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A Study on the Installation of SCR System for

Generator Diesel Engine of Existing Ship
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Abstract: The IMO MEPC has been increasingly strengthening the emission standard for marine environment protection. In par-
ticular, nitrogen oxide (NOx) emissions of all ocean-going ships built from 2016 will be required to comply with the Tier-II
regulation. In this study, a vanadia based SCR (Selective Catalytic Reduction) system developed for ship application was in-
stalled on a diesel engine for power generation of the training ship T/S SAENURI in Mokpo National Maritime University. For
the present study, the exhaust pipeline of the generator diesel engine was modified to fit the urea SCR system. This study in-
vestigated the NOx reduction performance according to the two kind of injection method of urea solution (40%): Auto mode
through the PLC (Programable Logic Control) and Manual mode. We were able to find the ammonia slip conditions when in
manual mode method. So, the optimal urea injection quantity can be controlled at each engine load (25, 35, 50%) condition. It
was achieved 80% reduction on nitrogen oxide. Furthermore, we found that the NOx reduction performance was better with the
load up-down (while down to 25% from 50%) than the load down-up (while up to 50% from 25%) test.
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Table 1: Ship's particulars

Item Description
Name of vessel T/S SAENURI
Length 103.0 m
Breadth 15.60 m
Depth 7.30 m
L.B.P 94.17 m
Displacement 4626.7 tons
Light ship 2821.0 tons

Main engine
Generator engine

MCR 6060 bhp x 173 rpm
660 kW x 3 set

Bow thruster 310 kW

Service speed 17.8 kts

Air draft 27.0 m
Vessel complement 208 Person
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Figure 1: Photograph of T/S SAENURI
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Figure 3: After modifying the exhaust gas pipe
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Table 2: Test engine specifications

Item Description

Vertical, water cooled diesel engine
with turbo-charger and air cooler
4-stroke diesel engine

Engine type

Bore x Stroke 210 x 290mm

Total cylinder

displacement 60.27liter

Combustion type Direct injection type

No. of cylinders 6 (In-Line)
Rated output 660kW (897ps)@720rpm
Fuel MDO, (Sulfur: 0.3%)
Mean effective 1.824MPa (18.60kgf/cm?)
press.
Mean piston speed 6.96m/s

Max. combustion 18.13MPa (185kgf/cm?)

press.
Direction of Counter clock wise (as viewed from
rotation flywheel side)

1-4-2-6-3-5-1 (Interval: 120°),
Flywheel side

Firing order

Engine Signal Generator
Diesel Engine

@

Exhaust
A
T
Air

Urea Urea Dosing
Tank Pump

]
-y PLC 1.
> Panel [™
Ne Description Neo Description
1 | NOx of the reactor forward/ back end 5 | By-passvalve
2 | Urea injection & | Back pressure of the reactor forward/ back end

3 | Temperature of the reactor forward/ back end 7 | Exhaust flow measurement

4 | Pressure of the reactor forward/ back end

Figure 4: A schematic diagram of the SCR system

Figure 5: The SCR reactor
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Figure 6: A PLC panel for the SCR system

Figure 7: A NOx analysis equipment
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Figure 8: A schematic diagram of the urea dosing pump
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Table 3: Results of manual mode test

Load Temperature of NOx
Ooa Reactor (°C) (ppm) De-NOx
(%) 0
Inlet Outlet Inlet Outlet (%)
25 319 321 788 153 81
35 344 344 1002 148 85
50 352 347 1098 210 81
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Table 4: Results of auto mode test: Engine load increase test

Load Temperature of NOx
%) Reactor (°C) (ppm) De-NOx
Inlet Outlet Inlet Outlet (%)
25 301 317 862 241 81
35 317 316 1051 181 82
50 342 341 1118 222 80

Table 5: Results of auto mode test: Engine load decrease test

Load Temperature of NOx
(Oo/j) Reactor (°C) (ppm) De-NOx
Inlet Outlet | Inlet | Outlet (%)

50 346 344 1091 179 83

35 339 348 1016 119 88

25 323 334 839 116 86
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