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ABSTRACT

Of the topics which have recently been taken imteseeration
are the environmental contamination and its fafédces on

earth. A considerable percentage of pollutant gasesnade by
the ships' diesel motors, so their manufacturersadapting

them have been impelled to take some implementtfon

decreasing these compositions. International maiti
organization (IMO) has also put a serious stresthmmatter.

Sulphur is one of these greenhouse gases. MoreBthaercent
of SO diffusion rests on the fuels'
environmental regulations have strictly focusednanimizing

these pollutants. This paper is aimed at examirSudphur
ingredients and its fatal effects, desulphurizingthnds, IMO's
related regulations, their effects on the ships tredways of
improving them. Some solutions have also been redd&o
decrease the usage of Sulphur.

KEYWORDS: Environmental Contamination,
Regulations, Desulphurization, Combusted Sulphur

1.0 INTRODUCTION

Researches demonstrate that marine transportatmreisf the
cleanest, safest and the most economical
transportation. Nonetheless the rate of combustddh8r in
the sizeable oceangoing ships' fuel is 2000 tinteatgr than
that of trucks and motor cars [1]. The ships are of the
sources of the fatal environmental effects and iffusing and

leaking contaminant gases derived from combustidn o

fossiliferous fuels lead to the air contaminati®he increasing
consumption of fossiliferous fuels through diffugim wide
range of spherical contaminants such as,,C&ulphur and
Nitrogen oxides and their environmental sub effelike

combustion. The

IMO's

producing greenhouse gases, earth warm up, acititall and
creating a wide range of the environmental contantisy, have
actuated the reactions of the worldwide nationsc&i1979,

Canada, the U.S. and European nations have signey ma

agreements to decrease and control the Sulphuusitiff.
These agreements are mostly aimed at transportétiels
because they are one of the most focal sourceseoSulphur
diffusion [2]. IMO is one of the UN's agencies whiare
known as the regulatory institution of the actigtirelated to
marine transportation.

Earlier than 2008 there were no inclusive regutetito control
diffusion of the ships' contaminants but in the sajmar IMO
by reconsidering its regulations and to decreaffasibn of
Nitrogen and Sulphur oxides tied the ships to adrtreir own
contaminants. The upcoming segments are set stgcitoc
examine the generality of these regulations anid #fiects.

2.0 CONTAMINATIONS MADE BY
FOSSILIFEROUS FUELS

Today, the major divisions of the air contaminateme made
by combustion of fossiliferous fuels. The main @mninants
are directly entered in the air through the moterdiausts.

Some of them as CO, Hydrocarbons and Carbon black are

results of incomplete combustion, some others hk&ogen
oxides are created by unwanted secondary reactindsyet
other ones such as Sulphur oxides are made byioeact
impurities existing in fossiliferous fuels. Fig.id the indicator
of these contaminants, their effects and importaAseit can
be seen in this figure some of them consist of rdesve

methods ofingredients and some others are involved in mamgcquEses

[2].

Sun, Earth warm up, Ozone cut back, acidic rainfall
Smoke bulk, sight decrement, Suspended ingredidrashulk
of exhaust gases, combustion cavity.
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Figure.1: Diffusion of contaminants by IN-Combustion motors

(2]

3.0 SULPHUR OXIDES AND
DESULPHURIZATION

Recent studies have estimated the rate of diffusfoBulphur

oxides by oceangoing ships around 5 to 8 percanteShe

beginning of January 2015, the rate of Sulphurhia tegions
such as the North America, Baltic and North seasMadsh
channel which world widely control the level of Bhalr is to

be decreased to 0.1 percent. For other placeseirwdrld, it

amounts to 0.5 percent [3]. Generally saying folpBurized

mineral compositions no any inclusive classificatiof
desulphurization has yet been offered.

e The first classification is based on the changeSwphur
compositions throughout the process of desulphtimiza

* The second classification is carried on the basis o
Hydrogen's role in the process of desulphurizatiod this
latter one is divided to two Hydro-desulphurizatemd non-
hydro-desulphurization groups [4].

« The third classification based on physical and dbam
features of the process is aimed at deletion ofpl8ul
compositions. Fig. 2 renders a schematic of
classification and some of the commonest methodsaoh
group.

Most of desulphurization processes lead to fornmutaof
products such as petrol, diesel and non-transpamtdtiels
which constitute 75-80 percent of the sum productdd a
refinery. Decrement of Sulphur level in fuels isleatof
reducing destructive diffusion in three methods:

1. Direct decrement of Sulphur oxide and Sulphur idgnets

2.Through more efficient performance of diffusion toh
systems specially catalysts

3. Implementing modern techniques for reducing diffassuch
as diesel ingredients filters, NOx absorbents anotptsir
decrement systems.

this
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Figure.2: Classification of desulphurization processes based
physical and chemical features of the process [4]
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Desulphurization, catalyst is process associated ®ulphur
deletion, physical or chemical segregation of Suiph
compositions defined as follows:
« HDS Process, HDS process by the advanced catalysts,
» HDS Process with designation of the advanced rescto
« HDS Process associated with the improvement ofsfuel
features

« Catalytic distillation process,
 Alkylation process,
 Extraction process,
« Oxidation process,
« Adsorption process,
< and Residual segregation process

At present the current fuel of the commercial shipe
mainly HFO or MFO. The minor ships which are eqeippo
four term diesel motors associated with moderat®city
make use of marine diesel oil or gasoline fuels Bighows
distribution of the marine fuels consumption. MF® the
largest consumption in the marine diesel engines.

1.05%

\

| 4.40% ,0.03%
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Figure.3: Distribution of marine fuels consumption [10]

All marine motors are designed to have maximumagoerance
and this fact leads to production of contaminarstegasuch as
CO,, SO, Black Carbon and other types of contaminants in a
lesser amount. Shipping industry at present expee® a
transitory period of ratifying regulations relatedcontaminant
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gases and the worries which affect not only theeywibut also
fuel distributors, marine industry companies arfahegies [5].

4.0 IMO AND CONTAMINATION DIFFUSION
CONTROLLING REGULATIONS

Of the sum of greenhouse gases, 2.7 to 3.3 peic@nbduced
by marine transportation. This section examinesfiihée and
existing regulations related to decrement of thgases. The
future and existing related proceedings have alsenb
considered. Application of other types of fuel amelvcomer
run and the ships' body systems technologies amnarthese
proceedings [2]. IMO is an organization which intionally
ordains and pursuit’'s inclusive regulations andnavorks for
the ships and marine fleet. In 1973 and in ordgurevent the
contamination created by the ships, this orgaropatatified
'‘Marpel'73/78 convention. Aimed at minimizing maxrin
contamination, this convention is one of the maspartant
international marine ecology conventions. Firstamced in
1997 Marpol's sixth amendment restricted diffusioh the
ships' main contaminants specially Nitrogen and psud
oxides and prohibited the intentional diffusion dlie
ingredients which lead the Ozone's cut back. Thisralment
was enforceable since 2005 and based on that b rslade in
2000 and onward, in the case of installing new k®@0and
higher diesel motors, were tied to apply the motwith the
standard certification 'Tir 1." After 3 years ofqgsential
examination, Marine Ecology Protection Committeeldbgs
to IMO) in 2008 through its fifty eighth sessiortifiad the
sixth reconsidered version of Marpol convention chhivas
enforceable since June 2010 [7]. Whether regulatietated to
decrement of greenhouse gases should be consideredegal
obligatory document or a merely advisory and noligakory
one was subject to a vast body of extended chakemny this
session. Based on the ratified regulation in thisveation and
protocol, governments facing with greenhouse gases
subjected to the common and yet distinctive litibai
Therefore the names of developed countries whiore e
most portions in this contamination are mentioned the
second amendment. On the other side developed rasint
leading by the U.S., Germany, Britain and Swedeguiag
that unequal execution of regulations toward thépssh
regardless of their flags will leave unmet the etatons of
the plan of greenhouse gases decrement, were edeal
execution of regulations toward all ships becauseerthan 3/4
of international ships were under ownership of dmgvieg
countries. Eventually this matter led to definitiohdiffusion
control regions and determination of separate bertte these
and other international regions [3]. This amendmeefines
some restrictions to the ships' exhaust gasesdmguNOX,
S0O2, unstable mineral compositions and other wastadnich
lead to Ozone cut back.

Here, a comparison of the different ship typesresented
in Fig. 4. The blue bar shows the percentage qfsshi each
type. The black, yellow and green bars show thative
emissions of NOx, SOx and CO2, respectively. Theirook
describing the SOx and CO2 emissions are not ircadkes
equal. This is caused by the fact that some shopstarily use
fuel, which contains less sulphur than what isaled by the
SECA regulations. According to the existing SECA sulthe
maximum value for fuel sulphur content is 1.5 patcen a
mass basis [5].

While RoRo/Passenger ships (RoPax) represent less tha
5% of all ships, their emission was over 25% oftthtal NOX,
SOx and CQ@in 2007. Emissions of container ships (8%) are
larger than their share of total number of shigg)4Container
ships and RoRo cargo/RoPax ships usually have largiees,
and work to a tight schedule. Pushing engines &ir timits
rapidly increases the fuel consumption and exheméssions.

Additionally, based on IMO's ratifications (MEPC 2008,
Oct.) the ships have to control the air contamaraton the
basis of the following three temporal ranges andhpad
themselves to the related mentioned regulations [8]

Region or regulation/ Sulphur rate general stat@f®an ports
amongst others the following factors are remarkabie
prompting the ships' owners for making use of new elean
fuels: ecological changes and diffusion decremerit o
greenhouse gases, new strict regulations in cotifigpmvatery
contamination, application of low Sulphur fuelsgas diffusion
protected regions and their accessibility, priceanges of
fossiliferous fuels and lastly marine motors' emerg
consumption productivity index. Table 1 presentdpBur
emission in EU and ECA. It is predicted to diminigie
emission of the Suphuor in 2025 in less than 0.A%é ECA
and 0.5% in EU.

Table 1: Sulphur emission in the EU, ECA and Global

Year ECA EU Global
Prior to 2010 15% | 4.5% 4.5%
2010 1
— - 1.0% !} -
2012 | 3.5% 3.5%
2015 !
2020 01 0.5% 0.5%
2025 Potential
Postponed

Replacement of the ships' heavy fuels like crudevih clear
ones is a reliable solution. Needless to refimeekhaust gases
driven by combustion, DME and Methanol are amorgyftiels
that adapt the ships to the new regulations of djffasion
protected regions.
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Figure.4: Relative proportions of ship types and their eioiss Only ship types responsible for over 1% ofxNgnissions
are shown. These 13 types are responsible for >@6 e total NOx generated by Baltic Sea shippiogrd) 2007. The
blue bar shows the proportion of ships in eachgmate black, yellow and green bars the proportibhl®x, SOx and CO2

produced by each of the ship types [5].

In the near future these fuels will have the cdpgbi
of being used as green fuels. Natural gas and Reopa
gas fuels can also be used in shipping industiitisough
Propane has been introduced as the main candiddte a
reliable replacement of marine fuels, but world elydit
seems that this gas is a valuable product which ahas
higher price than other replaceable fuels. Todawid
natural gas has been hold forth as a reliable foel
shipping industries. Nonetheless its low freezimgnp
requires taking some safety points such as dupieasp
and installation of detection and alarm systems in
powerhouse [4]. However in recent years a greak aea
endeavors has been done to designate an interalation
inclusive plan which their reconsideration under #ffect
of the sixth amendment of Marpel convention hastted
more serious and stricter form. So in order to ease
diffusion of contaminants, manufacturers of thessaors
and generators have intended to apply new techigslog

5.0 MODERN TECHNOLOGIES AND
SOLUTIONS AND DECREMENT OF FUEL
CONSUMPTION

Using liquid gas, dual consumption motors and
implementing changes on the ships' construct aegatlv
aimed at lowering the ships' operational costs and
manufacturing the ships that are more adaptabléhe¢o
environment. In this segment common techniquesnamd
technologies of shipping industry are under consiiten

9.

Silver Stream Tech (SST) Company installed an air
flux system named Silver Stream on the ships of a
Norwegian shipping line. It was the first implemeitn
of this system in an industrial scale and was airated
increasing the ships' operational productivity, rdeent
of spherical contaminants, lowering the ships' faek and
at the same time improving their efficiency in cesiing
with other rivalries. By producing micro bubblesdan
creating an airflow strand under the ships' bodgdpced
systems of this company lead to decrease hulk tamois,
lowering fuel consumption and eventually reducing
diffusion and production of spherical contaminaatsl
improvement of the ships' operational productivithis
SST can be integrated into the new ship manufaxguri
plans and is applicable to the older ships [10].

6.0 INSERTION OF AN ADDITIONAL PART
TO THE PROPELLER FOR DECREASING
ENERGY CONSUMPTION

To decrease fuel consumption in the ships, Hyundai
Company made use of an instrument named High Fin.
Inserted to the roundish end of propeller, thist patike

the propeller's whirling motions creates some ot
circuits which results in improving the performancé
propeller, the propellant system and decrementuef f
consumption. This technology is applicable to lijgas
ships and other ones such as super tankers andireemt
ships.

7.0 HYBRID TECHNOLOGY
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Through implementing varied energy sources and
inductors (battery), this system leads the inpiadpellant
system to work in its ideal state. Key feature hiexe
reducing the motors' transitional power which letdfuel
consumption decrement and eventually contaminants
diffusion decrement. This system is connected to a
converter unit and at the same time to a commotesysf
energy management system. In addition to power
increment, this system makes the possibility fer itotor

to be designed in the optimal state and to havéitjeest
productivity and least rate of contaminants diffusiLow
costs of reparation, maintenance and high prodtctdf

this system derived from inductors' fast reactiae a
among the merits of the system.

8.0 CHANGES IN THE SHIPS' CUTWATER
DESIGNATION

Implementing changes in the shape and designatitmeo
ships' cutwater is one of the efficient methodseiducing
fuel consumption. Performing these changes dufing
Dock reparations, field calculations showed a fuel
decrement for the ships around 1000 tons per year.

9.0 FUEL EMULSION TECHNOLOGY

Through adding fuel supplements, this method le@ads
more efficient combustion and decrement of fuel
consumption in comparison with the fuels which are
avoided of these supplements. Diffusion of sphérica
contaminants will be decreased and owning to lower
combustion point, the ship's motor works in a lower
temperature which results in lower costs of repanaand
maintenance. This technique besides than decrenfent
fuel consumption and contaminant production offars
considerable financial saving to the owners.

10.0 WIND AND SOLAR ENERGY

Wind energy seems to be the most reliable helpmate
energy in running the ships. Numerous studies e
carried about the optimal usage of the wind energy.
Marine examinations on the propellant system driven
merely by a mini generator showed 2.5 percent gnerg
saving. Helpmate sails is another applicable teldgyo In
this system two 35 mts elevated sails are instaledhe

deck and each of them is connected to 3 aerodynamic 8. Germanischer

baleens. These sails are able of automatic rotatirthe
case of changes in the wind's velocity and direchad
leads to the optimal utilization.

Through producing more energy, this technology
causes the motor to work with lower rev and pressur
Despite the ship's proper speed, a consideratdeofdtiel

saving is occurred. Similar to wind energy, saaergy
can also be considered as one of the auxiliaryetpmhate
energies [11].

11.0 CONCLUSIONS

In addition to the mentioned cases, researches &lzee
carried about anti-duckweed colors and economicalma
motors. Here the most deployed methods in marine
industry are discussed. The most portion of Sulphur
existing in fossiliferous fuels can easily be deposed.
Unremitting and ceaseless international endeavors t
decrease Sulphur level are because of the needote m
clear combustive fuels. Today, as the industriepaished
forward by technology, to have a more efficient and
environment adapted shipping line it is hoped that
correspondent energy saving methods be also désijna
Generality of IMO's regulations related to the $uel
Sulphur and its effects were discussed in this pape
Additionally, regarding new regulations an increagsi
demand for low Sulphur fuels will occurred and st i
expected that implemented changes in reconsidered
amendment to have tangible and positive effectshen
environment and human health specially those whimee

in ports and coastal regions.
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