Nitrogen Generator 
Two equally sized nitrogen generator plants of the membrane permeation type are usually installed within the machinery casing with direct access to the machinery space and to the deck. The capacity shall be such that one unit shall satisfy all normal service requirements, including normal loading, with a 20% margin. Periods of exceptionally high demand, such as the initial cooldown of the cargo system from ambient conditions may be satisfied by two units operating in parallel. The plant should be provided with a buffer tank of sufficient capacity to ensure that the plant shall not start more than once per two hour period in normal operation at sea. 

Feed air may be supplied to the nitrogen generator from the engine room compressed air system. 

Nitrogen produced by the unit shall meet the specification of the containment system designer but, in any case, shall be dust and oil free and shall meet the following minimum quality requirements: 

	O2 
	≤ 3% volume 

	Dew Point 
	≥ −65°C at atmospheric pressure 


The plant shall operate fully automatically and shall be arranged for remote control and monitoring from the cargo control room. Discharge flow shall be diverted if the oxygen content exceeds 3% by volume. 

Inert Gas/Dry Air Plant 
An integrated inert gas generator/dry air production unit shall be provided for inerting and aeration of the cargo system within the times specified in the contract. The plant shall be located within the machinery casing, in a segregated space having direct access to the machinery space and to the deck. The distillate fuel for the production of inert gas shall be DMA gas oil. 

Inert gas produced by the unit shall meet the specification of the containment system designer but, in any case, shall meet the following minimum quality requirements: 

	O2 
	≤ 1% volume 

	Dew Point 
	≥ −45°C at atmospheric pressure 

	CO 
	≤ 100 ppm vol 

	SO2 
	≤ 10 ppm vol 

	Nox 
	≤ 100 ppm vol 

	Soot 
	0 Bacharach 


The dewpoint of dry air produced by the unit shall equal that specified for inert gas. 

The combustion chamber of the inert gas generator shall be horizontal or near horizontal, so as to avoid potential pollution during start up and in the event of flame failure. No refractory linings shall be employed. 

The plant shall be arranged for fully automatic operation. Starting shall be performed under local control and equipment shall be provided to allow remote control and monitoring from the cargo control room. 

Where regenerative dryers are installed, facilities shall be provided to allow regeneration in the absence of a supply of steam in order to allow the unit to produce dry air in the event of the vessel being laid up. Where refrigerated dryers are installed, Refrigerant 410A or other non-ozone depleting refrigerant shall be used. 

Alternative Arrangements 
An arrangement by which the requirement for an inert gas generator is deleted and replaced by larger capacity nitrogen may be considered as an option. An example is: 

• The inert gas plant with associated scrubber, cooling system, fuel system, fire protection etc., replaced by a simple air dryer unit with blowers providing dry air at Dew Point ≥ −45°C at atmospheric pressure. 

• The total capacity of the nitrogen generators increased so as to provide sufficient nitrogen flow at 95% purity for cargo tank inerting operations. 

• The large capacity nitrogen plant will allow nitrogen to replace instrument air throughout the vessel, reducing duplicated pipe work and eliminating the need for separate instrument air receivers, instrument air dryers etc. 

The Following are extracts from the Manual of LNGC DISHA, a 137,000 m3 LNG Carrier, owned by Petroship

Nitrogen Production System (click here)
General

Two nitrogen generators installed in the engine room produce gaseous nitrogen. This is used to the pressurize the barrier insulation spaces as seal gas for the HD and LD compressors, extinguish fire in the vent mast, and purge the fuel gas system and various parts of the cargo piping. 

The two high capacity units (120 Nm3/h each) are able to produce 240 m3/h of nitrogen, which is mainly required for topping up the barrier insulation spaces during loading, cooling down and other services like extinguish fire in the vent mast and sealing the compressor.

The operating principle is based on the hollow fibre membranes through which compressed air flows and is separated into oxygen and nitrogen. The oxygen is vented to the atmosphere and the nitrogen stored in a 37m3 buffer tank this is ready for use.

The high capacity units each consists of a Tamrotor EML 85/13 EWNA screw type compressor cooled from a fresh water cooling system, a single-staged air/water separator, three air filters arranged in series, and a 3kW electric heater before passing into the membrane units. An oxygen analyzer after the membrane monitors the oxygen content, and if out of range above 4% O2, redirects the flow to the atmosphere.

The nitrogen is stored in a 37m3 buffer tank where high and low service pressure set points actuate the operation of the generators.

High Capacity Unit

Manufacturer: (click here for brochure)


Air Products

Nominal flow rate: 





120 + 120 Nm3/h

Delivery pressure (min/max): 




600 / 950 kPag

Dew point at atmos. press: 




-70°C

Outlet gas composition: 





Oxygen 3% (% vol)

Nitrogen balance to 100% (% vol)

Screw compressor;

Tamrotor FL85-13: 





As required

Compressed air at membrane inlet: 



As required

Maximum back pressure

O2 enriched air: 






0.05 kPag

Nominal power:






2 X 79.5 kW

System operating temperature range: 


0°C to 50°C
Membrane inlet operating temperature: 


+50°C

Oil residual content: 





< 0.003 ppm

Filtration efficiency for Oil residual content: 

< 0.003 ppm

Dew point (with drying capability of membranes,

final dew point will be < -55°C) 



-20°C

Four independent time operated condensate drain valves.

Hollow fibre membrane unit with dry filters having the following characteristics (at 50°C inlet temperature) 120 + 120 Nm3/h, N2 97%, O2 residual 3%.

The membranes are provided with a back-pressure control valve down stream from the flowmeter that maintains a constant membrane pressure.

The nitrogen generators are equipped with an oxygen analyzer that continually monitors the oxygen content in the nitrogen output. If the level of oxygen rises above 1% of the design value, then an alarm is activated in the console. If the level of oxygen rises further, the high high alarm operates by redirecting the flow to atmosphere and closing the discharge line in the buffer tank.

The gaseous nitrogen generators are operated automatically, locally or from the CCR via the IAS.

Control Systems and Instrumentation

The control panel permits fully automated unmanned operation of the units. The following alarms and controls are mounted in the control panels.

Push buttons for start/stop operation;

System status indications;

Push button for audible alarm acknowledgement;

Continuous N2 delivery pressure;

Continuous O2 content reading;

Dew-point analyzer;

Electrical heater temperature control; and

Emergency Stop push button.

[image: image1.emf]Alarms and Shutdowns
Oxygen Analyzer

A fixed O2 content analyzer is installed in the package units and connected before the remotely operated three way valve.

The analyzer has the following characteristics; O2 range from 0 to 25%, with an output signal of 4 to 20 mA for the remote indicator, alarm panel and three way valve actuation.
Insulation Space Nitrogen Control System (click here)
Nitrogen produced by generators and stored in a pressurized buffer tank, is supplied to the pressurization headers through make-up regulating valves.

From the headers, branches are led to the insulation spaces of each tank. Excess nitrogen is vented through exhaust pressure control valves to the No.2 nitrogen vent mast from the primary and secondary insulation spaces.

Both primary and secondary insulation spaces of each tank are provided with pressure relief valves which open at a pressure, sensed in each space, of 1.0 kPag for the primary insulation space and 1.0 kPag for the secondary insulation space above atmospheric. A manual by-pass with a globe valve is provided for local venting, and sweeping of a space if required.

The nitrogen production plant is maintained in an automatic mode. One 120Nm3/h package is able to maintain the pressure in the buffer tank owing to the small demands placed upon the system. When a high nitrogen demand is detected, the second 120 Nm3/h package will start automatically.

Control Systems and Instrumentation

The control panel permits fully automated unmanned operation of the units. The following alarms and controls are mounted on the control panels:

Pushbuttons for start/stop operation

System status indications

Push button for audible alarm acknowledgement

Continuous N2 pressure in buffer tank

O2 content alarm

Dew point analyzer

Electrical heater temperature control

Emergency stop push button
Insulation Spaces

The barrier space header control valve CN976 reacts to the demand on the system and maintains the header pressure at 500 kPag. A flow meter downstream of CN976 gives an indication on the IAS of the current demand on the nitrogen system.

Pressure switches on the nitrogen buffer tank control the cut-in / cut-out of the compressors. Under normal operation, one compressor is selected as run, with the second compressor on automatic stand-by cut-in.

High / low and differential pressure alarms are fitted to the pressure control systems for each primary and secondary insulation space.

Nitrogen Barrier Space Header and Primary / Secondary Insulation

Space Alarms

Primary insulation space header pressure

(High press. alarm : 1 kPag, Low press. alarm : 0.1 kPag)

Primary insulation space header pressure at initial nitrogen filling

(High press. alarm : -9 kPag, high-high press. alarm: -5 kPag)

Secondary insulation space header pressure

(High press. alarm : 1 kPag, Low press. alarm : 0.1 kPag)

Differential pressure between cargo tank and primary insulation space

(High press. alarm : 1 kPag, Very low press. alarm : 0.1 kPag)

Nitrogen main line pressure

(High press. alarm : 700 kPag, Low press. alarm : 100 kPag)

Nitrogen main line flow

(High flow alarm : 180 Nm3/h)

The main line and safety valve can be purged from mixed gases of cargo vapour and N2 coming from the insulation spaces, through a portable hose connection fitted to the piping system.
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