introduction of effective and efficient stimuli in favour of operational and technical
improvements oexisting and new ships instead of reaching for changes that are more radical.
| will explore technical and loweost operational measures that reduce greenhouse gas
emissions and | will raise awareness how presently recommended technology may not be doing
so on a level sufficient to actual reduce GHG is the atmosphere even though a truly more
efficient usage of fossil fuels does open great opportunities for improvement, eventualy a non
usage may be unavoidable.
Emissions of global air pollutants throutjie burning of maritime bunker fuels have so far not
received much cover by the media and have not been making headline news. They are a
relatively new area of public environmental concern but must be included in future global
emission agreements. In retgears, we have seen increased international actions, which drew
more critical and helpful attention to international shipping. There is now substantial evidence
of maninduced changesiocean chemistry due to COtrRygered ocean acidification, which
has a significant and highly negative biological impact. Ocean acidification changes marine
organisms' physiology of organisms and thereby their populations, communities, and the marine

ecosystems they are part of.
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Most of my research will be based on mmi&ional conventions adopted by the International

Maritime Organization (IMO) and other UN Agencies, as well as on technical documentation
availabde and statistical information.

(0,6,-( 8*/-,y12* ',2.6,'$iyy
31.6WDNOHQLpPNL SOLQRYL
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6 VYUKRP RGUADYDQMD SRVWRMHUHJ aLYRWQRJ VWDQGDU
L UDVWD ALYRWQLK SRWUHRNWDDQKNWWNDR®HQQENLK SOLQ
LVSXaWDMX X DWPRVIHU }ecaWaKlifiD Z8RI.OMHGLFX LPD XW
6YL PL QD QHNL QDpLQ GRSULQRVLPR HPLVLML XJOMLDPQR
LVSXaWDMXuLK JUDQD HNRQRPLMH SURL]JYRGQMH HQHUJL
SURL]YRGH X] HQRUPQX SR W prevagiiMokrigitikddrishikaHug@inovhH ] D W L
EDJLUDQR QD IRVLOQLP JRULYLPD6WODQRWHNABDIDRXERDD
JRULYD UH]XOWLUD SRY HgD QWi R \WROQ EHRMWULDJPXMHPD QDMY
ovih plinova dok istovrenme ljudi svojim aktivnhostima smanjuju prirodne kapacitete i
PRIXUQRVWL VPDQMLYDQMD NRQFHQWUDFLMH LVWLK 2YD
SURVMHpQH WHPSHUDWXUH WH SRVOMHGLPQR NOLPDWVNLP
.DG VXQpHYD HQHUJLMD GRYV hblt®dherglitR® ©fdkiind Kat@& pfdmial Q X
VYHPLUX NDR LQIUDFUYHQR JUDpHQMH WRSOLQD 3O0LQF
DSVRUELUDMX RYR LQIUDFUYHQR JUDpHQMH ]DGUADYDMX \
SUHPD SRYUALQL =HPWM&AX UHPHWHS U LWPBONQHROH L UHHPLWLU
VWDNOHQLpPpNLK SOLQRYD SULVXWQR X DWPRVIHUL PDQMH i
SRUHPHUDMHP HQHUJHWVNH UDYQRWHAH SRYHUDYD VH L
SURPMHQDSRIOQBDQUWRNDR "NOLPDWVNH SURPMHQH’
Koncentracija ¢ X DWPRVIHUL LIUDYQR XWMHpH QD ELODQFX HQH
Radiative forcingpr FOLPDWH IRUFLQJ WM UD]JOLNX X LQVRODFLM
energiju isijanu natrag u svemitV/| 8 JHPOMLQH SRYU&ALQH 3RJLWLYQD HQH
]DGUADQH HQHUJLMH ]DJULMDYD VLVWHP GRN QHJDWLYQD
Osim s PQRJL SOLQRYL LPDMX 3VWDNOHQLpNHgndsRUDNWHUL
prirodnoWH VX SULVXWQL X DWPRVIHUL YRGHQD SDUD PHWDAQ
SULURGQR NORURIORXUR praizvesl8nQG& X BR & Midl @ajivdodsthdy N L
RAWHUIUXMX L RJRQVNL Rr& W IphW P R MILHKKIRY Rogiedisikpdoy R M
djelovanja.8 FMHOLQL JERJ OMXGVNLK DNWLYQRVWL NROLPLQD
RG SRPHWND LQGX-Wgodiha DOL]DFLMH

! https://www.co2.earth/globalo2-emissiong16.02.2017)
R ——
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7TRNRP ][DGQMLK JRGLQD RNR 6 OMXGVNL XJURNRYDQH HF
izgaranje fosilnih gorivd. 3UDUHQMHP MH XWYUyHQR GD VH MH SURV
=HPOMH SRYHUDCGD ]D RNR f &

.RML SOLQRYL VX VWDNOHQLpPNL SOLQRYL

$SWPRVIHUD MH VDGUADQD RG NRPSRQHQathim Ve2ar@aR Y R O M (
NRMH LP GRSXawDMX YLEULUDQMH WLMHNRP DSVRUSFLMH
PbYUVWLP YH]IDPD NRMH QHgiG R, SlakéeWeDalgsXrbidjEtaplinu DsfplyaHhe
GRSULQRVH VWDNOHQLpPpNRP HIHNWX
6WDNOHQLPpNLQBUGWDRINAL ENFONRLSULURGQR LOL NDR SRVOMHC
YRGHQX SDUX XJOMh@&@lL &LGNMINRY BiNb¥onG -).
2VWDOL VWDNOHQLpNL SOLQRYL QHPDMX SULURGQLK L]Y
industrijskih proidHvVD LOL VX VYUKRYLWR SURL]J]YHGHQL NDR VUHGYV
NDR HOHNWURL]JRODWRUL 2YD NDWHJRULMD XNOMXpXMH
hidroklorofluorokarbone (HCFC), hidrofluorokarbone (HCFC), bromfluorokarbone (haloni),
SHUIOXRUNDUERQH 3)&V -, texi@habR Mekgaflubrdd KRU L G
.DNR MH VSRPHQXWR SRYHUDQD SULVXWQRVW RYLK SOL
PLMHQMDMXiUL =HPOMLQX HQHUJHWVNX ELODQépknskéeM UDY C
UDGLMDFLMH DSVRUELUDMXUL LQIUDFUYHQR JUDpPpHQMH HPL

12—month Running Mean|
e | 37 —month Running Meal
= January—December Mean

Slkal 7HPSHUDWXUD SRYU&GLQIFBPOMH 6RXUFH 1%$6%

2 https://www.eia.gov/oiaf/1605/ggccebro/chapterl.Himacesed 16.02.2017)
3 http://earthobservatoryasa.gov/Features/WorldOfChange/decadaltemp(@bpesed 16.02.2017)
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3.1.2 EmisijestakOHQLpPpNLK SOLQRYD JODYQL L]JYRUL

6WDNOHQLPpNL SOLQRYL GoRitddtivhDnis¥anRomDbild k¥ ljttisk& E L O
DNWLYQRVWL *ODYQL OMXGVNL L]YRUL HPLVLMH VWDNOH
VPDQMHQMH JHOHQRJ SRNURYD NUpPHQMHP LQWHQ]JLYQL X
XSRUDED XPMHWQLK I1QRBRMVYWLLGNNNRWRIFHYVL LQWHQ]JLYDC
eksploatacija ugljena, nafte i plina.

*ODYQL SULURGQL L]YRUL VX NUR] QHRSKRGQH ALYRWQH S
YRGH WUXOMHQMD RUJDQVNRJ PDWHULMDOD &4XPVNLK SR3

8JOMLPQL GLRNVLG

1DM]QDpDMQLML VWDNOHQLpPNL SOLQ QDVWDMH L SUL
XJURNRYDQLP HPLVLMDPD ]DGUADYD VH X DWPRVIHUL SRY}
LVSXA4WDQMH L VPDGMHQRGPRIXNDIRYVIVMGQMH WdlekoQXWDpQ
QDGPD&XMH PRJIX (pdRVeN SULURGQH D

Xx =DGUADYDQMH XROOWdNRVQHURRAH ELQ\DLL MR GHRLQLUDQ

UD]J]OLpLWRVWL X HPLVLML L DSVRUSFLML

x Potencijal globalnog zatopljivanjaiig. Global Warming Potential) 100 godina: 1
.RQFHQWUDFLMD XJOMLPQRJ GLRNVLGD X DWPRVIHUL LQ
UHYROXFLMH L WUHQXW O prgiRdiv piod@sR vidgju @pBorbirati cj8lSkpnu
NROLPLQX QDVWDQP B WW.H RAONR BERFMHWDWL NRQFHQWUDFL
MH SRUHPHUHQD GRGDQLP NROLPpLQDPD XJURNRYDQLP OMXC
8JOMLPQL GLRNVLG LPD NOMXpPpQX XORJIX X 3XJOMLNRYX FLN
NRULVWHUL VXQ pridté X HiQ) Bttdaspiéne iNs vodom tvore ugljikohidrate
DNXPXOLUDMXiUL HQHUJLMX WH RVOREDYDMXUuL NLVLN X DW
8JOMLPQL GLRNVLG Y R-G Wyljikohidrétiptkigio HQHUJLMD

6CO + 6HO 2 > CgH1206 + 60>

4 http://climate.nasa.gov/vitaligns/carbordioxide/(accesseti6.02.2017)
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(PLVLMD XJOMLPQRJ GLRNVLGD $QWURSRJHQL L]YRUL
S8EU]JDQR NRULAWHQMH QDIWH XJOMHQD L SOLQD X LQGXV
HQHUJLMH NDR L NUpPHQMH &XPVNRJ SRNURYD LDNR LQGLI
JODYQL VX U DjpRdR§ent@ee H il Btmosferi (Slika 2.)

CO2 Emissions by production sector

B Electricity and heat
production

B Other energy
industry own use

¥ industries
and construction

® Transport

W Other sectors, not
residential

¥ residential

Slika 2. $Q W U R S R O R &oN (dttpsPindskevbidg.files.wordpress.com/2013/01/fig_co21.png)

JRVLOQD JRULYD XJOMHQ WHNXUD JRULYD L 8ndilgetskiGQL SO
LIYRUL 6DPR X JRGLQL XSRUDERP IRVLOQLK JRULYD LV
tona gRG NRMLK MH YHuULQD JHQHULUDQD RG VWUDQH QDM
YUVWX JRULYD QervisijiHnieLugen I(48%%lij&dP nafta (34%) a zatim prirodni

plin (19%)?> 1DM]QDpDMQLMH LQGXVWULMVNH JUDQH V QDMYHIil
HOHNWULpQH HQHUJLMH SULMHYR]QLpND WH SUHUDVYLYDpPN
OveJUDQH RGJRYRUQH VX R 1D H P LV Lupbkabxri @ainitpgerivd GLR NV
u 2014 REJLURP GD YHOLND YHULQD GUADYD YHULQX SRWUHE
izgaranjem nekog od fosilnih goriva (od 890%).

,QGXVWULMD SULMHYR]D GUXJL MH QDMYHUL SRMBVMGLQDPQL
pLML XGLR L]QRVL RNR XNXSQH HPLVLMHR QDWWHIOHXJGDY
LIX]JLPDMXiL SRPRUVNL SULMHYR] YLVRNRUDILQLUDQH pLY\

5 http://energyatlas.iea.org/#!/belap/1378539487

8 International Energy Agencf.O2 Emissions from Fuel Combustion 2012.

" International Energy AgencyCO2 Emissions from Fuel Combustion 20R2ris: Organisation for Economic
Co-operation and Development, 2012.p.12

12
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EURGRYOMH R R2idusdn go@d Pko/j&Vjpdan® UD]J]ORJD JRGLAQMH HPL
bilijun tona  gsamo sa brodova.
8GLR WUDQVSRUWD X XNXSQRM HPLVLML VW®HINQWQULPNLK S
potpunosti (95%) nastaje izgaranjem fosilnih goriva. Glavne grupe ugljikovodika koje se
koriste u prijevozu su:
alkalni (CnH2n+2), parafini, isoparafini CnH2n+2), olefini @4*¢s), nafteni (%4*¢s),
aromatici (CnHn).
,JJDUDQMH PpLVWRJI WHNXUHJ JRULYD J}H\Q HiijesuDokiama,s O L Q X
kemijska reakcija izgaranja je:
2CH18+ 255G © & 2+ 18H0
60LpQD UHDNFLMD GHaDYD VH L NRG L]JDUDQMD SULURGQR
CHi+ 2% : &2+ 2H0

7TUHUL QDMYHUL NRQWULEXWRU Hvah \ljudgkim HkiignbstipaQstid GLR N
UD]J]OLpPpLWH LQGXVWULMH SUHUDYLYDpPND LQGKXnNOSUULMD FH
ukupni oko 19% svjetske emisijé.

SUHQDPMHQH JHPOMLAWD SULURGQL RNROL& SUHWYRUHC
aktivnosti, (poljoprivreda, izgradnja i.sl LPDMX YDaQX XORJX SUYHQVWYHQ
prirodnih kapaciteta apsorpcifi dputem fotosinteze, ove promjene su uglawmpovratne,
NUpPHQMH aXPD JRGL&QdMdm @ndrfedju QAHpopratne procese erozije tla,
ispiranja nutrijenata u vodotokove.

(PLVLMD XJOM Lip€raddi @dcesN VL GD

2FHDQL WOD ELOMQL SRNURY A&LYRW QilsupurBdaiHAVdri NRG O N
XJOMLPQRJ GLRNVLGD ORUD VX VQéx&W%rblab O btmosfsuiR W D N |

izmjenom ocearatmosfera.

8 HarrouldKolieb, Ellycia. Shipping Impacts On Climate: A Source With Solutiddashington, D.C.: Oceana,
2008.

9 HarrouldKolieb, Ellycia and Jacqueline Savit2hipping Solutions: Technological And Operational Methods
Available To Reduce CO¥Vashington, D.C.: Oceana, XD

10 https://www.epa.gov/ghgemissions/glolgeeenhousgasemissionsdata

11 https://www.epa.gov/ghgemissions/glolgeeenhousgasemissionsdata
https://www.iea.org/publications/freepublications/publication/CO2E missionsfromFuelCombustion_Highlights
2016.pdf 16.02.2017

13 http://www.earthsystsci-data.net/8/859/2015/es84859-2015.pdf 17.02.2017
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Matural sources of carbon dioxide

Slika 3. Prirodni izvori ¢ (http://media.whatsyourimpact@r

ALYRWQL SURFHVL AaLYLK ELUD GRSULQRVH VD SRURC
XNOMXpXMX SURFHVH X WOLPD WH WUX®RNHQOWMHV BURGEMM D
generiraju oko 220 mil. tona g; 1H&AWR XJOMLPQRJ BVLBREDGD L GMWHKDRY

vulkanal*

3.1.2.2 Metan

X =DGUADYDQMH X DWPRVIHUL

x Potencijal globalnog zatopljivanja: 28
6OMHGHUL SR YDAQRVWL VWDNOHQLpPNL SGybiQ bRIGhgHENQ SUL V.
SULURGQLP SURFHMDPDQGWHW WBLMDHWDFLMH L QDJORJ SRY
eksploatacije fosilnih goriva.
OHWDQ MH QDMMHGQRVWDYQLML SULSDGQLN SDUDILQVNH \
WHAaLQD WRPND OUHIKEQEMPE S U DMOML p Nddi, @orenjem
RV OR E piyw&denu paru.
OHWDQ WDNRYHU DNXPXOLUD LQIUDFUYHQR JUDPHQMH WRSES
SRYUALQH GRSULQRVHUL VWDNOHQLpPpNRP HIHNWX
Emisije metana: antropogeni izvori
(PLVLMH PHWDQD NDR UH]XOWDW OMXGVNLK GMHODWQRV!'
SURFHVLPD PLO WRQD JRGL&AQMH PLO WRQD ,QGX

glavni kontributor globalnoj emisiji metana (crpljenje nafte, ugljendinapkao i gubitci

4 http://whatsyourimpact.org/greenhougases/carbedioxide-emissions 17.02.2017

e ——————
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SULOLNRP WUDQVSRUWD =QDpDMDQ L]YRU PHWDQD VX L
VWRpPpDUVWYD 'D EL GRQHNOH VPDQMLOL HPLVLMX PHWDQ
VWRpPDUVWYR UD]YLMD WHK®RDRJYRHDSVXN® B ® MDIPHNDIM Q2 ¥
inducirane emisije metana u atmosferu te odgovorna za oko 60% totalne emisije.
OHWDQ VH WDNRYHU SURL]JYRGL UDVSDGDQMHP ELR PDVH EF
SUL SURL]YRGQML XLEAHVL XRRNMWMOQRXQDSUDYOMHQD P
NRPELQDFLML V GRVWDWQRP YODaQRAaAUX QHGRVWDWNRP
okolinu za truljenje i proizvodnju metana, izgaranjem biomase (11%), te uporabom biogoriva
(4%)1°

Hurnan sources of methane

B Foseil Tuel
produclion,
distribution and wse

B Livestock farmng
Landils and wasie
Bicrvezrs Duiming

N Hie agricubure
Bioflisie

i

Slika 4. Antropogenizvori metana (http://whatsyourimpact.org)

Emisija metana: Prirodni izvori
OHWDQ VH X DWPRVIHUX RVOREDYD L] SULURGH SUHNR SU
NRSQHQLK L SRGPRUVNLK JHRORANLK L]JYRUD

Matural sources of methane

10%

B Wetands
M Termites
Oceans

Slika 5. Prirodni izvori metana (Bousquet, &.al. 2006).

15 http://whatsyourimpact.org/greenhotgases/metharemisissions 7.02.2017
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Globalna politika emisije CO2 i zahtjevi u pomorskom prometu

SRSODYOMHQD PRpYDUQD SRGUXpMD QHGRVWDWDN NLVLNTI
LGHDOQD vwbQLawbD |D EDNWHULMH NRMH SURL]JYRGH PHWI
ukupne prirodne emisije metana. S druge strane, teMlL. NDR NRQ]JXPHQWL &aLUR
FHOXOR]QH ELRPDVH pLMD SUREDYD RYLVL R PLNURRUJDAQL
12 % iznosu prirodnoj emisiji metana.

OHWDQ VH L] PRUD RVOREDYD XJODYQRP X SULREDOQLP VH
termoJHQLpNL PHWDQ SURL]JYHGHQ PLNURRUJDQL]PLPD *HF

razbacane izvore na kopnu i u podmorju.

"XALNRYL RNVLGL 12]

X =DGUADYDQMH X DWPRVIHUL

x Potencijal globalnog zatopljenja: 265
"XAaLNRYL RN M bt&®inikN, Xisdko XeSktivnih plinova. NOx se stvaraju kao nusproizvod
kod bilo kojeg procesa izgaranja fosilnih goriva na visokim temperaturama kod mobilnih ili
stacionarnih aplikacija ili industrijskih procesa te je vidljivkaocrven® HyL SOLQevil2[ VSR
VX VQDAaQL RNVLGDQWL L LPDMX YDaQ XlapjoiR bxgarksdmDWP RV |
spojevi, spojevi sa visokim tlakom pare na sobnoj temperature (eng. Volatile organic
FRPSRXQGV 92& *OREDOQR 12 GRSULQRVL 2QR EHDOJURF PD
VWDNOHQLPNLK SOLQRYD 12] WDNRYHU SRPDax VWYDUDQM
QDVWDMDQMX NLVHOLK NLAD 'YRDWRPQL GX&LN 1 MH LQ
HOHPHQWDUQL GX&aLN 1 UHDNWRLIYWOKMINVUBDPLUD QHNRC
"XALNRYL :RNWOGIL g VX QDM]I|DVWXSOMHQLML gV&8RaAMBHYL G X
RIRQVNL RPRWDp UHDJLUDMXiuUL VOBAWURSRVSKVNLP L VWUD\
"XALNRY RNVMB RSUHSR]QDW NDR 3SOLQ |]D VPLMEWH" EH]I
DQDVWHULpPpNR VUHGVWYR L DQDOJHWLN NRG YLALK NRQFH
NLVLND 'XALNRY GIUHRNQDG@DQ RNVLGDQW VOLPQR PROHNXOI
'XaLpQL VSRMHYL X DWPRVIHUX GRVSLMHYDMR bRESYMMHRDG QL

(PLVLMH GXaLpQLK RNVLGD DQWURSRJHQL L]JYRUL

.DR UH]XOWDW LQWHQ]JLYQH SROMRSULYUHGH WHKQLpPNRJ
proizvodnjom hrane u svijetu intenzivirana je i uporaba fosilnih goriva i umjetnih gnojiva a
timeiosIiREDYDQMH GXALNRYLK VSRMHYD X DWPRVIHUX
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Human sources of nitrous oxide

B Agricuture

B Fossi fuel
combustion and
industrial
processes
Biomass
burning
Atmospheric
deposfion

B Human sewage

10%

Slika6 /MXGVNL XJURNRYDQL L]YRUL '"XaLpQLK VSRMHYD KWWS

SROMRSULYUHGQR WOR SUHGVWDYOMD JODYQL L UDVWXUuL
LQWHQ]JLYQH XSRUDEH VLQWHWLPNLK JQRMLYD 8 NRPE
VSRVREQR&UX WOD L SUHNRPMHUQRP SULPMHQRRuU YHOLNF
DWPRVIHUX 6OLpQR VH GRJDYD L NRG UDALUHQH L ORAH 1T
JOQORMQLFH 9UHPHQVNL L NROLpPLQVNL SODQLUDQD WH
SUDYRYUHPHQR L X RSWLPDOQLP NROLpPpLQDRBuciaRop ULQRVI
HPLVLML GXaLpQLK VSRMHYD 3UHNRPMHUQH NROLPLQH V
koncentraciju ovih spojeva u pitkim vodana te doprinose eutrofikaciji u vodotokovima i
estuarijima.
=ERJ QHHILNDVQRVWL SUHX]LPDQMWN O XMDRR PD WIO B LVRD G/XA!
SULPLMHQMHQ X SROMRSULYUHGL VH LVNRULVWL GRN VH S
SULOLNRP L]JDUDQMH IRVLOQLK JRULYD NRMH VDGU&H L PCLC
L] JUDND GX&ALNRYL RNYVL énitirgid u MtB&sfeQuX \Z&gddid LspYpRMBvima
L]JDUDQMH GRSULQRVH VWYDUDQMX VPRJD L NLVHOLK NLA&CL
WOR SXWHP YRGHQLK WRNRYD GRVSLMHYD X YRGHQL R
zatvorenijim ekosistemima poma X FYMHWDQMX DOJL L VPDQMHQMX NRQ!
9LADN GX&ALND L VPDQMHQL S+ VX RWURYQL ]D YRGHQH
SUHALYOMDYDQMH
SRAWR DWPRVIHUD QLMH pLVWL NLVLN QHJR VDGUAL L GUX.
na procesgg HQMD GMHOXMX{iD $REWHR WDPLKRPIOMXSOMHQLML
QDM]QDpDMQL MIORDMEQMH.VRNLP WHPSHUDWXUDPD X SURFH
NLVLND VWYDUD GXALNRY RNVLG L GXAaLNRY GLRNVLG L]JD!
s Et ¢t 6\t ¢ E sE E E ¢+ Toplina
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Globalna politika emisije CO2 i zahtjevi u pomorskom prometu

12 VH XJODYQRP NRQWUROLUD QD VOMHGHUH QDpLQH
X Regulacijom ubrizgavanja goriva (rate shaping), kontrolirani protok goriva ubrizganog

u komoru izgaranja.
X Emulzija vode i goriva (WIF), kontrolirana brzina i temperature izgaranja
X OYODALYDQMH LVSLUQRJ JUDNBSAMJFDYHQJH $LU ORLVWH
X SHFLUNXODFLMD LVSXaQLK SOLQRYD ([KDXVW *DV 5HFI
X 6HOHNWLYQD NDWDOLWLpPND UHGXNFLMD 6HOHFWLYH ¢
.RWORYL L PRWRUL VH PRJX SURuWiHdakaNdmpé&aniie Kodizgaapa Q G D
awR UH GMHORPLFH VPDQMLWL 12 HPLVLMX 'UXJL QDpPpLQ
LQVWDOLUDQMHP NDWDOL]DWRUD X LVSXaQRM VWUXML
SRVWURMHQMD ]D REUDGX RWSDGQLK YRGD LeV&dr8WbL. pNL WL
EDNWHULMD NRMH VWYDUDMX GXaLpQH VSRMHYH SUHUDYX
ljudskom otpadu (urea, amonijak, protein...)
(PLVLMD GX&ALNRYLK RNVLGD 3ULURGQL L]JYRUL

Tlo Zemlje, oceani i atmosferske kemijske reakcije su sve priradd RUL GXaLpQLK RNVI
puno manjoj mjeri.

Matural sources of nitrous oxide

W Eails urder
nazural
vagetation

B Occans
ACTHE phans
¢ hemical
TE&CTIoNS

Slika 7. Prirodni izvori NOx (Fourth Assessment Report: Climate Change 2007, IPCC)

IDMYHUL SULURGQL L]JYRU VX GXaLpQL RNVLGL SURL]JYHC
nutrijentima iz nekultiviranih tala XJODYQRP WURSVNLK NLaAaQLK axXPD 2Y
SULURGQH HPLVLMH 'REDU GLR HPLVLMH QDVWDMH L X PRL

prisutnosti organske materije u anaerobnim uvjetima.
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Globalna politika emisije CO2 i zahtjevi u pomorskom prometu

3.1.2.4 Rashladna sredstva

x =D G U a atnhQshdrid 9,2 3200

x Potencijal globalnog zatopljenja: 78,23500
CFC NORURIOXRURNDUERQL VX NDWHJRULMD VWDNOHQLpPpNI
RIRQVNRJ RPRWDpD 2'3 2]RQH '"HSOHWLQJ 3RWHQWLDO
zatljenja (GWP Global Warming Potential). Uporaba ovih spojeva je zabranjena u skladu s
YyODQRP UDJ]YLMHQH GUADYH RG L yODQRP GUADYH
sa Montrealskim protokolom.
HCFC, (hidroklorofluorokarbon) rashladna sredstvaskim ODP i visokim GWP. Rashladna
VUHGVWYD ED]JLUDQD QD +&)& VX GUXJD JHQHUDFLMD VUHG
]D &)& =ERJ QMLKRYRJ XWMHFDMD QD R]JRQVNL RPRWDp L G
nova proizvodnja je zabranjecnaRaL QRYR GRGDYDQMH X ELOR NRML SRV\
HFC (hidrofluorokarbon) rashladna sredstva su zadnja genemasfdadnih sredstava
bazirana na floru. Kategorizirani su kao proizvodi s nultim potencijalom utjecaja na ozon te
visokim potencijalom globalrg zatopljenja. S obzirom da se uglavnom radi o zatvorenim
sistemima HPLVLMH VX XJODYQRP X]JURNRYDQH SURSXawDQMH
RGUADYDQMD WH QHSUDYLOQRJ RGODJDQMH L UBWLNOLUD
plinovi se koriste u elektro/elektronskoj industriji.

Human sources of flucrinated gas

s 15

Slika 8. Ljudski izvori rashladnih plinova (The 2010 Assessment of the Scientific Assessment Panel, UNEP).
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Globalna politika emisije CO2 i zahtjevi u pomorskom prometu

Refrigerant type Refrigerant name oopP' GWP? Comments
CFC R11 1.00 4,750 Very high ODP and very high GWP.
R12 0.82 10,900 No longer sold.
HCFC R22 0.06 1,810 Medium ODP and medium GWP.
R124 0.03 610 Phasing out via Montreal Protocol
HFC R134a 0 1,430 Zero ODP, medium GWP.
R404A 0 3,920
R407C 0 1,770
R410A 0 2,090
R422D 0 2,730
HFO R1234yf 0 4 Zero ODP, low GWP
Natural refrigerants R717 0 0 Zero ODP, low GWP
R744 0 1
Hydrocarbons e.g. R290 0 <20

' 0zone depletion potential, UNEP (2006). R11 = 1
? Global warming potential (100 year), IPCC 2005, 2007. €0, = 1

Tablica 1. Svojstva rashladnih plinova

Koncentracija vodene pare je varijabilna i ovisna uglavnhom o temperaturi i stalno se mijenja
NRQGHQ]DFLMRP L QDGRPMHaAWD QRYLP LVSDUDYDQMHP W

klimatskim procesima.

6WDNOHQLpPNL HIHNW

Sunce isjavaHQHUJLMX X VYHPLU =HPOMD NDR GLR 6XQpH)
HQHUJLMX SRORYLQX NDR YLGOMLYR NUDWNRYDOQR JUDJ
LQIUDFUYHQR JUDpHQMH WH MHGDQ GLR X REOLNX XOWUDO
9LGOMLYL GLR NUPOWHNRMBOQIR RNBHQHUJIJHWVNR JUDPpHQM
dugovana (infracrvena) radijacija.
=HPOMLQD DWPRYVIHU@abR#LG@EL dnefyRuYAddgriia@aiy 98 te reemitiraju
WRSOLQX NDR GXJRYDOQR JUDpPpHQMH X REOLNX LQIUDFUYH

Slika9. 6 XQpHYD UDGLMDFLMD ZZZ ZLQGRZV XFDU HGX
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Globalna politika emisije CO2 i zahtjevi u pomorskom prometu

3RMDP 3VWDNOHQLPNL HIHNW”~ VH NRULVWL X RSLVX SULUT
VOLPQR NDR X VWYDUQRP VWDNOHQLNX .DVQLMH MH SRM]
XWMHFEDM SURGWDHMQRD HNHONQMD SRYHUDQMH WHPSHUDWXUH
.RG =HPOMLQRJ 3VWDNOHQLpPNRJ HIHNWD" MHGQD RG QDM)
JUDPHQMX VXQpHYH VYMHWORVWL \NsaBiraSeR hefleitlrapél i tH RG
reemitirane enerddH 6YLMHWOH SRYU&LQH RGELMDMX YHULQX WF
PLQLPDOL]LUDMXiL ]DJULMDYDQMH SRYUALQH L GRQMLK
SXVWLQMVNLK SRYU&GLQD NRMH XSLMDMX WRSOLQX ]DJULM
AtmoVIHUVNL XYMHWL L VWDQMH QDREODNH XWMHpPX QD NRC
SRYUALQH WH LVWR WDNR XWMHpPX QD NROLpPLQM zret?QHUJIJL M|
NRULAWHQ NRG UHIOH N Wargii®refiskBran®&poVi RQHDN VRODUQH HQ
(IHNW VWDNOHQLND RGU&DYD JHPDOMVNX SRYU4ZLQX WRSOR
GLR UHIOHNWLUDQH HQHUJLMH VH NUR] DWPRVIHUX YUDUI
SOLQRYL WH MX XVPMHUDYDMX SUHPD S RerdtuéL (SlikeRLGU&D Y D \
11)

Slikal1l0 ORGHO VWDNOHQLpN Rlikdl1HZBnwWila endrgefska bilanca, IPCC

6WDNOHQLpPNL SOLQRYL X DWPRVIHUL SURSXawbDMX NUDW
UDGLMDFLMX UHHPLWWDNRX |U0 UERYDAMQHWRSOLQX NRMX S
SRYU&ELQL 2YD |DGUADQD WRSOLQD RGJRYRUQD MH ]D SRY'l
SRYHUDQMHP NRQFHQWUDFLMH VWDNOHQLPpNLK SOLQRYD X
SUHPD SRYUDQWIBSRYHUDWXUX SRYUALQH VYH GRN VH SRQI
UDYQRWHAD QD QHNRP YLAHP QLYRX 'DNDNR X VORAHQRF
WHPSHUDWXUH PRJX VH RpHNLYDWL L EURMQL SRSUDWQL
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formiraneooDND WRSOMHQMH OHGD VPDQMHQMH 3SHUPDIURVW
QHSRIJRGH SRMDpDQR ]DNLVHOMDYDQMH RFHDQD QDGDC
2WSULOLNH VXQpHYH HQHUJLMH NRMD GRVHJQGEHa,DWPRVI
OHGD L RVWDOLK UHIOHNWLUDMXULK SRYUAaALQD 60OLND
SUHRVWDOH VH DSVRUELUDMX QD SRYU&ALQL L GMHORPLF
WUHED HPLWLUDWL SULEOL&AQR LVWX NROLPLQX HQHUJLMH
Ova apsorpcija i radijacija su K§pQL SULURGQL SURFHVL L]IPMHQH WRSC
=HPOML 3ULURGQL VWDNOHQLpPpNL HIHNW EDODQVLUD SULP
VYH GRN NROLpLQD VWDNOHQLpPNLK SOLQRYD X DWPRVIHUL
enHUJLMH VWDOQD =HPOMD UH ELWL X VWDQMX HQHUJHWVN
OHULQD SULURGQRJ VWDNOHQLpPpNRJ XpLQND MH SRVOMHG
QDREODNH WRPH GRSULQRVH L RVWDOL SULURGQR VDGUAL
2QR A4WR MH ]DEULQMDYDMXUH MH DQWURSRQ&iaNRRE SRYHUL
XJODYQRP UDGL UDVWXUH SRWUHEH ]D L]JDUDQMHP IRVLOC
JOREDOQRJ |DWRSOMHQMD %73 Hu@hXsévi 2 pIapmiN(Bsporedi@oVe UD F L M +
predindustrijskim razdobljem kad je koncentracije iznosila oko 270 ppm. Koncentracija metana
LDNR YUOR PDOD L PMHUOMLYD X SSE VH WDNRYHU SRYHI
LPD SXQR YHUOL *:3 RG XJOMLPQRJ GLRNVLGD

3.3 Globalno zatopljenje

3R GHILQLFLML JOREDOQR ]DWRSOMHQMH PR&H VH GH
SRYHUDQMH SURVMHPQH DWPRVIHUVNH WHPSHUDWXUH =HP
XpLQND NRML ]DGUADY DDWSRSYOLALX) HJ HNGRHINDWE U DXQX X8 URW Q F
VYHPLU PR&H X]JURNRYDWL NOLPDWVNH SURPMHQH

1 _1ttQ://cIiﬂate.ncsu.edu/edu/k12/. dy.02.2017
17 https://cli . . itsigns/carbordioxide/] 17.02.2017
Y http://timeforchange.org/definitiefor-globatwarmingwhatis-globatwarming. 17 02.2017
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Globalna politika emisije CO2 i zahtjevi u pomorskom prometu

Slika1l2. *OREDOQD VUHGQMD WHPP&r[ﬁ&W@ﬂm&ﬂatSraNﬂalﬁ%isQH =HPOMH

Srednja temperature HPOMLQH SRYU&AGLQH VH SRYHUDOD20dD s WR
WLPH GD VH EU]JLQD V NRMRP VH WHPSHUDWXU®H SRYHUDYD

3.3.1 Potencijal globalnog zatopljenja

Potencijal globalnog zatopljivanja (engl. gidbwvarming potential+ GWP) je mjera
NRMRP VH RGUHYyXMH XWMHFDM MHGLQLPpQH PDVH SRMHGLC
QD LVWX NROLpPpLQX XJOMLNRYRJ GLRNVLGD NRML MH X]HW |
i kemijska svojstva plinatQ MHJRY SURFLMHQMHQL YLMHN B GUAHPDL@ 12
*>3 MH RPMHU XpLQNRYLWRVWL DSVRUELUDQMD 6XQpHYRJ L
SOLQED X WRpPQR RGUHYHQRP YUHPHQVNRP UD]J]GREOMX X
6XQpHYRUDHHRMD NJ UHIHUHQWQRJ SOLQD X WRP LVWRP

LIUDpXQDYD ]D UDJ]GREOMH RG JRGLQD L NRMH VH REI
vrijednosti GWPRa2°

**3 RYLVL R VOMHGHULP pLPEHQLFLPD
Xx DSVRUSFLMVNRP NDSDFLWHWX ,5 JUDpHQMD
X YDOQRM GXOMLQL VSHNWUD JUDpHQMD
X YUHPHQX |DGUaADYDQMD SOLQD X DWPRVIHUL
O9LVRNL *:3 ]|QDpL YLVRN NDSDFLWHW DSVRUSFLMH L GXJL Y

http://earthobservatory.nasa.gov/Features/GlobalWarming/page21j8n@.2017

Y http://www.ipcc.ch/publications and data/ar4/wgl/en/contents| hi#d2.207
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SOLQRYL GXJRJ YLMHND ]DGUADYDQMD VH UDYQRPMHUQL
JUDpQLE WWHRPSHUDWXUQLK UD]JOLND WH VWRJD LPDMX L]JUL
plinovi (vodena para, CO, troposferski ozon,NO92& LPDMX YLaH ORNDOL]JLUD(
& PO definiciji ima GWP, dogovorno je uzet kao referentni polin..

Metan (CH4)ima GWP od 2&8 WLMHNRP JRGLQD L LVSXaWHQ GDC
]DGUADWL SUHNR GHVHWOMHUD WH UHDS8MRSBRLUHDI N V8 XNQH
]DGUADYDQMH L YHUH DEVRUSFLMVNH VSRVREQRVWL VH UH
' X & bWNoksid (00) ima GWP 26% SXWD YHEWL1IB0GRGLAQMHP YUHPHQV
SHULRGX HPLWLUDQ GDQDV X DWPRVIHUL UH VH |DGUADWL
Klorofluorokarboni (CFC), hidrofluorokarboni (HFC), hiroklorofluorokarboni (HCFC),

perfluorokarboni 3) & L VXPSRUQL KHNVDIORXULG 6) VX SOLQRY

SR MHGLQLFL PDVH ]DGUADYDMX ]QBHpDMRRHYEAHQRR S OWLKD
GRVHUL GHVHWLQH WLVXuD

S8WMHFDM VWDNOHQLPNLK SOLQRYD QD JOREDOQR ]DWR

SRUHPHUDML X =HPDOMVNRM NOLPDWVNRM UDYQRWHAZE
HPLWLUDQMHP VWDNOHQLPNLK SOLQRYD X DWPRVIHUX SL
smanjenim prirodnim sposobnostima planeta razgradnjgdVH UH]XOWL®bDM X UH
]IDWRSOMHQH PRJOR EL X EXGXUQRVWL LPDWL R]JELOMQH
SRVWL]IDQMH FLOMD X RJUDQLpHQMX SRYHUDQMD WHPSHU
NUDMD Ve BranMdiei wstavljen od strane UNFCCC.

3.3.3 Posljdice globalnog zatopljenja

Ukoliko bi globalna emisija i dalje nastavila rasti po "Bussines as usual” principu, globalno
]DJULMDYDQMH UH LPDWL RIELOMQH SRVOMHGLFH QHNH RG
L ALYRW QD =HPNDHMI P LMMHIQM M DNIVDE@DWVNL VXVWDY X NRPELQ!
FLNOXVRP NUXAHQMD XJOMLND X SULURGL PRJOR EL L]PLMF
8pLQFL JOREDOQRJ I DWRSOMHQMD VX YHU YLGOMLYL GLOME

X SRYLAHQH WHPSHUDWXUH X NR P EMaQdntogivpengticatidelesti i D Q L P
L SRYHUDWL VPUWQRVW
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Globalna politika emisije CO2 i zahtjevi u pomorskom prometu

X

X

SRYL&A&HQH WHPSHUDWXUH PRJX ELWL RNLGDp |]D NOLPDW?
L XpHVWDOH ROXMH WRSOLQVNH YDORYH SRSODYH QD N
klima vodi ka promjenamaremenskih obrazaca.

ILILDND NHPLMVND LOL ELRORAND RQHpPpLAUHQMD HPLWLL
WH QDVWDQNRP VPRJD NLVHOLK NLabD L VO QHSRYROMQ
toplija klima bi mogla donijeti promjene u mehanizZhlb aLUHQMD QHNLK EROHVW
JHRJUDIVNL RSVHJ SUHALYOMDYDQMD

klimatski uvjetovane promjene mogu izmijeniti globalnu proizvodnju hrane, smanijiti
SULQRVH QD SRMHGLQLP SRGUXpMLPD

,QWHQIJLYQLMD VvXaQb UD]J]GREOMD PRJX UHGXFLUDWL SR(
zahtjeve za navodnjavanjem, dostupnost vode, kako kvalitativno tako i kvantitativho bi se
mogla smanijiti.

VPDQMHQMH NRSQHQLK SRYUALQD S Bi£anj® ibGa&Rrmorgke PR JOF
SRYUALQH XJURADYDMXUL SULREDOQH ]JDMHGQLFH LQIU
SURPMHQH X DOEHLGR XpLQNX

gubitak morskog leda

VPDQMHQMH ]DOHYHQLK NRSQHQLK SRYU&4LQD SHUPDIUR
XJURADY D QIMKHSRIRMWDRUD GLYOMLQH L SRYHUDQH VWXSQNM
erozije priobalja

XEU]DQR |[DNLVHOMDYDQMH RFHDQD J]ERgaASWRY SUBDGHN WRYD
RIJELOMQX SULMHWQMX SRIJRWRYX ELULPD VD NDUERQDW

3.3.4 Odgovor na gtbalno zatopljenje

7UHQXWDpPQD NROWHQWMDUDFLMBSP 9H30Ksl D)2 kako je

]JDWRSOMHQMH NRPSOHNVDQ SUREOHP UMH&AHQMD QLVX QL
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Slika 13.Porast koncentracije 5 NASSA

Pvi NRUDN N HIHNWLYQRP VPDQMHQMX JOREDOQRJ ]DWRSO!I
VWDNOHQLpPNLK SOLQRYD GRND]DQH WHKQLpPpNH WHKQROR:
primjenjuju u razvijenijem dijelu svijeta:

X 3RYHUDQMH HQHUJHWS/WRILXHPRGARDLAMERANW ULPQH HQHUJILN
VX SRMHGLQDpQR QDMYHUL HPLWHUL VWDNOHQLPNLK ¢
WHKQRORJLMH RPRJXUXMX XSRUDEX PDQMH JRULYD X] L\
stupnja proizvodnje, usge ili standarda

X 8pLQNRYLWLML L pLVWLML SULMHYR] 3ULMHYR]QLpNL NDS
X HPLVLML VWDNOHQLPNLK SOLQRYD 3REROM&aDQD XplL
SRWURAQMD SR SUHYH]J]HQRM NNGK XMOAXVDL KK YR EBEHRQYDHS QL
JRULYD SODQLUDQMH UXWD L NROLpLQD WHUHWD EUAD ¢

x Razvijanje obnovljivih izvora energije: Obnovljivi izvori energije su idealna nadopuna ili
pbDN ]JDPMHQD IRVLOQLP JPRVLOLY LGPV VEXIR@LK XM IG R/YSIH M Q H U
UD]JYRM QRYLK WHKQRORJLMD VPDQMXMX VWDNOHQLpNH
termalni izvor, bioenergija) globalno su dostupni, brzo primjenjivi a tehnologija postaje
cjenovno sve dostupnija.

X Podepeno smanjenje ovisnosti proizvodnje el. energije o fosilnim gorivima: evidentan je
utjecaj izgaranja ove vrste goriva na atmosferu te posljedice istog, postepeno bi njihova
XSRUDED WUHEDOD ELWL ]DPLMHQMHQD pL &kinaPreddkV WD P D
X WHKQRORJLMDPD L ]1QDQMLPD PR&aH ]QDpDMQR XEU]DW
energije

X 8SUDYOMDQMH &aXPDPD L RGUALYD SROMRSULYUHGD NU}
VPDQMHQMHP PRJIJXUQRVWL GHSRQLUDQNMBUL \S\WRDN®RI$OQ L

26




Globalna politika emisije CO2 i zahtjevi u pomorskom prometu

SOLQRYD RGUALYR XSUDYOMDQMH a&XPDPD L SURPMHQD
smanjenju emisija

x 'DOMQMH LVWUDALYDQMH QXNOHDUQH HQHUJLMH XVSUNI
incidenta u japanskoj Fukushimi, nuklearnargija ima zanemariv utjecaj na klimatske
SURPMHQH DOL SUHGVWDYOMD YHOLNX SRWHQFLMDOQX V

X 5DJ]YRM L SULPMHQD QRYLK QLVNRXJOMLpPQLK WHKQROF
YRGLNRYLK JRULYLK tHOLMD EDWHULMD R SUDWHUH RSUL
energije.

X 2VLIJXUDWL RGUALYL UD]YRM SRYH i @tHormDh& W Bnkjei L ]D H (
GRGDWQR GRSULQRVLWL GHIJUDGDFLML RNROLQH L NOLPD
QRVH V RYDNYLP |IDKWMHYLPD JHRJUDIVNL YDULUDMX L Wt

pri prijenosu znanja i tehnologija.

3.4 ZakiseJavanje oceana i mora

Mora i oceani prirodno upijaju gz atmostHUH OMXGVNLP DNWLYQRVWLP
DWPRVIHUL VX X SRUDVWX D VKRGQR WRPH L NROLpLQH NR
SULOLNRP RWDSDQMD XJO NNIWpHIRH) VGH. RIMWPILGY DPRHIIXN SIRM D |
S+ SRYHUDYD NLVHORVW LVWRGREQR VPDQMXMXUuUL SULV,
NOMXpQL X L]JJUDGQML RNORSD L NRVWXUD PQRJLK YRG
NDOFLILFLUDMXUL BONMERWERRNVWXSWOROWL NDUERQDWD RYL
HQHUJLMH QD JUDGQMX RNORSD D PDQMH QD ED]JLpPQR S
smanjuje iako i dalje ostapkalna.

Otopljen u vodi, greagirasavodom O, IRUPLUDMXiUL NDUER@QVNX NLVHOLC
6E & N 6 =
.DUERQVND NLVHOLQD VH EUJRntRgelibupibkatdenaik UPFLUDM X i L
(base). . DNR MH PRUVND YRGD SULURGQR ]DVLUHQD GYXJIRP EL
koji neutraliziraju > IRUPLUDMXUOL YLAH ELNDUERQDWD
cE ¢ E 26\t 77
BURPMHQD X UDYQRWHAL PLQHUDOD ]QDWQR RWHRAIONDD SUH
VWYDUDMX NDOFLMHY NDUERQDW NRML MH JODYQL VDVWRN

oblika kalcijeva karbonata koji koriste morske vrste su kalcit i aragonit, smanjenje njihove
R ——
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NRQFHQWUDFLMH X YRGL RWH a [fitopladkion) ¥apnenalsti pbgaNigni LV Q L N
MHGQRVWDQLpQH DOJH L DUDJRQLWD NRUDOML &ANROMN'E
=DNLVHOMDYDQMH PR&H XWMHFDWL QD QHNH SODQNWRQH
morskom hranidbenom lancu.
.DUERQDWQL LRQL GMHOXMH RERIEMDWX SIRXDRBQIRRE WAD Y LC
QMLKRYH NRQFHQWUDFLMH X RSDVQRVWL V XfoifanjRUJD QL]
oklopa.
6PDQMLYDQMHP NRQFHQWUDFLMH NDUE R®RIDMe@ziMGnjd RQD V
DQWURSR@RBNRDQL SUHX]LPDMX RNR 6 JOREDOQH NROLpL
izgaranjem fosilnih gorivdd 1DGDOMH VPDQMHQMH S+ XWMHpH QD P
XNOMXpXMXiuL GMHORYDQMH HQ]L P DnijeNmajelokupNi Drieiskl X L IR’
HNRVLVWHP .RUDOMQL JUHEHQL 0UH SUHVWDWL UDVWL L SR
6 RG SSP 2YD NRQFHQWUDFMD EL PRJOD ELWL GRVHJQX)\
22
Zakiseljavanje oceana znanstveni®@x¥ X L 3YUDA&ML EOL]J]DQDF"~ (YL 7ZDLQ J
jerjeisti ¢ RGJRYRUDQ ]D RED SRUHPHUDMD
SBEU]DQLP ]|DNLVHOMDYDQMHP RFHDQD SRVWRML RSDVQRV
prilagoditt WDNR QDJOLP SURPMHQDPD RNROLAD

Slika 14 *R G Ldpée u atmosferskom i oceanskom,CA. SRYUELQVNRM S+ KWWSV VNHS

2 http://www.eea.europa.eu/dadad maps/indicators/oceaamcidification/assessmeif 20.02.2017
22 http://www.eea.europa.eu/deaadmaps/indicators/oceamcidification/assessmeit 20.02.2017
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8 SHULRG RG SRpHWND LQGXVWULMVNH UHYROXFLMH RFHD
RGJRYDUD SRYHUDQMX NLVHORVWL RG eno@hiohaBL. UDQR NDR
%H] ]QDpDMQRJI 2emiBi@ Mpbaiak &@ ljudski induciranog zakiseljavanja je

SUDNWLpPNL QHPRJXU WUHEDOH EL VWRWLQH JRGLQD GD Sl

3.4.1 Posljedice zakiseljavanja oceana

SUHPD QHNLP LVWUDALYDQMLPD PRUVNL LQYD]LYQL RL
SRYHUDQMH NRQFHQWUDFLMH XJOMLPQRJ GLRNVLGD L SR
SRIRGRYDWL RUJDQL]JPLPD NDR aWR VX LOWUKRY@RPD®LUWH @I
QD QRYD VWDQLaAWD V RE]JLURP GD VX A&HODWLQDVWD MH
GLMHORYLPD NDR a4WR VX NRUDOML pLML L]JORAaHQL NRVWXL
$FLGLILNDFLMD PR&H WD NR y HthjanjeRkGralWh gieiznaX faddh@M X L C
LVWUMHEOMHQMX QDMRVMHWOMLYLMLK YUVWD BYUA&HP UD
PRJXuUL VX SRUHPHUDML X NYDOLWHWL VWDQL&A&WD WH SURP
X NUXAHQMX YR G lspdajgliviitriep@eRivodgulLnegativno utjecati na samu bazu
KUDQLGEHQRJ ODQFD ILWR L JRRSOD QN Wiangseh oSguravd L G D M X
SRORYLQX NLVLND SRWUHEQRJ ]D RGUaADYDQMH IXQGDPHQW

3.5 Kyoto Protokol

Kyoto protokol je nastao iz okvirne konvencije UN o promijeni klime (UNFCCE),
SRWSLVDQ SURWRNRO MH PHYyXQDURGQL VSRUD]XP RI
QDFLRQDOQLK SURJUDPD ]D VPDQMHQMH HPLVLMH VWDNC
REYH]XMXuL VSRUD]XP
SURWRNRO MH VWXSLR Q Dat¥ddhJod 58 z8malaviAbdksa | UNFCC
odgovornih za 55% svjetske emisije £01990. godini), do sada, 192 zemlje su potpisale ovaj
sporazum.

X 3UYL REYH]XMX(#2018HULRG

2 mp://ocean.si.edu/ocegn:idificatiori 21.02.2017
24 http://www.eea.europa.eu/daaadmaps/indicators/oceamcidification/assessmedt# edn { 21.02,2017
itfrom-rising-co2-level

A https://www.plymouth.ac.uk/news/reseasiggestanarineinvasivespecieshene
21.02.2017
29 http://unfcce.int/2860.phR2.02.2017
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CljHYL SUYRJ REYH]XMXUHJ SHULRGD .\RWR 3URWRNF
VWDNOHQLpPpNLK SOLQRYD
X 8JOMLpPQL GLRNVLG &2
X metan (CH4)
X GXALNRY RNVLG 1 2
X Hidroflorokarbone (HFC)
x Perfluorokarboni (PFC); i
X Sumporni haksaflorid (SF6)
Industrijalizirane zenp navedene u Aneksu B Protokola obvezale su se smanijiti njihove
HPLVLMH VWDNOHQLpPNLK SOLQRYD |]D X XVSRUHGEL VD H
JHPDOMD $QHNVD , QMLK MH SRWSLVDOR L UDWLILFLUDO
U Keducirat i emisiju C@u skladu sa Aneksom B.
SUHPD SURWRNROX JHPOMH 81)&&& $QHNVD , UH VH SRVY
smanjenju i to: 8% kombinirmg smanjenja u Europskoj Uniji X 6$' QHREYH]XMXUH
SAD nisu ratificirale sporazum, 6% -DSDQ X L X 5XVLML 3URWRNRO |
emisije u Australiji za 8% i island za 10%.
OHYyXQDURGQL JUDpQL L SRPRUVNL SULMHYR] QLMH ELR REX

X 'UXJL REYH]XNRBIBPOBMHULRG

Na konferenciji o klimatskim promjenama u Dohi, Qatar (COP 18/CM¥ §ODQLFH VX V&I
VSRUD]XPMHOH R SURGXaHQMX .\RWR 3URWRNROD GR
LIPHY X ]1DYU3&aHW NPiSupahRhaSkhgunBvGdugovora u 2020 gddifiijekom

ovog razdoblja EU i Australijau se dogovorile dodatna smanjenja emisije EBaajedno sa

Islandom, ova redukcija bi trebala biti za 20% manja od one 1990 godine.

1RYL =HODQG -DSDQ L 5XVLMD VX RGOXpLOLp®z4 s8GdaLPMHQI
GUAaDYH NRMH SDUWLFLSLUDMX QH SRNULYDMX QLWL JOF
6YDND RG GUADYD $QHNVD , REYH]QD SRGQLMHWL JRGLaAQM
QMLKRYLP L]YRULPD XNOMXpLYR PMHUH ]D QMLKRYR VPDQ!I

2Mhttp://www.bmub.bund.de/en/topics/climagaergy/climate/internationalimate-policy/climate

conferences/chronicler-climatechangeconference$/22.02.2017
2 https://ec.europa.eu/clima/policies/strategies/progress/kyoto] 23e12.2017
29https://ec.europa.eu/clima/policies/international/negotiations/palif 2e®12017
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U biti, cilj Kyoto protokolaje stabilizacija koncentracije GQu atmosferi na vrijednost koja bi
VSULMHpPpLOD RSDVQH NOLPDWVNH SURPMHQH

Principi Kyoto protokola:

X SULYUAHQRGWNFLML VWDNOHQLPNLK SOLQRYD *+*
$QHNVD , NDR L RSUD SULYUAHQRVW VYLK pODQLFI
X primjenjivost +t SULSUHPD VPMHUQLFD L PMHUD ]D UHGXN

plinova za zemlje Aneksa I, u svrhu postizanja ciljeva protokola

X minimaliziranje utjecaja na zemlje urazvoRPRJIXUXMXUL ILQDQFLMV|

te prijenos znanja i tehnologijesirhu osiguranja integriteta protokola.

X suglasnost XVSRVWDYD PMHUD X VYUKX QDPHWDQMD S
&LOM .\RWR SURWRNROD MH XVSRVWDYLWL REYH]XMX0OL |
SRVYHUHQRVW VYLK JHPDOMDRyLN\ D@D BENURY R §| B QNP Q NKKDQ@
emisija.

Protokol dozvoljava nekoliko tvz. fleksibilnih mehanizama (trgovanje emisijama, ulaganje u
pLVWH UD]YRMQH SURMHNWD L PHKDQL]DP |[DMHGQLpPNLK Sl
| ispunitiobveze us® QMHQMX HPLVLMD GR]JYROLYAL LP NXSRYLQX I
ILQDQFLUDQMX SURMHNDWD NRML SRPD&X VPDQMHQMX HPL
Neke su zemlje ispunile ciljeve smanjenja zbog globalne ekonomske krize a ne zbog stvarnog
smanjenja (hot air).

OHKDQL]DP ]DMHGQLpNLK SURMHNDWD -RLQW ,PSOHPHQW
VPDQMLWL UHGXNFLMX SR RGUHGEDPD .\RWR SURWRNROD
GUaADYL NUHGLW LGH GUabDYL NRMD MH LQYHVWLWRU
y LV WajnipBjekti (The clean development mechanBBM), projekti financirani od strane
jedne industrijalizirane zemlje koja je po protokolu obvezna smanjiti emisiju, u zemlji u
UD]J]YRMX RYDNR ]DUDYyHQL NUHGLW LGH GUADYL NRMD MH L
&LOM pLVO@LK SODRWRHWDWD QLMH SUYHQVWYHQR VPDQMHQ
zemljama u razvoju pri prijenosu znanja i tehnologije u uspostavi eko ekonomije.
6YL RYDNYL SURMHNWL PRUDMX ELWL SULKYDUHQL L RGREU
kreditirarje emisije.
Da bi koristile Kyoto mehanizme, zemlje moraju:

x ratificirati Kyoto protokol

X Ispuniti njihove zahtjeve za redukcijom (Aneks B zemlje)
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x L]JUDpXQDWL QDFLRQDOQX HPLVLMH L XVSRVWDYLWL QI
LQYHQWDUD VWDNOHQLpPNLK SOLQRYD ]D WUDQVDNFLME

Slika 15. Kyoto Protokol zemlje (unfccc.int/kyoto_protocol)
Annex B parties with binding targets in thecemd period
Annex B parties with binding targets in the first period but not the second
non-Annex B parties without binding targets
parties with binding targets in the first period but which withdrew from the Protocol
to theProtocol that have not ratified

OtherUN member states and observers that are not party to the Protocol

SURWRNRO MH GRQHNOH GRGDWQR RSWHUHWLR UD]JYLMHC
RGIJRYRUQRVWL" FRPPRQ EXW Géritddjp thQWazviieMjs @I WEL O LW
SULQFLSX RGJRYRUQLMH ]D WUHQXWDpPQX YLVRNX NRQFHC
JRGLAQMH LQGXVWULMVNH DNWLYQRVWL
x QDMYHUL XGLR SUHWKRGQLK HPLVLMD VWDNOHQLpPNLK
X 3SHWDOSLWD” HPLVLMH X JHPOMDPD X UD]J]YRMX VX MRa&a Ul
X XGLR HPLVLMD J|HPDOMD X UD]JYRMX UH UDVWL GD EL VH
'UXJLP ULMHpPpLPD .LQD ,QGLMD L GUXJH ]JHPOMH X UD]
NROLPLQVNDVBRIFRQLRPWR SURWRNROX L] UDJORJD aWR QLV.
VWDNOHQLPNLK SOLQRYD X YUHPHQX SULMH VWXSDQMH XJF
.RQDpPQR SR NULWLpPpDULPD .\RWR SURWRNRO ]DKWMHYD SL
od smanjenjaemisijeza52%DN L DNR LVSXQMHQ X SRWSXQRVWL SUDN
]JERJ SUHQLVNR SRVWDYOMHQLK FLOMHYD L JERJ pLQMHQLF
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HPLVLMH UDVWX QHNRQWUROLUDQR ORAGD MH SXQR YHUD
S U Qal Herifikaciju emisija te uspostava mehanizama za prijenos tehnologije, znanja i
sredstava.

6DP SR VHEL .\RWR SURWRNRO QHUH SRVWLUL |]QDpDMDQ QD
RG GDQDaQMLK JODYQLK ]DJDYLYDpD vd §itnjenje@@isijptal VH Q'
QDMYHUL ]1DJDyLYDp 6% QLVX UDWLILFLUDOH VSRUD]XP .D
VPDQMHQD VDPR |D QHNROLNR SRVWRWDND GRQHNOH VDPF

320256.% 35,-(92=1,y.% ,1'8675, NS (yy

'DQDV VH PRUHP SUHYR]L VYLK URED SR YROXPHQX X
Unije i oko 80% volumena sve robne razmjena SAD.
7LMHNRP SURWHNOD WUL GHVHWOMHUD DNWLYOWMWNDX S
WRQD PLOMD 07 PLOH MH UDVOD SURVMHDPQR QD JRG
SRPRUVNRJ SULMHYR]D GRQHNOH XPMHUHQR NRQWUROLULI
XGMHORP X JOREDOQRP |DJDYHQMX JUDND
,DNR MH SRPRUVNL S Ui bbikipYijRvjza 2o \elikQd\walntenalprevezenih
URED ]QDpDMQR GRSULQRVL HPLVLML L XJOMLpPQRJ GLRNVL
ILQLK pHVWLFD SUD&LQH
SRPRUVND IORWD MH SRG MXULVGLNFLMRP OHYyXQDURGQH
MarLWLPH 2UJDQL]DWLRQ ,02 SRVOXMH YDQ QDFLRQDO
PHYXQDURGQLP ]DNRQLPD
yDN L X ]I DGQMHP WHNVWX 3DULANRJ GRJRYRUD SRPRUVNL S
RVLIXUDYDQMD EROMH SUHJRYDUDpNHD 3SRRFUDHQR DWW SIRNLIK
,02 NRML VYH pODQLFH WUHWLUD MHGQDNR 2JUDQLpDYDQN
EL YMHURMDWQR ]QDpDMQR SRYHUDOR WURANRYH SULMHY
WUJRYLQX L HNRQRPLMX 1 D& EaQuspHstalahjeXnovih Uey@a@HhihQ D S R
RNYLUD L |[DKWMHYD RWHaDYDMX NRPSOHNVQL RGQRVL NR
YODVQLND EURGRYD YODVQLND WHUHWD RSHUDWHUD L VC

projekcijama porasta obujma m@vjoza od 5@50%, ako pomorski prijevoz ostane izvan

39 http://www.theicct.org/sites/default/files/publications/oceangoing ships 20072.8d62.2017
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regulatornih okvira, do 2060XGLR SULMHYR]JQLPpNH LQGXVWULMH X HPL
PRJDR GRWVUKiphe CQHPLVLMH ,JRVWDQDN UHJXODWLYH L NRQ
pomorskog, bimo® R XJUR]JLWL LVSXQMDYDQMH SODQD R (DGUADYD
,SDN L X RYDNYLP XYMHWLPD XVYDMDQMH pLVWLMLK JRUI
RQHpLAUHQMD PRA&H ]QDpPpDMQR SREROMA&ADWL mar@NKYLWRV
HPLVLMD 3RJRQVND JRULYD V QLALP VDGUADMHP VXPSRUL
XUHYyDML REUDGH LVSXaQLK SOLQRYD GRND]DQR L ]QDpDM
'RVWXSQH PMHUH ]D UHGXNFLMX 12[ V XjeVernd Buko@OIAD, LY L MH
GMHORPLFH .LQD VX QDPHWQXOH REYH]QH PMHUH NRML
supstanci (obvezna uporaba niskosumpornih goriva za brodove kad operiraju u priobalnim
YRGDPD L OXNDPD RJUDQLpHQMD Ehiidrgid pvisrR plitdvBiaQ RP SR
te boravka u lukama).

2YH PMHUH YRGH N SRYHUDQMX XSRUDEH VNXSOMHJ RGVXP
GRND]DQR XpLQNRYLWLMLK PMHUD L QRYLK WHKQRORJLMCLC
komponenta u bilo kojem ciljamt®®@ VPDQMHQMX HPLVLMH 62[ L ILQLK pHVW
SROLWLND SULPMHQH SRGUXpMD NRQWUROH HPLVLMH 62]
JRULYD V PDQMH RG VXPSRUD L-GMU 8 WLIPFDMHHDQ D URIGQ R MDD |
ELWL SWR®EL.VBQ@D&AQMLK 6MHYHUQD (XURSD 6%' L QD GUXJI

OHYyXQDURGQD SRPRUVMNBERi&HlADQL]DFLMD L

Pomorski promet je najefikasniji oblik prijevoza robe, (Slika 16) te kao industrija
SRNXaDYD XQDSULWMWHGVWR WKAEVOINRDYQMR JRULYD

Slika 16.Udaljenost pokrivena 1 tonom tereta s emisijom 1 kg (MAERSK Line)

34



Globalna politika emisije CO2 i zahtjevi u pomorskom prometu

OHYyXQDURGQD SRPRUVND RUJDQL]DFLMD WUHQXWDpPQR VO
LPSOHPHQWDFLMH EXGXiH UHJ)WO@¥WLYH X HPLVLML VWDNO|

X UDJYLWL VLVWHP SULNXSOMDQMD SR &ikaghdsiia RalS RWUR &

brod. (Measurement, reporting and verification, MRV)
X GRJRYRULWL L SURYHVWL UHJXODWLYX L VDGUADM EXG
smanjenjamisija

X SULPLMHQLWL SULKYDUHQH PMHUH
1LMH |IDGDQ RGUHYHQL GDWXP ]D LPSOHPHQWDFLMX
,02 MH X SULKYDW IR PRLH]ROEKK MIMEWPBRGRYD™ WH SURYHR |
VWDNOHQLPNLK SOLQRYD VD EURGRYD VD VYUKRP RGUHYL)Y
GHG sa brodova u ukupnoj globalnoj emisiji.
.DR SUYL NRUDN LNDG 0%$532/ $QQH[ 9,limiiid ¥Rju@BvithU LK YD U |
SROXWDQDWD VDGUADQLK X LVSXaQLP SOLQRYLPD 62[ 12]
NRMH RaAWHUXMX R]RQVNL RPRWDp RJRQH GHSOHWLQJ VXE\
regulira i uporabu brodskih incineratora, rukovargkohlapljivim spojevima na tankerima
YRODWLOH RUJDQLF FRPSRXQGV 92& 6OMHGHUL NRUDN
PMHUD SRVOLMH WURJRGLAQMHJ PRQLWRULQJD SULKYDI
SULKYDUDQMHP 12 WHKQLpNriadndbR G BrfirijfaROMNORML MH VWXSLR
Nadopunjeni MARPOL Aneks VI je predvidio progresivno smanjenje emisijama SOx, NOX i
pHVWLFD SUDaLQH SUHGVWDYOMDQMHP JRQD NRQWUROLL
SROXWDQDWD X RGUHYHQLP SRGUXEFM]LIP DR B @ MK | RIIDDPLIF XR\
VXPSRUD X JRULYX QD ]D 62 L ILQH pHVWLFH REYH]QR N
1DGDOMH SUHPD 0$532/ $QHNVX 9, JOREDOQL SODIRQ VXP
VDGDaQMLK WR S R p H.Y @visndraGstudijigdvétiMds Qdj®treba
biti kompletirana do kraja 2018.
IDGRSXQMHQL 12] 7THKQLPNL NRGHNYV XNOMXpLR MH Q
SRV WR M2000) m&diiHte odredbe za mjerenje i monitoring, metode i postupke
certificiranja zaSRVWRMHUH PRWRUH WH SRVWXSNH WHVWLUDQMEC

Tier Il motora.

33 http://www.ssi2040.org/wjgontent/uploads/2015/11/Ce¥misson-targetsUCL -reportfor-SSI.pdf
18.02.2017
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6PDQMHQMH 12 HPLVLMH RG VWUDQH EURGVNLK GLHVHO PI
]JD VWURMHYH NRQVWUXLUDQH SRV O/Linktdlirani 6& botipvird D
SRVOLMH 6LMHpQMD DOL SULMH 6LMHpPpQMD PRUD
ELWL FHUWLILFLUDQL RG VWUDQH SRPRUVNH DGPLQLVWU
amandman na regulaciju 13, MARPOL AneksaRIGUHYy XM X UL REYH]X |[DGRYROMI
VWDQGDUG HPLVLMH SRpHY&L RG 6LMHpPpQMD EURGRY
American Emission Control Area and the U.S. Caribbean Sea Emission Control Area).
'RGDWQR 37LHU ,,,” VWihQeatia iM bstS8itd zohdhid Rdvitiole emisije.
I1DGDOMH 37LHU ,,,” VWDQGDUG VH QHUH SULPMHQMLYDWL
6LMHpQMD D PDQML VX RG *57 WH QDPLMHQMHQL LVN

Tier Date  NOx Limit, g/kWh

n <130 " Q Q -
Tier! 2000 17.0 3 0.8
Tierll 2011 14.4 RGH 7.7
Tier Il 2016 3.4 RG, 1.96

In NOx Emission Control Areas (Tier Il standards app
outside ECAS).

Slikal7.TIER klasifikacija (MAN)

,02 RGERU ]D |[DAWLWX RNROL&AD ODULQH (QYLURQPHQWDO

GRGDMH 0%$532/ $QHNVX 9, QRYR SRJODYOMH QD]Y
HILNDVQRVWL EURGRYD" SUYL LNDG REYH]QL JOREDOQL U
SRNULYD pLWDYL LQGXVWULMX SRPRUVNRJ SULMHYR]D 2

(Energy Efficiency Design Index, EEDI) postao obvezan za nove brodove a brodski plan
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XSUDYOMDQMD HQHUJHWVNRP XpLQNRYLWRVWibve6kal S (QHU
EURGRYH X HNVSORDWDFLML 2YD UHJXODFLMD MH QD VQD]
,02 MH GRJRYRULR RVQRYQH SULQFLSH X Egs&bradéevda WD]YRM
VXUDGQML VD YODGDPD GUADYD pOD&LFD WH iiH EXGXiUD UF
x efektivno redicirati  gemisije
x ELWL REYH]XMXUH L XNOMXpLWL VYH |IDVWDYH
biti isplative
QH QDUX&DYDWL NRQNXUHQFLMX
X ELWL ED]JLUDQH QD RGUALYRP UD]JYRMX QH RJUDQLpPDY
inati zadani cilj i rok, ne favorizirati bilo koju tehnologiju ili metodu
X SRWLFDWL LVWUDALYDQMH L UD]JYRM pLWDYH LQGXVWU
X uzimati u obzir nove tehnologije
x ELWL SUDNWLpQH WUDQVSDUHQWQH ODNR SULPMHQM
Procijenjena emisija ¢ o0d strane pomorskog prijevoza je brn@6 mil. tona u 2012 aWR MH

X

X

x

bilo oko 22% ukupne globalne emisije gu toj godini. Prije ekonomske krize, u 20@odini

brodarstvo je emitiralo 885 mil. tona ¢ d4WR MH ELOR XNXS&H HPLVL
Pomorski prijevoz emitira oko 1000 mil. tona CORGLAQMH &WR spjeiskeEmisiipeR
VWDNOHQLPANLK SOLQRYD

0(3& MH SULKYDWLR L REYH]XMXiuH DPDQGPDQH SRJODYOM
VQDJX 2aXMND NRMRP VH UHJXOLUD SULNXSOMDQMH
WLK LQIRUPDFLMD X ,02 UDGL IRUPLUDQM® né&kén| prijegg& G D W D N
UHOHYDQWQLK SRGDWDND L]GDWL 3LIMDYD R XGRYROMDYD

(PLVLMH VD SXWQLpPpNLK EURGRYD
.UVWDUHQMD PRUHP L WXUL]DP HPLWLUDMX RNR XNX:

brodovlje. Po procjeni, sa ekonomskim oporavkom grana pomorske industrije bi mogla
UDVWL SR VWRSL RG .godineRPGLAQMH GR

33https://www.marpolnnexvi.com/emissions/co2missiond/24.02.2017

33 http://www.imo.org/en/OurWork/Environment/PollutionPrevention/AirPollution/Pages/Greenitéase |
Studies?2014.aspk?25,.02.2017

34 39MO GHG study, 25.02.2017
SHhttp://www.iata.org/pressroom/pr/Pages/2a1618-02.aspx 25.02.2017
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.DNR VH UDGL R YHOLNLP SRWUR @il vielira pR dnormgithikiuR UL Y D

DNWLYQRVWL QD XQDSUHYHQMX HQHUJHWWVNHH XPR QW R WILH/
EURGRYD PMHUH ]D VPDQMHQMH SRWUR&A&QMH JRULYD UD]
mogli biti nedovoljni za postizanjébo dneutralanog T&T (travel and tourism) sektor.

SXWQLpPpNL EURG ]D NUVWDUHQMH2RIRA Hpolkiomxthi WolpWriikiX D W P R\
BURVMHpPQD NROLPLQD LVSXa4WHQRJ VWDNOHQLEMNRI SOLQD
SXWQLNX NP 6 SRYHUDQMHP EURGD VPDQMXMH VH L HPLWL!
pa je prosjek industrije ispiW D Q M b dpo putniku po kilometri2® LPDM XL X YLGX GD
EURGRYL QXGH VPMHaAWDM KUDQX JDEDYX ]D aWR NRULV!
RVWDOH SUDWHUH VHUYLVH

IDGDOMH YHULQD SXWQLND GR XNUFDMQHUDXNHHB XWXWH
XJOMLPQRJ GLRNVLGD

%URGRYL |D NUVWDUHQMH SURL]YRGH RJURPQH NROLpPLQH
XVSRUHYHQR V NJ SURL]Y H®HWaRotPaRl de i ¥pdijdjiokod3KimN R S Q X

LQFLQHUDWRULPD LP DXpPpLQNW DNR MVRAPWOIHUXYD@H VH RGOD.
broj njih ima ikakvu politiku potpora ili kompenzacija lokalnim zajednicama.

SURFMHQD MH GD JRGLAQMH RYRLEOURMERYLWRPQ W LUQMK pH)
DWPRVIHUX JRGLaAQMH

UzetkDR SULPMHU QDMYHUL EURG ]D NUXaQD SXWRYDQMD QD

NRULVWL WUL N: HAMWOMLIQPED WV NH JODYQD GLHVHO JHQF
12V46 12cilindarska stroja za pogon elektrogeneratora svaki po 13,86k M\ GURVMHpPQRP
SRWURAQMUR RE: K GQHYQR L]JJRUL RNR 07 QDMSUOMD®

JRULYD GQHY Q®RJILsvrBpovitwdpojérasnego nekoliko milijuna automobffilga

usporedbu, supertanker nosivosti 300000 DWT pri punoj brzini@iev SRWUR &L 07 WH:
goriva.

SRUHG HPLVLMH VWDNOHQLpPpNLK SOLQRYD WLSLpDQ FUXLYV
1000l “ ELRORA&ANRJ RW S D Gdipaddnid WddadRevnd.

6YL EURGRYL VX RSUHPOMHQL XUH Yy Dpd bdréabiba RIERPDG X RW S
NRQYHQFLMH OHJDOQR LVSXaWDMX FUQH QHWUHWLUDQH

39 http://www.telegraph.co.uk/travel/hubs/greentravel/739287/Fitiimgetimesgreenesthancruising.htm)
25.02.2017

Thttp://www.responsibletravel.com/copy/heesponsiblearecruiseliners 25.02.2017

38 http://www.britishgas.co.uk/business/blog/introducthg-worlds-largestcruiseship/25.02.2017

39 https://www.tourismconcern.org.uk/cruis@ips|25.02.2017

e ——————
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QHNROLNR SRGUXpMH X NRMLPD VH |DKWMHYD ]DGUADYDQH
SUDQMH LVSXAaWDMX VH QHNRYWWVRIGILEFB QIR GANRK W DX RFAEU
JXaL JERJ YHOLNLK NROLPLQD GXaLpQLK L IRVIDWQLK VSRM
%YURGRYL WDNRYyHU SUHQRVH YHOLNH NROLPpLQH EDODVWAQ
patogena ili invazivnih vrsta u druge ekosisteme a oko 70% najpopihlaestinacija se nalazi

X SRGUXpMLPD VD LRQDNR X¥Ke#ehQR® kdhtrdd UddasiR @odd R & i X
(The International Convention for the Control and Management of Ships' Ballast Water and
6HGLPHQWY %:0 & RQYHQW L RRjndiZ0I¥.WXSLWL QD VQDJX

4.3 Emisije sa teretnih brodova

BURFLMHQMHQD XNXSQD SRW gbRid @ivdlla Q30 toRULYD X
2pHNXMH VH GD UH WUAL&WH WHANRJ EXQNHU JRULYD GRYV
2020. godine, (5@nil tona u luci Singapore u 2016 VD JRGLaAQMLP UDVWRP RG
2014-2020.* 9U L M H G Q R V Wurk& 9olLivR BilthQgRaporasti s US$232.72 bn u 2015
na US$292.42 bn do 2020.
7UL QDMYHUH VYMHWVNH EXQNHU @ikbm, BdnidiasoRrukidju ) XM D L'
\Y JRULYD SRWUR&AHQRJ JOREDOQR RG VWUDQH IORWH 9C
Kong, Antwerp, Busan, Gibraltar, Panama.
2EJLURP QD YUVWX WH&ANR JRULYR )2 MH GDOHNR C
korLVQLFLPD VXKD NRQWHMQHUVND WRQDabD MH WRQD&D M
JOREDOQH SRWURaQH EXQNHUD VOLMHGH WDQNHUH WH EU
Geografski, Aziae 3aDFLILN MH SRGUXpMH JGMH VH WM&NRHS WURQV I
EL GR XGLR RYRJ SRGUXpMD PRJDR GRVHUL JOREDOQ
Po nekim prognozanfd,&2 HPLVLMH VD EURGRYOMD VYMHWVNH IORW
X VOMHGHUOLK JRGLQD WH EL QD WRP QLYRXLBENHIKG GSWDQYRY
udo 2050. godine (Slika 18}

4070% of cruise destinations are in biodiversity hotspots, 25.02.2017
“lhttp://www.transparencymarketresearch.co?&/.02.2017

42 Bunker Fuel Market - Global Industry Analysis, Size, Skare, Growth, Trends, and Forecast 2014+
2020, 25.02.2017
“qhttps://www.transportenvironment.org/newsroom/blog/pdae%E2%80%99keaveout-planesandshipg
25.02.2017

44 http://www.imo.org/en/OurWork/Environment/PollutionPrevention/AirPollution/Documents/MERINE 3
- Third IMO GHG Study 2014 Final Report (Secretariat).pdf, 25.02.2017
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Slikal8. 3UHG Y Ly H QénidiR béqoM;d (Lloyds)
,JPHYX .i 2012 PHYyXQDURGQL SRPRUVNL SULMHYR] MH JRGL
ekvivalentno, 866 mil. tona% 4 & o predstavlja 2,4 % globalnih emisija u tom periodu. U
2012 godini, ukupne emisije pomorskog prometa bile su 938 mil. ¥%6§aodnosno 961 mil.
tona gH ]D XNXSQH VWDNOHQLpNEHSH QR Y HLWRN OWMIXG VWD Y O

2.2% odnosn@.1% ukupnih emisija ¢4 GHG emisija kao CO2 equivalent (CO2e).

Year Global CQ  Total % of global International % of global
shipping shipping
2007 31,409 1,100 3.5% 885 2.8%
2008 32,204 1,135 3.5% 921 2.9%
2009 32,047 978 3.1% 855 2.7%
2010 33,612 915 2.7% 771 2.3%
2011 34,723 1,022 2.9% 850 2.4%
2012 35,640 938 2.6% 796 2.2%
Average 33,273 1,015 3.1% 846 2.6%
Third IMO GHG Study 201£0.e
Year GlobalCOze Total %of global International %of global
shipping shipping
2007 34,881 1,121 3.2% 903 2.6%
2008 35,677 1,157 3.2% 940 2.6%
2009 35,519 998 2.8% 873 2.5%
2010 37,085 935 2.5% 790 2.1%
2011 38,196 1,045 2.7% 871 2.3%
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2012 39,113 961 2.5% 816 2.1%
Average 36,745 1,036 2.8% 866 2.4%

Tablica 2 a) Shipping CO2 emissions companeidh global CO2 (values in million tonnes CO2);

Tablica 2b) Shipping GHGs (in CO2e) compared with global GHGs (values in million tonnes CO2e).

.RQJLVWHQWQR |]D VYH EURGRYH JODYQL SRIJRQVNL VWURM
Sva tri glavha segmé¥D SRPRUVNRJ SULMHYR]D JOHGDRMiE&L VD St
globalna ekonomska kretanja i trendove (nisku razinu aktivnosti i smanjenu produktivnost),

awR MH LPDOR XWMHFDM LQ D NUHWDQMD X JOREDOQRP SU
Slijedom toga, u periad20072012 VY MHWVND IORWD MH SULPMHQMLYDO
NDR SRVOMHGLFX GLNWDWD WUA&AL&WD 7TDNR MH SURVMHD
EUJLQX LIQRVLOR GRN MH SURVMHpPQD GQRYQD SRWURAEQ

4.4. Emisije kod proizvodnje nafte i plina

(NVSORDWDFLMD IRVLOQLK JRULYD MH WDNRYHU GLR N
SOLQRYD YH]DQH X] LVWUDALYDQMH L HNVSORDWDFLMX QD!
Crplienje nafte i plina su energetskiQWHQ]LYQH DNWLNRBIRMWID SRWLGB &%
SOLQVNLK WXUELQH PRWRUD VPMHAWHQLK QD SURL]YRG
SROMD D VOXaH ]D JHQHULUDQMH WHUHQVNH HO HQHUJLMI
Tehnologja SURL]YRGQMH MH LVWD QD NRSQHQLP L QD 3RIIV
WHKQRORAND UD]JLQD X SURL]YRGQML QDIWH L SOLQD UH]X
VWDNOHQLpPNLK HPLVLMD

x LVSXaQL SOLQRYL VWURMHYD WXUELQD L WHUHQVNLK
X izgamnje plina u bakljama.

X WHVWLUDQMH EX&RWLQD

X RVWDOL WHKQROR&NL SURFHVL QDSUHGQH PHWRGH F

EOR).
lzgaranje plina putem baklji (flaring) je kontrolirano izgaranje prirodnog plina kao
QXVSURL]YRGD SUL dsd 6 arivbsfeuvexiticad BUSOxH NOX.

4fhttg://www.imo.org/e n/OurWork/Environment/PollutionPrevention/AirPollution/Dments/Third%20Greenh
ouse%20Gas%20Study/GHG3%20Executive%20Summary%20and%20Rep@2.paf2017
o
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7DM VH SOLQ LvVSXawD L QHL]JRUHQ GLUHNWQR X DWPRVIHI
=ERJ QHGRVWDWND LQIUDVWUXNWXUH SRVWURMHQMD ]D S
pri prijevozu i do 30% plina sgpali %6 (Slika. 19, 20)

Tehnologija za prikupljanje i obradu je dostupna ali ovakva postrojenje zahtijevaju velika
XODJDQMD NDR L AHOMX GD VH VPDQMNMQ HPLVLMD VWDNOHQ
YLQMHQLFD GD VH SUL SURL]YRGQMADYD/YLIPXBADISBGRD G O\
EL PRIJIDR ELWL SRWLFDM LQGXVWULML QDIWH L SOLQD W
PRIXUQRVWL SULPMHQH SRVWRMHULK WH XEU]DMX UD]YRNMN
WHKQRORANLK P Mbratbi gifgRN X SOMROMDVYUKX VPDQMHQMD J;
plina u atmosferu.

Hlapljivi organski spojevi (VOC) se emitiraju isparavanjem iz otvorenih tankova koji nisu
RSUHPOMHQL XUHYDMLPD ]D SULNXSOMDQH L UHFLNOLUDAQ
veQWLOLUDQMD WHVWLUDQMD EXAaRWLQD SURSXawDQMD L

Slika 19. Sistem baklji (Petrowiki)

“Yhttp://petrowiki.org/Emissions from oil and gas production opergt&ig2.2017
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Slika 20. Clausovo postrojenje, https://chemengineering.wikispaces.com/Claus+process

(1(5*(76.% 8y,1.29,7267

CijIMO-D NDR NURYQH SRPRUVNH RUJDQL]DFLMH MH NUHL
UHJXODWRUQL RNYLU NRML UH REXKYDWLWL pLWDYX LQGXV
zahtjeva primjenu, nametanje i udovoljavanje zahtjevima kramtr&le pomorske
administracije zastave pripadnosti i luke u koju brod pristane (Flag and Port States) koje imaju
SUDYR QDPHWQXWL VYDNX PMHUX NRMX VPDWUDMX SRWU
RJURPQH NDJ]QH RG NRMLK QLVXMXVADMMXEHQ R JON USIRI\QIVEDH RX
2G EURGRYODVQLpPNLK XGUXJD VH RpHNXMH SRGUAND L DNV

8ORJD ,02 X XQDSUHYLYDQMX HQHUJHWVNH XpLQNRYLW

=DawLWD PRUD SRVHEQR LVWDNQXWD MR& X .RQYHQFLM
PRUVNRJ RNROL&ab WH UD]JYRMD L SULPMHQH RGJRYDUDMXUul
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.DR GLR JOREDOQLK QDVWRMDQMD IXowaPimqsMijal @Motskdd® L V L M D
SULMHYR]D GRVDGD LVNOMXpHQD L] ELOR NDNYLK GRJRY]|
XSUDYOMDWL QLWINRR N R LX\PLLDINNRX (DA aRv )8 BVBIRCNj@ziheva
DQJDALUDQMH VYLK ]D LsQikil,Hodriovskib Bdpninistradija) Rakehdo@vaca,
EURGRJUDGLWHOMD SURL]YRYyDpD RSUHPH YODVQLND WHU

SURMHNWQL LQGHNY HQHUJHWVNH XpLQNRYLWRVWL L ¢
XPLQNRYLWRVWL

Prva ikad donesena mjerd FLOMX SREROMaADQMD XpLQNRYLWRVWL
NRQYHQFLMH 3ULORJ 9, GRGDYDQMHP QRYRJ SRJODYOMD
EURGRYD 2GUHGEDPD RYRJ SRJODYOMD 3URMHNWOQL LQC
Efficiency Design Index, EDI) postaje obvezan za svaki novi brod dok Brodski plan
XSUDYOMDQMD HQHUJHWVNRP XpLQNRYLWRVWL 6KLS (QHU
PRUD LPDWL VYDNL EURG 5HJXODFLMDi pimjenMiajeaev®d QD VQ
brodove iznad 406057 5HJXODFLMD |[DKWMHYD RG VYLK EURGRYD L

SRYHUDQMH XpLQNRYLWRVWL ]D V SR Y-120080.@ddiHePte @ D X
SRYHUDQMH XpLQNRYLWRVWL SRVOLMH JRGLQH XV
vrijedQRaUX SRVWDYOMHQRP JRGLQX ED]JLUDQRM QD UHJ

JUDYHQLK X SHMULRGX(', MH ELR SUYD SODQHWDUQR REYH
QDPLMHQMHQD SRYHUDQMX HQHUJHWVNH XpLQ HAR&naW RV WL
XPpLOQNRYLWRVWL GR]YROMDYDMXUL LQGXVWULML VORERGX
RSUHPH VYH GRN MH SRVWLJQXW SURMHNWQL LQGHNYV HQH
2pHNXMH VH GD EL ((', WUHEDR GRYHVWL GR VPERW@MHQMD }
RPHNLYDQLKXVSRUHGLYR VD WUHQXWDpPpQLP WUHQGRYLPI
HQHUJHWVNRP XpLQNRYLWRVWL 6((03 XVSRVWDYOMD PHKI
X VYUKX SREROMaADQMD LVNRUL&WHQM D rimertoid daskphill UR] ER
brzo primjenjivih mjerd” 'R JRGLQH RPHNLYDQR JRGL3EMH VPDQM
PLO WRQD XYRYHQMHP L SULPMHQRP ((', QD QRYRM 10
eksploataciji. Ove brojke bi do 2030. trebale iznositi 380 tona ¢ JR G L*& QoA

“Mhttp://www.ictsd.org/bridgesews/biores/news/imadoptsmandatoryenergyefficiency-standards
26.02.2017

“Hhttps://www.marpolinnexvi.com/eediseemp) 26.02.2017
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SRIJODYOMH WDNRYHU XNOMXpXMH L RGUHGEH R WHKQLpPNF
HQHUJHWVNX XpLQNRYLWRVW EURGRYOMD

((', VH NRULVWL ]D L]JUDpXQ HQHUJIJHWVNH XpQONRM K QRPN IP
SDUDPHWULPD L GL]DMQX ]D VYDNL SRMHGLQL LOL VHULNM
NDSDFLWHW ((', &2 HPLVVLRQV SULMHYR]QL XpLQPN LOL
emisije novog brodd ROLpLQD SUHYH]HQRJIDWIH UIQW D J KW &IN L XEHQANR
8 VNODGX VD ,02 IDKWMHYLPD ,02 EURG PRUD ]DGRYROML\
LIUDpXQDW ]D EURG A$SWWDLQHG ((',* WUHED ELWL PDQML
kroz emisiju  gu gramima po milji kapacitat (Slika 21)

,QGHNV HQHUJHWVNH XpLQNRYLWRVWL |D QRYH EURGRYH M
NRULAWHQMX HQHUJLMVNL XpLQNRYLWLMH RSUHPH 'RQHYV
XpLQDN QD NRQWLQXLUDQR UD]RY.MDIRWH RSIUNDPMQNRR/MVIL X
SURFMHQMXMH EURGVNX SRWUREAQMX HQHUJLMH X QRUPDC
SRWUHEH SRVDGH (QHUJHWVNH SRWUHEH ]D RGUADYDQI
PDQHYULUDQMH QLVX XUDpXQ@PWH VHWBBMQHFXBEBWH XDOL3
XNOMXpXMX RGUHYHQH IDNWRUH X RYLVQRVWL R NODVL E

pojednostavljena formula:

Gdje jeP 75% nazivne instalirane snage na osowhiC MH VSHFLILpQD SRWURAaAQMD
6 emisija temljena na vrsti gorivdQWT je W R Q DV&é jd_brzina na dizajniranom
R SW H U (fig.22) M X
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Slika 21. EEDI Diagram (MAN)

60LPQR NDR L V RVWDOLP ,02 UHJXODFLMPRPBLpOGMEADRD
.ODVLILNDFLMVNR GUXaWYR X QMHQR LPH MH RGJRYRUQD
EEDI. Verificirane se provodi u dvije faze; preliminarna verifikacija temeljena na dizajnu te
finalna verifikacija koja se provodi prilikom ispitvan@ D SUREQLP YRAaQMDPD 1DN
XGRYROMHQMD RGUHGEDPD EURGX tidhdl BEne@ Mfficielcy MHGR G
&HUWLILFDWH ((& °

6WYDUQL XpLQFL SULPMHQH ((', RWNULYDWL UH VH SRVWH.
EXGX |DPMHQMXYDBGWRRE¥WR WR#&H SRWUDMDWL X]LPDMXUL >
NRML PRaH GRVHUL L JRGLQD

9LVRND FLMHQD SRJRQVNRJ JRULYD WUHQXWDDpPQR L]QDG
XPpLQNRYLW IDNWRU NRML SRNUHUH LVWUDALYD

nje razvoj i primjenu novih 8« QROR&NLK L GLIDMQHUVNLK UMH&GHQMD X
QDJODAHQH XpLQNRYLWH SRWUR&QMH JRULYD
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Slika22. ((', LJUDPXQ ,&&7

'RN VH ((', IRNXVLUD QD UD]YRM HQHUIHWYNINXKLQWR&HQME
SODQ XSUDYOMDQMH HQHUJHWVNRP XpLQNRYLWR&AUX 6((
PHKDQL]DPD XVPMHUHQD RSOHPHQMLYDQMX Xipdla® 2R Y LW H

SUDUHQMH XPpLQNRYLWRVWL 2SHUDWLYQL SRND]DWHOM t

a7
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2SHUDWLRQDO ,QGLFDWRU ((2, NRML SRVDGL L NRPSDQL
efikasnosti broda i flote tijekom vremena.
6((03 MH VSHFLIQMMHQ RSYIDRXPLQNRYLWD ]DKWMHYD
X SODQLUDQMH XNOMXpPLYR VSHFLILPpQLK EURGVNLK L PN\
I postavljanja cilja
X SULPMHQD XNOMXpLYR UD]JYLMDQMH VLVWHPD ]D SUDY
X SUDUHQMH L NRUKaMOHDQMWMNH |6 RMYDXOSQVDWLYQX L NYDQWL
x VDPRYUHGQRYDQMH SRYHUDYD VYLMHVW WH SRVYHUHC
SEEMP je samo prvi korak prema sveobuhvatnom upravljanju energijom na brodu, (temeljen
QD DQDOL]DPD SRGUXpMD GMHORYDN®MD U ERNWL GLR WWLREH\M
]IDKWMHYLPD XQDMPLWHOMD XVPMHUHQ QD VPDQMHQMH
RSHUDWLYQH XpLQNRYLWRVWL NRMH UH]XOWLUD VPDQMHQ|
%URGVNL SODQ XSUDYOMDQMH HQHUJHWVSIBRPNXKL QGERYMW
SUDFWLFHYV ~ ]D XpLQNRYLWR NRULAWHQMH JRULYD QD EULI

goriva a time i emisije ¢

SRPRUVNL SULMHYR] L HQHUJHWVND XpLQNRYLWRVW

B8pLOQNRYLWD XSRUDED EUR @Makierimad kofi duXarijabinLivviseR PQRJ
R WUHQXWDpPQLP XYMHWLPD X NRMLPD EURG RSHULUD 6 0L
X SRWUR&AQML JRULYD NDNR MH RGQRV EU]JLQH L VQDJH
WUREGNRYL JRULYOD ROMYMKDW RMNBML pLQL SUHNR SRORYLC
VPDQMHQMH EU]JLQH ]D SRVOMHGLFX LPD 1QDpDMQR VPDQM
PRJOD ELWL SRWLFDM SUHPD SREROM&ADQMX XpLQNRYLWR)\
UMBaAHQ
SULKYDUDQMH PMHUD ]D SREROMADQMH RSHUDWLYQH XpL
QDVWXSRP JOREDOQH HNRQRPVNH NUL]JH L IDGQMLK QHNRC
vidu smanjenja emisija a8 SXQR VOXpDMHYD RYLYW@R Rew@QAJHGEDP
SRWURaAQMD JRULYD MH GLNWLUDQD RG VWUDQH XQDMPL!

komercijalnim zahtjevima.
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Slika23. 9 DULMDEOH NRMH XWMHpX QD SRWUR&EQMX JRULYD 3HGH

SRYHUDQMH HQHUJHW\DNIKD X MBI RW HWIRWDBV IN MRH RGIJRYRU QL
brojne mjere (Slika 24.) su prepoznate kao mjere koje bi mogle rezultirati dobitcima na

XpLQNRYLWRVWL RSUHQLWR SRGLMHOMHQH QD WHKQLpPpNH
mjere, neke primjedi YH QD QRYH QHNH QD SRVWRMHUH D QHNH QD
SULWLVQXWD QRYLP UHIJXODWRUQLP |IDKWMHYLPD D GMHOX
NOMXpQD LQGXVWULMD SRPRUVNRJ SULMHYR]D PRUD WUD

energije.

Slika 24. Potencijali za smanjenje gorivaoi{ yemisije (ICCT, July 2013)
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2SHUDWLYQH PMHUH ]|D SREROMaAbDQMH XpLQNRYLWRVWL

BpLOQNRYLWD SRWURaQMD JRULYD MH SRVWDOD NOMXf
kompanija. Dvasug¥QD SRNUHWDpPD X XQDSUHYyHQMX XpLQNRYLWR
X SURPMHQH X KLGURGLQDPLpPpNRP GL]DMQX EURGD
x VPDQMHQMH JXELWDND XQDSUHYHQMHP XSUDYOMDQMD
8JRYRUL R SULMHYR]X RGUHYyXMX JGMH NDGD L X NRMHF
dostavllenX]LPDMXuL X RE]JLU L]YHGEX SXWRYDQMD L MDPVWYD
XJRYRUL R SULMHYR]X QDJOD&A&DYDMX PRJIJXUQRVW RSWLPL
EUILQH SODQLUDQMH SXWRYDQMD L QDPMH&AWDQMH SUD
mnLPDOQX SRWUHEQX EU]JLQX 6WDYOMDMXiUL QDJODVDN Q
JRULYD SRVOMHGLpPQR VPDQMLWL UH VH HPLVLMH NDR L
GDOHNR QDMYHUD SRMHGLQDpPpQD VWDYND
SRPHWDN SRX]GDQRJ SURWHVRSWAW H®DH LHMPH QMHWPRI NRUL
WUHQXWDpPQRJ VWDQMD X QMHQRP NRULAWHQMX XRpDYD
odluka i implementacija dogovorenih mjera.
SUDUHQMH L REMHNWLYQR L]YMHaWDYDQMsbbhehd uke@itiaH GHOL |
na kopnu.
$QDOL]D SULNXSOMHQLK SRGDWDND GQHYQR XVSRUHVLYI
LI YMHAWDMD MH RG HVHQFLMDOQH YDaQRVWL 8 WR VSDGD
X XSUDYOMDQMH WH DQDOL]D XpLQND JDKWMHYD SUDUHC
R G \hajB u svrhu osiguranja funkcioniranja broda na najoptimalnijem stupnju.
X NRQWLQXLUDQR L SUDYRYUHPHQL SUDUHQMH NOMXpQl
X snabdijevanje referentnim vrijednostima, ciljevima, rokovima i sl
X 'RVWXSQH PMHUH PRUDMX ELWL X SRWSXQRVWL SULPL
XpLQDN XaWHGH QD VYLP SRGUXpMLPD JGMH SRVWRML
je dostupan i brzo primjenjive (Slika 25); usporena plovidba, napredno planiranje
putovanja, planiranje rute u skladu sa vremenskim uvjetima, optimizacija trima,
RGUADYDQMH WUXSD L SURSHOHUD pLVWLP HIHNWLYC
SRPRUQLK XUHYyDMD EDODVWLUDQMRGUYNDDGQM H VS/RW
L XU KByriekéDd njin Primjena te intenzitet primjena ovih mjera owisstobroda,
SRGUXpMX SORYLGEH YUHPHQVNLP XYMHWLPD WH NR
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Slika 25.The emission reduction measures main categories (DNV GL)

2SHUDWLYQH PMHUH HRMIMH RDOQDpRQXARSYDQMD EURGD QF
LQYHVWLFLMH QLWL YHUH ]DKYDWH SURPMHQH RSUHPH LOL
PDQDJHPHQWX WUD&H RGUHYHQL WUHQLQJ WH XQDSUMH
XQDSUHYXMX dnbrifijR primjénjivie i BWAKY] instalaciji:

X smanjenje hrapavosti trupa i propelera smanjuje koeficijent otpora, dakle smanjuje
XWURADN JRULYD UHGRYLWR DpilPARPRAMH H]R QG Wi LDMQMH
SRWURaAQML GR pDN QMBLMNPDAH ERLWUDRRPLBIHQR X V;
SRGYRGQR RG VWUDQH URQLODFD LOL GDOMLQVNL XSU

Slika 26. 3RWUR & Q M DovEMs) R HUIDS XX R F\M\Mdéur[hlm.m}@

X Pristup servisu planiranjputovanja u ovisnost o vremenskim uvjetima (weather
routing UDGL RSWLPL]LUDQMD XSRUDEH SRJRQVNLK XUHyYyD
X 5HGXFLUDQMH EUJLQH L QMHQR SULODJRYDYDQH YUHPH

51



Globalna politika emisije CO2 i zahtjevi u pomorskom prometu

X

X

2SWLPL]LUDQMH SRORADMD X YRGL X|WRDMXLURDX REDPWD N
XWMHFDM QD RWSRU NUHWDQMD D WLPH L QD SRWURA
optimalan trim.

Optimiziranje brzine radi dolaska u luku zahtjevano vrijeme.

2SHUDWLYQD PMHUD V QDMYHULP SRWH @dning)lkebRP MH >
atraktivnha mjera u vremenima ekonomske krize i prekomjernoj ponudi bro(Shiay

27.).

SREROMAaDQMH XpLQNRYLWRVWL OXND L WHUPLQDOD EL
VD NUDULP |DGUADYDQMHP EU]LQD SORYLGEH RQGD PR:

Slika. 27. 8aWHGH L VPDQMHQMH HPLVLMH XVSRUHQRP SORYLGERP ]D
Maritime Science Vol. 1, No. 2, (2013),62)

X

X

XSRWUHED JHQHUDWRUD QD QDMYHUHP PRJIJXUHP GR]YF
UDGQLK VDWL B3RWHUEQMDWDHHEQ@R ELWL NRULAWHQ NDR
generatora

XpPpLOQNRYLWD XSRUDED SDOXEQH RSUHPH L GL]DOLFD
RSWLPL]LUDQ UDG NRWORYD X OXNDPD NRULVWLWL ¢
SRWURADpD RGUADYDQMH GLPQH VWUDQH NRWOD pLVW
SULN @MX jopsRbu strujom sa kopna za vrijeme boravka u luci gdje je to
RPRIXUHQR &R OAlterdatR @ariQel Povet ,AMP). Ovakva tehnologija je

MRa ULMHWND MHU |IDKWMHYD YHOLND XODJDQMD X LQI
remodeliranje ili naknadna ugradnje (retrofiSRVWRMHULK EUR@RYE®O QDMP
PMHUD MHU |IDKWMHYD JQDWQH WURANRYH D VYH VD XS
XSRUDED DXWRSLORWD PR&aH VPDQMLWL SRWUREQMX JI
NRUPLOD X VYUKX RGUAaDQMD VWDEL®@i@de i mxnigvVD GR]
otklone
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,DNR SRVWRML YHOLNL SRWHQFLMDO ]D VPDQMHQMH HPLYV

SRVWRMH QHNH WUALaQH EDULMHUH

X QHGRVWDWDN RGJRYDUDMXULK L SUDYRYUHPHQLK LQ
unajmitelji mogu biti neupznati sa pravim stanjem broda.

X SRGLMHOMHQD PRWLYDFLMD 6SOLW LQFHQWLYHV NDG
XpLOQNRYLWRVWL JRULYD QLMH L RUJDQL]DFLMD NRMD
QRYDF X SREROM&ADQMH HUDNXQO@RMPWW HMDM FRURERYDD
LQYHVWLUDQMH RVLP DNR PX VH WR X SRWSXQRVWL QH

BUHJOHG WHKQLPpNLK PMHUD ]|D XQDSUHYHQMH HQHUJHW

I1DMSRJRGQLMH YULMHPH ]D SULPMHQX VYLK GRVWXS
XPpLOQNRYLWRVWL MH ID]D GLIDMQLUDQMD WH RQD LPD VYF
SUDYLOLPD L] EOLAH EXGXUQRVWL NRMLK ¥pHLSNRNUWRD WV
WURANRYL SULPMHQH XGRYROMDYDQH HNR ]DKWMHYLPD
NDR L PMHUH SULPLMHQMHQH RG SRpHWND SURMHNWLUDQ
%URMQH WHKQRORJLMH VX UD]J]YLMHQH LOL VH bsBh]YLMDM
SRPRUVNRJ SULMHYR]D 1RYD SUDYLOD ,02 X WUDQ]LFLML V
L VNXSOMD JRULYD WDNRYHU UH]XOWLUDMX VWDOQLP QDSF
6SRURNUHWQL GLHVHO PRWRUL VX L GDOMRVWUR &QL KRR M
6)2& 'DQDAQML VSRURNUHW QierRig tobivereVzhaRbjenvydral G R
VD WUHQXWQLP VWDQMHP UD]J]YLMD WHKQRORJLM4%).6UHGQM
$NR VX VSRMHQL QD SURSHOHUe &idatiN gubitalkd GAXakaVIRAJWD R pH N
LVSRUXPpHQRM VQD]L SURSHOHUX V HOHNWULPQLP SRULYQI
(OHNWURQVNL XSUDYOMDQL VSRURNUHWQL GLHVHO PRWRU
JOH[ WLS X&aWHGH R INRVotoV$ opremhe@ séff@are auto tuning funkcijom
NRMD RPRJIJXUXMH VWDOQX RSWLPLUPFLWX XGRREHKINMB WD I3 X
zahtjevima. (Slika 28)

4 http://www.marineengineering.org.uk/page35.html
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Slika 28.Redukcija SFOC elektronski kontroliranog stroja (MAN)

1RYL VLVWHPL SRGPDI]JLYDQMD FLOLQGDUD SRJRQVNLK VW
VXPSRUD X JRULYX GRJLUDMX WRPQR SRWUHEQX L SUDYR)
UHALPD RSWHUHUHQMD ]D 0$1 VWURMHYH QD]YEDQ $0OSk
IXEULFDWLRQ 6\VWHP VPDQMXMLUL SRWURAQMX FLOLQGUL
od 25+ X RGQRVX QD NRQYHQFLRQDOQH VLVWHPH 2YD VLVW
6PDQMHQD VSHF SRWUJRE) MEmadBid LNOR emisijaopebice kod
GMHORPLPpQLK RSWHUHUHQMD PRAaH VH SRVWLUL NRQWURO
NRQWUROLUD Q WHriaMX TubecBaxgerMizd, Y TA kod MAN motora) i (Variable
7TXUELQH *HRPHWU\ 97* NR GOvdWwiVgistend Imdguy WWHIPIERGHEAHQL
GMHORPLpPQD WR 0&5 LOL QLVND RSWHUHUHQMD V
VSHFLILPQH SRWUR&AQMH JRULYD UH UH]XOWLUDWL SRYLaHC
FLOLQGULPD VPDQMXMX SRWUR &@isljX NOX),Ltako\dsV/TReY IUNKRH QR S R
]JDKWMHYL GRQHNOH RIJUDQLpPDYDMX PR¥XiD VPDQMHQMH V!
60LpDQ XpLQDN VH SRVWLAH LVNOMXpLYDQMHP SRMHGLQLK
PLPRYRYHQMHP LVSXaQLK SOLQRYD

Deratiranjem pogaskih strojeva smanjuje se brzina broda od 16%, mjera koja je osobito
UHOHYDQWQD X GDQDaQMLP RNROQRVWLPD XVSRUHQH YRA
SURSHOHUD MHU VX L SRJRQ L SURSHOHU RELpPQR RSWLPL
SRQDADQMH WXUERSXQMDpPpD &raV2H Q PLIWIDS MaS\RH/GUHRYE B NEH R
SRIJIRQVNRJ VWURMD 2YR VH SRVWLAH

X LQVWDOLUDQMHP SRGORANL L]JPHYyX NULAQH JODYH L VW

liﬁwtt s://www.eagle.org/eagleExternalPortalWEB/ShowProperty/BEA%20Repository/References/Capahility%2
Brochures/ShipEnerqyEfficienf22.02.2017
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X LVNOMXpLYDQMHP SRMHGLQLK WXUERSK@Mbrice ]D VWDC
X  deaktiviranjem cilindara

x UD]QLP PHWRGDPD SRGHabYDQMD L SRVWDYNL VORZ VW
Usprkos XpPLOQNRYLWRVWL JXELWFL WRSOLQH GRVHaX RNR
QD UDVKODGQX YRGX WH NUR] LVSX4QH SOLQRYH
Ukupno do 12%, @8WHGH PRA&H ELWL RVWYDUHQR LQVWDOLUDQMHI
WRSOLQH :DVWH +HDW 5HFRYHU\ :+5 LVNRULAWDYDMXUuL
za pokretanje plinske turbine i/ili generiranje pare za pogon parne turbine. Sistem\skiu pra
VDVWRML RG SOLQVNH WXUELQH NRWOD QD LVSXaQH SOLQ
QHPDMX SOLQVNX WXUELQX 'RVWXSQRVW VQDJH UH RYLVL
31)

Slika 29. Prikaz sporohoglog diesel motora u kombinaciji sa plinskom turbinom, utilizacijskim kotlom te parnom
WXUELQRP :IUWVLOI
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Slika30. -HGQRVWDYDQ MHG QR W O Blix®3d1. distevi #LBINBrDIaKEM [Eagel(MAN)

8 VOXpDMX GD MH GRVWXSQR YL4A4H VQDJH QHJR A4WR ]DKWN
HQHUJLMRP PR&H ELWL LQVWDOLUDQ VLVWHP NRML RPRJX
VQDJH 3RZHU WDNH LQ 37, 1D RYDM QD PpLONRYD-IWEEDLU
$]LSRG SRJRQL SRJIJRGQD YUVWD SRJRQD ]D RGUHYHQH YU
NRG GLQDPLpNRJ SR]JLFLRQLUDQMD UbGL EROMH SURWR
PRJX URWLUDWL SXQL NUXJ S RJR&ndsOproRIGA i flak€odréokti L NDR
diecset HOHNWULPpQH SURSXO]LMH WH PRaH SULGRQLMHMAWL ]1QDp
9HULQD EURGVNLK VLVWHPD MH GL]DMQLUDQD L NRQVWUXIL
RPHNLYDWL WRNWH HWNR/GDRIXWODFYQRP YHULQD RSWHUHIU
RSHUDFLMH MH LVSRG SULPMHQRP WHKQLNH XVSRUHQ
VOXpDMHYL NDG VX VH SRIJIRQVNL XUHyYyDML NRULVWLOL L VI

Sthttps://lwww.eagle.org/eagleExternalPortal WEB/ShowProperty/BEA%20RepositoeyéReés/Capability%o2
OBrochures/ShipEnergyEfficiency)
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Slka32. 6UHGQML SURILO RSWHUHUHQMD '19 */

2SWLPL]DFLMD SRPRUQLK XUHyDMD MH SULPMHQMLYD QD V
PR4A&H ELWL RVWYDUHQ NUR] IUHNYHQFLMVNR NRQWUROLUDC
NRMLP VH RPRJIXUXIVENW Q@ MKIRWRpPNORR SR SRWUHEL

7TUR4ADN SULPMHQH L SRWHQFLMDO XaWHGH RYLVL R WRPH G
QDNQDGQR VORAHQRVWL VLVWHPD XYMHWLPD L ]DKWMHY
XNXSQH EURGVNH SRWURaAQMH

EnergetskaX pLQNRYLWRVW SURL]YRGQMH HOHNWULPQH HQHUJL
RSWHUHUHQMD SRPRUQLK PRWRUD VPDQMHQMHP EURMD JH
8 VOXpDMX RVRYLQVNRJ JHQHUDWRUD XSUDYOMDQLP RG V)
variraWL X RYLVQRVWL R UD]J]OLpLWLP RSHUDWLYQLP VLWXDEFL
frekvenciji osovinskog generatora. Na novijim brodovima, tu su i razne dostupne tehnologije,

V UD]OLpLWLP QDpLQLPD RGUADQMD VWDE2-®DQukupnd HNYHQF
SRWURaAQMH JRULYD

%URM JHQHUDWRUD X UDGX L RSWHUHUHQMH MH SRWUHEQF
GUAaDQMD RSWHUHXHIOMWMDIMRGBL X RE]JLU VLIXUQRVW 2YDM SL
kontroliran putem sustava zaragljanje snagom.

2VWDOD SRPRuUQL XUHyDML SXPSH NRPSUHVRUL L RVWDC
Gguxawbyb ,02 WH J]DKWMHYD ]DVWDYH SULSDGQRVWL W
RWND]JLYDQMD SRMHGLQLK XUHYVD stibicX jeSoRabrRa@ Kakh bE4¢RM L Q
DGRYROMLOL QDMWHAL XYMHWL RSHUDWHUL VXVWDYD PR
VLIXUQRVW XNOMXpLYDWL VDPR QHRSKRGDQ EURM MHGLQ
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.RULAWHQMH HQHUIMAMKNRLO BRI NGO MUFYKMHWD X NRPEL
NRQWUROLUDQLP VXVWDYLPD iH GRGDWQR VPDQMLWL SF
(QHUJHWVNL XpLQNRYLWL VXVWDY UDVYMHWH PR&H ELWL L
EURGRYL LPEWMYQOMMIO XAWHGH (QHUJLMD SRWURAHQD
SURFLMHQLWL VH QD GR XNXSQR SRWURAHQH HOHNW
EURGRYLPD PR&H GRVHIiUL L GR

5.5.1 Optimizacija trupa, propulzivha pomagala,

Napredni pemazi trupa smanjuju otpor kretanju brodskog trupa kroz vodu, smanjuju potrebnu
VQDJX PRWRUD pLPH VH VPDQMXMX SRWURaQMD JRULYD
7URADN SUHPD]D WUXSD RYLVL R YHOLPLQL SORYLOD GRAQ
koji je odabran. Naprednipremfa PRJX SRYHUDWL XpLQNRXAMN &UpHMe X UDV S
SRWURaAQMH JODYQRJ PRWRUD

,QRYDWLYQL DLU FDYLW\ VA\VWHP $&6 VLVWHP JUDpPQRJ S
GR NRULVWL NRPSUHVRUH ]D WODpPpHQMH ]JWIDN K LX MNIDQ/D X
VPDQMXMX NRQWDNWQX SRYUEGLQX L]JPHYyX WUXSD L YRGH V
vodu.

=UDpQR SRGPDJLYDQMH WUXSD SULPMHQMLYR ]D QRYRJUD
PRA&H VH SRVWLUL ]D EURGRYH VIFr@ MV N)kBjind ®p6GrdrifaY RP E U

dominira, kao bulk, tankera i kontejnera. (Slika 33).

Slika33.3ULQFLS JUDPpQRJ SRGPD]JLYDQMD WUXSD 6LOYHU 6V
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OLQLPL]JLUDQMH RWSRUD IRUPH WUXSD GRYRGL GR VPDQMH (
WUXSD RELPQR VH L]YRGL X PDQMRM PMHUL PRaH ELWL V
RPpHNLYDQLK 6OLND

Slika 34.Bulbasti pramac, modifikacija (DNV GL)

SURSHOHUL VX RELPpQR GL]DMQLUDQL ]D PDNVLPDOQH EU]
XpLQNRYLWLML SURSHOHU XpLQNRYLWRVWL PRaH VPDQML
SURYHGHQR GHUDWLUDQMH VWURMD LOL VHKkArxX2d@®RUHQD S
SRYHUDQMH XpLQNRYLWRVWL PRB&RWERAEQ NHUDRASIR@DX PRRGV R U
1DSUDYH |D SREROMaADQMH UDGD YLMNBD 3URIS XOWMHERQL LP\E
(6'6 VX UD]OLpLWL WXQHOL POD]QLEBLWRNER&OQFL BN H\
kape propelera, konk& RWLUDMXiUL SURSHOHU &53 LOL GUXJH L]PN
FLOMHP SREROMAaADQMD XpLQNRYLWRVW *ODYQL FLOM ]D F
SREROMADQMHP SURWHRAND RNR WUXSD L SURSHO
IDMSRJIJRGQLMH SR bliF doslatka]dd ishrRQiNZa gdpelera te preinake na kapi.
6NUHWQH ORSDWLFH L WXQHOL ]D SUHGURWDFLMX YRGH ¢
rotaciju vode iza propelera.

,VWH XpLQNH QD Ui RdMie pilopelaraYiRajh Hho8asrieNeedbe propelerske kape
NRMLPD VH GRGDMX NULOFD |D VPDQMHQMH FHQWUDOQRJ
SURSHOHUD L NDYLWDFLMH 5H]XOWDW MH SREROMAaADQMH
(Slika 35,36, 37)
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Slika 35. HHI Duct (AB9S Slika 36HHI Thrust Fins (ABS) Slika 37.SHI Poststator (ABS)

IDNQDGQD XJUDGED MH RSUHQLWR PRJXUD WH X] RGJRYI
YUHPHQD DOL PRAaH YD bvishoWrti ModaULPMHQMLYRVW

Vortex peraje (VG ILQV VH SULPMHQMXMX QD WUXSX EURGD VD
VPDQMHQMX YLEUDFLMD LVSUHG SSRRYSHM®MUD X [SLUQ NRIHLQNDR @ |

Slika 38. Strujanje u brazdi sa i bez Vf&raja Slika39.DSMESUHG NRYLWODMXUL VWD)

Slika 40. Integrated Lammeren Duct, ABS Slika 41.ModelBMSMewis DuctS-. ABS

52 Hydrodynamic Trends in Optimizing Propulsion img. Uwe Hollenbach 1) , Diplng. Oliver Reinholz 2,
6HFRQG ,QWHUQDWLRQDO 6\PSRVLXP RQ ODULQH 3URSXOVRUV VPST +
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5.5.2 Alternative propulzije i uzori energije

ORGXODUQL VXVWDY JUDGQMH SORYLOD QRYL NRULVWL
propelera namjenskizUDyHQ WH X XVSRUHGEL V SORYLOLPD WUDGL|
NUPL RYD L]J]YHGED QXGL L]QLPQR YLVRNX XSUDYOMLYRVW
PRaH ELWL PDQML L GR

Slika 42. Viking LadyOSV LNG-hibridni Slika 43. Futura Carrier, modularna
pogon, DNV GL konstrukcija

Kod KLEULGQRJ SRIJRQD EURGD GLR VQDJH NDNR ]D SRJRQ
EDWHULMD?3 AAEXL GQL EURG LPD PRJXUQRVW SXQMHQD
NRSQHQL PUHAQL QDSRQ WH GRGDWQR LPD L N&Rj@MVHQFLRQ
pojedinim dijelovima rute, prilikom manevriranja u luci, tijekom pripravnosti.

O9HOLNL SRWHQFLMDO OHAL QH VDPR X XSRUDEL YRGLND NC
kao, za sada, alternativhog goriva za primjenu u pomorskom prometu.

UkaSOMHQL SULURGQL SOLQ /1* LPD @aLURNL VSHNWDU SRV
JRULYR MH YHU GRND]DQ NDR SULPDUQL L]YRU NRG WDQNHL
koji koriste dualno gorivo. Uz potrebnu opskrbnu infrastrukturu, stro@RJRQMHQL pLVW
SOLQRP PRJX VH NRULVWLWL SULREDOQLR emisijykaDokbHNW QLP
20%.

SULPMHQRP VYH UD]J]YLMHQLMLK QDQRWHKQRORANL SUHPD]!
VH SRVWLIUL XAWHGH HQ hptindiénMjti nasHpopskn@Qrotatimel. N LY D W L
(QHUJLMD YMHWUD MH WDNRYHU REHUDYDMXUL L]JYRU Qt
HNVSHULPDWDODQ VXVWDY NRULAWHQMD HQHUJLMH YMHWL
GR RYLVQR R YMHWUX WHENGRPRENISEVURGYEWLRHNLYLC
QHSUDNWLPQRVWL L NRPSOLFLUDQRJ UXNRYDQMD LDNR
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PRJOL LPDWL aLuUX SULPMHQX QD PDQMLP SORYLOLPD =
prototipovi>3

Slika 44.Skysalils, (efficiencyfrom-germany) Slika45. 7THUHWQL EURG RSUHPOMHQ pYUVWL

6WDELOQH LQVWDODFLMH QD EURGRYLPD X REOLNX IOHNVL
energijom vjetra zamijenitienergijufo QLK JRULYD SUL NRUL&AWHQX ]D SRJR
VX MRa X HNVSHULPHQWDOQRM ID]L 8aWHGH LJUDAHQR R)
GMHORYDQMD EURGD L SULPMHQMLYH VX QD EURGRYH pLMF
prostora dok uteM QD VWDELOLWHW JERJ GRGDWQLK VWUXNWXUL
WHVWLUDWL 2YDNYL XUHyYyDML PRJX GDYDWL L GR N: MH
MH QLVND SRX]GDQRVW ]JERJ RYLVQRVWL R SUHM&UDGDYDM
RIJUDQLPHQX SRX]GD®RVW L XpLQNRYLWRVW

Slika 46. Flettner rotor on E Shipl

53 Beluga Projects produce huge kitesurf rigs which can be fitted to almost any ship, offering 15% to 30% fuel
savings, 22.02.2017

> http://www.efficiencyfrom- _ |
germany.info/ENEFF/Navigation/EN/Energyefficiency/Transport/Maritime Shipping/marsiipping.html
23.02.2017
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JOHWWQHURYL URWRUL VX YHUWLNDOQL FLOLQGUL VH RNUFE
SRMDYD SUL JLEDQMX EU]JR URWLUDM Xziijel ddglivvdkidtef@m NUR] |
WLMHOD RG SRpHWQRJD SUDYFD JLEDQMD X VWUXML ]JUD
PHKDQLpPpNL SRIRQMHQL GD EL UD]YLOL SRWLVDN IOHNVLEL
NRUL&WH Q LInd baoptivary@whofpbgonskomVLVWHPX 8pLQNRYLWRVW L
SRGUXpMX GMHORYDQMD YHOLPLQL SORYLOD YUHPHQX G
NUHUH R&rn

6RODUQL SDQHOL NDR XUHyDML NRML SUHWYDUDMX VYMHW
MDNR |]DVWXSOMHQL LDNR LPD SRNXabMD X SURWHNOLK QH
QD VORERGQLP SDOXEQLP SRYUAGLQDPD QD EURGRYLPD NF
NROLPLQRP LQVRODFLMH .DSDFLWHRPN26EZVHSSWU RFW B Q GIXMGE
testnim uvjetima)

Slika48. 6RODUQL SDQHOL QD 1<.7V $kt40MDV AdiysLieader

*ODYQD VYUKD MH SURL]JYHVWL HOHNWU LJBIQR-D HQHH QI MHD /D (
smanijiti potrebnu snagu tih jedinica. Solarni sustav zahtijeva dodatnu opremu osim samih
PRGXOD aWR XNOMXpXMH NDEHOH SUHWYDUDpPH XSUDYOM
RNR GR SRWURaAaQMH JRULYD GLHVHO JHQHUDWRUD

SBULNXS OMD Q M 80t (CCS,Cdlen @aptit&didStorage)
SULNXSOMDQMH Jse\kdb@ebr®GIbgijsv Kemifskd & industriji nafte i plina

NRULVWL GXJR YUHPHQD 7HRUHWVNL LVWD WIKRBRQRORJLN
HPLWLUDQRJ VD EURGRYD GRGXaH SRVWRML SUREOHP NI
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prikuplien CO, X]JLPDMXiL L REJLU JOREDOLJLUDQX VWUXNWXU>

kapacitete u lukama.

SULNXSOMDQMHP L VNODGLAWHQMHP XJOMLND endisf6 WHRU

XJOMLpPQRJ GLRNVLGD L] ELOR NRMUINDQGWHWDWLMH UBYHMW

SURFHV XNOMXpXMH WUL JODYQD NRUDND

T S U L GIG¢ Ba0zvioibuQoldvajanje od ostalih plinova procesa proizvodnje

+ prijevoz prikuplienogCO; QD SRJRGQX ORNDFLMX VNODGLAWHQMD
stanju)

¥ pohranjivanjgCO, QD QDpLQ GD RVWDMH RGYRMHQ RG DWPRVIHUH

RFHDQH LVNRULaAaWHQH QDIWQH L SOLQVNH EXaRWLQH

,DNR VNXSD WHKQRORJLMD MH GRVWXSQD WH VH VYH YLAaH

SURFMHQD M @drikgdaryd O® aMNMRIX SRYHUDWL XWUR&ADN HQHUJLM

QDMYDAaQLMD pLQMHQLFD NRMD XVSRUDYD &dLUX SULPMHQX

Ovisno o procesu ili izvoru , postoje tri glavna pristupa prikupljanjw: CO

: SULNXSOMDQMH QDNRQE prgll PG K RELYFDQLIKQ MGIL @ R
WHNXUHJ DSVRUEHUD RYRP PHWR®REQMHmBR@HMIH RGY

SRVWURMHQMLPD X VXVWDYLPD ]D QDNRQ L]JDUDQMD N
monoetanolamin (MEA).

X sustavi za prikupljanje prije procesa izggeakemijskim razbijanjem primarnog goriva
]DJULMDYDQMHP SRG SULWLVNRP X UDVSOLQMDpPX GRELY
XJOMLPQRJ PRQRNVLGD L YRGLND VLQWHW\ddbvdnSOL QD
UHDNFLMRP XJOML p@ L dugdnReditdrG('Bhift reakids"). Nastala smjesa
vodikaiCQ VH PRAH RGYRMLWL REUDGLWL L XVNODGLaAWLWL

x AR[\IXHO3® VXVWDYL |]D L]JDUDQMH ]DKWLMHYD NLVLN ]D
plin sastavljene uglavnhom od vodene pare bCdda sekondenzira te separira dok se
CO: NRPSUHVLUD 6XVWDY |DKWLMHYD VHSD@bBokKisikeX NLVLN
WH MH MRa X IDJL UD]JYRMD

SYhttp://www.greenfacts.org/en/capturestoragei3/3-captureco2.htn} 07.02.2017
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Slika 50. CO2 capture shematic (www.greenfacts.org)

Proces izdvajanje COL] PMHADYLQH VH RGQRVL QD SULNXSOMDQN
NRULVWHiUGL DSVRUSFLMVNL PHGLM 4 Oz stiuj@ WikbMaQobdlid. Y QR V)
L]JDUDQMD IRVLOQLK JRULYD X NRQYHQFLRQDOQRP SURFHV
RGVXPSRUDYDQMH GHQLWULILNDFLMX .RULAWHQMHP A
XpPLQNRYLWRVWL PRERJVSRRRPEMEDODWD NYDOLWHWH DSVR
kemijsku stabilnost.

2pHNXMH VH GD UH RYD WHKQRORJLMDREULWIH GRXGXIIQ B RYDN
VH PRJX SULSUHPLWL ]D XJUDGQMX RYH WHKQRORJLMD F
SULODJRGEH VLVWHPD .RULAWHQMHP DPLQD DSVRUEHQW
DSVRUSFLMH DPLG HRNMLPpWILGWHAIHEHULUD X GHBVRLUENMHRX Q
regeneracije u desorberu, otapalo se nanovo koristi .

Druga dostupna tehnologija je suha apsorpcijig CO HPHOMHQL QD SULPMHQL DC
1D+&2 LOL YDSQHQDpPNRJ &D 2su jedi®Rayh Mad khosukeijti OD W L Y
XSRUDEX L RGUADYDQMH DOL |DKWLMHYDMX J]QDpDMQH NRC
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Slika 51. Shema procesa prikuplja

2VLP DNR VH SRVWURMHQMH QH QDOD]L QHSRVUHGQR L]QDC

&2 PRUDMX ELWL SUHYH]HQ GR PMHVWD VNODGL&AWHQMD
ukapljuje.

Slika52, *HRORANR VN Q V&l.§raehiaztd otg) 2

PrikuplieniCQ@ PRAH ELWL SRKUDQMHQ X {eVplii(SI&NS)Q@UBKID H &L & W L
VODQLP IRUPDFLMDPD L QHLV NbRipavdienyodtlakormma LAWLPD XJO N
60LPQD WHKQLND2XEWGXEBRKBIQMRGRANH R UP DWFU DI WHIQ MX
QDIWH L SOLQD 7HKQLND EX4HQMD L QDG]JRUD GXERNLK E
SRWSXQRVWL V PRAH SULPLNHQpWR Q@S UWNO BB QHIMAHRNMIH @ &

QHSURSXVQLP VORMHP aNULOMHiYLFD RGJ O RN KL NIHFBRGE DN G IV
URFN’
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Slika53.CO, 6 NODGLAWHQMH X PRUX KWWS ZZZ JUHHQIDFWYV

ORJXUD RSFLMD VNODGL a&\éhgeyoo 8dlhbamE SubdkdiuoRein ¢ bi

WUHEDR RVWDWL LJ]ROLUDQ 6 YUHRPHH BBR di&®k gladRGMOMHQL L
NDUERQVNRJ FLNOXVD |]D 6OLND 2YD RSFLMD MH MRa X©
CO; je koncentrirana RYUALQVNRP VORMX YRGH;: naDieigsimalbimRGODJLC
GXELQDPD SURWRNRP YUHBH QIY WO W YROBIORA P & SXW GR D\

02*80( $/7(51$7,9( )26,/1,0 *25,9,0%
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6RODUQD HQHUJLMD HQH hukledina evidvgija\\korverzija&Rternaine G H O L
energije oceana, hidroenergija, etanol i biogoriva, su najizgledniji alternativni a istovremeno i
RGUALYL L]YRUL HQHUJLMH L ]DPMHQD IRVLOQLP JRULYLPD
HQHUJLMH DPDYQUAMODNDRWHUQDWLYD IRVLOQLP JRULYLPD X
NRULAWHQMHP VDPR YRGLND L NLVLND L QHPD QLNDNYLK aw
element na planeti, u prirodi se nalazi samo kao sastavni dio drugih spojeva.

YyLVWRGLN SRJRGDQ NDR JRULYR VH PRUD SURL]JYHVWL N
QHVLJIJXUDQ MH ]D WUDQVSRUW L VNODGLaAaWHQMH 9RGLN VI
ODQDFD XJOMLNRYRGLND d8WR VX SURFHViboteR BthoSf@PL SR VI

Slika55 6 KHP D JR U LWk liyHrGnemitsicom

*RULYD tHOLMD MH XUHYyDM NRML SUHWYDUD SRWHQFLMDO(
5HIXOWDW UHDNFLMH VX YRGD HOHNWULFLWHW L WRSOLQI
GorivaVH tHOLMD VDVWRML RG HOHNWUROLWD X NRML VX XU
YRGLN GRN SXWHP GUXJH HOHNWURGH NDWRGH GROD]L
HOHNWULpPNL UD]JGYDMDMX DWRPL YRGLM@ NP GLHWMB MDWDRVEH.
LGX SUHPD NDWRGH 3R]JLWLYQD MH]JUD YRGLND NUR] HOH
UHJHQHULUD QD VDPRM NDWRGL VSDMDMXUL Vvwdé® NLVLN
para®® Razvijena temperatura zavisi o vrsti elekteou uporabi a varira od 100 78

O9RGLN LPD YHOLNL SRWHQFLMDO NDR QDpLQ VPDQML RYLVC

59 http:/nauka.adsoglasi.com/energijamaterija/gorivecelije .f0h02.2017.)

sTwww.hr.wikipedia.org/wiki/Goriva_%C4%87elij@1.02.2017.)
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*ODYQL SUREOHP MH VNXSRUD JRULYLK UHOLMD QHVDYU:

jeftino za proizvesti.

Drugiizvor HQHUJLMH X EXGXUQRVWL PRJOD EL ELWL QXNOHDU

aAaWHWQD L GXJRWUDMQD JUDpHQMD L SURL]JYRGL YHOLNH NF

JRGLQDPD D DNR VH RVORERGL X RNROLa& LPD GHYDVWLUDM

Konverzja termalne energije oceana (Ocean Therhmal Energy Conversion, OTEC)

MH WHKQRORJLMD GRELYDQMD HOHNWULFLWHWD QD RVQF

SRYUALQVNLK L GXELQVNLK YRGD awR MH YHUD WHPSHUDW

dok je cjelokupna potrebna tehnologija je dostupna. OTEC tehnologija zahtjeva ogromna

ulaganja u skupe cijevi velikih promjera koje se moraju postaviti barem kilometar duboko u

PRUH D NDNR EL PRJOH GRYRGLWL KODGQLNMI skip&G X VD Y&t

7LSRYL 27(& VLVWHPD VX VOLMHGHUL

X  sistemi zatvorenog kruga (Closes\FOH NRULVWH WHNXULQX QLVN
SRYUALQVND YRGD SUROD]JL NUR] LIPMHQMLYDp WRSOL
LVSDUDYD L SRNUHUOH W XzatinL kpntedzitaQ ddibiri3kenR bldinijoMH VvV H
YRGRP L YUDUD X FLNOXV

X sistemi otvorenog kruga (Ope& \FOH NRULVWL WRSOH SRYUALQVNH
WODNX QDVWDOD SDUD SRJRQL QLVNRWODpPQX WXUEL
dubinsku vodu

OvisistetPL UDGD QD PDOLP WHPSHUDWXUQLP UD3®.LNDPD SD VX

(QHUJLMD YDORYD NLQHWLPND HQHUJLMD GRVWXSQD VWD

LVNRULAWHQD |]D SRNUHWDQMH WXUELQD GRN RApbRPQH NR

daju veliki energetski potencijal. Podizanjem valova u komorama, nastale sile istiskuju zrak

NUR] WXUELQH WH WDNR SRNUHUX JHQHUDWRUH

(QHUJLMD SOLPH L RVHNH SRVHEQR SURYHGLYD X SRGUXpM

energiju kretanja vode

(QHUJLMD YRGH KLGURHQHUJLMD MH QDM]QDpDMQLML QI

izvor energije te kao takav glavni konkurent energiji fosilnih goriva te nuklearnoj energiji

ujedno i jedini koji je ekonomski konkurentan fosilnim gorivimauklearnoj energiji. U

VWUXNWXUL (XURSVNRJ HOHNWURHQHUJHWVNRJ VXVWDYD
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43%°8 svih Europskih obnovljivih izvora energije. Kad je Hrvatska u pitanju, situacije je
SRYROMQLMD QDA&aD GUADY Dd8uv®updfabQrxXvaotiénel shigel (StikaB5)H Q H U .

Slika56. (OHNWULpPQD HQHUJLMD JHQHULRDHZOHREQRYOMLYLP L]YR

(QHUJLMD ELRPDVH LOL ELRJRULYD RVOREDYD NHPLMVNX
GUYR XVMHYL A&LYRVQIDQWEVWUNIH RWMYWXUIRYRUIRSVNL L]YRU R
]D UDJOLNX RG RVWDOLK REQRYOMLYLK L]YRUD HQHUJLMH
VWDNOHQLPNLK ILOPRYD
.ROLpLQD HOHNWURHQHUJIJLMH SURL]YHGHQD 19 yoHivd t¢RP X (8
MH GRVHJOD XNXSQR SURL]YHGHQH REQRYOMLYH HQHUJ
VDPR VYMHWVNLK SRWUHED ]D HOHNWULPQRP HQHUJLMEF
.RULAWHQMH VRODUQH HQHUJLMH XYHOLNH RYLVL R LQVR
apsoluW QR QLNDNYLK aWHWQLK HPLVLMD 6RODUQD HQHUJLMEL
X HQHUJLMD NRULAWHQD NDR L]JYRU WHUPDOQH HQHUJLM
X SUHWYRUHQD X HOHNWULPQX HQHUJLMX XSRUDERP |
primjenom heloistatsa. Das, solarna energija daje oko 6,1%Eantopske obnovljive

energije.

=D SRWUHEH SULMHYR]QLpNH LQGXVWULMH SRJRWRYR NRS
R NRULAWHQMX REQRYOMLYLK L]YRUD HQHUJLMSBtruixh)NOM X p X'

Tako uporaba obnovljivih oblika energije treba iznositi najmanje 10% svih goriva u prometu

g http://ec.europa.eu/eurostat/statisiplained/index.php/Renewable _energy _statis#zs2.2017
R

70




Globalna politika emisije CO2 i zahtjevi u pomorskom prometu

GR JRGLQH 3URVMHpPQL XGLR REQRYOMLYLK L]JYRUD H
sektora u cijeloj ELR8 u 2014. godini je iznosila 5,9%.

=DNOMXpDN

59 http://ec.europa.eu/eurostat/statistieplained/index.php/Renewable_energytistias
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.DR NRQDpQL ]DNOMXpDN PRUD VH SRVYHWLWL SDaQMD
IRVLOQLP JRULYD L SRVOMHGLpPpQR HPLVLML VWDNOHQLpPNL
, JEMHIJDYDQMH R]JELOMQLK NOLPDWVNLK SURPMHQD ]DVLJ
WUHQXWDpPQLK L SUHGYLYHQLK HPLVLMD VWDNOHQLpPpNLK
HPLVLMH XJOMLPpQRJ GLRNVLGD LVWD QH EL VPMHOD XJUR]
PomorsND SULMHYR]QLPpND LQGXVWULMD GRVDG LVNOMXpHQLCL
XJOMLpQRJ GLRNVLGD JERJ VYH ULJRUR]JQLMLK SUDYLOD
WHKQLpND WHKQRORAND L RSHUDWLYQD UM\ IPQK DI XN RMHR
Pred svim sudionicima u industriji je veliki izazov ako odgovoriti na postavljene zahtjeve a da
VYD UMHAHQMD EXGX LVWRYUHPHQR WHKQLpPpNL SURYHGLYI
XJURADYDMXUL UDYQRPMHUDQ RIDQ Y B MMXUILMAHYWRI] DMBI IGRIR & V
JRULYD RG pDN SRYHUDQMHP RPMHUD NRPSUHVLMH X NR
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Tablica 1. Svojstva rashladnih plinova
Tablica 2 a) Shipping CO2 emissions compared with global CO2 (values in million tonnes CO2);
Tablica 2b) Shipping GHGs (in CO2e) compared with global GHGs (values in million tonnes COZ2e).
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=D SRVWL|IDQMH SRVWDYOMHQLK FLOMHYD SULPDUQD V\
JRULYD X NRPELQDFLML VD SRYHUDQMHP NRULAWHQMD RE
HQHUJLMH NRULAWHQMHP av&gUulibksidaQLVNH HPLVLMH XJOMLN
IDSRVOMHWNX PRJX VH L]YXUL VOMHGHUL ]DNOMXpFL
X JRVLOQD JRULYD VX JODYQL L]JYRU HQHUJLMH L VYL VX

koje slijede.
X 8 EXGXUQRVWL VH IRVLOQD JRULYD QHUH ELWL GRVWL

istradLYDQMH UD]YRM L NRULAWHQMH RGUALYLK L DOWHL
X ,]JJDUDQMH IRVLOQLK JRULYD 2LV SRR DrHDO INNRHD INHRQDW |
DWPRVIHUL aWR MH PMHUOMLYR L GREUR GRNXPHQWLU
SURL]YRGQMD HOHNWULpPQH EQ®UJIJLMH VWYDUD QDMYH:I
1DNRQ SURL]JYRGQMH HO HQHUJLMH 2WUDQVSRUW MH G
2JUDQLpDYDQMHVMHPWHYEMR &RVWLUL V RE]JLURWPXQPBDIVYH
VWDQRYQLAWYD
SUHGYLYD VH G DO M Qdiirobh da/i dentj@u_redvifu-Hha&t@BE ROMAaADWL VWD
SRYHUDYDMXiL SRWUHEX SUHPMHaAWDQMD URED L VLURYLQ
Pomorski transport dijeli sudbinu ostalih gospodarskih aktivnosti i industrija je ostvarila
napredak u smanjenju emisie €@ SREROMAaDQMD HQHUJHWStpHIh XpLQNR
RSHUDWLYQLK L WHKQROR&ANLK UMHAHQMD OHYXWLP RYH |
LQGXVWULMH |JDKWLMHYD SDaAQMX NUHDWRUD SROLWLNH
SULNXSOMDQMD SRX]GDQLK L WRpPQLK SRGDWDND MH SUH
PLOQMHQLpQWRAOXAWDNIMDRVQRYD GDOMQMLP DNWLYQRVWL Q
WUaLaA&WD WH EUAL UD]JYRM L SULPMHQX QRYLK WHKQRORJLN
QUOR YDAQR ]D ELOR NRML QDSUHGDN MH ALURND GRVWX
podataka unutar industrije.
Sustav provierde FHUWLILFLUDQMH PMHUD ]D XQDSUHYHQMH XpLQI
NRULVWDQ X VPLVOX GD EL QRYL SURSLVL PRJOL XEU]DWL ]
,VWRYUHPHQR RYH REYH]H SUHGVWDYOMDMX QR/MiH PRJXIU(
HQHUJHWVNL XpLQNRYLWLK PRWRUD GL]DMQD WUXSD SUH
VXPSRUD SURL]JYRYDpL UD]J]QLK XUHYyDMD ]D SURpLaAuUDYDQM

X

X

X
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7D UMHEHQMD VX PXOWLGLVFLSOLQDUQD L side@MXpXM X
brodograditelje, kemijsku industriju, prometnu infrastrukturu (luke, terminali), preradu nafte i

plina (rafinirana goriva sa niskom razinom sumpora, LNG) i transport.

5HIXODWLYH SRSXW 0$532/ L GLUHNWLYH (8 SiWeeDY OMDM
RGUHYHQR UMHAHQMH ,QGXVWULMD PR&H VORERGQR NRUL
]IDGRYROMLWL |DKWMHYH D pHVWR RYLVL R PQRJLP pLPEH
GUADYQLP SRWSRUDPD WUALaAQLP XYWHSWHND P RYDMEHMB

kretanju cijena goriva, razvoj infrastrukture ...)td

.OMXpQH ULMHDpL 8JOMLPQL GLRNVLG HPLVLMD S3RPRU
OHYyXQDURGQD 3RPRUVND 2UJDQL]DFLMD 0$532/ 6WDNOHQ

Zakiseljavanje, Atmosfera, Oceani, Alternativni izvori.

12. Summary
Global CO2 policies and the rule of maritime traffic
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As conclusion, humans need to address present dependence on usage of fossil fuels and
consequently, greenhouse gas emissions.
Avoiding serious climate change will definitely require a significant reduction in projected
greenhouse gas emissions. Elver, whatever strategy used to reduce anthropological carbon
dioxide emissions must not interfere with the projected economical growth.
To achieve set targets, the most plausible strategy is combination of increased fuel efficiency,
usage of renewable ergy, lowcarbon electricity and use of legarbon biomassderived fuels.
After all, the following conclusions can be drawn:
X  Fossil fuels are the major energy source used by humankind, for the many years that
follows it will most likely stay that way.
X In the future, the fossil fuels will not suffice, humankind will be forced to explore,
develop and implement sustainable energy sources.
X The burning of fossil fuels emits large quantities ob@Oreasing its concentration in the
atmosphere. This measurable well documented.
x  Electricity production generates the most of @@issions
X  After energy generation, transportation is the second largesti@@er globally.
x  Limiting CO. emissions will be difficult to achieve consideringeegrowing needs of
growing population.
Shipping shares fate of other economic activities and industry made progress in reducing CO
emissions and improving energy efficiency though many cost effective efficiency measures and
technology solutions.
Howeve, these actions alone may not be sufficient and industry requires attention from policy
makers.
Most of the measures applicable to any other energy consuming industry are also applicable to
the shipping sector. Critical to any progress is better sousridgsharing of technical and
experiential data within the industry.
At the same time, legal requirement create opportunities for companies that offer solutions
through energy efficient engines, designs, coatings;siaywhur fuel producers; scrubber
manuUDFWXUHUV DQG /1* SURGXFHUV«HWF |IRU YDULHW\ RI L
builders, chemical industry, transportation infrastructure (ports, terminals), oil and gas (refined
fuels production, lowsulphur fuel, LNG) and transportation (shippinBinding regulations

only set the standards; they do not recommend any particular solution.
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