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1.1 Abstract
Due to more emphasis on environmental issues as a subject of concern among both marine power plant owners, efforts are being focused mainly in particular on finding ways of reducing diesel engine Nitrogen Oxides (NOx) emissions, limits of which are set by the IMO and local authorities in various countries. Systems and equipment used in the control of the NOx emission are to incorporate features which would enable continue emission control in the events of the failure of a single component. The systems and equipments are also to be arranged so that their failure will not prevent the continued operation of the engine. Records of operation and the degree of the control are to be maintained.
With NOx being the main by-product of the combustion process which can contribute to acid rain, ozone and smog formation, various methods have been developed in reducing it.  Temperature which has been found to be most significant influence on the NOx formation, the most successful approach to lower NOx emission is to reduce the peak temperature during combustion. The available means to achieve stable and low combustion temperatures can be divided into dry and wet methods. 
Dry methods involve of optimum shape of the combustion chamber, high compression ratio, sophisticated fuel injection equipment and adapted cam profile, optimised turbocharging system for correct air to fuel ratio and internal cooling of the cylinder by earlier closing of the air intake valves (Miller concept). The principle of wet methods is to introduce water into the combustion chamber. Wärtsilä has developed a new technology for addition of water name Direct Water Injection (DWI) (only for marine applications), which briefly described means that pressurized water is injected directly after the compressor of the turbocharger. Less water is required if it is injected directly into the cylinder. DWI is an option for low sulphur fuel and can also be applied in addition to the dry methods already utilised to achieve further NOX reduction. 

1.2 Operation of Direct Water Injection:
The DWI technique reduces NOx emissions typically by 50% - 60% without adversely affecting power output. Engines with DWI is equipped with a combined injection valve and nozzle that allows injection of water and fuel oil into the cylinder. The nozzle has two separate needles that are controlled separately which mean that neither of the modes (on/off) will affect the operation of the engine. Water injection takes place before fuel injection or in parallel with the fuel, resulting a cooler combustion space and therefore lower NOx emission. Water injection stops before injection of the fuel oil into the cylinder so that ignition and combustion is not disturbed. 
Although DWI does not impose any restriction on the quantity of water injected; it could even be more than 100 per cent (that is, a 1:1 ratio of water: fuel). A flow fuse which acts as a safety device, shutting off water flow into the cylinder in the event of excessive water flow or water leakage if the needle gets stuck is installed on the cylinder head side.
Water is fed to the cylinder head at higher pressure, depending on the engine type. High water pressure is generated in a high-pressure water pump module. A low-pressure pump is also necessary to ensure a sufficiently stable water flow to the high pressure pump. Filters are installed before the low-pressure pump to remove all solid particles from the water.
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Figure 1 The Combine nozzle 

Figure 2  DWI units for pressurizing water
1.3 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 "non-water" 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 is typically 0.4–0.7 

· Can be installed while the ship is in operation

1.4 Combining Water Injection and Exhaust Gas Recirculation

Although DWI can be applied alone, it might be more interesting to apply it in combination with internal exhaust gas recirculation (EGR), as in WaCoReG (watercooled residual gas) by which up to 70 per cent reduction in NOX emissions below the IMO limit might be obtain. This would bring NOX emissions down to about 5g/kWh. Internal recirculation normally increases the thermal load of the engine, so the water injection is applied to reduce temperature levels, thereby keeping thermal loads much the same as when running without internal EGR. With WaCoReG, the water is injected earlier in the compression stroke than with DWI (Fig.3 ).

Exhaust gas recirculation reduces NOX formation at source by reducing the oxygen available in the engine cylinder and increasing the heat capacity of the cylinder charge. In contrast to four-stroke engines in which it is common practice to recirculate exhaust gases through external manifolds, in low-speed two-stroke engines we prefer to adapt the engine scavenging process to decrease the purity of gas in the cylinder at the start of compression. This is achieved by reducing the height of scavenge ports to reduce the scavenge air quantity flowing through the cylinder.  One benefit is that smaller turbochargers are required for the reduced gas flows. The lower scavenge ports also have the benefit of allowing greater expansion in the cylinder and thus improving fuel consumption.The reduced gas flows have the further benefit that exhaust gas temperatures are raised which is helpful for heat recovery systems.
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Figure 3 Principle of the WaCoReG process in which NOX formation is restricted partly by degrading the purity of the cylinder charge by increasing the residual gas content, and partly by direct water injection. The water is injected early in the compression stroke to cool the cylinder charge
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