ENVIRONMENTAL  IMPACT OF TRANSPORTATION[image: image1.png]



	Marine engineering & research institute(imu),mumbai.


Trans tech 2010.
                      CONTENTS
                   MATTERS

                   Acknowledgement

·  Introduction.
· Environment and transportation.
· Environmental effects and emissions.
· Polluting factors.
·  Cost effective measures for SOx & NOx.
· Rules & regulations from MARPOL & EU.

· Future proposals.

· Technologies to reduce emissions.

· Comparison b/w emissions.

·  Conclusions.
                       Acknowledgement
First of all we are very thankful to our Deputy Director, Mr. Rajeev prakash giving us this golden opportunity to put forth our views in form of such technical paper. We are also deeply indebted to TMI (I) for organizing such seminars.

                 Lastly, we express enough gratitude to our librarian for providing us with necessary library assistance and also internet facilities and in the end, Mr. A.N.S. Neti and our seniors for their constant motivation, help and guidance.

 SYNOPSIS

Extinction, depletion, pollution aren’t these the headlines that we read in today’s papers? Over the centuries we have enjoyed the abundant beauty of the sea. But, with the overdose of toxic pollutants we are injecting in her, the day is not far when the biodiversity on our planet will be severely affected causing an imbalance. Do you think in the generations to come our children will desire to venture into this cocktail of toxins? How safe is it?
    Shipping is the safest and the most environmentally friendly form of commercial transport. Nevertheless, many of the cargoes transported by sea such as oil and chemicals are potentially damaging to the environment, which (in addition to the protection of life at sea) is why maritime safety is always paramount.

        Sea transport is one of the least environmentally damaging modes of transport and, when compared with land based industry, is comparatively minor contributor to marine pollution from human activities.

         The basic pollutants emitted from the ship into the sea include oil, chemicals, hazardous goods in bulk and packaged form, garbage, sewage, ballast water, antifouling paints and ship recycling, which in turn harm majority of the marine life and the surrounding coastal communities.

         The pollutants emitted to the atmosphere are exhaust emissions, carbon vapour emissions and ozone depleting substances (ODS) which cause acid rain, smog, ozone depletion and green house effect.

                      It has been recognized that the human factor plays a large part in incidents of marine pollution and other forms of environmental damage. Personnel, both ashore and at sea, should be provided with clear directions, guidance and standards in order to limit to the greatest extent possible any adverse impact to the environment caused by human activity.

The IMO and shipping industry have laid down certain rules and regulations like the MARPOL convention, due to which over the past decade there has been a drastic fall in the pollution caused. Even after this fall it can be reduced a lot more by having well trained and strict personnel for operations aboard.

introduction

           For several decades concern has been expressed about the major pollutants, carbon dioxide, sulphur dioxide and nitrous oxides. Carbon dioxide is considered to be largely responsible for global warming while the latter two gases contribute amongst others to acid rain. 

                    From the past years, it is estimated that land based discharge and atmospheric inputs from land industry sources account for some 77% of the marine polluting generated from human activities.

          As the development of marine fuel is inexorably tied with the regulations of exhaust emissions by ships. The increase in shipping driven by 2-stroke main engines is helping create more and more exhaust emissions, having a deadly impact on the environment. The result is the establishment of SECAs and various regulations like MARPOL & EU. This reflects the increasing efforts to reduce emissions like Sox, NOx &particulate from ships. Shipping now looking for various technologies and solutions that keeps its pace with the ferocious rules, yet profitable to it.

       As the pollutants are introduced into the marine environment from storm water-transport may affect the marine environment by introducing pollutants such as rubbish, toxic chemicals and marine pests. Besides, the effects of these on the environment, this type of pollution also affect the living biota of the seas which is consumed by human being world over.

· PRESENT ISSUES RELATING TO THE ENVIRONMENT AND SHIPPING

· Limits have been set on Sox and NOx emissions from ships exhausts which will come into effect in the next few years. The use of pertfluoro carbons (PFCs) onboard ships has been prohibited.

· Guidelines to minimize the adverse effects of the introduction of harmful aquatic organisms through ships’ ballast water have been adopted.

·  Four ‘particularly sensitive sea areas’ (PSSAs) have been designated and given special protection against marine pollution and dumping.

· An international convention on oil pollution preparedness and response came into effect in 1995 aimed at lessening the impact of major tanker accidents.

· Introduction of codes of conduct for the safe carriage of irradiated nuclear fuel  by sea

· The spread of common standards for maritime safety and pollution prevention to cover most of the world’s oceans and controls on the use of anti-fouling paints on hulls.

Environmental effects and emissions

 Environmental effects of sulphur and nitrogen oxide emissions

The emissions of sulphur and nitrogen oxides affect health and the environment in a wide perspective. Emissions, primarily those of sulphur, are also regarded as affecting climate.

· Effects on health

· Nitrogen oxide and sulphur dioxide, in the concentrations that normally occur in the outdoor environment in themselves regarded as having a limited effect on health.

· Shipping’s greatest contribution to health effects is instead linked to emissions of particles. Increased particle concentrations derive partly from the direct emission of particles and partly from secondary formed particles, primarily as a result of the emission of sulphur and nitrogen oxides. Measures aimed at reducing the emission of sulphur and nitrogen oxides therefore have a positive effect through reduced presence of particles.

· Ozone is the form of pollution that is regarded as causing the second greatest effect on health by outdoor air in Europe. Together with hydrocarbons and sunlight, nitrogen oxides give rise to increased levels of ground-level ozone.

· Nitrogen oxides also contribute to the eutrophication of the sea. Nitrogen oxides that end up in the sea serving as nutrient for plankton growth. Increased input of nutrients to the sea in most cases result in increased biologic production and changes to the ecosystem with several negative effects on the marine environment.
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· Effects on the environment

· Sulphur and, to a certain extent, nitrogen have an acidifying effect. Lakes,

Water-courses and vegetation on land with a poor buffering capacity are

prone to acidification.

Examples of such effects are-

• Altered species composition of fish.

• Increased turbidity causing poor light conditions for bladder wrack and other fixed algae and plants that constitute an important environment for many    animals.

• Blue-green algae blooming.                  
Climatic effects
The debate on greenhouse gases and climatic effects is mainly related to carbon dioxide emissions. Nitrogen oxides have a certain, but very limited, greenhouse effect. On the other hand they have a greater importance through their contribution to the creation of ozone, a gas that has a climatic effect. Sulphur  and particle emissions are deemed to have a certain effect on the climate by their shadowing effect, which means that less sunlight reaches Earth. This shadowing is thus regarded as having a cooling effect that in turn counteracts the greenhouse effect.

Major polluting factors affecting environment

Factors affecting environment includes-

  Although the fuel we are using causes of pollution by various elements like:

1.
SULPHUR

2.
NITROGEN 

3.
PARTICULATE MATTER

4.
CARBON 

But still we are focusing on Sulphur because:

Its effects are more prone than other emissions. Sulphur in fuel after burning inside the cylinder forms

SOx (SO2 , SO3) this emissions under the influence of various atmospheric stages forms H2SO4 that

causes ACID RAIN .

As it is one of the major pollutants which can be also removed at the refining level itself .
As per current annual rates we can expect Sox emissions from shipping of 16.2Mt to 22.7Mt by 2020.

Sulphur emissions to the atmosphere 

· No gaseous sulphur compound is a permanent or long-lived constituent of the atmosphere. The short residence time for sulphurous gases is a consequence of rapid oxidation: Sulphur and its gaseous compounds hydrogen sulphide (H2S) and sulphur dioxide (SO2) are oxidised to sulphur trioxide (SO3), which dissolves in water droplets of the clouds to form sulphuric acid (H2SO4). This process is responsible for acid rain.

                               SO2                        LIGHTENING
                                                             

      [O2]                                     [O2]              [O]  

         S                                                                                H2SO4
                                  [O]                                                                    
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· While pollutant emissions from land-based sources are gradually coming down, those from shipping show a continuous increase.

· The emissions from ships engaged in international trade in the seas surrounding Europe – the Baltic Sea, the North Sea, the north-eastern part of the Atlantic, the Mediterranean and the Black Sea – were estimated at 2.3 million tonnes of sulphur dioxide (SO2), 3.3 million tonnes of nitrogen oxides (NOx), and 250,000 tonnes of fine particles (PM) a year in 2000.

Emissions of nitrogen compounds to the atmosphere 
      Nitrogen oxides also contribute to the formation of acid rain and to a wide range of other environmental effects, including: potential changes in the composition and competition of some species of vegetation in wetland and terrestrial systems, visibility impairment, acidification of freshwater bodies, eutrophication of estuarine and coastal waters, and increases in levels of toxins harmful to fish and other aquatic life. The consequence of eutrophication is an explosive algae growth leading to a depletion of oxygen in the water.
                 Under current legislation, it is expected that shipping emissions of SO2 and NOx will increase by 40–50 per cent up to 2020, as compared to 2000. In both cases, by 2020 the emissions from international shipping around Europe are expected to equal or even surpass the total from all land-based sources in the 27 EU member states combined (see fig 1&2).
                           It should be noted that these figures, high as they are, refer only to ships in international trade. They do not include emissions from shipping in countries’ internal waterways or from ships plying harbours in the same country, which are given in the domestic statistics of each country.

However, if the recent international agreement on new SO2 and NOx emission standards is implemented, by 2020 emissions of SO2 should come down significantly, while those of NOx would still in​crease, but not as much as was earlier anticipated. 
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          Global emissions
·         With no change in international regulations, IMO predicted in autumn 2007 that today’s total of 369 million tonnes of marine fuel consumption would rise to 486 million tonnes by 2020, of which 382 would be heavy fuel oil and 104 would be distillates.

· Annual SO2 emissions from ships were estimated at 16.2 million tonnes in 2006, rising to 22.7 million tonnes in 2020 under the “business-as-usual” scenario. Emissions of the greenhouse gas carbon dioxide (CO2) from ships were estimated at 1,120 million tonnes per year, rising to 1,475 million tonnes in 2020.

· Examples of countries where the proportion of air pollutant depositions of sulphur and nitrogen oxides from shipping is most marked.

· Data for 2010 are-
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Contribution made by ships to Sulphur deposition 2000 and 2020 (in %)

[image: image7.png]



               Source: IIASA, http://www.iiasa.ac.at/rains/reports/IR06-107_Ships.pdf
Nowadays we are more concerned about Sox emission from the Shipping industry because emission from the sea going vessels is gradually increasing when compared with that done from terrestrial.
THE SULPHUR EMISSION ASSESSMENT IS GIVEN BELOW:

[image: image8.png]Calculation assessment

Result 2007
Mill. Tonnes

Result 2020
Mill. Tonnes

Total Fuel Consumption by ships 369 486
HFO Consumption by ships 286 382
Marine Distillate consumption by ships 83 104
Total SOx Emission from Ships 162 227
SO emission reduced by current SECAs —0.78 *
SOx emission reductions for a 0.5% S Marine Distillate,

global cap -127 -17.8
SOx emission reductions in_a_multiple SECA

environment with a 0.5% Marine Distillate SECA cap * 34
SOx emission reductions in a multiple SECA

environment with a 0.1% Marine Distillate SECA cap * 37





SO2-emissions 2000-2030:Land-Based vs. shipping
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NOx-emissions 2000-2030: 

land-basedvs. shipping
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Cost-effective measures

The costs of typical measures for reducing the emissions of SO2 from ships range from 0.3 to 2.5 €/kg and of NOx from 0.01 to 0.6 €/kg. The measures required to further reduce emissions of the same pollutants from sources on land would generally cost more, and in some cases much more.

        One reason for costs at sea being lower is that the easiest and least expensive measures have already been taken ashore, but not yet at sea.

        The cost-effectiveness of abatements at sea has been studied by IIASA, the International Institute for Applied Systems Analysis, both with regard to the EU directive on national emission ceilings and the thematic strategy on air pollution.

         Their analyses clearly show that by combining measu​res for shipping and land-based sources, the health and environmental targets could be attained at a considerably reduced cost. Alternatively, significantly improved health and environmental protection could be achieved at the same cost.  

SO2–reduction costs
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 To avoid the havoc of pollutants, MARPOL implemented various regulations which come under the ANNEX VI to check the Sulphur emissions. European Union (EU) at the same time is not lagging in making and implementing Rules for the same.

Rules & Regulations

 IMO REGULATIONS:

The annex-VI dealing with the prevention of pollution from NOx, Sox and other ship borne pollutants was first adopted in 1997.but full ratification required approval of 15 members states at IMO with more than merchant fleet of 50% or more of world’s gross tonnage. Fully came into force in 2004 with 11 members and 54% of world’s tonnage

IMO declared some special areas as Sox emission control areas (SECA), the special areas presently includes the Baltic Sea, the North Sea, and the English Channel.

The imp sulphur emission limits as decided by IMO for various areas are: 

· For non SECA areas Sulphur content should not exceed 4.5%(m/m)

· For SECA : Sox emission control areas

1. Not more than 1.5% (m/m)

2. Or an approved Exhaust Gas cleaning system (SCRUBBER TECHNIQUE etc.) which reduces Sox Emission to max. 6.0 gms Sox /kWh



3.  Other technologies verifiable to limit Sox emission to level decided 

    Example: (EMISSION TRADING).
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                             Sulphur emissions implementation timing

[image: image15.emf]
By fitting SCR to all its engines, the emissions of nitrogen oxides from Viking Line’s MS Cinderella are cut by 97%, down to 0.4 g/kWh. MS Cinderella also uses low-sulphur (< 0.5%) fuel, and is in Stockholm connected to shore-side power.
EUROPEAN UNION:
The full ratification of IMO has been so long, these regions being more affected made their local rules. And this was how European Commissions directive came into picture
· A cap on SECA to have Sulphur content for ALL Ships to 1.5%(m/m)

· A cap 0.2% sulphur limit on fuels consumed by ALL Ships at berth in EU ports. 

	            SHIP TYPE
	                             AREA
	   %                                               
	WHEN                                          

	ALL
	                     ALL EU PORTS
	0.1
	1/1/2010

	INLAND WATERWAYS VESSEL
	   ALL EU INLAND WATERWAYS
	  0.1
	1/1/2010


	             SHIP TYPE
	                   AREA
	%
	WHEN

	 ALL
	BALTIC SEA
	1.5
	11/8/2006

	 ALL
	NORTH SEA + ENGLISH CHANNEL
	1.5
	11/8/2007

	PASSENGER SHIP
	    ALL EU
	1.5
	11/8/2006


Future proposals 
	 ◙
	The Sulphur limit applicable in Emission Control Areas beginning on 1 March 2010  would be 1.00% (10,000 ppm), reduced from the current 1.50% (15,000 ppm);

	◙
	The global Sulphur cap would be reduced to 3.50% (35,000 ppm), from the current 4.50% (45,000 ppm), effective from 1 January 2012;

	◙
	The Sulphur limit applicable in Emission Control Areas effective from 1 January 2015 would be 0.10 % (1,000 ppm);

	◙
	The global Sulphur cap would be reduced to 0.50% (5,000 ppm) effective from 1 January 2020, subject to a feasibility review to be completed no later than 2018. Should the 2018 review reach a negative conclusion, the effective date would default to 1 January 2025; and

	◙


	Introduction of a fuel availability provision under regulation 18 Fuel Oil Availability and Quality that outlines what actions are appropriate should a ship be unable to obtain the fuel necessary to comply with a given requirement under regulation 14


Marpol Annex VI SOx Emission Control Areas (SECA).
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Technologies to reduce emissions & their comment
· The technology already exists for reduction of the emissions of         SO2, NOx and PM from ships.
· Low Sulphur fuel
The traditional fuels being used in shipping is HFO which has sulphur content greater than 1.5%, but it is causing more sulphur pollution. So, to reduce emissions, the sulphur content is lowered. Hence low Sulphur Fuel Oil is the residual fuel which basically has Sulphur content less than 1.5 % (m/m).
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HFO Heavy Fuel Oil >15
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HOW IT CAME INTO PICTURE:   






   EUROPEAN UNION                                               MARPOL

· Scrubber technology

Due to implementation of  new rules many ship operators have to switch from  3.5% sulfur heavy fuel oil fuel to a 1% or 1.5% sulfur bunker fuel, or perhaps switch to relatively low-sulfur marine gasoil (0.2% or less) especially when operating near pollution-sensitive port areas.

However, an emerging stack-scrubbing technology employing ordinary seawater is beginning to emerge as one possible option to steep, costly fuel desulfurization.

Hence an on-board missions scrubbing system would greatly increase the flexibility of ships to call on any port, at any time, without having to off-load high-sulfur fuel, then reload with a "green port" low-sulfur fuel.
[image: image18.emf]
Salt water scrubbing Technique: 
Another technique is to use a salt water scrubber. It is considered to be a cost-effective readily available technique. The main principle is that warm exhaust gases are mixed in a cascade of salt water and the SO2 in the exhaust is caught in the slightly alkaline salt water. The water is re-circulated and particles are separated in a settling tank. The sludge is later disposed, filtered and used sea water is brought back to the sea. However, there are discussions of the quality of the used water and how it should be treated. Due to formation of Sulphuric acid in the scrubber, corrosion problems may arise. 

Reduction efficiency: 
Using a fuel with 2.5 % Sulphur, a reduction of the SO2 emissions from around 70 to over 90 % is possible. The efficiency depends on contact time between sea water and exhaust gases, but also the salt concentration and the temperature may influence the reduction. 
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· Selective catalytic reduction

Selective catalytic reduction (SCR) means that an urea/water solution is injected into the hot exhaust stream for pyrolysis to ammonia over a

catalyst where the ammonia reacts with the nitrogen oxides and reduces them to nitrogen gas.
                          It is a system for after-treatment of exhaust gases. It can reduce emissions of NOx by more than 90%, and operates better with low-sulphur fuel oil. There are now around 100 ships fitted with SCR – many of them are frequent callers at Swedish ports.
· Gas engines
Ship engines can also operate on natural gas (LNG) and in this way reduce SO2 emissions to almost zero since there is no sulphur in LNG. Emissions of NOx and PM are also significantly reduced, by 80% or more.

· Shore-side electricity

While docked at the port, ships shut off their propulsion engines, but use their auxiliary engines to power refrigeration, lights, pumps and other equipment. If ships connect to a shore-side power supply instead, emissions of SO2, NOx and PM can be cut by 90% or more.
· Alternative energy sources

The use of fossil fuel must come down. Experiments with wind power (Sky Sails) and fuel cells are ongoing. Small craft operate on solar power and scaling this technology up is a challenge for the shipping industry.
· Nitrogen oxides

Internal Engine Modifications (IEM), Exhaust Gas  Recirculation (EGR) and water injection are different techniques for preventing the formation of NOx during combustion. The potential for emission reduction is around 30–50%, the highest for water injection.
                          HAM, Humid Air Motor, prevents NOx-formation during combustion by adding water vapour to the combustion air. The method is able to reduce NOx by 70–85%.
· CSNOx Technology

CSNOx, “true green” technology for the shipping industry

· CSNOx effectively reduces ships’ harmful emissions of nitrogen oxide, sulphur dioxide, carbon dioxide and particulate matter in a single process system without harming the ocean

· Pilot test of CSNOx device on tanker proves a commercial success

· CSNOx’s low cost and compact design will appeal to shipowners and its effectiveness in eliminating greenhouse gases will appeal to regulators

This new device, known as CSNOx, is the first of its kind in the world capable of reducing nitrogen oxide (“NOx”), sulphur dioxide (“SO2”), carbon dioxide (“CO2”) and particulate matter (“PM”) emitted by ships into the environment in a single process system. Of significance, the scrubbing process carried out by CSNOx is achieved at a net carbon credit gain without any net increase in CO2 to the atmosphere

or acidifying the ocean. There is also no other secondary pollutants discharged into the sea. Adding further to its appeal, CSNOx is also highly cost-effective and due to its compact design, may be easily installed on ships.

      Prior to CSNOx, there is no single equipment aboard ships with the capability to remove CO2, SO2, NOx and PM at a go, and not generate further CO2 emissions during the process or acidify the ocean.

 The results of the test show that the device has 92.9%, 82.2% and 74.4% efficiency for scrubbing SO2, NOx and CO2 respectively.

                 With CSNOx, an electrical method is used to convert atmospheric CO2 into bicarbonates in water, which are discharged back into the ocean, while SO2 and NOx are converted into sulphate and nitrate which are naturally present in seawater.

                  Particulate matter (PM) after scrubbing is removed and separated as solid waste. The device effectively removes these green house gases and pollutants all in one process and in one single system.

Comparison of  Sox, NOx & PM emissions for different technologies:

	Technology/solution
	  Sox
	   Nox
	 PM
	             Comments

	       LSFO(<1.5%S)
	     G
	      R
	R
	Primary abatement approach considered by the current

international and regional legislation.

The availability and price of low sulphur fuel is a source

of much debate and discussion in both the shipping and oil

industries ahead of the implementation of legislation.

	          Additive Treatment   system
	     G
	      G
	G
	Additives cannot remove sulphur in fuel, but they can

convert it to less harmful forms

	        Hi Efficiency

         Scrubbing
	     G
	     G
	G
	Exhaust gases can be treated to remove sulphur before the

gases are emitted. The basic chemical process is generally to mix the gases with a compound containing calcium, so the SOx is converted to Calcium Sulphate.

	Selective catalytic

reduction

	     R
	     G
	R
	SCR uses Urea and a catalyst to reduce NO into N2 &H2O. It requires exhaust temperatures only attained at least half the speed to work efficiently hence

the NOx reduction near land during pilotage and manoeuvring when it is most needed is least effective.

	     Humid air motor
	     R
	      G
	G
	They work by putting water vapour into the inlet air stream, and are effective at reducing NOx. This requires heat input. Under varying loads, it is also hard to control the humidity adequately.


G – Good,     R – Room for Improvement                                                              
 Conclusion
Even though there are traceable extent of pollution caused by the shipping industry, there are conventions and regulations laid down by international bodies and governments in order to control and minimize it. Hence, shipping is considered as the safest, cleanest and most environment friendly mode of transportation used today.

                 However, even this level of pollution is not acceptable. We have to start looking not just from a business point of perspective but rather from nature’s point of view. Our aim should be to attain a zero level of pollution in the future.

                      This can be achieved ultimately if all the shipping bodies, management and the shipping personnel come hand in hand in realizing the seriousness of the issue.

•Within 10-12 years, ships in the seas surrounding Europe will emit more SO2and NOX than all land-based sources in EU-25 combined.

•Emissions from ships are responsible for 10 to 20% of sulphur deposition in coastal areas. In many coastal areas, ships will by 2020 be responsible for more than 50% of sulphur deposition.

 •Available emission control measures can reduce emissions of SO2 and NOX from international shipping in European sea areas by 80 to 90%. 

•To proceed faster we could use economic instruments as a complement to regulation. 
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