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This assignment is done in the fulfillment of bachelor degree in maritime operations for post engine emissions control technology unit 9.
1. Briefly explain the benefits of Waste Heat Recovery (WHR) in marine diesel engine emissions control. (Wartsila Low Speed- Continuing Progress-Dec 2005)

· An environmentally-clean solution to reducing ships fuel consumption.

· The quantity of energy recoverable in the exhaust-gas economiser and in the power turbine is increased without affecting the air flow through the engine. There is thus no increase in the thermal loading of the engine and there is no adverse effect on engine reliability.

· It can thus contribute significant savings in both fuel costs and overall exhaust-gas emissions, such as CO2, NOx, SOx.

· It is the only technology commercially available today that reduces both fuel consumption and exhaust emissions at the same time (Fig 1)

· The payback time would depend upon the installation design and bunker fuel prices, but should in general be less than five years. The increasing fuel prices make the plant more attractive.

[image: image4.emf]
Fig.1
2.  Briefly describe the basic working principle of Waste Heat Recovery.

(Wartsila Low Speed- Continuing Progress-Dec 2005)

[image: image5.emf]
Incorporates both a multi-stage dual-pressure steam turbine and an exhaustgas power turbine. The generated electricity is supplied to the ship’s main switchboard and employed both in a shaft motor/generator to assist in ship propulsion, and in shipboard services. A portion of the steam from the exhaust economiser is utilised in shipboard heating services.

The new WHR concept follows the well-established principle of passing the exhaust gases of the ship’s main engine through an exhaust-gas economiser to generate steam for a turbine-driven generator. However, the quantity of energy that can be recovered from the exhaust gases is maximised by adapting the engine to the lower air intake temperatures that are available by drawing intake air from outside the ship (ambient air) instead of from the ship’s engine room. The engine turbochargers are matched for the lower air intake temperatures thereby increasing the exhaust energy.

3. Briefly describe the components and functions in Total Heat Recovery Plant

(Less Emission Through Waste Heat Recovery, Heinrich Schmid, Wartisilla Switzerland Ltd, 2004)
· Exhaust Gas Economizer

The exhaust gas economiser consists of a high-pressure part with HP evaporator and superheating section and a low-pressure part with LP evaporator and superheating

section. The pressure in the high-pressure steam drum is at about 9.5 bar(g) pressure. The economiser outlet temperature is not less then 160°C to avoid sulphur corrosion in the economiser outlet. With a pinch point of 10 degrees centigrade, a pressure of about 3.8 bar(g) in the low-pressure steam drum is achieved (Fig. 3a). Saturated steam is drawn from the HP steam drum for ship service heating.
[image: image6.emf]Fig. 3a
· Feed water Heating System

In a first stage, the feed water is heated from the engine’s jacket cooling water to a temperature of 85°C. Only the feed water for the high-pressure section is further heated in the engine’s scavenge air cooler to about 150°C to 170°C. The scavenge air cooler is designed such that the feed water heating section can run dry with the total scavenge

heat dissipated in the scavenge air cooler. (Fig.3b)
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· Turbogenerator

A dual-pressure steam turbine running at 6750 rev/min is used. The high-pressure side works at about 8.5–9.5 bar(g) inlet pressure. This requires three stages at a condenser

pressure of 0.065 bar. The low pressure is determined by the selected economiser outlet temperature by respecting a pinch point of about 10 degrees centigrade. With an

economiser outlet temperature of 160°C, a low-pressure steam pressure at the turbine inlet of 3.0–3.5 bar(g) pressure is considered. 
This requires six turbine stages at a condenser pressure of 0.065 bar. A speed-reduction gear between steam turbine and generator reduces the turbine speed to 1800 rev/min generator speed. The power turbine feeds the generated power through a speed reduction gear and an overrunning clutch into the steam turbine.
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· Power Turbine

The power turbine uses a part of the exhaust gas stream (about 10%) from the diesel engine to generate shaft power which can be added to the steam turbine driving the generator. The turbine is a derivative of a well-proven model of turbocharger turbine with minor adaptations for use as a power turbine. 
A special matching of the power turbine is necessary for the application in a waste heat recovery system because the turbine operates on a constant-speed operating profile as it is coupled to the generator unlike in a turbocharger with a free-running rotor. The torque of the power turbine is fed to the steam turbine rotor through a reduction gear and an overrunning clutch. The overrunning clutch is needed to protect the power turbine from over speeding in case the generator trips. 
The power turbine operates between 55% and 100% engine load. The flow of exhaust gas from the exhaust gas manifold is controlled by an orifice at the outlet of the exhaust gas manifold. At less than 55% engine load, the gas flow to the power turbine is shut off as the efficiency of the turbochargers at less than 55% load is not sufficiently high and therefore does not allow exhaust gas to be branched off to drive a power turbine. As the power turbine has about the same expansion ratio and efficiency as the turbochargers of the engine, the outlet temperature of the exhaust gas is about the same as from the turbochargers. The gas flow to the power turbine is thus controlled to operate in a number of modes (Fig.3 d)
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· Motor/Alternator

The shaft motor/alternator is of the low-speed type, directly mounted in the propeller shaft line. It operates on variable electrical supply frequency. A frequency control system controls the frequency to and from the electrical supply. The system operates on 6600V.

It is arranged to operate as either a motor or an alternator.

Operating modes for the Total Heat Recovery Plant are:

A. Motor mode

The heat recovery system generates more electrical power than is needed for shipboard service. The surplus electric power is applied in a motor/alternator adding power to the propeller shaft.

B. Alternator mode

The heat recovery system generates less electrical power than is needed for shipboard service. The missing electrical power is generated by the motor/alternator system.

The system offers considerable flexibility in optimizing plant operation to minimize operation costs or maximize propulsion power.

The number of auxiliary diesel generating sets can be reduced by employing a heat recovery system. The use of these sets is considerably reduced thereby providing a

further potential to reduce operating costs.
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4. Briefly describe the chemistry occurs in the selective catalytic reduction (SCR). (www.fossil.energy.gov)
The reducing agent (40wt% solution), which is a harmless substance used in agricultural sector. The urea solution is injected into exhaust gas directly after the turbocharger. Urea decays immediately to ammonium and carbon dioxide according to the following formula:-



The mixture is passed through the catalyst where NOx is converted into harmless nitrogen and water.

5. Briefly describe the installation and precaution of SCR in the use of marine diesel engine. (Emission control – The Sulzer RT-flex Low –Speed Engine, by Wartsilla)
For the installation of the SCR system, following points have to be taken into considerstions:

i. Positioning of the catalyst 
a. Owing to temperature limitation between 300oC and 400oC. At temperature too high, urea will burn rather than react with the NO/NO2. At too low temperature, reaction rate would be slow and condensation of ammonium sulphates would destroy the catalyst.
b. Located in the exhaust system before turbocharger turbine for 2- stroke engine and after the turbine for 4 – stroke engine.

ii.    Size of urea tank

a. depends on size of engines, load profile and how often ship will be entering port where urea is available.

iii. Design and dimensions of reactor 

a. Influence by the exhaust gas flow, exhaust gas temperature window and the reduction rate.

iv. Space required in engine room
a. System to be compact while ensuring easy access for maintenance and operation

v.   Fuel oil used

a. Metals trace which might be present in the fuel oil act as ‘catalyst poisons’ and deactivate the catalyst

vi. Soot blowing system

a. To be installed   in the reactor containing the catalyst elements (especially when operating on liquid fuels 
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6. Briefly describe the features of state-of-the-art SCR system a marine engineer can expect. (Emission control – Compact Selective catalytic Reduction, Wartsilla NSD Corporation)
A typical SCR plant consists of a reactor (separate rector for each engine),containing several catalyst layers, dosing and storage system for the reagent, and a control system. The SCR reactor is a square steel container large enough to house the layers of catalytic elements. The reactor can also be designed to incorporate the exhaust gas silencer.
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