                                                                                                                                                        MA 9022                                                                                                                                                       


SINGAPORE POLYTECHNIC   /  
THE NETHERLANDS MARITIME INSTITUTE WILLEM BARENTSZ                                                                    
2006/2007 End of Course Assessment
Bachelor of Marine Operations (BMO)
DIESEL TECHNOLOGY AND EMISSIONS           Time Allowed: 2 hours 

Instructions to Candidates

1. The examinations rules set out on the last page of the booklet are to be complied with.

2. This paper consists of three Sections.  

Section A (10 - Multiple Choice Questions) carries    20 marks, 
            Section B (8 - Short Answer Questions) carries          40 marks and 
            Section C (2 – Essay Questions) carries                      40 marks. 
            You need to answer all questions.
3. Read carefully the instructions stated at the beginning of each Section.

4. The Question Paper must be submitted together with your answer booklet.

5. This examination paper consists of 5 pages (inclusive of the cover page).
Name:

Admission No.:


SECTION A: MULTIPLE-CHOICE QUESTIONS    (20 marks)        

Instructions

1. There are ten questions in this Section. Answer all questions.

2. For each question, identify the choice that best completes the statement or answers the question.

3.   Each question carries 2 marks.

____
1.
MARPOL Annex VI sets limits on 

	a.
	Sulphur oxide
	c.
	CO

	b.
	CO2
	d.
	Inert gases 


____
2.
The annex includes a global cap of ______% m/m (percentage by mass) on the sulphur content of fuel oil and calls on IMO to monitor the worldwide average sulphur content of fuel.

	a.
	20
	c.
	8

	b.
	10
	d.
	4.5


____
3.
Fill in the gap with appropriate percentage 

Sulphur emissions from ships' exhausts were estimated at 4.5 to 6.5 million tons per year - about _____ percent of total global sulphur emissions. Emissions over open seas are spread out and effects moderate, but on certain routes the emissions create environmental problems, including English Channel, South China Sea, Strait of Malacca.

	a.
	10
	c.
	15

	b.
	4
	d.
	0.5


____
4.
Fill in the gap with appropriate word/ phrase
Review of Annex VI

At its 53rd session in July 2005, the MEPC agreed on the need to undertake a review of Annex VI and the NOx Technical Code with a view to revising the regulations to take account of current technology and the need to further reduce emissions from ships. MEPC instructed the Sub-Committee on Bulk Liquids and Gases (BLG) to carry out the review by 2007, and specifically to:

- 
examine available and developing  ____________ for the reduction of emissions of air pollutants; review the relevant technologies and the potential for a reduction of NOx emissions and recommend future limits for NOx emissions;

- 
review technology and the need for a reduction of SOx emissions and justify and recommend future limits for SOx emissions...

	a.
	techniques
	c.
	slow speed diesel engines

	b.
	special propellers
	d.
	special hull forms


____
5.
At its 52nd session in October 2004, the Marine Environment Protection Committee (MEPC) recognized that IMO guidelines on greenhouse gas emissions have to address the following greenhouse gas(es) covered by the Kyoto Protocol:

	a.
	Carbon dioxide (CO2),  Methane (CH4) & Nitrous oxide (N2O).
	c.
	Carbon dioxide (CO2), Nitrous oxide (N2O) & Sulphur hexafluoride (SF6).

	b.
	Hydrofluorocarbons (HFCs), Perfluorocarbons (PFCs) & Sulphur hexafluoride (SF6)
	d.
	a & b.


____
6.
Currently, marine fuel has a maximum sulphur content of  _________  parts per million (ppm), compared with petrol for cars, which will have 10 ppm from 2007. As part of its 2002 ship emissions strategy, the EU Commission presented a proposal for a directive to reduce the sulphur content in marine fuels used in the EU.
	a.
	5000
	c.
	50

	b.
	500
	d.
	5


____
7.
Which group of the following air pollutants is caused by the high combustion temperatures in engine cylinder?

	a.
	Carbon monoxide
	c.
	Sulfur oxides

	b.
	Nitrogen oxides
	d.
	Volatile organic compounds


____
8.
Which one of the following performance parameters is NOT used to define the on-board survey and verification of engine compliance with the IMO NOx regulation?

	a.
	Maximum combustion pressure, Pmax

	c.
	Scavenge air temperature, Tscav

	b.
	Maximum compression pressure, Pcomp
	d.
	Intake air temperature, Tin


____
9.
Which one of the following fuel property will affect the low temperature operability performance?

	a.
	Flash point
	c.
	Density

	b.
	Volatility
	d.
	Pour point


____
10.
Which one of the following new technology is most promising to controlling NOx exhaust emission in marine diesel engines?

	a.
	Direct Water Injection
	c.
	Three way catalyst

	b.
	Electrical precipitator
	d.
	Exhaust gas recirculation


SECTION B: (40 marks)
Instructions

1.         There are eight questions in this Section. Answer all.
2.         Each question carries 5 marks.

3.        
State clearly all reasonable assumptions you are making.

4.       
 Marks shall be awarded for showing clearly all essential steps, calculations and

 formulae used.


11.
State two primary measures in emission control and briefly describe them.


12.
Giving an industrial example, briefly describe how the exhaust emissions could be significantly reduced by employing a waste heat recovery system.


13.
Describe briefly the significance of ‘Miller timings’ with respect to turbocharging in marine diesel engines.


14.
Discuss the possible implications of the ignition and combustion characteristics of the low sulphur fuel in the performance of the marine diesel engines.


15.
Briefly explain the terms, “gross heating value” and “net heating value” of diesel fuel.


16.
Briefly explain the four phrases in the combustion process.


17.
Briefly explain the following properties to engine performance.


a)   Stability


b)   Lubricity


18.
Briefly describe how NOx emission is reduced by retardation of fuel injection.

SECTION C:
(40 marks)


Instructions

1. There are two questions in this Section. Answer all.
2. Each question carry 20 marks each.


19.
“The development of new measuring equipment for emission control will continue in the coming years, and especially techniques like HAM and EGR will be further developed and tested. The concern of local authorities will change from focussing on NOx and SOx to include also smoke, in particular, and CO2.”

Reference to the above extract from a paper on “Emission Control” by MAN B&W, discuss the techniques, HAM and EGR and their effects in improving emission standards at sea.

20.
a)  Describe the chemistry occurs in the selective catalytic reduction (SCR).

b)  Describe the precaution in the installation of SCR for marine diesel engine.

- End of Paper-
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Answer Section
MULTIPLE CHOICE

1.
ANS:
A

Extract from IMO site 

The Protocol of 1997 (MARPOL Annex VI)

July 2005 amendments

Review of Annex VI

Greenhouse gases

Background on air pollution and development of the MARPOL regulations
The Protocol of 1997 (MARPOL Annex VI)

The Protocol adopted in 1997 included the new Annex VI of MARPOL 73/78, which entered into force on 19 May 2005.

MARPOL Annex VI sets limits on sulphur oxide and nitrogen oxide emissions from ship exhausts and prohibits deliberate emissions of ozone depleting substances.
The annex includes a global cap of 4.5% m/m on the sulphur content of fuel oil and calls on IMO to monitor the worldwide average sulphur content of fuel.
MARKS:
2

2.
ANS:
D

Extract from IMO Site
New rules to reduce emissions from ships enter into force
International regulations to control harmful emissions from ships' exhausts enter into force on 19 May 2005.

Regulations for the Prevention of Air Pollution from Ships are contained in Annex VI of the MARPOL Convention1 and were adopted in the 1997 Protocol to that Convention.

The Annex VI regulations set limits on sulphur oxide (SOx) and nitrogen oxide (NOx) emissions from ship exhausts and prohibit deliberate emissions of ozone-depleting substances.

Sulphur content of fuel
The Annex includes a global cap of 4.5 percent by mass (% m/m) on the sulphur content of fuel oil and calls on IMO to monitor the worldwide average sulphur content of fuel once the Protocol comes into force.

Annex VI contains provisions allowing for special "SOx Emission Control Areas" (SECAs) to be established with more stringent controls on sulphur emissions. In these areas, the sulphur content of fuel oil used onboard ships must not exceed 1.5% m/m.

Alternatively, ships must fit an exhaust gas cleaning system or use other methods to limit SOx emissions. The regulation requires such alternative methods to be approved by the Administration (flag State). Draft Guidelines on on-board exhaust gas-SOx cleaning systems have been developed and are expected to be approved by IMO's Marine Environment Protection Committee (MEPC) when it meets for its 53rd session in July 2005.

The Baltic Sea Area is designated as a SECA in the Protocol. However, the regulation allows for a 12-month period from the date of entry into force before the limits in a SECA can be enforced.

In March 2000, the MEPC approved a proposed amendment to Annex VI to also include the North Sea as a SECA. The aim is to adopt the amendment once MARPOL Annex VI enters into force. It is anticipated that the MEPC will adopt amendments to Annex VI, including the proposed North Sea SECA, at its 53rd session to be held from 18-22 July 2005. The entry into force date is anticipated to be November 2006, with a 12 month period after that date before full implementation of the North Sea SECA.

Monitoring of sulphur content
IMO has been monitoring the worldwide average sulphur content of residual fuel supplied for use on board ships since 1999 following the adoption of resolution MEPC.82(43) Guidelines for monitoring the world wide average sulphur content of residual fuel supplied for use on board ships . The monitoring is based on bunker reports around the world representing more than 60 per cent of all bunkers delivered to ships. The worldwide average for 2004 has been calculated to be 2.67% m/m sulphur content. This figure has been almost constant since 1999 (the variation is less than +/- 0.02 % m/m).
MARKS:
2

3.
ANS:
B

Notes from IMO Site:

Background on air pollution

The issue of controlling air pollution form ships - in particular, noxious gases from ships' exhausts - was discussed in the lead up to the adoption of the 1973 MARPOL Convention. However, it was decided not to include regulations concerning air pollution at the time.

Meanwhile, air pollution was being discussed in other arenas. The 1972 United Nations Conference on the Human Environment in Stockholm marked the start of active international cooperation in combating acidification, or acid rain. Between 1972 and 1977, several studies confirmed the hypothesis that air pollutants could travel several thousand kilometres before deposition and damage occurred. This damage includes effects on crops and forests.

Most acid rain is caused by airborne deposits of sulphur dioxides and nitrogen oxides. Coal and oil-burning power plants are the biggest source of sulphur dioxides while nitrogen oxides come from car, truck - and ship - exhausts.

In 1979, a ministerial meeting on the protection of the environment, in Geneva, resulted in the signing of the Convention on Long-range Transboundary Air Pollution by 34 governments and the European Community. This was the first international legally binding instrument to deal with problems of air pollution on a broad regional basis.

Protocols to this Convention were later signed on reducing sulphur emissions (1985); controlling emissions of nitrogen oxides (1988); controlling emissions of volatile organic compounds (1991) and further reducing sulphur emissions (1994).

During the 1980s, concern over air pollution, such as global warming and the depleting of the ozone layer, continued to grow, and in 1987 the Montreal Protocol on substances that Deplete the Ozone Layer was signed.

The Montreal Protocol is an international environmental treaty, drawn up under the auspices of the United Nations, under which nations agreed to cut consumption and production of ozone-depleting substances including chlorofluorocarbons (CFCs) and halons in order to protect the ozone layer.

A Protocol was adopted in London in 1990 - amending the original protocol and setting the year 2000 as the target completion date for phasing out of halons and ozone-depleting CFCs. A second Protocol was adopted in Copenhagen in 1992, introducing accelerated phase-out dates for controlled substances, cutting short the use of transitional substances and the introduction of phase-out dates for HCFCs and methyl bromide(a pesticidal gas which depletes the ozone layer).

CFCs have been in widespread use since the 1950s as refrigerants, aerosol propellants, solvents, foam blowing agents and insulants. In shipping, CFCs are used to refrigerate ship and container cargo, insulate cargo holds and containers, air condition crew quarters and occupied areas and refrigerate domestic food storage compartments.

Halons, manufactured from CFCs, are effective fire extinguishers used in portable fire extinguishers and fixed fire prevention systems.

IMO begins work on air pollution
At IMO, the Marine Environment Protection Committee (MEPC) in the mid-1980s had been reviewing the quality of fuel oils in relation to discharge requirements in Annex I and the issue of air pollution had been discussed.

In 1988, the MEPC agreed to include the issue of air pollution in its work programme following a submission from Norway on the scale of the problem. In addition, the Second International Conference on the Protection of the North Sea, held in November 1987, had issued a declaration in which the ministers of North Sea states agreed to initiate actions within appropriate bodies, such as IMO, "leading to improved quality standards of heavy fuels and to actively support this work aimed at reducing marine and atmospheric pollution."

At the next MEPC session, in March 1989, various countries submitted papers referring to fuel oil quality and atmospheric pollution, and it was agreed to look at the prevention of air pollution from ships - as well as fuel oil quality - as part of the committee's long-term work programme, starting in March 1990.

In 1990, Norway submitted a number of papers to the MEPC giving an overview on air pollution from ships. The papers noted:

Sulphur emissions from ships' exhausts were estimated at 4.5 to 6.5 million tons per year - about 4 percent of total global sulphur emissions. Emissions over open seas are spread out and effects moderate, but on certain routes the emissions create environmental problems, including English Channel, South China Sea, Strait of Malacca.

Nitrogen oxide emissions from ships were put at around 5 million tons per year - about 7 percent of total global emissions. Nitrogen oxide emissions cause or add to regional problems including acid rain and health problems in local areas such as harbours.

Emissions of CFCs from the world shipping fleet was estimated at 3,000-6,000 tons - approximately 1 to 3 percent of yearly global emissions. Halon emissions from shipping were put at 300 to 400 tons, or around 10 percent of world total.

Adoption of resolution

Discussions in the MEPC and drafting work by a working group, led to the adoption in 1991, of an IMO Assembly Resolution A.719(17) on Prevention of Air Pollution from Ships.

The Resolution called on the MEPC to prepare a new draft Annex to MARPOL 73/78 on prevention of air pollution.

The new draft Annex was developed over the next six years - and was finally adopted at a Conference in September 1997. It was agreed to adopt the new Annex through adding a Protocol to the MARPOL 73/78 Convention, which included the new Annex. This enabled specific entry into force conditions to be set out in the protocol.
MARKS:
2

4.
ANS:
A

Info from IMO Site:

Review of Annex VI

At its 53rd session in July 2005, the MEPC agreed on the need to undertake a review of Annex VI and the NOx Technical Code with a view to revising the regulations to take account of current technology and the need to further reduce emissions from ships. MEPC instructed the Sub-Committee on Bulk Liquids and Gases (BLG) to carry out the review by 2007, and specifically to:

- 
examine available and developing techniques for the reduction of emissions of air pollutants; review the relevant technologies and the potential for a reduction of NOx emissions and recommend future limits for NOx emissions;

- 
review technology and the need for a reduction of SOx emissions and justify and recommend future limits for SOx emissions;

- 
consider the need, justification and possibility of controlling volatile organic compounds emissions from cargoes;

- 
with a view to controlling emissions of particulate matter (PM), study current emission levels of PM from marine engines, including their size distribution and quantity, and recommend actions to be taken for the reduction of PM from ships. Since reduction of NOx and SOx emission is expected to also reduce PM emission, estimate the level of PM emission reduction through this route;

- 
consider reducing NOx and PM emission limits for existing engines;

- 
consider whether Annex VI emission reductions or limitations should be extended to include diesel engines that use alternative fuels and engine systems/power plants other than diesel engines; and

- 
review the texts of Annex VI, NOx Technical Code and related guidelines and recommend necessary amendments.

MEPC 54 outcome
At its 54th session in March 2006, a working group was established to consider issues relating to the prevention of air pollution from ships, including follow-up action to the IMO Policies and practices related to the reduction of greenhouse gas emissions from ships (resolution A.963(23)).

Following the work by the group, the MEPC approved two circulars aimed at assisting implementation of MARPOL Annex VI:

1.     The MEPC Circular on Bunker Delivery Note and Fuel Oil Sampling, to clarify how to comply with regulation 18, which places requirements on ship owners and fuel oil suppliers in respect of bunker delivery notes and representative samples of the fuel oil received and on Parties to the 1997 Protocol to regulate the bunker suppliers in their ports. The circular urges all Member States, both Parties and non-Parties to the 1997 Protocol, to require fuel oil suppliers in their ports to comply with the requirements and to raise awareness of the necessity to enhance implementation and enforcement of regulation 18 of Annex VI.

2.     The MEPC circular on Notification to the Organization on ports or terminals where volatile organic compounds (VOCs) emissions are to be regulated, which notes that regulation 15 of Annex VI requires Parties to inform the Organization of their intention to introduce requirements for the use of vapour emission control systems and to notify the Organization of ports and terminals under their jurisdiction where such requirements are already in force. However, many terminals are implementing or operating such practices without notification to the Organization. The Committee shared the concern that, since there is no circulation of such information, it is difficult for owners and operators to prepare for these changes at ports and terminals. The circular reiterates that Parties to the 1997 Protocol are required to notify the Organization without delay with information on ports and terminals under their jurisdiction at which VOCs emissions are or will be regulated, and on requirements imposed on ships calling at these ports and terminals. Any information received by the Organization on the availability of vapour emission control systems will be circulated through MEPC circulars so that owners and operators will have up to-date information on current and future requirements for the utilization of such systems.

As instructed by MEPC 53, the Sub-Committee on Bulk Liquids and Gases (BLG) will undertake a review of MARPOL Annex VI and the NOx Technical Code with a view to revising the regulations to take account of current technology and the need to further reduce air pollution from ships. The progress of this work will be reported to the next session of the MEPC.

The Committee and its Working Group on Air Pollution had long and extensive debates on how to follow up resolution A.963(23) on IMO Policies and Practices related to the Reduction of Greenhouse Gas Emissions from Ships. By the resolution, the Assembly urged MEPC to identify and develop the necessary mechanisms needed to achieve the limitation or reduction of GHG emissions from international shipping. Among the items considered was whether only emission of CO2 or of all six greenhouse gases identified by the Kyoto Protocol should be included. The MEPC agreed to consider the follow-up actions to resolution A.963(23) in a technical and methodological perspective and to concentrate the work on CO2 emissions. The Committee also agreed to continue the work at the next session and, in particular, to consider further a draft work plan to identify and develop the mechanisms needed to achieve the goal set by the Assembly.
MARKS:
2

5.
ANS:
D

Info from IMO Site:

Greenhouse gases
In November 2003, IMO adopted resolution A.963(23) IMO Policies and practices related to the reduction of greenhouse gas emissions from ships.

At its 52nd session in October 2004, the Marine Environment Protection Committee (MEPC) made progress on developing draft Guidelines on the CO2 Indexing Scheme and urged Members to carry out trials using the scheme and to report to the next session. One purpose of developing guidelines on CO2emission indexing is to develop a simple system that could be used voluntarily by ship operators during a trial period.

The Committee agreed that a CO2 indexing scheme should be simple and easy to apply and take into consideration matters related to construction and operation of the ship, and market based incentives. At its 53rd session in July 2005, the MEPC approved Interim Guidelines for Voluntary Ship CO2 Emission Indexing for Use in Trials.

Meanwhile, the Committee recognized that IMO guidelines on greenhouse gas emissions have to address all six greenhouse gases covered by the Kyoto Protocol (Carbon dioxide (CO2); Methane (CH4); Nitrous oxide (N2O); Hydrofluorocarbons (HFCs); Perfluorocarbons (PFCs); and Sulphur hexafluoride (SF6).
MARKS:
2

6.
ANS:
A

Currently, marine fuel has a maximum sulphur content of  5% or 5000  parts per million (ppm), compared with petrol for cars, which will have 10 ppm from 2007. As part of its 2002 ship emissions strategy, the EU Commission presented a proposal for a directive to reduce the sulphur content in marine fuels used in the EU.

The main provisions were:

> a 1.5% sulphur limit on fuels used by all ships in the Baltic Sea, the    North Sea and the Channel. Today’s political agreement incorporates this provision, and sets implementation dates starting on 19 May 2006

> the same 1.5% sulphur limit on fuels as used by passenger vessels on regular services between EU ports from 1 July 2007. EU Ministers have


rubber-stamped this and brought the deadline forward to 19 May 2006.

> a 0.2% sulphur limit on fuels used by inland vessels and seagoing ships at berth in EU ports. The Council has agreed to delay a tighter 0.1% limit until 1 January 2010, to allow  singlefuel ships time to adapt their fuel tanks. A further two year delay was offered to 16 unifuel ferries serving the Greek islands.
MARKS:
2

7.
ANS:
B

MARKS:
2

8.
ANS:
D

MARKS:
2

9.
ANS:
D

MARKS:
2

10.
ANS:
A

MARKS:
2
SHORT ANSWER

11.
ANS:


Rationale for the question is given below. A brief extract from the following is expected.

1. Common Rail for

smokeless operation

The latest major step in marine diesel engines has been the introduction of

common-rail technology with the application of the Sulzer RT-flex system

to RTA-series engines. It gives a mechanically simpler engine with smokeless

operation at all loads, less emissions in general, lower part-load fuel

consumption, and greater flexibility in operation, such as for slower “slow

steaming”. The engines are fully electronically controlled, and there is no

need for the camshaft and its individual fuel injection pumps and

valve-actuating pumps.

The first RT-flex engine, a 6RT-flex58T-B, successfully completed its

official shop test in January 2001. Additional RT-flex engines, of the Sulzer

RT-flex60C type, are on order. The RT-flex system will later be applied to

all engine types in the RTA programme.

The RT-flex concept brings common-rail fuel injection to the modern,

large diesel engine. Current jerk-type fuel injection systems combine

pressure generation, timing and metering in the injection pump with only

limited flexibility to influence the variables. In contrast, the Sulzer Common

Rail separates the functions and gives far more flexibility for optimising the

combustion process with injection and valve timing.

Fuel is delivered by high-efficiency pumps to the Common Rail at the

usual high pressure ready for injection. From the Common Rail, the fuel

passes through the injection control unit to the standard fuel injection

valves. The control unit for each engine cylinder regulates the timing of fuel

injection, provides precise control of the volume of fuel injected, and sets

the shape of the injection pattern. The three fuel injection valves in the

respective cylinder cover are independently controlled so that they may be

programmed to operate separately or in unison as necessary. The Common

Rail system is purpose-designed for the same heavy fuel oils as with Sulzer

RTA engines.

Thus the RT-flex brings the common rail right up to date with full

electronic control, high-efficiency pumps and quick-acting rail valves, all

combined together for top-class performance. An additional common-rail

system provides hydraulic actuation of the exhaust valves. Electronic control

is also applied to the starting air system.

Direct Water Injection

2. Direct Water Injection
The Direct Water Injection technique reduces NOX emissions typically by 50-60 % without adversely affecting power output. Built-in safety features enable immediate water shut-off in the event of excessive water flow or water leakage. The water system is completely separate from the fuel system: if water shut-off should prove necessary, engine operation is not affected. The key is the DWI valve through which the water and fuel are injected, typically in a water-to-fuel ratio of 0.4-0.7. 

The best environmental performance is achieved by combining the use of DWI with low-sulphur fuel. DWI technology is not recommended with high-sulphur fuels (over 3%).
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The combined nozzle for direct water injection.
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DWI units for pressurizing water.

The benefits of Direct Water Injection

NOX emissions are reduced by 50 - 60 %. NOX when running on marine diesel oil (MDO) typically 4-6 g/kWh; in HFO operation typically 5-7 g/kWh. The engine can also be operated without water injection if required.

The engine can be transferred to "non-water" operational mode at any load. In alarm situations transfer to "nonwater" mode is automatic and instant. Space requirements for the equipment are minimal and therefore the system can be installed in all installations. Investment and operational costs are low. Ratio of Injected water to injected fuel typically 0.4 - 0.7. Can be installed while the ship is in operation.

M/S Mistral delivered to Godby Shipping in January 1999 – one of the first of seven forest product carriers equipped with Direct Water Injection.
MARKS:
5

12.
ANS:


Rationale for the question is given below. A brief extract from the following is expected.

Total Heat Recovery Plant The overall level of exhaust emissions can be significantly reduced by employing a waste heat recovery system. Wärtsilä has developed a Total Heat Recovery Plant for Sulzer low-speed engines which can recover some 11 per cent of the engine shaft power as electrical power for additional ship propulsion and shipboard services. The plant can thus give equivalent benefits in terms of better fuel economy, reduced exhaust emissions or increased propulsion power.
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Schematic of the Total Heat Recovery Plant. The recovered energy is used to generate electricity which can be employed either for ship’s services, including users such as reefer containers, or for adding to the propulsion power through a shaft motor.

In this concept, exhaust gas energy across the load range is increased by using a different turbocharger matching when engine air is drawn from the ambient air instead of from the engine-room. Usually marine engines are designed for intake temperatures of up to 45°C for tropical conditions with turbochargers drawing intake air from the engine room. If instead the intake air is drawn from outside the engine room thorough an air intake duct, the maximum intake temperature can be assumed to be no more than 35°C. The lower air intake temperature allows the turbochargers to be rematched to return the thermal load of the engine back down to what prevails for the intake temperature at 45°C. The thermal load of the adapted engine will then be no greater than that of the usual engine so as not to jeopardise engine reliability. The rematched turbochargers allow more exhaust gas to be branched off compared with the conventional tuning. Therefore the rematched system gives both an increased exhaust gas temperature for an exhaust gas economiser and an increased branched-off exhaust flow for an exhaust gas power turbine at ISO reference conditions.
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Comparison of heat balances for Sulzer 12RT-flex96C engines without heat recovery (left) and with the Total Heat Recovery Plant (right) showing an 11.4% gain in overall efficiency for the Total Heat Recovery Plant.
Exhaust energy can thus be recovered and applied in both a steam turbine and exhaust-gas power turbine to generate electrical power, equivalent to about 11% of engine power. The electrical power can be employed either in a shaft motor/generator or in supplying shipboard services. The generated power can thus contribute significant savings in both fuel costs and exhaust emissions (CO2, NOX, SOX, etc.). The payback time would depend upon the installation design and its operating costs, but would be expected to be less than five years.
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Summary of the changes in NOX emissions and specific fuel consumption (BSFC) for various emissions control technologies.

The Total Heat Recovery Plant also offers an attractive possibility for powering the larger container ships which need more propulsion power than is available from the 14-cylinder Sulzer RT-flex96C engine. The standard engine gives an MCR power of 80,080 kW, thereby having a continuous service output (85% load) of 68,068 kW. At this engine rating, the Total Heat Recovery Plant would contribute a shaft power of 7390 kW. The combined service power for propulsion would therefore be 75,458 kW, equivalent to an engine MCR power of 88,770 kW for a plant without heat recovery. Thus a single Sulzer 14RT-flex96C engine with a Total Heat Recovery Plant would be sufficient for the propulsion of single-screw container ships up to 12,000 TEU capacity. It thereby allows these larger ships to be powered by engines of well-established, proven design.
MARKS:
5

13.
ANS:


Engine emissions and Miller timing
The first years of the new millennium have seen an unbroken trend in diesel engine development towards higher brake mean effective pressures and lower fuel consumption. However, this trend has been accompanied by closer scrutiny of the environmental impact of marine traffic, and especially of diesel engine emissions. With tougher legislation definitely now on the way, turbochargers offering even higher compressor pressure ratios are going to be needed for compliance. 

An issue that is inseparable from the industry’s efforts to reduce engine emissions is “Miller timing”, ie. early or late closing of the inlet valve. Providing the engine output and boost pressure are constant, the cylinder filling is then reduced and the pressure and temperature in the cylinders remain lower throughout the process. Miller timing is one of the few measures that can be applied in an internal combustion engine to simultaneously reduce NOx emissions and fuel consumption. A considerably higher boost pressure is, however, needed to reduce the temperature in the engine’s cylinders during the Miller process.

Combustion process in Wartsila Engines

All Wrtsil engines produced today apply the Low NOX combustion process introduced on the Vasa 32LN in 1995. Based on a high compression ratio, this process has now been further developed with the following features:

New injection process

New injection nozzle

New valve timing

Increased charge air pressure ratio

SPEX charging system both on in-line and V-engines.

The new combustion process utilizes the Miller process, in which the inlet valve is closed before the Bottom Dead Centre (BDC). At this point the air trapped in the cylinder is still expanding, which reduces the temperature inside the cylinder. Hence compression starts at a lower temperature level than in the conventional engine, which raises thermal efficiency and thus reduces the formation of thermal NOX. Since the inlet valve is closed earlier, the cylinder is filled with fresh air for a shorter period. To compensate for this, the charge air pressure ratio has been increased from 3.8 to 4.4. The result is the same amount of trapped air mass in the cylinder as with conventional valve timing.
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The key points to be given from the following MAN B&W Paper in “Diesel Facts”, 2005 (Issue - 3).
Operating on Low Sulphur Fuel
Keeping vessels operating effectively in the light of IMO’s MARPOL Annex VI

The IMO Annex VI of MARPOL 73/78, Regulations for the Prevention of Air Pollution from Ships, has been ratified and

took effect from May 2005.
Thus, the SOx limit applies to all vessels in the category of ships with an engine power output of more than 130 kW. The NOx limit is only for vessels where the keel was laid after 1 January 2000. In restricted areas like the Baltic Sea, the English Channel and the North Sea, the limit is 1.5% sulphur, which will be enforced as from 19 May 2006.

IMO has indicated that, in future, further limitations will be imposed on SOx as well as on other components in the exhaust gas. The EU has introduced separate regulations to cut sulphur dioxide (SO2) emissions from ships. In reaching a political agreement on the European Commission’s marine fuel sulphur proposal, the Environment Council has agreed to reduce ships’ yearly SO2 emissions in the EU by over 500,000 tonnes from 2007, to the benefit of human health and the environment.

Marine fuel currently has a maximum sulphur content of 5% or 50,000 parts per million (ppm), compared with petrol for cars, which will have 10

ppm from 2007. As part of its 2002 ship emissions strategy, the Commission presented a proposal for a directive to reduce the sulphur content in marine fuels used in the EU.

The main provisions were:

• A 1.5% sulphur limit on fuels used by all ships in the Baltic Sea, North Sea & the Channel. Today’s political agreement incorporates this provision, and sets implementation dates starting on 19 May 2006

• The same 1.5% sulphur limit on fuels used by passenger vessels on regular services between EU ports from 1 July 2007. EU Ministers have rubber-stamped this and brought the deadline forward to 19 May 2006. 

The average sulphur content of fuel oil used for marine diesel engines is 2.7%. This will undoubtedly change with the coming emission legislation, which will lower the emission limits of SOx, NOx,  particulate, HC and CO. So far, the authorities have reduced the SOx content in the exhaust gas by introducing limits on the content of sulphur in the fuel oil used. This is a much more efficient and straightforward solution, obtained

from the refining process, than the installation of separate complicated SOx cleaning facilities on board each vessel.

However, this solution still requires that it is feasible for the refineries to lower the sulphur level at a reasonable cost and effort. So far, the question is whether there will be sufficient low-sulphur fuel oil available in the future, and whether marine diesel and gas oils will be used to any wider extent. This is a somewhat political question, which will not be discussed

in this paper.

However, we will highlight the technical areas which MAN B&W Diesel expects will be affected when changing from higher sulphur fuel oils to lower sulphur fuel oils.

The engines

Most MAN B&W Diesel twostroke engines of today are operating on fuels with sulphur levels higher than 1.5%. This gives us much experience with high-sulphur fuels. However, on the basis of operation on power stations and special marine vessels designated for operation on low-sulphur fuel, we have created the guidelines described in this paper.

It should also be mentioned that on testbed all two-stroke engines are operated on standard environmentally friendly fuel oil, which is typically a

land-based diesel oil with a very low sulphur content and viscosity but, also in this condition, the two-stroke engine operates successfully as long as the necessary precautions are being taken.

The work continues to compare fuel samples and service experience and, today, there are definitely more reports of cases where a poor liner and

piston ring condition is thought to be due to a low ignition quality.

The investigations indicate that a low-sulphur fuel has often been used when this happens, and the question is whether new oils from the spot

market have characteristics which have so far been overlooked and, therefore, ought to be investigated further. 

When focus is narrowly on the fuel oils, the drawback can be that some operators, when experiencing unacceptable conditions in the combustion

chamber, may be prompted to blame the fuel without taking other possible causes into consideration, such as insufficient cleaning of the fuel oil, type of cylinder lube oil, and feed rate.

The test results, shown in Figures below,  of the ignition and combustion properties measured on a FIA-100 Fuel Combustion Analyzer, illustrate the effects of a mixture of fuels. Whether or not this fuel would have a negative effect on the performance of a two-stroke engine is open to doubt, but the test unquestionably illustrates that the fuel consists of a mixture of very different fuels with very different flashpoints, resulting in an irregular heat release in the test set-up. The high temperature analysis illustrated in Fig. 1. apparently shows the three distinct fractions used in blending the fuel,

i.e.:

• heavy naphta (bp H” 190-270C)

• heavy gasoil (bp H” 350-450C)

• residue (bp > 580C)

A series of tests with fuels with expected low ignition qualities have been performed on MAN B&W Diesel two-stroke engines and, so far, we do not have any evidence to show that the ignition quality has any influence on the engine performance.

Dual fuel ships

Lately, however, we have received reports from ships with dual fuel systems, where either the auxiliary engines were difficult to operate, or damage to the combustion chamber was found. In addition to the traditional CCAI or CCI values, which are not considered being reliable, it is being considered to introduce the ignition characteristics in the CIMAC fuel recommendation and the ISO 8217 fuel standard. It is obvious that the slower the speed and the larger the dimensions of the engine, the

less sensitive it will be to ignition delays, but as an increasing number of ships are designed with dual fuel systems, where the same fuel is to be used in the auxiliary and main engines, both engine types should be able to operate on the fuel available on the market.
The industry therefore needs to follow and consider low sulphur fuel’s introduction on the market! In various chemical combinations, the sulphur in the fuel oil has a lubricating effect. The use of DO and GO with a sulphur content close to zero and, at the same time, a low viscosity might cause fuel pump and fuel valve wear and, consequently, the risk of sticking. But this situation needs to be considered also from a hydrodynamic point of view, so if the viscosity and, thereby, the oil

film is thick enough, also low sulphur fuels can be used.

This risk limits the viscosity at the engine inlet to minimum of two cSt. In special cases with a very low viscosity gas oil and high ambient temperatures, this might call for cooling of the diesel oil before the proper

viscosity can be obtained at the engine inlet.

Our experience with low-sulphur fuel operation and cylinder lubrication with low-BN cylinder lube oil is primarily obtained from stationary engines, operating at 100% load and 100% rpm in high ambient conditions. Whether the same necessity for low-BN cylinder lube oil applies for marine engines as well will, as such, depend on the operational profile, engine size and overall engine condition and, therefore, should be considered on a caseto-case basis.

[image: image8.png]Recovery rato (% per dog. ©) Simulated distillation (SIMDIST) recovery rate
0.40-
035 Short resicue (1)

030 Heavy naptha
025 Short residue (2)
020
015 Heavy gasol
010

005

000+ —t— } } | |

100 200 a00 400 500 600 700 800
Temperature.




[image: image9.png]ROHR (oar msec)

1.0

08

06

04

02

00

Combustion of
the resicue

Combustion of the
heavy gasol

Heavy naptha starts
the combustion

Rate of heat release (ROHR) curve

5 10 15

Time (msec)




Chemical mechanisms

It is therefore important to acknowledge the corrosion mechanisms prevailing on the cylinder liner, and know about the low-BN cylinder oil.

Acid corrosion, which is by far the most influencing cause of wear seen in cylinder liners, is basically the result of a condensation of the HFO sulphur compound.

The corrosion is caused by the combination of water being present during the combustion process, and a thermodynamic condition where the

temperature and pressure are below the dew point curve of the sulphur trioxide. Even though the water mist catcher of the scavenge air cooler removes water droplets, the scavenge air is saturated with water vapour when entering the cylinder. It has not been clearly mapped, as such, how much sulphur trioxide is formed, and what is the necessary time frame before the acid corrodes the surface of the liner wall, and when new

cylinder oil must be fed to the liner surface in order to neutralise the sulphur. (Fig. 2) In order to neutralise the acid, the cylinder lube oil contains alkaline components – usually calcium salts. The Base Number

(BN or TBN) is a measure of the cylinder lube oil’s ability to neutralise acid. The higher the BN, the more acid can be neutralised. The BN is therefore an important parameter in controlling the corrosion on the cylinder liner surface. Controlled corrosion – not avoiding corrosion –

is important to ensure the proper tribology needed for creation of the lubricating oil film. If the neutralisation of the acid is too efficient, the cylinder liner surface has a risk of being polished, i.e. the lube oil film is damaged and the risk of scuffing increases. In other words, operating the

engine with an unmatched BN/ fuel sulphur content could increase the risk of either scuffing or excessive corrosive wear. Fig. 4 shows the same cylinder liner using the same low-sulphur fuel; firstly, using BN70 and then BN40.

Based on experience, MAN B&W Diesel finds it essential for a good cylinder condition and overall engine performance that an ‘open’ graphite

structure is kept on the cylinder surface, so that a hydrodynamic oil film is kept between the piston rings and cylinder walls at all times. Therefore, running on low-sulphur fuel is considered more complex due to the relationship between liner corrosion and scuffing resistance, dry lubrication properties from the sulphur content (or lack of same), the interaction between the BN in the cylinder oil and the detergency level, possible surplus of alkaline additives, the piston ring pack, etc. The total alkaline content of the cylinder oil has to match the sulphur content in the fuel oil in accordance with the equation: Dosage F x S%, where,

F = 0.21-0.25 g/bhph, based on a BN70 cylinder oil. 

The minimum feed rate for proper oil distribution and oil film thickness

has so far been set to 0.5 g/bhph, which at the abovementioned

equation will be reached at 2% sulphur. This means that the theoretical limit, using an ordinary BN70 oil, is 2%.

As an example, an engine using 1% sulphur fuel at a dosage of 0.5 g/bhph would be overadditivated. Therefore, a fuel with a sulphur content as low as 0.5% could call for a combination of a low cylinder oil dosage and a low-BN oil (BN40-50).

When this is said, it is essential that the actual cylinder and piston ring condition is inspected. With its unique distribution of oil film, the Alpha Lubricator, which is used for cylinder lubrication on MAN B&W engines,

has shown that a lube oil feed rate down to 0.5 g/bhph can be reached. It has also been shown that thanks to the low cylinder lube oil feed rate, any engines can use low-sulphur fuel and still use BN70 cylinder oil.

It is therefore important to acknowledge that before changing from BN70 to BN40-50, it is important to evaluate the engine’s actual condition after

the first operating period on low-sulphur fuel. See Fig. 5. The complexity of designing a low-BN cylinder oil consists in achieving the proper detergency level, which is seldom at the same high level as BN70 oils.

Therefore, we recommend that the low-BN cylinder oil type is selected very carefully. All the major oil companies have low-BN cylinder oils available today.

For how long the engine can run on low-sulphur fuel and BN70 cylinder oil is individual, but it is not expected to result in any unsatisfactory conditions in the course of the first weeks, where the engine can be

inspected for optimisation of the feed rate and lube oil BN level.

Conclusion

It is inevitable that the exhaust gas emission from marine engines

will be further regulated, and we expect that many new engines, and especially existing engines, will eventually have to be operated on low-sulphur fuel. This will be the case even though exhaust gas scrubbers

and/or emission trading have become possible by the time new regulations are introduced. On MAN B&W Diesel twostroke engines, no difference in

the engine performance is considered between DO/GO and HFO operation, where the HFO used today has a sulphur content of 2.7% on average.

However, the operators have to take the necessary precautions, and the marine industry has to consider what general application the new low-sulphur fuels are being designed for, especially with regard to the fuel

compatibility between fuels, and ignition qualities.
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Chemical conversion of sulphur (S) to sulphuricacid (H2SO4)
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A microscopic investigation shows the difference between cylinder liner surfaces that are good and bad for cylinder lubrication. The ‘open’ structure allows a sufficient oil film, which is required to maintain good running conditions. The ‘close’ structure fails to hold enough lubricating oil and, therefore, lead to early wear conditions.
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
Heating value is the heat of combustion.


For gross heating value, the water produced by the combustion is recondensed

into a liquid


For net heating value, the water remained as a gas


Net heating value is always lower than the gross heating value
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
Injection delay


Ignition delay


Combustion


After burning
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a)   Stability


Resistance of an oil to breakdown


Resistance of formation of soluble gum and insoluble particulates


b)   Lubricity


Ability to lubricate


Ability to reduce friction between solid surfaces in relative motion
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
Lower peak pressure and less compression of burnt gases


Decreases amount of fuel burnt before Pmax


Reduce the residence time for burnt gases


Less reaction time for burn gases
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Exhaust Gas Recirculation (EGR) and Humid Air Motor (HAM)

Modification of combustion air properties. For both the Exhaust Gas Recirculation (EGR) and the so called Humid Air Motor (HAM) systems, the NOx reduction effect is achieved by reducing the local

maximum combustion temperatures in the combustion chamber, and reducing the concentration of oxygen by the addition of inert media with high specific heat: exhaust gas or water vapour. The NOx production only takes place at very high temperatures (2,200K and above), and it increases exponentially with the temperature. The EGR method is based on a reduction of the oxygen content in the cylinder charge, and the HAM method is partly based on reducing the oxygen content of the cylinder charge and partly on increasing the heat capacity of the cylinder charge by the addition of water vapour. 

As mentioned above, these methods (EGR and HAM) have, by calculations and tests, proved their capability for NOx  reduction, but they have never before been developed to a commercial application level for large two-stroke engines, and they have not been fully optimised with regard to cross-over effects on fuel oil consumption, heat load conditions and other emission parameters. 

After careful evaluation of the EGR and HAM methods, we concluded that recirculation on the high-pressure side from the exhaust receiver to somewhere in the scavenge air system after the turbocharger compressor, with assistance from an EGR blower, would be the most suitable EGR solution. Furthermore, high-pressure side water spray humidification would be the most suitable HAM solution for our two-stroke engines.
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Schematic design of EGR and HAM systems application on the 4T50ME-X engine
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Design principle of the simple EGR unit

EGR and HAM system designs and component description

Figure above gives a schematic overview of the system. A number of EGR/HAM system configurations, as illustrated, will be outlined in the following.

Simple Exhaust Gas Recirculation (EGR) (green line in figure). The purpose of this basic high-pressure EGR system is to test the performance of the simplest possible set-up. This EGR system consists

of a gas line from the exhaust gas receiver to a position just after the last

charge air cooler, but before the last water mist catcher, so that the risk of fouling of sensitive parts is completely avoided. In the EGR line, the simple EGR system has two water injection stages, with a simple water separator unit after both, see illustration (2nd figure). The first water injection stage involves humidification with salt water in order to ensure that there is no freshwater consumption in the second freshwater injection stage. The outlet temperature of the first stage is approximately 100 degree C. This stage has a single multi-nozzle injector. EGR with scrubber and water treatment When/if there is a demand for clean EGR gas and/or water outlet from the EGR loop, a more advanced system is required. 
Combustion air humidification (Humid Air Motor – HAM) (red line in the 1st figure). With this system, the engine runs with saturated scavenge air at higher temperatures than a standard engine, because the conventional inter-cooling is replaced by water spray evaporation/cooling, just after the TC compressor, until the wet-bulb or lower temperature for the hot compressor outlet air is reached. If/when a scavenge air temperature of approx. 70 C is acceptable, no conventional scavenge air cooler is necessary, and only a relatively simple spray humidifier system is required.
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In point form (need to expand the same while answering)
a) 

A reducing agent is injected into the exhaust gas at a temperature of 400oC


The reducing agent decays into ammonia


NH3 goes through a catalysing process and converts NOx into nitrogen and water

Reducing agent + H2O  ---------  2NH3 + CO2


4 NO + 4NH3 + O2  -------------  4 N2  + 6 H2O  


6 NO2 + 8 NH3  ------------------  7 N2  + 12 H2O

b) 


The parameter for controlling the amount of reducing agent is the engine load


SCR requires a relatively high operating temperature


If an exhaust gas boiler is used, it should be installed after the SCR


Lifetime of the catalyst element is typically 3-5 years
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